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10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).
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HEC=k
MONTHLY STREAMFLOW SIMULATION

HYDROLOGIC ENGINEERING CENTER
COMPUTER PROGRAM 723-X6-12340

1. ORIGIN OF PROGRAM

This program was prepared in The Hydrologic Engineering Center, Corps
of Engineers. Up-to-date informastion and copies of source statement cards
for various types of computers can be obtained from the Center upon reguest
by Government and cooperating agencies. Programs are furnished by the
Government and are accepted and used by the recipient upon the express under-
standing that the United States Government makes no warranties, express.or
implied, concerning the accuracy, completeness, reliability, usability, or
suitability for any particular purpose of the information and data contained
in the programs or furnished in connection therewith, and the United States
shall be under no liability whatsoever to any person by reason of any use
made thereof.

The programs belong to the Government. Therefore, the recipient further
agrees not to assert any provrietary rights therein or to represent the
programs to anyone as other than a Government program.

2. PURPOSE OF PROGRAM

This program will analyze monthly streamflows at a number of inter-
related stations to determine their statistical characteristics and will
generate a sequence of hypothetical streamflows of any desired length having
those characteristics. It will reconstitute missing streamflows on the
basis of concurrent flows observed at other locations and will obtain maxi-
mum and minimum quantities for each month and for specified durations in
the recorded, reconstituted and generated flows. It will also use the
generalized simulation model for generating monthly streamflows at ungaged
locations based on regional studies. There are many options of using the
program for various related purposes, and it can be used for other variables
such as rainfall, evaporation, and water reguirements, alone or in conbination.

3. DESCRIPTION CF EQUIPMENT

This program requires a FORTRAN IV compiler, a random number generator
(function RNGEN included, see exhibit 2), and a fairly large memory (6LK on
the CDC 6600). Provision is made for use of three scratch tapes, 7 (for
punched output), 8 and 9.

L, METHODS OF COMPUTATION

a. In the statistical analysis portion of this program, the flows
for each calendar month at each station are first incremented by 1 percent
of their calendar-month average in order to prevent infinite negative



logarithms.

X

This increment is later subtracted. The mean, standard deviation
and skew coefficients for each station and calendar month are then computed.
This involves the following equations:
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Logarithm of incremented monthly flow

Monthly recorded streamflow

Small increment of flow used to prevent infinite logarithms
for months of zero flow

Mean logarithm of incremented monthly flows

Total years of record

Unbiased estimate of population standard deviation
Unbiased estimate of population skew coefficient

Month nunmber

Year number

b. For each station and month with incomplete record, a search is
made for longer records among the stations used, to find that which will
contribute most toward increasing the reliability of the statisties com-
puted from the incomplete record. The mean and standard deviation are
then ‘adjusted,
to obtain statistics equally reliable to these adjusted statistics and is
the basis for selecting the best record to be used in the adjustment.
Equations 6 and 7 are the adjustment equations.

Equation 5 is used to compute the equivalent record required
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The primes indicate the long-period values and those without primes
are based on the same short period for both stations 1 and 2, and:

N
R

Length of record
Linear correlation coefficient

c. Each individual flow is then converted to a normalized standard
variate, using the following approximation of the Pearson Type III distribution:
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t = Pearson Type IIT standard deviate

K = Normal standard deviate

d. After transforming the flows for all months and stations to normal,
the gross (simple) correlation coefficients R between all pairs of stations
for each current and preceding calendar month are computed by use of the
following formula:
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e, If there are insufficient simultaneous observations of any pair of
variables to compute a reguired correlation coefficient, that value must be
estimated. Easch missing value is estimated by examining its relationship
to related pairs of values in the current and preceding month by use
of the following formula using i, Jj, and k subscripts to indicate veriables
used in the gross correlation.

iJ &
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R, = RgRy, = J(l - Ry @ -R) (11)

Since, in order to be consistent with the two related correlation coefficients,
the correlation coefficient must lie between the limits given by equation 11,
the lowest wper 1limit and highest lower limit are established for all related
pairs, and the average of these two limits is taken as the estimated correla=-
tion coefficient.

f. Monthly streamflows missing from the records of the various stations
are estimated for all stations for each month in turn. Accordingly, when-
ever a missing flow is being reconstituted, there always exists a valid
value for all stations already examined that month and for all remaining
stations in either the current or preceding wonth. For these remaining
stations, the current value is selected where available; otherwise the
preceding value is used. In order to reccnstitute the missing value, a
regression equation in terms of normal standard variates is computed by
selecting required coefficientg from the complete correlation matrix for
that month and solving by the Crout method (See exhibit 1), The missing
value is computed from this regression equation, introducing a random
component equal to the nondetermination of the equation, as discussed in
the streamflow generation procedure.

g. It has been found that valid use of the regression technique requires
that all correlation coefficlents agree with the data that will be substituted
into the equations and that the correlation coefficients be mutually con~
sistent. Inconsistency in the correlation coefficients causes the dependent
varigble to be over-defined and is evidenced by a determination coefficient
greater than 1.0. If this occurs (because of incomplete data), the inde-
vendent variable contributing least to the correlation is dropped, and a

new regression eguaticn is computed. This process is repeated as necessary
until consistency is reached (which must occur by the time that only one
independent varieble remains). In order tc make the correlation matrix
consistent with the data matrix, all affected correlation coefficients

are recomputed after each estimate of missing data.

h. DNormal standard deviates are then converted to flows by use of the
following eguations;
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imposing the constraint:
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i. When Tthe set of flows is complete, 2ll correlation matrices should
be consistent except for truncation errors in the computer, since the data
arrays are complete. Any consistency of matrices obtailned in this manner
or of matrices read into the computer will result in determination coefficients
gregter than 1.0. If this occurs, consistency of each correlation matrix is
assured by first testing sll combinations of triads of correlation coef-
ficients in the current and preceding month for all calendsr months using
equation 11 and raising the lowest of the three coefficients to obtain
a consistent triad. The test of consistency of each complete matrix is
made by recomputing the multiple correlation coefficient. If this value
is greater than 1.0, further adjustment is required. Such further adjust-
ment is obtained by introducing a coefficient, successively smaller by
0.2, on the radical in eguation 11 and repeating all triad consistency
tests until all matrices are consistent. If consistency is not reached,
coefficlents in each inconsistent matrix are moved toward the aversage
value of 21l coefficients in that matrix until consistency is reached.

J. Generation of hypothetical streamflows is accomplished by compubing
a regression equation, by the Crout method (described in exhibit 1) for
each station and month end then computing streamflows for each stetion in
turn for one month at a time using the following equation. This process
is started with average values (zero devistion) for all stations in the
first month and discarding the first 2 years of generated flows.

1 t
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K T e b e s + B e Z s 1
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in which:
K = Monthly flow logarithm, expressed as a normal standard
deviate
= Beta coefficient computed from correlation matrix
= Month number
= Station number
Nuniber of’interrelated stations

= Multiple correlation coefficient

NOWOB o BT
i

= Random nunber from normal standard population

k. Maximum, minimum and average flows are obtained for the entire
period of flows as recorded and for specified periods of reconstituted
and generated flows by routine search technique.

1. Provision is also included in this program for use of the generalized
model requiring only 4 generalized coefficients for each station (in place
of 48) and one generalized correlation coefficient (in place of 12) for each
pair of stations, in addition to identification of wet and dry seasons for
each station. These are defined as follows:

(1) The average value of mean logarithms of flows for the wet
season (3 months). This value plus 0.2 is applied to the middle month
and the gverage minus 0.1 is applied to the other 2 months.

(2) The average value of mean logarithms of flows for the dry
season (3 months). This is applied to all 3 dry months. Mean logarithms
for months between dry and wet seasons are interpolated linearly.

(3) The average standard deviation for all 12 months. This is
applied to each of the 12 months.

(4) The average serial correlation coefficient for all 12 months.
This value minus .15 (but not less than zero) is applied to each wet-season
month, and the value plus .15 (but not more than .98) is applied to each
dry-season month. The average value is applied to all intermediate months.

(5) The average interstation correlation coefficient for all 12
months is applied to each month for that pair of stations.

m. Because of limitations in computer memory size and because of
increasing change of computational instability with larger matrices, the
number of stations ussable simultaneously in this program has been limited
to 10. However, the program can reconstitute and generate streamflows for



any number of stations in groups of 10 or less. It will ordinarily be
desirable to include one or more stations from earlier groups in each
successive group in order to preserve important correlations. In
addition to providing flow data for all stations, it is necessary to
designate NPASS and to follow each group of flow data with a standard-
format card with NSTX (number of stations in next pass that were also
used in preceding passes) and station identification numbers for those
stations. These numbers must be listed in the same sequence as their
data were arranged in earlier passes. Data for the new stations for the
new pass should then be read. None of these flows can occur in a year
later than the latest year for which flow data occurred in the first pass.

n., As soon as flows are reconstituted for any pass, they are read
onto the flow tape. After statistics are computed from transformed
reconstituted flows, they are read onto the statistics tape {after
identification of stations in the pass for future reference). Final
regression equation data for each pass zre read onto the same tape at the
same time (for use in generation later). For each new pass, the flow
and statistics tapes are searched separately for data for those stations
already used that also oceur in the new pass. In order to read and write
intermittently and alternatively on the same tapes, it is necessary to
keep track of tape records so as to assure that any read statement does
not read beyond the record mark and so that new write statements occur
at the end of all previous write statements that are to be saved.

0. Once that statistics are put on tape, they are retained throughout
the reconstitution and generation processes. Flows, however, are saved
only for the set of data in which they were reconstituted or generated,
until the last pass for that set is completed. 1In the generation process,
it is necessary to save the last flow generated for each station in one
set for use as the antecedent flow in starting generation in the uext
set. These are saved in the QSTAP array with subscript ISTAP.

5. INPUT

Input is summarized in exhibits T and 8. Data are entered consecu-
tively on each card using a simple variety of formsts to simplify punching
and handling cards. Computed and generated flows cannot be 1,000,000 units
or larger, and consequently must be expressed in units that cannot exceed
this magnitude. Units should be indicated on one of the 3 header cards.
Column 1 of each card is reserved for card identification. These are ignored
by the computer except for the A in column 1 of the first header card, which
is used to identify the first data card. An example of input is given in
exhibit 3. Certain inadequacies of data will abort the job and waste input
cards until the next card with A in column 1 is reached. A card with A
in column 1 followed by &4 blank cards causes the computer to stop.



5. CUTPUT

Printed output includes key input information for job identification
and all results of computations. Generated flows are put on magnetic
tape, and computed statistics are punched on cards in the format usable
later by the program. An example of printed output is given in exhibit 4,

7. OPERATING INSTRUCTTONS

Standard FORTRAN IV instructions and random number generator are
required. No sense switches are used.

8. DEFINITIONS OF TERMS

Terms used in the program are defined in exhibit 5.
9. PROPOSED FUTURE DEVELOPMENT

There are cases where the model used herein does not reproduce historical
droughts with reasonable frequency. Consequently, the model is under
continuous study and development. It is requested that any user who finds

an inadequacy or desirable eddition or modification notify The Hydrologic
Engineering Center.



EXHIBIT 1

DETAITED EXPLANATTION
OF .
COMPUTER PROGRAM

GENERAL

Much of the program is explained by comment cards and definitions
of variables. BSupplementary explanation follows, referring to sections
identified with the indicated letter in column 2 of a comment card.

SECTION A

Correlation coefficients, R, and beta coefficients, B, are in double
precision for matrix inversion computation, in order to minimize computa-
tional instability. Correlation coefficient, RA, as originally computed
and stored, may be defined in single precision. For computers with word
length smaller than 32 bits, many other variables in this program should
be in double precision.

When dimensions are changed, the corresponding variable (starting
with X) should be changed accordingly, as these are used to prevent
exceedence of dimensions. If an excessive subscript is used, the job
will be dumped until a card with A in column 1 is encountered, at which
time a new job is automatically started. If 5 blank cards (with an A
in column 1 of the first) are encountered, the run will be terminated.
Job specification cards are read in this section.

SECTION B

NSTAX is number of columns in correlation matrix. These consist of
NSTA columns for the current-month values and a similar number for ante-
cedent-month values. NSTAA is initigl column number for antecedent-month
coefficients. These are computed from NSTA, which is read in if statistics
are to be provided, rather than computed from raw data. If raw data are
to be used, NSTA is defined in the program later and NSTAA and NSTA must be
also. Data for each new pass are processed after transferring back to
statement 42. 1In the multipass operation, NSTX is the number of stations
used from previous passes and NSTXX is the subscript of the first new
station for the current pass. Station identification for the NSTX stations
mist be in the order in which data for those stations were originally used,
because search of data and statistics on tape is made in this order. Flows
for these stations are read from tape IQTAP, and corresponding statistics
from tape ISTAT. Variables LQTAP and LSTAT are used to keep track of tape
position for subsequent writing.

*¥Provided through the cooperation of the Texas Water Development Board.

EXHIBIT 1



Months are identified consecutively by the variable M starting with
the month preceeding the first year of data. Some quantities to be
accumulated are initiglized., Station cormbination data are stored for
the purpose of obtaining maximums and minimums (section D) of weighted
flow values later. Tandem stations are identified for cases where a
check on consistency of generated quantities is deemed appropriste.
Station identification numbers are set to a large number so they will
not be undefined. The flow array is filled with -1 values to indicate
missing values. For each station and calendar month, the total flow and
nunber of recorded values are computed for computing a flow increment
and other statistics later. The minimum flow for each station month
is also computed in order to avoid negative logarithms later.

SECTION C

Station data can be read in random order. Stations are identified
by subscript in the order in which data for each station are first read.
The year subscript is computed. Negative subscripts will occur if data
are Tor years earlier than the starting year indicated on B card, and
data for these are rejected, with diagnostic printout. The stations
are counted and the flows for each month at each station are counted for
the purpose of computing frequency statistics later. If the number of
stations or years exceeds its dimension limit, the job is aborted. The
nurber of stations is permanently stored in the NSINP arrsy for later
identification in multipess operations. The remainder of this section
is self explanatory, except to state that permanent identification
station numbers are given for stations in combination, for tandem stations,
and for consistency-test stations, and subscripvts are identified for rapid
computation later.

SECTICON D

In this section, maximum and minimum recorded flows for each calendar
month , the water year and for durations of 1, 6, and 54 months, and average
flows are computed for each station and combination. Durations do not
span a break in any record. GQuantities are rounded off and printed in
fixed-point format.

SECTION E

The logarithm transform of flows is accomplished here. Missing
values are indicated by an impossibly large number (the -1 used for
missing flows is a reasonable logarithm and therefore cannot be used
for missing logarithms). Before the log transform, the average flow
for each calendar month at each station is computed and one ( constrained
to a minimum of 0.1 flow unit) is added to each flow. If the minimum
Observed flow for that station month is negative, that absolute wvalue

EXHIBIT 1



is also added before the transform. After the logarithm transform,
frequency statistics for each calendar month and station are computed.

An increment needed to convert the logarithms to an approximately normal
distribution is also computed as an alternative future transform. Log-
arithms to the base 10 are used so that statistics are comparable to
other commonly used statistics. A variable IRCON is set to 1 if any
missing values are encountered, so that the flow reconstitution routine
will be called later. A variable INDC is set to 1 if the first approxi-
mation of increments causes any one of the skew coefficients to be
smaller than O.1 or larger than 0.1. In an optional routine that follows,
the increment for each station and calendar month is adjusted individually
and iteratively (up to 1l trials) until skew is within 0.1 of zero.

Stations with less than three years of data for any calendar month
are deleted, since skew and correlation computations require at least
three items of data.

SECTION F

Correlation matrices are computed here for the purpose of adjusting
frequency statistics for short-record stations. All correlation coef-
ficients are first set to -4.0 in order to identify those not computed
later for lack of sufficient observed data. Then accumulations of the
various quantities required are computed for all items above the main
diagonal in the correlation matrix for each month, using all data common
to the two stations involved. If more than two items of data are avzil-
able, the correlation coefficients are computed. Coefficients for the
main diagonal are set to 1.0, and those below the main diasgonal are set
equal to their symmetrical element. Coefficients between the current
and preceding month's values are similarly computed. These items con-
stitute an extension of the matrix to the right, which doubles its size,
and the new portion is not necessarily symmetrical. Similar complete
arrays of average values and root-mean-square values for only those log-
arithms common to each pair of stations are found for later use in
adjusting statistics.

A search is then made to determine the station that would be most
useful in adjusting statistics for station months with incomplete record,
and the mesns and standard deviations are adjusted in accordance with the
following equations:

1
Sl

2
’ =
s, (s2 52) R 81/82
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X+ (X - %) By /5,

vhere primes indicate long-period values, subscripts are 1 for the short-
record station and 2 for the long-record station and,

3 EXHIBIT 1



X = mean logarithm
5 = standard deviation of the logarithms
R = correlation coefficient.

An optional check of consistency of standard deviations between
adjacent stations for the same month is next made. This is to assure
that frequency curves do not cross within three standard deviations
from the mean. If there is a conflict, the standard deviation of that
station designated in the input data as the dependent variable is modi-
fied accordingly. All frequency statistics are then printed out.

SECTION G
All flows are next standardized by subtracting the mean and dividing

by the standard deviation for the month and station. An approximste
Pearson Type III transform is then applied as follows:

: 1
K = 6[(.5a +1) /3-1.]/g+g/6
where:
K = normal standard deviate
t = Pearson Type TII standard deviate
g = skew coefflcient

New correlation matrices are then computed, based on the normalized
variates and using the same standard procedures previously employed for
correlating logarithms. The sign of the correlation coefficient is
preserved, since the coefficient will be used to establish regression
equations. Correlation coefficients are set to zero if the variance
of either variable approximates zero, since the computation of the coef-
ficient is highly unstable and since its use would be of little value.

SECTION H

For jobs where correlation data are given, the portion of the
correlation matrix above the main diagonal for all months and the
entire correlation matrix relating current and preceding month's
values are read, with a different card for each pair of stations.
Values for all 12 months are contained on one card, and the two stations
involved are identified on the same card. An automastic check is made
to assure that cards are in the required order of columns and rows
in the correlation matrix. When generalized statistics are used, only
one correlation coefficient for the entire year is read, but card order
is the same. Symmetrical elements below the main diagonal are then
filled in and values af 1.0 are placed in the main diagonal.

EXHIBIT 1



Frequency statistics are then read, L cards per station, with 12
monthly values and station identifications on each card. A check is
made of the station order, to assure proper subscripting. When gen-
eralized statistics are used, only one card per station is read, and
this containsg the maximum gnd minimum mean logarithms and the average
standard devigtion for the year. The months of maximum and minimum
mean logarithms are also read and converted to corresponding subscripts.
These subscripts will differ from the calendar month number if the year
used in the study does not begin with January.

SECTIOR T

This section searches for each calendar month the entire correlation
matrix to be the right of the main diagonal for misiing correlation coef-
ficients due to the nonexistence of at least three years of simultaneous
data for the month. As soon as a coefficient between two variables is
identified as missing, a search of the correlation matrix is made to find
established correlation coefficients between each of these variables (i
and j) and any other variable (k). The range within which correlation
between the two varigbles must lie in order to be mathematically consis-
tent with the correlation with the third variable is established by use
of the following equation:

. ‘ 2, . 2

Ris = B By i\/ (1R ") (3R y)
As each successive third variable with established correlation coefficients
is found, the upper limit of Rij is constrained to the lowest of all upper
limits computed, and the lower limit is constrained to the highest of all
such lower limits computed. When the entire matrix has been searched the
correlation coefficient is estimated as the average of these two constrained
limits. If this element is above the main diagonal, the value is also
entered for the element symmetrically across the main diagonal. The
search for further missing correlation coefficlents is then continusd.

SECTICN J

Where a correlation matrix is not to be used for reconstituting data
but might be inconsistent, a triad consistency test can be made in this
section. This is done by examining all groups of three related correlation
coefficients, and testing the lowest one to determine whether it is above
minimum constraint established by the equation in the preceding station.
If not, it is raised to that minimum. When this is done, it is possible
that the adjusted coefficient had already been used in another triad test,
and consequently that previous test would need to be repeated. In order
to do this properly, the entire matrix is searched up to 12 N3TA tinmes,
where NSTA is the number of stations, until a complete search reveals no
inconsistent triad (INDC = 0).

FXHIBIT 1
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A coefficient FAC of the radical in the equation is used in order
to obtain complete matrix consistency in difficult cases, whenever
nnasible by this means. A test for overall consistency is made in
sechion K, and if this fails, FAC is successively reduced by 0.2
until overall consistency is reached.

SECTION X

The test for overall consistency of the correlation matrix for
each month is mede by constructing for each station the correlation
matrix that would be used in flow generation for that station and com-
puting the multiple determination coefficient. If the determination
coefficient of the matrix for any station and any month exceeds 1.0, all
correlation matrices must be reexamined, since some coefficients are
cormon Lo two or more matrices. This is done by reducing FAC in the
triad test (section J) by 0.2 and repeating all triad tests. If FAC is
reduced to zero and consistency is not obtained, an index of NCB is set
to 1 and an averaging routine is used for each inconsistent matrix. A
quantity SUM is computed as the average of all correlation coefficients
in that matrix, and each element is modified by multiplying SUM by the
excess of determination coefficient and adding this product to the
product of the complement of this multiplier and the value of the ele-
ment in the inconsistent matrix. The aversged or smoothed values are
replaced in the complete matrix for the month, and this requires some
careful manipulation of subscripts. A new computation of determination
coefficient is made and the smoothing process is repeated up to nine
times until consistency prevails. If this does not occur, the job is
terminated. When consistency is established all complete matrices
are orinted out and essential elements are punched if desired.

SECTION L

In reconstituting missing data, a search is made for each month of
record starting with the first for stations that have no record during
that month (Q=T). When one is found, a search of all other stations is
made to determine whether recorded or previously reconstituted flows exist
Tor the current month or, if not, for the preceding month. If one is
found, it will constitute an independent variable for estimating the
missing value, and its value and pertinent correlstion coefficients are
stored in new arrays for computation purposes. The correlation coeffi-
cients with the dependent variable is temporarily stored in the NVAR
(NSTA+1) column to assure that coefficients relating independent vari-
gbles which have sufficient array space (they cannot exceed NSTA in
nurber). A variable ITEMP counts the number of independent variables
(stations for which recorded or reconstituted data are available). It
is incremented after its set of correlation coefficients are stored in
the R array, and is finally used to relocate the correlation coefficients
involving the dependent variable. If no independent variables with data
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are found, as can happen in the first month of record, a correlation is
made with the preceding value for the same station and that preceding
value is arbitrarily set at the average for the month. The regression
equation and determination coefficient are then computed using subroutine
CROUT. The varisble having the lowest absolute value of correlation with
the dependent varisble is identified, and beta coefficients are searched
in order to eliminate all unreasonable coefficients. In the usual case
where the simple correlation coefficient between any varisble and the
dependent varisble is positive, unreasonable coefficients are assumed to
be thoge larger than 1.5 or smaller than -.5. In the case where the
variable correlates negatively with the dependent varigble, the reason-
able range is =1.5 to 0.5. If an unacceptable coefficient is found, INDC
is set to 1. If this happens or if the determination coefficient does
not lie between O and 1.0, the variable with the smallest correlation °
coefficient is eliminated, the correlation array reconstructed accordingly,
and the regression equation recomputed. This process is repeated until
all required conditions exist. The missing value is then computed by
use of the regression equation and adding a random component normally
distributed with zero mean and with variance equal to the error variance
of the regression equastion.

As soon ags the missing value is estimated a search is made for all
established values in the current and preceding month with which it is
to be correlated, and sums of logarithms, squares, and cross products
are incremented in preparation for recomputing all affected correlation
coefficients. After checking for sufficient (three years) record and
nonzero variance, the correlation coefficient is recomputed. If the
standard deviation of either variable is very small, the correlgtion
coefficient is set to zero. If the coefficient is above the main dia-
gonal of the correlation matrix, its value is also assigned to sym-
metrical element. Since estimation of a missing value affects correla-
tion coefficients between variables in the current and following month,
which coefficients are stored in a different matrix, this process of
adjusting the correletion coefficient is applied to those values next.

SECTION M

After all flows are reconstituted, the flow tape is read until the
proper position for writing the newly computed flow dsta on that tape is
reached, and headings are printed for writing flows on the printer later.
Then the standard deviates are converted to flows by reversing the Pesrson
type III trensform, multiplying by the standard deviation, adding to the
mean and taking the antilogarithm. The increment is then subiracted ang
if the resulting value is negative for a variable with zero lower limit,
it is set to zero. In the case of reconstituted flows, the Pearson Type
ITI transform is constrained so that the excess of the standard deviate
over and above 2.0 is multiplied by a maximum of 0.3 (if the standard
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diviation exceeds 0.3). This simply prevents obtaining unreasonably
extreme values due to sampling errors. It is a moderation of the
extrapolation rather than an abrupt truncstion.

The test for tandem station consistency is next made. and incon-
sistent flows are identified for printout and changed to the limit of
consistency. The downstream flow is made consistent with the sum of
upstream flows. Flows are punched on cards, if desired, printed out,
and written on the flow tape for use in future passes. NQTAP is incre-
mented and represents the total number of records on the tape.

SECTION N

After converting deviates to flows, the frequency statistics are
recomputed in order to agree accurately with observed and reconstituted
data. If a consistency test is called for, the varisble ITRNS is set
to 2 and computation is transferred to near the end of section F, where
the test is made and the transfer index causes a return to this portion
of the program. Adjusted statistics are printed, and the consistent
correlation matrix is printed (and, if desired. also punched) by transfer
to section K, using ITRNS as a return indicator again. The statistics
are then punched, if desired. Flows for the specified station combina-
tions are then computed.

SECTION O

Maximum and minimum recorded flows are computed by transfer o
section 8, using ITRNS=1 as a return indicator. The varisble ITMP
keeps a record of the remaining years whose maximum and minimum flows
have not been searched yet.

Next, generalized statistics are computed, if desired, (if IGNRL
equals two). As indicated, straight averages of all 12 monthly correla-
tion coefficients in every category are taken. Means are averaged for
the three wettest consecutive months and the three driest consecutive
months and the seasonal timing noted. Standard deviations for all 12
months are averaged. Generalized statistics are then printed out.

Next, generalized statistics read in section H are used to compute
required arrays of statistics. Skew and increments are set to zero.
The mean for the middle month of the wet season is .2 higher than the
wet season average and means for the other two months are .1 lower.
Means for the dry seasons are uniform, and means for the transition
seasons are interpolated linearly. Correlation coefficients for the
dry season are .15 higher (constrained below .98) than the annual
average, and those for the wet season are .15 low (constrained above
zero). All of these operations are in accord with the generalized
model developed in HEC.
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SECTION P

After obtaining monthly statistics and correlation matrices, re-
gression equations for each station and calendar month are computed.
Flows are generated in the station order in which data or statistics
are reasd and are generated for each month at all stations before
proceeding to the next month. TFlows at each station are correlated
with flows of the antecedent month at that station and at all stations
for which the current month's flows have not yet been generated. For
other stations, flows for the current month are used.

Regression equations are computed in subroutine CROUT. If any
correlation matrix formed is inconsistent (which should not occur at
this stage, except for truncation of computated intermediate variables),
a transfer to section J is effected, and consistency operations verformed
on all correlation matrices. After such a transfer, all regression
equations must be recomputed, since any correlation coefficient might
have changed. After this, only the beta and alienation coefficients
need be retained, in addition to the freguency statisties. In the multi-
pass operation, these are all written on tape ISTST at this point.

SECTION @

A routine for projecting historical seguences into the future is
employed here. Values of QPREV (previous month's deviate) for each
station is determined as the transform of the flow for the month pre-
ceding the first month specified (by input data) to be generated. The
variable MA is computed for the subscript of { that conforms to the
first month of projected flows. If the projected flow routine is not
to be used, the computer is next set up to generate two years of flows,
at the end of which synthetic segquences will have a virtually random
start.

In the multipass operation, stations are identified and all neces-
sary statistics are contained in the order needed on tape ISTAT. In any
pass after the first, flows generated in earlier passes for the same
period (the same seguence of data) must be read from tape IQTAP, and this
tape must be rewound before each pass in order to permit a complete
search. In any sequence after the first, the preceding flow for the
first month to be generated is the last flow in the preceding sequence
for that station, and these are saved in the QSTAP array for multipass
operation. If the multipass feature is not used, all necessary statistics
and flows for generating are in memory.

SECTION R
In starting to generate flows, a varisble JXIMP is used to identify

the year number of the first year of each sequence in the multipass
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operation. Variables AVG and SDV are used to compute the mean and
standard deviation of the deviates for each flow sequence. These are
later used to adjust all deviates so that the means and standard
deviations in every generated sequence will be the same as those of

the historical sequence.

Variables JA and NJ are set up to correspond to the first and
last year of generation in each successive sequence, depending on
the type of operation. MA has already been set up as the subscript
of Q corresponding to the first month of flows to be generated (for
use in projecting historical flows recorded to the current time).
QPREV for each station has been identified as the previous month's
flow for that station. Flows are then generated for each station,
using stored regresgion equations and a random component., Each generated
flow is immediagtely entered into the QPREV array, because its preceding

flow will never again be used in that vass.

In the multipass routine, flows (as devistes) are written on tape
at the end of each pass, and the last flow for each station is stored
in the QSTAP array for use in the next sequence.

If more than 19 years (an arbitrarily selected length) of flow
are being generated in any sequence, deviates are adjusted so that their
mean is zero and variance 1.0. Their unadjusted mean and standard
deviation are printed. Then they are transformed to flowsg, and, if
called for, consistency tests between stations are made. For variables
with zero natural 1imit, a check for negative values is then made. Flows
are then printed and, if desired, punched. Flow combinstions are then
computed.

SECTION S

Before computing maximum and minimum values of generated flows,
a positive value of JX 1s looked for to assure that flows generated
are not to be discarded (the first two years generated for a random
start). Also, at least NYMXG years must have been generated before
maximum and minimum values are computed (this applies only when the
nuriber of years remaining for generation in the last sequence does
not equal NYMXG). Maximum sums are initiated at an extremely large
negative number and minimum sums as an extremely large positive number
(T). Then a routine search of flow sums for the specified durations
at each station is made for the sequence, and results are printed out.
Since this routine is used for reconstituted flows as well as for
zenerated flows, a transfer indicator is used to determine whether the
next step is back to the reconstitution routine or the generation routine.
Ir the latter, a check is made for the multipass routine. If all passes
are not completed, a transfer to section § is made. If all passes are
completed for this sequence or if the multipass routine is not being
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used, a check is made of remaining years to be generated. If greater
than zero, a transfer to section Q is made after adjusting years yet
to be generated. Otherwise the job is ended and a new job, if any, is
started.

RANDOM NUMBER FUNCTION RNGEN

This random number function is for a binary machine and the constants must be
computed according to the number of bits in an integer word. The numbers
generated are uniformly distributed in the interval 0 to 1.

The function is called from the wain program by a statement similar to the
following:

A = RNGEN (IX)

Where A is some floating point variable name and IX is some integer variable
name. The argument name IX néed not be the same in the main program and the
function. The argument must be initialized to zero in the main program. The
location of the initializing statement is important and depends on the results
desired. 1If it is desired to have different sets of random numbers for each
of several different sets of computations (jobs) that are run sequentially on
the same program, then the argument must be initialized at the very beginning
of the program and never reinitialized. If it is permissible to use the same
sequence of random numbers for each job, the argument must be initialized at
the beginmning of each job. The advantage of this latter option occurs when one
of the jobs must be re~run for some minor reason as the same random numbers
will be used and the results will be comparable.

Three constants must be computed by the following equations:

Constant one (Cl) = 2(B+l)/2 + 3

Constant two (C2) = 2B -1

Constant three (C3) = 1./2.°
Where: B = number of bits in an integer word

The constants for some of the common computers are listed in the following table:

SIZE OF

INTEGER CONSTANTS
COMPUTER WORD Cl _ C2 C3
GE 200 Series 19 1027 524287 0.190734863K-05
GE 400 Series 23 4099 8383607 0.119209290E~-06
IBM 360 Series 31 65539 2147483647 0.4656612871E~-09
IBM 7040 and 35 262147 34359738367 0.2910383046E~10

7090 Series

UNIVAC 1108
CDC 6000 Series 48 16777219  281474976710655 0.3552713678E~14
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EXHIBIT 2
Crou‘;{;' s Method

One of the best metheds for solving systems of linear equations
on desk calculating machines ‘was developed by P. D. Crout in 1941.
This method is based on the eliminstion method, with the cazloculetions
arrenged in eystematic order B0 as to facilitate thelr accomplishment
on & desk calculator. In this method the coefficients and consiant
terms of the equations are written in the form of e "matrix," which is
rrenged in rovs smd columms.

The method is best explained by an exemple. Suppose that in a
multiple correlation analysis it is required to solve the folleowing
gystem of linear equations to obtain the unknown wvalues of b,, b, b,

2° 3% T4
m bso
2 _
sz b2 + Bx2x3 ‘ra3 + Ix,m, b, o+ 2x2x5 b5 = Ixx,

Iz x, b, + x°

2 _
2%z By 3 b3+2x3x4b4+2xxb = LX.X

55 5 173

2
2x2x5 b2 + ZxBxs b3 + Zx4x5 blr + Zx5 b5 = Exlxs

For simplicity let us replace the coefficients of the b's by the letters
Py ¢y T eand 8, and the constant terms by the letter ¢, using subscripte
1, 2, 3 and & to denote the respective eguationss

+ rl‘% + slbs = tl_

Pp P * 9y by
p2 b2 + q2 ‘r:3 + r2 b,+ + 32 bS = t2
Pz b2 + qs b3 + Ty b,+ + Sg b5 = tB
Py b2 + gy ‘:a3 + oy b&_ + o8y bS = tt;,

4 continuous check on the computations as they progress msy be obtained
by adding to the metrix of the above system & column of u's, such that
u=p+q+ P+ 8+ t,. The matrix and check column are written as
follows: ' :
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Py Q3 T3 % % %
Py ™~ N e
P33 ~ T3 " 5 5 0%
P, % Ty o8 % ow

The elements Pys Qps T3 and 8, form the "principal diagonal™ of

the matrix. Bxemination of the original eqwmtions shows that the co-
effieients are symmetrieal about the principal diagemal, i.e., 9 = Py
2“1 = p§9 ?2 = q33 81 = pL}g 32 = ql{-9 and 33 = r‘%_a

This iz characteristic of the system of eguations to be solved in any
multiple corrslation analysis. Beeause of this symmatry, the computa-
tions are considerably simplified. While the Crout methed may be used
to solve any system of linear equations, the computational steps given
hers are applicable only to those with symmetrical coefficients.,

The solution consists of two parts, viz., the computation of a
“derived matrix" and the "back solution.” Let the derived matrix be

denoted as folleows:
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The elemente of the derived matrix are computed es follovs:

Py=p PFy=p  Py=pg By = By
Qlui]-'; Rls:‘l_g Slafn},; Tl-zila Ulmi}-
131 Py By Py )

. T o b S S e o

2 T 5

R, Y ¢y

9 =g - Y

By = 75 - Q4R, - BiRy

I N e b
3 RB

S, = 8 = RSy -GS, - 5

N N e S N e
Sl% 4 Sl;,

T

The general pattern of the above computstions, which may be applied
to a system conteining any number of equations, is as follows:

(1) The first column of the derived metrix is copied from the first
column of the given matrix.

(2) The remaining elemeniz im the first row of the derived matrix
are computed by dividing the corresponding elements in the first row of
the given metrix by the first element in that row.

(3) After completing the pil vow, the remeining elements in the (m,-‘@-l)ﬁ%
column sre compubted. Such an element (X) equals the corresponding element
of the given moirix minus the produst of the element immediately te the lefs
of (X) by the element immedistely abeve the principsl dissonal in the seme
column as (X), minus the product of the secornd element to the left of (X)
by the second element sbove the primcipsl disgonel in the seme columm gs (X),
ete. After each element below the prineipal disgomal is recorded, amd while
that elsment is still in the calouleter, it is divided by the element of
the principal diegomal vhich is in the sams column. The quotient is tke
element whose locztion is symmstrical o (X) wiith respect to the prineipel
diagonal,

ik

3
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(4) vhen the elements in the (n-:-:l.);-l;-kl column and their symmetrical
counterparts have been recorded, the (1).-#-3.).:*'.1_1 row will be cempletes sxcsept
for the last two elements, which ars next computed. Such an element (X)
eguals the corresponding element of the given matrix minus the product
of the element immediatsly above (X) by the element immediately to the
iefs of the principal diagourl in the same vow as (X), minus the product
of the second element above (X) by the second element o the left of the
principal diagonal in the same row as (X), etc., all divided by the
elsmzmt of the primcipal diagomal in the ssme row as (X).

The check column (U) of the derived mstrix serves ss a comtinucus
check on the computations in that each element in the column eguals
ene plus the sum of the elements in the same row to the right of the
prineipal diggonal. That is,

U = 1+Q,1+R + 8. + T

1 1 1 1
U2w1+32+82+'.l‘2
U31+SB+T3.

UL;.’” 1+T,+

Thig cheek shonld be made sfter ccmpleting snech Trow.

The elsments of the derived matrix to the right of the principal
diagonal form a system of equations which may now be used to compute
the wknown values of b29 b39 b,_l_ and ’o5 by successive substitution,

This is known as the "back solution."  The computatiops are as follows:

b = Tli'

bl+ = T3 - SBbs'

"b3 = _',’I'2 - $2b5 - szq_

b2 = 'l‘l - Slbs = Rl'bl'_ - Ql‘b3

I% is very important that the computations be carried to a suffi-
cient number of digits, both in computing the coefficients and constant
terms of the original equations; and in computing the elements of the
derived matrix. It is possible for relatively small errors in the

ccefficients and constant terms of the original equations to result in
relatively lavge errors in the computed solutions of the unknowns. The

L
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greatest source of error in computing the elements of the derived metrix
arises from the loss of leading significant digits by subtraction. This
must be guarded against end can be dome by carrying the computations to
more figures then the data. Ae a gerersl rule, it is recommended that
the coefficients and constant terms of the original eguetions be carried
to a sufficient number of decimals to produce a2t least five significant
digits in the smallest gusntity, and that the elements of the derived
matrix be carried to one more decimel then this, but to not less than
six significant digits.
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ACl
AC2
AC3
ADJ

ADJL
ALCFP(I,K)
ALOG

ANICG
ANYRS
AV(I,K)
AVG(I,K)
AVGQ(I)
AVMN(T)
AVMX(I)
B(L)
BETA(I,K,L)
BLANK

CROUT

CSTAC (KX, X)

DABS

DQ(I,K)
DTRMC
B

FAC

I

IA
JANAL
JENDF
IGNRL

IMN(T)

IMNTH
w™Mx(1)

INDC
IP
IPASS
IPCHQ
IPCHS
1Q(1)

EXHIBIT 5

DEFINITIONS - 723-X6-12340

Alienation coefficient for station 1

Alienation coefficient for station 2

Alienation ccefficient for station 3

Plus sign indicates value smaller than upstream sum by
tandem test

Equal sign indicates value adjusted by tandem test
Alienation coefficient array

Computer librery function of natural logarithm

Number of logarithms

Number of years of record

Meen logarithm

Average of the generated deviates

Average monthly flow for a station

Average logarithm of flow for minimum 3 consecutive months
Average logarithm of flow for maximum 3 consecutive months
Beta coefficient

Beta coefficient for generation equation

Blank space ,

Program subroutine to solve simultaneous equations
Coefficient by which flows are multiplied before adding in
a combination

Computer library function of absolute value of double precision
number

Increment of flow

Determination coefficient

letter E indicates estimated value

Temporary factor

Index for calendar month

Indicator in column 1 of first card for each Jjob
Indicator, positive value calls for analysis

End of file indicsator

Indicator, + 2 calls for computing generalized statisties
and + 1 or + 2 calls for using generalized statistics for
generating flows _

Month sequence number of last month of 3 driest consecutive
menths

Calendar month number for first month of water year

Month sequence number of last month of 3 wettest consecutive
months

Transfer indicator

Month number for preceding month

Sequence number of pass (subset of stations)

Indicator, positive value calls for writing discharges on tape
Indicator, positive value calls for punching statistics
Fixed-point conversion of flow values
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IQTAP
IRCON
ISKZ

IST(X,L)
ISTA(X)
ISTAC(XL,K)
ISTAN
ISTAP
ISTAT
ISTN(L)
ISTT(X,L)
1sTX(L)
ISTY(L)
ITEMP
IT™™P
ITMPP
ITP
ITRNS

IX

XX

IYR

IYRA
IYRPJ

J

JA
JTMP(L)
JTP

JX

JYTMP

K

KM

KPASS
XKSTA
KSTAC (XX, X)
KSTAP

Tare number for storing flows

Indicator, positive value calls for flow reconstitution .
Positive value calls for varying flow increment (DQ) to
make skew zero.

Sequence number of upstream station for tandem test
Station number

Station number in a combination

Temporary station number

Station sequence number for all passes

Tape number for storing statistics

Station number of downstream tandem station

Station number of upstream tandem station

Station number of independent station for consistences test

Station number of dependent station for consistences test
Temporary variable

Temporary variable

Temporary variable

Temporsxry variable R
Transfer indicator

Temporary variation of I

Argument for random number function

Number of current year

First year of data

Year of start of flow projection

Index for year

Sequence number of projection year

Matrix column number

Matrix column number

Temporary variation of J

Temporary varistion of J

Index for station

Dimension limit for number of consecutive months
Dimension limit for number of passes

Dimension limit for total number of stations
Index number of station in a combination
Dimension limit for total number of stations
Temporary variation of K or combination sequence
Dimension 1imit for number of consecutive years
Index forrelated station

Temporary veriation of L

Number of records up to present position on tape IQTAP
Number of records up to present position on tape ISTAT
Matrix row number

Matrix row number

Letter A

Temporary variation of L

Last year of each projection

Serial number of month

Sequence number of month of projected flow
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MO(TI)
MPASS
MTHPJ
MXRCS

N
NC

NCA
NCAB(I,X,L)

NCB
NCCMB

NCSTY
NINDP

NJ
NLOG(I,K)
NMNMX
NMXMN
NPASS
NPROJ

NQ

NQTAP
NSMX(L)
NSTA
NSTAA
NSTAC(KX)
NSTAT
NSTAX
NSTNP(T)
NSTX

NSTXX
NSUM(X)
NTNDM
NVAR
NYMXG

NYRG
NYRS
Q(M,K)
QM(I)
QMIN(I,X)
QPREV(I)
QR(M,X)
QSTAP(I)
R(K,L)
RA(I,K,L)
RAV(K,L)

Calendar month number

Temporary counter for number of paesses

Calendar month of start of each projection

Number of years in each period for which maximum and minimum
recorded and reconstituted flows are desired

Serial number of period of flows

Counter to prevent continuous looping

Counter to prevent continuous looping

Number of values and cross products used to compute correlation
coefficients

Transfer indicator

Number of combinetions of stations max. and min. quantities
are to be computed

Number of consistency tests

Number of independent varisbles In regression study

Number of years in computation sequence

Number of logarithms used to commute frequency statisties
Number of months following dry season and preceding wet season
Number of months following wet season and preceding dry season
Total number of passes in job

Number of projections of future flows from present conditions
Counter for number of flows

Total number of records saved on tape IQTAP

Number of upstream stations in tandem test

Number of stations in analysis

NSTA + 1

Number of stations in a combination

Totel number of records saved on tape ISTAT

NSTA + NSTA

Number of stations in a particular pass

Number of stations in current pass that occurred in preceding
passes

NSTX + 1

Number of stations upstream from a stetion for tandem test
Number of tandem tests

Total number of varieble in regression study

Number of years of generated flows in each period for which
maximum and minimum flcows are desired

Total number of years of generated flows

Number of years of recorded flows

Monthly flow

Monthly flow

Minimum flow

Flow for previous month

Identification symbol

Temporary storage of QPREV

Correlation coefficient in a given matrix

Correlation coefficient

Average correlstion coefficient for 12 calendar months
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RMAX
RMIN
RNGEN(IXX)
Rl

R2

R3

sp(1,X)
SDAV(K)
SDV(I,K)
SKEW(I,K)
sMQ(J,K)
SQA(I,X,L)
SQB(I,X,L)

TMP
TMPA

TMPB

TMPP

TP

x(1)
XINCR(I)
XPAB(I,K,L)

Maximum consistent correlation coefficient

Minimum consistent correlation coefficient

Program random number function

Correlation coefficlient being tested

Correlation ccefficient being tested

Correlation coefficient being tested

Standard devaition of logaritims for calendar month
Average standard deviation for 12 consecutive months
Standard deviation of the generated deviates

Skew ccefficient of logarithms for calendasr month
Maximmm or minimum flow for month or duration

Sum of squares of first variable

Sum of squares cf second variable

Aversge correlation coefficient of matrix

Sum of first variable

Sum of second variable

Large positive constant

Temporary varisble

Temporsry variable

Temporary varisble

Temporary variable

Temporary variable

Temporsry variable

Value of independent veriable in regression equation
Iteration value for flow increment

Sum of cross products of first and second variables
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¢ T23eybal 2340 MONTULY 2YREAME_ N STHULATIUN WEC, C OF €, USE NV 1979

-

Ch w # a «-x % LIBRARY FUNCTIONS ALOG, DAYS ®oa e kb or N TR AR e 1002

c PROGRAM SUBRJUTINE CRGUT,RNGEN == SEE COMMENTS IN ANGEN 1003

C INDEXES ISCALENDAR MONTH JuYEAR xa§TA LBRELATED STA M3SUCCESSIVE MONTK 1004

' 100§
DIMENSINN 1006
L8010y ,0010,11), 1007000

JALCFT(12,10),Av(12,10),4v6(12,10),Av6RC10),AVMN(10),AVHX(10),
SBETA(12,10,10),00012,10), IMN(10),T4%(10),20(1%),

SIBTACION, JTMR(9),LTMPII0),»0(12) ,NCAB(12,10,20),
SNLOG(12,10),001208,10),6M0123,0MIN012,10),0PREV(10),0R(1201,410),
LA8TAP(100) ,RAT12,10,20) KAV (10,1C),30(12,10),30Av(10),80v(12,10),
pSKEW(12,10),3MU(50,10),364¢12,50,22),808(12,12,20),8U8A(12,10,20),
SSUMRL12,10,20),%(10) ,YINCR{12),PAB(12,10,20),
+CEYAC(2,10,3),I8TAC(Z,1C),ISTNCIO)Y,18TT(10,10),137£{16),
e2ATY(10),KSTAC(2,10:3) ,NSMY(10),NaTAC(R, DI, NSINP(5),
SNSUM(10,5),MCOMB(S) ) MINEM(D) ,18T(10,10,5)

DOURLE PRECISION R,R 101i8%
ChuMoN DTAMC ,NINDP,8 1017
DATA LYRAZLHAZ,,BLANK/IH /,E/\NE/,ADJ /1 He/, 80012113/ 1018
10 FORMAT(INY) 1019
20 FORMAT (1¥,15,19186) 1020000
30 FORMAT(1%,17,918) 1021
40 FNRMAT(1x%,A3,9A8,1044) {022 -
50 FORMAT(IX,»13,14,12F6,0) 1023
60 FORMAT (1¥,F7,0,9+8,0) : 1024
7C FORMAT (1X,13,18,12F5,3) 1025
80 FORMAT (1¥%,17,32F8,3) 1026
30 FORMAT (1%,I7,12F6,.1) 1027
10C FDRMAT(1x,14,16,1218,110) {oes
116 FORMAT (AY,A3,944,10A4) 1029
120 FNRMAT (1X,17,3F5,.%,218) 1030000
130 FNRMAT (/234 GENERALIZED STATISTICS//13M 371 872 RAY) 19314
140 FORMAT(/38H STA  AVNY AVHN  SDAV MAXMU HINMQ) 1032
IsTAT=S 1034
InTAP=E9 1035
KRASAES
K3TAP=100 1037
K3tas={0 1038
Kyrz109 1039
KMzkyRui24y 1040
N3TasQ 1042
c WASTE CARDS UNTIL AN A In COLUMN &, FIRST TITLE CaRD 1043
g _ ww CARD A #& 1034
150 READ(S,110) YA, (SHg(M,1),"u1,20) 1048
IF (YA NELLTRA) GO TO 180 1045
WRITE(6,10) 1649
READ(S,80) ({gHa(M,K),F=1,20),K=2,;3) 1050
HRITE (6, 40) ((SMG(M,K)sMBL,R0),K8E,3) 1051
c % CARD B CARD € 2o 1052000
REAN(S,30)IYRA, IMNTH, YANAL ;MXRCS/NYRGINYNXG/hPA3S, IPCHO, IPCHS,NETA 10583
1,NCAMB, NTHOM, NCSTY, IGNRL ,NPRAJ, TYSP T, MTwP ), LYRPY 1059
N YERMIKATE WITH 8§ BLANK CARDS, AN A IN CAL t CF FIRST 1056
ITHRP=TANAL4NYRG 1057
IF(ITMP,CT,0365 T8 180 10548
sroe {059
160 WRITE (6,170) NYKRE,N3TA,NCDMB,  PASS 1060
170 FARHMAT (/19K DIMENGION EXCEEDED ,5Xs9HNYRS,14,5%,4nuN8TA,13,3%, 1061000
{INNCOMR, 13,5%,5HIPASS,I3) 1062000
80 T0 {5q 1063
18C WRITE(S,190) 1064
19C FORMAT (/108K IYRA IMATW TANAL MxeC8  NYRG NYMYXG NPASS IPCKND IPCHE 1065
1 NRTA NCONB NTINDH NCAYY IGNOL NPROJ IYRPS MTRAJ LYRPJ ) 1066
WRITE (5,20) TYRA,IAMNTH,TANAL,MXRCS, YRG,NYH2G,NPAAS, [PCHO, IPCHS, 1067
INSTA, NCOMB,NTMDM, NCETY , IGARL,NFROJ, IYRP I RIMPJ,LYRPY 1068
IF (LYRPJ=IYRA,,GE,KYR) GO Y0 180 1069

CR 2 % % ¢« » 8ET CONSTANTS 2 2 B ¢ 2 ¢ 8 28 2 R B A aon b er e a {070

Ivyso 1074
NSTAASNGTA+L 1072
NSTAXSNITA+NGTA 1073
7289999699, ig;g

IYRABIYR Ay

ole EYHIBIY 6



195

200

210

220

230

244

250
264

27¢

289

290

EXHIBIT &

IMNTHET NN TH=
n3T =0
N3Tuyay
IrASSE]
REWIND 13TAT
NSTATSO
L3TAT=20
REWIND 10TAP
NETAPR(Q
LOTAP=0
DD 195 J=2!,K3A88
HEOMA ()20
MPNOM {20
CONTINYE
Gg T 270
8AYg STATIONS FHOM PREVIOUY PAJSEY IF NECEGSARY
IPA3S=TPASS+Y
HRITE(6,10)
IF (1PAS3.GT . KPASS) GO To 160
i ax CARD J =2+«
READ(S,30INCOMBoNTNOM NCSTY NSTH, (ISTALK) KB, NSTYH)
WRYITE(6.210) IPASS, (ISTA(K)sx=g,NaTY)
FORMAT(SHOPASS ,13/28% 8T73(¢3) FROM PREYIOUS PASSES ,1018)
NSTEYXINSTYH+E
REWIND IQTAP
LoTas=0
REWIND 1I8T7AT
MpAgS=y
READ (I37AT)
LeTAT=
ITP=NYRSal24}
TTENPEYSTNR(NPASS)
iTMPP=0
Dn 250 K=3,N3T7Y
REANDCINTARYIITMP, (R{M,KI 131, ITR)
LATARSL BTAPYY
IF PISTA(KI MEL,ITHPY 50 70 220
ITHPRIITRAPS]
IFCITHPR BT, ITEHRY GO TO 240

READ (ISTATYIITHP, (AY(T X3, 8007, 4], SKENCT2K)IsDA{T %), (RETA{I, K500
IzivtTEHp);ALCFTcIaK)iI=i;12)

LSTATZLSTATHY
IF (ITHR _EQ,I3TA(K)) GO0 714 250
Gn TN 230
READCISTAT)
LATATRLSTATHY
HEPAZ3EMPASSYY
ITEMPSHSTNR(HPASS)
Irtepp=g
GQ TR 230
CONTINUE
Dp 260 KX=1,N5TY
NQUM(K,1Fa33)=20
fn 260 I=t,12
NLEG (I, K)SNVYRS
IFP(TANAL ,6T.0) N3TASNETY
Dn 280 1=1,12
MO(TISINNTH®Y
IF(MOC1) ,LT.13360 70 284
HO(13=M0(1)~12
CONTINUE
IF(NCONR LELD) GO TO 32¢
MCOHMB{IPA8S)=NCNMA
IDENTIFY STATINN COMBINATIONS
Do 300 X=1,NCONHB
wx CARD D w2
READ(S,30)ITPs (ISTAC(K,L) L=, 2TPY
WRITE (6,290) K,ITP,(ISTACIK,L),L3L,ITP)Y
FORMAY {354 COMB,I2,5H 374,1518)
NSTAC(X,IPA38)sITP
g CARD E ax
READ(5,60) TEMP, (CSTALIX,L,1PASS),L31,1TP)

azo

1078
1077
10743
1079
1080
1084
1082
1083
1084
1085

1086
1087
1083
1089
1090
1094

1033
1094
1095
1096
1097
1098
1099
1100
1161
1102
1103
1104
1105
1106
1107
1108
1109
1110
111
1112
1113
1114
1115
1115
1117
1118
1119
1120
1121
1122
1123

113
1128
1127
1123
1129
1130
1131
1132
1133

1134
1133
1136
1137
1138
§113900C0

1141



305 waYTE(s,310) (CSTAC(K)L,2PASA), Ly, 17p)
310 FNRMAT (7X,.54RATI0,8%,14F8,3) ’ 1144000
3P¢ TEINTMDM,LELO) GO TO 3s0 1148
MINOH{IRASS)IZBINDM
D 340 LY=1,NTNDM 1146
¢ wr CARD 7 «x 1147
READ(S,30) TSTRLLX) pITHP, €ISTY(Lx,L),La3t, 1THP) 11468
WRITE(6330) LAy ISTHILY), CISTT LY, L) »LELs ITHR) 1149
336 FORMAT (/13H TANDEM GROUP,I3,6X,140004NGTREAN STA,IS,6X, 1150009
$SHUPSTRFA4 3TA(S8),1015) 11Si000
a0 NSHX({LX)=ITHR 1152
350 IF{IPASS,ET,1)INYRERD 1153
0 380 KeMnTYX,X8TA 1154
NSUM(K,TPASS)Y=G
ISTA(KISI000=K 1156
¢ INITIATE =1, NC RECORD FGR ALL FLOWS 1157
0 360 Mzl ,KM 1158
360 F(M,K)Zey, 1159
on 370 1si,12 1460
HLEB(I,K)=0 11614
00(1.,%)¥%0. 1162
AMINLTY=T 1163
ITC CONTINUE 1184 .
348G CONTINUE 1145
TF{NCSTY LELO) 50 T0 426 1166
WRITE(6,390) 1467
33C FNRMAT (/30X BHSTATIDNG/L7H CONSISTENCY TEST,S5%,23WINDEPENDENT DE 1168
1PENDENT) 1169
Ny 400 L=§,;NCS8TY 117¢
c #% CAKD G *# 117}
REAR (5,303 TI&TxCLILISTY(L) 1172
400 ARITE(b,410) Lo ISTXLLY,I8TYIL)Y 1173
416 FORMAT(I3%,13,3X,15,68%,15) 11746
42C IF{TANAL,LE,Q)G6D TG 13570 1178
CC a % % & » % READ AND PROCES33 § STATION®YEAR OF DATA # # & % & » # 2 « 1176
c a% CARD H 2% $177
43¢ READLYE,S0) TSTAN,IYR,(GM(Y),T21,12) 1178
c xv CARD I #% (179
c B AMK CARD INDICATES END CF FLOW DATA {1{8¢
TF(ISTAN LT,4)50 T 506 1181
IF{NSTALLTLY)IGO 70 45¢C 1482
c ASRIGN SUBSCRIPT TQ STATION 1183
DO 480 KeNGTYX,NSTA 1184
IF(ISTAN, EQ.ISTA(KIIGD T 460 1188
a4 CONTINUYE 1185
a%0 NSTASNSTA+! 1187
IF(NSTA.GT,X53TAY GO TO 180 1487=2%
K=NgTA 1188
ISTAIKY=YISTANM 1129
c ASSIGN SUBSCRIET 70 YEAR 1199
85¢ J2lYRelYHA 1191
IS(NYRS,LT,JLAND, IPASI G, ) NYRERY 1192
IF(J.6T.0,MNDJ.LEJNYREY GO TO 480 1193
WRITE (6,47031YR 1194
470 FRpMAY (/18H UNACCEPTABLE YEAR,IS) 1195000
50 Y0 50 1196
c STNRE FLOWS IN 3TATION AND MONTH ARRAY 1497
d2C MzJ#1lmiy 1158
Do 490 Iczt,t2 1199
H=Mey 1200
IF(RM{T)  LEL(=1.)) B0 T 490 1204
TF{AM(TY LT aMIN(I,K)Y uIN(IKIZGH(T) 1202
NLOG{I,XySNLaG{I, k)+t 1203
DACI,KISRALT,K)+CM (1) 1204
SEHLRIEEMLT) 1208
490 CoONTINUE 1206
an 10 430 1207
BOC NYTAASNATASL . 1208
IF INYR3.GT.AYR, 07, NSTA+NCOMB.GT,KGTA) GO 7O 160 1209
IF(NSTALLELBY) GU TO 162 {210
KRTNPLIPASS)=NITA 12114
NGTAXENSTASMSTA 1212
w3e EYNIBIT &



IF(NCOMB,

nn S30 Kx
ITP=2NSTAC
LX3H
Dn 520 L=
ITEMPISTYT
Bg S10 K=
IF(ISTAL(K
LYSLY+1
K3TAC (KX,
Gn TO0 S2¢
510 CNANTINUE
52C CANTINUE

NSTAC(KY,
53¢ CONTINUE

54C IF(NTNOM,
nn S90 Ly
Dn S50 x=

IF(ISTA(XK) LENLISTN(LXI) GO T 3640

58¢ CANTINUE
560 ISTN{LY)=
NSUM(K,IP
ITMPINGMY
Dn 520 L=
D 570 Ky

LEL.OIGD T3 Sao

TOENTIFY 3TA SURSCRIPTS FOR 3Ta3 IN COMBINATIONS

=1,800N8
tx¥, IPA3S)

1,Irp

AC(KX,L)

1,N3TA

JJNELJITEMPIGO Ta 510

LXs,IPASS)SK

REDUCE STATICONS TO YHOSE IDENTIFIABLE

IPA3S) LY

IDEMTIFY STATICONY IN TANDEM

LE.0) GO TO 6400
=Y, NTNOM
1,N8TA

K
ASS)ENINN(LX)
{Lx)

1,ITMP
=L,N3TA

IFCISTALKX) 4ENLISTTILX,L)) GO YO 580

570 CONTINUE
SAC IST(X,LsTY
59¢ CANTINUE

60€ IF(NCITY.
0 640 L=
Dn 430 K=

IF({ISTACKI E0,ISTX(L))Y GO TO K10
IF{I3TA(K) ERLISTY(L)) G0 TO 620

50 TO 630
610 ISTX(L)SK

80 To 630
62¢ ISTY(L)3K
630 CONTINUE
64¢ COANTINUE
65C ITHPINSTA

CO « # % % % * MAX AND MIN RECORDED VOLUMES

c
on 790 K=
AVGQA(K)=0
Nz0
on 660 I=
BAC SHO(YI,K)=
. Dn 678 J¥=
67¢ 3MR(I,K)=
TMP“O‘
THRAZ0,
M3y
N20

PASg)Y=KX

IDENTIFY PAIRS CF STAYTIONS FOR CONSISTENCY TESTS

LE.G) 60 TO 63¢
$:NCSTY
1,NSTA

+nENNE

INITTATE SlUMS
NSTxX, ITMP

1,15
=T
£6,30
T

Dn 7898 J=2i,NyR3

Dn 770 1=
REE 3
NuN&g
IF(K,LELN

KyzX«NSTA
ITPINSTAC
gfH,K)=0,
DN 498 La
ITEMPIKST

§,12

8TAYGO YO 700
COMPUTE COMBINED FLONS

(x¥,IRASS)
{,1tP

ACI{XX,L., IPASS)
COMRINED FLOW MISSING

AN RN kx4 RR R R R R

IF(OM,ITEMPY ,EQ ] (DR, 0(",K) Ef w1 ,) GO 7D 680

GeM,KYSA M, KY*H (N, ITENP)2CSTAT(KY,L,IPAgY)

EXHIBIT &

LY T

?

1213
1214
1215

1217
1218
1219
1220
1221
1222

1224
1225
1226
{227

1229
1230
123¢
1232
1233
1234
1235
1236

1238
1239
1240
124}
1242

12434
1245
1246
1247
1243
1249
1250
1251
1252
1253
1254
1233
1254
1237
12353
1259
1260
125%
1282
1263
1264
12653
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1274
1277

1279
12849

1282
1283



GO TO A%0 1285
67C ALM,K)3eY, 1286
69¢ CONTINUE 1287
700 IF(N(M,K).NE,=1,) 60 TQ 710 1208
e START NEW ACCUMULATIONS wHEN FLOW NIS3ING 1289
N=0 1290
TMP20O, 1291
THPASO, 1292
G0 T 770 1293
710 TEMPIQ(M,K) 1294
¢ {eMDNTH FLOKS 1295
IFCOMB LT XY LT, TEMPISHQII,KI2TEMP 129
IF(SMR(IA18,K) 6T TEMR)IINA(T+15,K)=TEMP {297
IF(SMO LI, KY LT JTENPISHG (L3, kIRTENP 1298
TF (SMO{284K) 6T TEMP)SHA(28,K)2TENP 1299
¢ beMONTH FLOKS 1300
TMRITMP+TENP 1301
THMBAITMPASTENP 1302
IF(Mek)TR0,730,720 1303
72C TMRPITMPen(Mep,K) 1304
730 IP(TMB LT, 3H0(29,K)I8NN(29,K)STHP 1205
IF(THP 6T 3R (18,K) )M 0(14,K)=TNR 1306
¢ S4=uONTH FLOWS 1307
IF{Ne54)760,750,740 1308 -
U0 THRASTMPA«R(M=S4,K) 1309
T80 IF(THMRA, LT . IMI(30,K))IZUG(3C,X)I=THPA 1310
IF(TMPA,GT. OMB(LS,KY)ISHA(15,K)=THPA 13114
c AVERAGE FLOW 1312
760 AVGNCKIZAVGH(K)+TENP 1313
NDINQeY 1314
770 CONTINUYE 1335
726 CNAKTINUE 1316
TEMBaNG 1317
AVERACK)ZAVGQ(K) /TEHP 1318
790 CONTINUE 1319
WRITE(5,300) 1320
BOC FORMAT(/304 MAXINUM YOLUMES DF RECORDED FLDWS) 132¢
ARITELH,810) (MO(T)»IR1,12) 1322
810 FORMAT (SH  8TA,121I7,33M {=2M0 62¥0 SdaMg AV MO} 1323000
ITMEINGTA+NCOME 1323
NN 830 KoMgTYX, ITHP 1325
ITEMRSAVGA(K) +,5 1426
Pp 820 1=%,15 1327
BEL IN(TIESMOLI,KI®W3 ' 1328
8IC NOITE(S,840)ISTA(KI(IQ(I),1=21,18),1ITENP 1329
8AC FORMAY(1YX,14,1217,218,19,18) 1330
WRITE(6,850) 1331
88C FASRMAY(/16M MINIMUM vOLUEES) 1332
HRITF (6,816 ¢H0CI),258,12) 1333
D ART0 KsM5TXX, ITMP 1324
Dn 860 I=1,13 1335
RA0 IN(T)=SMG(I+15,K)+,8 133%
57¢C WRITE(6,840)ISTA(K),, CIG(I),I=,15) 1337
CE # # % % # % COMPUTE FREGUEMNCY STATISTICS « » % & & % 4 4 &« 2 % * % & 1338
WRITE (6,830) 1339
480 FNRMAT (/214 FREQUENCY §TATISTICS) 1340
WRITELS, R0 MOLTY, I=1,12) 1341
890 FORMAT (/14H STA ITEM,17,1118) 1342000
c NISSING FLOW PRECEDING FIRST KECORD MONTH 1343
NN 700 KsHSTYY,N3TA 1344
90¢ HEL,KI=T 1348
IPCNN=Q 1346
ITEMP = NSTA 1346100
DN 1180 K=1,ITEMP 1347000
IF LITEMP,3T.NSTA)Y GO TC 1180 1347100
1IF (X ,LE,NSTX) GO TO 942 $347=2
91{¢ D0 920 I=4,12 1338
TEMPENLOG LT K) 1349
DRCT,KISDA(I K)* 0L/ TENP 1350
IFINALIsK) W LTeal) DG(I,K)a,1 135¢
TE(AMINCT oK) JLT,04) DGCI,KISDRCI KI=OMIN(E,X) 1352
920 CNNTINUE 1353
wSe EXHIBIT 5



93¢

Q44
S42

95¢

9h¢
87¢

940
950
1006

101¢
102¢
1030
104¢

105¢
106¢C

Q00

EY¥YHIS

N=¢Q

an gan Iai,l2

AV(I,K)39,

3p(r,Ky=n,

SKEZW(I,KY=0.

TMeaN
KINCROZY=2(QR (T KIFAMINCI,KIY /7 {16enTHP)
CANTINUE

M w
e

0r 970 Jmi,NYRS
30 940 Ial,t2
HzMsey
TF{O(M,K)EQ.~le) 60 TD 980

REPLACE FLOW ASRAY WITH LOG ARRAY
TEMPIALOG (R, KI+NBCI,8))I/2,.3025851
QM KISTENP
IF (K, LELNSTYXY GO YO 960

UM, SRUAREZ, AND CUBES
Ay (T, Ky=ay(I,K)+YEMP
SDUL,KYSSN(TI,K)*TEAPKTENP
SKEW{I,K)SSKEULI,KIPTEHP 2 TEMPATENP
G0 70 960

AIS5IMG FLOWS EQUATED TO T
J{M,K)aT
IRCNANSY
CANTINUE
CANTINUE
IF(K,LELN3TX) 6N TO 1180
INRCzO
20 1000 IR1,12
TERPENLAG LT, K)
IF(rEAPLT.3,)G60 10 t12¢0
TUERAVLT,K)
AVLT,K)STHP/TENR
IFISNLT,4) ,LELD,)GD TO 980
THRAZSDCI,X)
SOCL,KY=¢SOCT KY®AVLI,KIxTHPY/ (TENP=] )
IFLAN(IsX)Y LELNL)Y GO T0 380
SOLY,KYRSD(I,X)*x,5
TFESN(TaK) L T.0005) 6Q 1O 990
SKEW(Y,KYS(TRHPRTEHPAIKEW (T U I mZ A TEMPRTIMPATMPAPY (2 THRATHRRTHE)
1/7CTEHP R (TEMPuwl I n(TEMF2 123N (I,K)2r3)
IF(SKEH(I:I":J.L-l‘«f“_alJnOQ.SKEW(I:K).GT..l) INDC=!
IFLSKEG(10K).5Ta3a) SKEW(I,x)=3,
IF(SKENLT ) LTemT,) ZKEW({I,K)==3,
52 TN 1069
3N(1,K)=0.
SKEN(T,X)=Q,.
CANTINYE
N3N+
IF(N,GT,1)60 TO 1060
ARITE(D,1010)ISTALKY ,AV(T,K),2S1,12)
FARMAT (/14,15,8u MEAN,12F8,3)
WRITE(641020)(SD(L,%),121,12)
FORMAY (72,7:8TD NEV,12FH,3)
ARITE(6,1030) (SXEN(Y,X),121,12)
FORMAT (102, 145KEW, 12F8,3)
WRITE(6,1040)(D0(T,K),I=1,12)
FrEMiT (RBYX,64INCRMT,FT1,2,11F8,2)
WRITELG, 1050 (NLLG(T,%),231,12)
FORMAT (S3Y,SHYEARS,1218)
IF(N,GE,14) 60 TO 1180
IF{INNCLE,NY G0 T2 $18¢

THE FOLLAWING ROUTINE WILL ADJUST THE INCREMENT TC

TRY T C8TAIN ZERD 3KEW
CHANGE THE FCLLNWING 8TAT TU I3KZ=§ TO ACTIVATE

1aK7a0
IF{TI8KZ.LE,.0) GO TOQ 3182
ITP2=i}
Do 1110 131,42
HITTP¢T
Dn 1080 J31,NYRY

T & abhew

1354
1355
1356
§3%7
1358
1359
1340
1364
1362
1363
1354
1365
1366
13557
1368
1369
136522
1370
137¢
1372
1373
1374
1378
1376
1377
1378
1373
137322
1389
1384
1332
1343
1334
{383
1336
1327
1348
1383w2%
1349
1390
139¢
1392
1333

1394
1395
1396
1397
1358
1399
1400
14e1000
1402
1403000
1404
1465000
1405
1407000
1408
1409000
1410
fatd
1412
1413
1414
1413
14156
1417
1418
1449
1420



HamMey2 1421

IFEO(N,KY4ER.T) 60 TO 107¢C 1422
THESD(MIK) 1423
HEM, K)ut 0.k THE «DOT,K) 1424
50 TN 1080 1425
107¢ LM, K)sw, 1426
1080 CNNTINUE 1427
TFuPasSKEWY (I K) 1428
IF(TENR AT [(mal ) L ANDLTENP LTWal) GO TO 1410 1429
C IF(TEMP) 1090,1116,1100 1430
tnd¢ na(r,K1apn(l,X)*g, 1434
6Gn To 1119 1432
1100 0N(1,K)=DA¢L,K)wXIHCR{]) 1433
1110 CunTINUE 1434
gn tn 930 1435
C » % % « » & DELETE STATIONS WITM L ESS ThAN 3 YEARS OF DATA®  » » » a 1436
1120 90 ITE(6,1130373TA(K) ta3?
1130 FORMAT (244 95TA,18,28% DELETED, INSUFFICIENT DATA) 1438000
MATAZNGTA=Y 1433
NSTAAZNSTA+L 1440
HSTAX=STASNSTA 144%
IF(KBT.NSTAYGC TN 1180 1442
¢ REDUCE SUBSCRIPTS OF SUBSESUENT STATTIDNS 1443 -
NN 1170 KX=K,N3TA 1444
IATA(KX)ISISTALKX+1) 1443
M=y 1446
On 1150 J=i,NYRS 1487
Do 1140 1=4,12 1448
MzHe1 1449
1440 M, KY)I=g (M, KX+1) 1450
1156 CRNTINUE 1481
Nn 1160 I=4,12 1452
AMINLT,KY)SAMINCT  KY*1) 1453
HLOG (Y, K=y NG LT, KY+Y) 1454
$16C DO(T,XKX)SDRITsKX+1) 14855
1170 CONTINUE 145%
' TR 910 14587
118¢ CHNTINYE 1458
ITANS=O 1459
IF(TRCON,LE.D) GD TO 1370 1460
CFax a % % a % ADJUSTMENT 0OF FREGUENCY STATISTICS 70 LONG TERM # % x @ 1464
Do 1180 1=1,12 1462
NN $139 K=1,N8TA 1463
Bn 1190 L=S1:.N8TAX 1464
NCAR(YI,K,L)=n 1465
SUMA(T,K,L)=0, 1488
SUHMRLI,K,L)S0. 1467
SQA(I;KIL)=°. 1448
SOR(T,X,L)=0, 1469
XPAR(LY,K,L)}=0, 1470
HAL1,K,L)=e8, 1478
$190 CNNTINYE 1472
DN 1220 X=!,NSTA 1473
XKys¥el 1474
Mz 1478
Dn 1220 J=1,HYKS 1476
Dn 1210 1=1,423 1477
HaMey 1478
TEMBRER (M, K) 1479
IF(TEMP,LEQ,T) GO Tp (210 1480
DR 1200 L=KX,NS5TAY 143¢
LYZSL=NSTS 1482
IFLX LT, 8) THPR=u(H,L) 1483
IF(LY,5TY,0) THP2R(Mel,LY} 1484
IFLTMP EN,TY 60 T0 12C0 1485
NCAR(I,K,LY=NCaB(I,K, L)y 1486
SHMACT, K, LYTBUMA(T,K,L)4TEMR 1487
SUFS (T, K,L)SaUNI(],K,L)+THpP 1438
304(T:KaL )=S0 (T, K L)4TERPRTEMP 1489
SNE LT K,L)YSS0B(Y,X,LY+TNPaTMP 1490
APAB LT, X, LYSXPAB(I,K,L)eTEMBRTHD 1494
IF(L,GTNSTAY GO T1) {200 1492

= EXHIBIT 6



12049
121¢
122¢

1235

123¢
124¢

125¢
126¢

127¢

NCAR(CI,L,X)SNCABCI,K,L)
SUMA(LY,L,X)=3UMB(T,4,L)
SUMBCI,L,KISSUMALT,L,L)
SNACT,L,XK)2SAR(I,K,L)

S (I, LeK)Y=SRALT,K,L)
XPAB(I,L,K)=XPAB(1,X,L)
CONTINYE

CANTINUE

CANTINYE

Iupe=0

DN 1260 K3{,NSTA

KXaxKet

DO 1260 134,82

RA(I,X,X)=1,

Do $2%0 L=KX,NITAX
IFINCABLISXsL)oLES2) GO 10 1230
TEMPENCAS(IsKsL)
THP3RA(T,KsL)

TRPESAR(I,K,L)
TMRARSUMA (T K,L)

TMEPS (TMP~TMPAX W2 JTEMP) /TENP
IF(THPP.LT.0,) THPP=O,

30ACT sKsL)ITHRPAWR,5
THPAISUMRLT K,L)

THEPS (TP=THPIRa2 /TEMP)/TEMP
IF(TMPP.LY,0,) TMPPR2Q,
SNB(I,K,L)=THPP*x,S

TMPS (THRTHPAR22 /TEMPI A (TRaTMPERA2/TENP)Y
[FITMP,LELCO,) GO TO §230
THRARXPAB{I KL ) =THPARTNER/TEMP
TMRB=Y,

IF{TMPA,LT,0,) TMPBRaTMPRB
THMPAZYMPAXRTMPA/TMP

TMPAZL w(] w?MPAY R (TENMPw] )/ (TEMRR2,)
IF(TMPA.LT,0,)THRARO,

RA(I X, LYSTHPAXTHRARW,S
ITpay

LAzt

LYSL=N3TA

IF(L.LE.NSTA) GO TN 123%
ITPst=y |

IF(ITP,LT1) ITPai2

LAzLY

IF (DL, K3 LT.,0001,0R,8DCITP,LA) LT,,0001) 60 TO 1230

50 TO 1240
RALT,K,L)Y=0,

IFLL.GT.NSTAY 60 TO 1250

3NACT LIK)I=39B(T,K,L)

INB LT L KISSNALT,X,0)
RA(T,L,KI=RA(I,K,L)

CONTINUE

CNNTINYE

Dn 1280 x=4{,n8TA

an 1280 131,412

TEMRPSINLOG(IsK)

Ly=n

Un 1270 LS1,N8TA
IELLLER, K OR RA(TI,K,L)LE.»8,) GO TQ 1270
TR(NLAGLTI, L) JLELHNLOG(T, XYY GO 70 1270
TMRAZNCAB(IsKsL)

THPASNLNG (T, L)

TRSTHMPA/ LS ,=(THPBwTHRAYARA(L, K, L)Y #02/TMRB)
IF{TPLE,TE4P) GO TO 1270

Lxat

TEHB3ITH

THPRITHPA

CnHTINUE

IF(LX.LE,0) 50 To 1280

IFCSGALT, KoL) JLE..0001,0R,338C1,K LX) oLE,,0004) GO TC 1280

INDCS1
THP2RGA(L,K LX) /78ABLI, K,LX)
THPAZSUMALI, X LX) 7THPR

EYHIBIT b =l

1463
1494
14958
1486
1497
14498
1499
15040
150}
1502
1503
1564
1508
159064
1507
1504
1509
1S40
1511
1512
1543
1514
1515
1516
1547
1513
1519
1520
1521
{522
1523
1524
1523
1526
{527
1528

1529
1530
1531
1532
1833
1334
1538
1538
1537
1533
1539
1540
1544
1542
1543
1544
1545
1548
1547
1543
1549
155¢
1591
15%2

1533
15923
1555



THREZSUMBLT,K, LX)/ THPP

1556

AV T, KISTMPAG LAV (T LAY wTHREY wRA LT, K LX) aTHP 1557
SOCT,KISSRALT K LXITLSO{TsL ) =3B LT R LXIIARALTI IR, LY R22RTHP 1588

1280 CANTINUE 15899
c AnJUST STANGARD DEVTIATIONS FOR CONSISTENCY 1560
IF(NCSTY . LE,0) 60 TO 13490 156%

c TRANSFER FROM 1011 1362
$2%¢0 NN 1330 Lx=!,NCSTY 1563
K=ISTYX (LX) 1564
LeISTY (LX) 1565

Do 1320 134,82 1566
TENPS(AVLT,KY=AVLT,LY)/3, 1567
IFCAV{I,K)JGTAY(I, LYY GC 70 1300 1568
TEME=TEMP+SD(I,K) 1569
IF(30CI LY LTLTEMPY GO T0 1310 1570
TEXRASD (T KI w2 ,=TENUP 1571
IF(ADCIsL) = TEMP)Y 1320,1320,1310 1572

1300 TEMP=TEMP+SN(I,K) 1573
IF(SN(I,L)Y.BT.TENPY GC T0 {310 1574
TFYazgn(I,K)xd, = TENP 1578
IF(RN{L,L).GE.,TEXPY GC T0 1320 1576

134¢ SGN{T,L)=TEMR 1577
132C CONTINUE 1578
133C COANTINUE 1573
IF(ITRNS,G6T,0) G0 TO 2820 {580

138C IF(TNDCLE O AND NCSTY,LE.0) 60 TO 1370 1584
ARITE(6,1350) 15482

1350 FORMAT(/39H FREGUENCY STATISYICS AFTER ADJUSTHMENTY ) 1583
WRITE(6.890) (M0(1),151,12) 1584

[0 1360 K=1,NSTA 1583
WOITE (6 31010)1I5TALKY» CAV(TI,¥),121,12) 1586
WRITE(S,1N20)(SD(T,K),I31,12) 1587
WRITE (&, 1030) (SKEW({I,X),121,12) 1588
WRITE(6,1080) (DO(I,K),I=1,12) 1589

1360 CONTINUE 1590
CG * * & % % % TRANSFNARM TU SYANDAGDIZED VARIATES % # 2 % 2 % % » % % » 159}
1370 DA {420 K=1sH8TA 1592
M=y 1593

00 1410 J=1sNYRS 1594

NN 1400 I=i.12 1595
ANt 1596

OR (H,K)=BLANK 1597
IF(n(M, XY ER,TIGO TO 14cC {599
IF(aDLT %) .En,.CL)B0 YO 1390 1600
Ner,RYI=(e k) =AYV (T,K))/8D(T,K) 1601

c PEARSCN TYPE Il TRAMNSFORM 1602
IF(SKEWCTK)  EGLD,)G0 TO (400 1603
TErR= 54gKEU(I,K)v0{M,K) 41, 1604
TMESg, 1608
IF(TEMP.GELD,)GO TO 1380 1606
TFrP2=TENP 1607
THFES=], 1608

1380 QACH,KIS6 N(THPRTEMPRa(3,/3,321,)/8KEW(L,R)+3KEW(I,K) /8, 1609
GN TN 1400 1610

1392 R(M,;x)¥=0, 1614
1406 COMNTINUE 1612
161C CONTINYE 1613
1425 CONTINUE 1618
C % % # %« % = COMPUTE SUMS OF SSUARES AND CROSS PRODUCTS » % » = % 2 & 1615
DN 1480 X=1,M8TA 1618

Dn {5480 131,12 1617

Do 1830 L=t ,NSTAYX 1618
EACT,,L) =(ed,) 1619
SUFALT,K,LYS0, 1629
SHMR(T,K,LI=0, 1621
3nAL1,x,L)=0, 1622

SRR CT,KeLY=0, 1623
XPAR(I,K,L)=q, 1624

1430 NCAA(I,%,LIR0O 1625
RA(Y,X,K)Si,. 1626

1ang CONTINUE 1627
145¢ CONTINUE 1628

nwle= EXYHIBIT &



1440
ta7¢
1480
C =

(]

-

1490

1500
151¢

152¢
153¢
154¢

155¢
156¢

CH % * x = * % READ CORRELATION COEFFICIENTS # 4 ® & # 2 % 2 * & & # 2 »

157¢

EYHIB

00 1540 KS1,N374
XYZK+l
Mai
NN 1489 J=1,MYRS
0N 1470 128,12
MaMel
TEMPIN(M, )
IF(TEMPL,ERQ,TIGEC TO 1470
00 1460 L=K4,N3TAY

SUBSCRIPTY EXCEEDING N3TA RELATE V1) PRECEDING MONTH
L2 «NgTA
IF(LY LT, 1) THMP=Q(H,L)
IFLLXLGT,0) THPag(Hei,LY)
IF(THP,EnaT)G0 TO 1460

CHUNT AND USE CnLY RECORDED PAIRY
MEARCI K, L)YZNCAR(T, K, L) 41
SHMA(T K, ,LI=3UNMA(T, KL )}sTEMP
SUMACL,X,L)SsuUmd(1,K,L)+THP
304 (1,K,L)=87A (T,K,L3+TEPPsTEMD
SNE (1,K,L)R308 (I,K,L)+TNPatmp
APAR (I, X, L)SXPAB{T, K,L)+TEMDPeT NP
IFLLGTWNSTA) GO 7O 1450
HEAB{T,L,KI=NCAA(T,X,L)
SUMA{T L K)Z3UHALT, K,L)
SUMB(T,L,KY2SUMACT,K,L)
S9A (1,L,K)=308 {I,K,L)
SN (1,L,XK)=304A (1,%,L)
XPAR(T,L,K)=xPAR{TI,K,L)
CONTINYE
COaNTINUE
CONTINUE

* % % & 2 COMPUTE CORRELATIOGN COEFFICIENTI A % 2 & 2 2 % % % % % #

0n 1539 121,42
N 1520 LSKYX,N3TAX
LY=L «N3TA
ELIMINATE PAIRS WITH LES3S THAN 3 YRS DATA
IF(NCAB(T,ekr)LILE2) 62 T 510
TEMRZNCAR(T,X,L)

TMPZ (SUA(T,K,L)=GUMA{T K, LYaSUMACT,K,L)/TENP)#(30B(T,K,L)=81M8

1(7,K,L)e8UMBCI,X,L)/TENR)
ELTHINATE PAIRS WITH ZERD VARIANCE PRQOUCT

IF(TKP,LEL0.) GO TO 1300

Tupg=y,

THRPASNPABCT, KoL) =SUNALY, K, LI n3UMB(I,K,L)/TEMP
QETAIN ALGEBSAIC SIGN

IF(TMPALLTY,0,) TMPRI=THRH

TMRPAZTHRAATMPA/THR

RA(T K LISTHPBATHRARY S

Itp=y

LAa=t

I (1 ,LELNSTAY G0 TO f49¢

ITPaiat

IF(ITrP.LT.1) ITP=12

LAZL X

TF{SD(TsK) 4L TesMN0L OR300 CTITRP,LA)LT4a0001) HA(I,X,L)=0,

Gn tTn 1510

RA(T,X,L)=0,

IFEL,.GT.MNSTAY GO TO 13220

NA(Y.L,K’aﬂACT'K,L)

COMTINUE

CANTINUE

COANTINUE

gon TN 2170

RRITE (6,1560)

FORMAT (/18K DATA GUY CF GROER)

G TH 1%

DN 1630 K={sNSTA
IF (K,EQ,1)G0 YO 1600
[TRaK=y
DN 1590 LEL,1TP
CURRENT MONTH CORPELATION

IT & ejw

1629
1630
1634
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
164%
1646
{hd7
1648
1649
1430
16514
1652
1633
1654
1653
1656
1697
1858
1458
164D
the1
{462
1663
1684
1663
L1hhh
1687
1658
1869
1670
1671
1672
1673
1874
1678
1676
1677
1678
1673
1636
1641
14682
1683
1684
14685
1586
1687
te83

1690
1691
1692
1693
1694
1695
1696
1897
1698
1599
1700



c
c

1704

ax CARD L ww
READ(S,70)ITHP, ITEMP, (RALT,K,L),1=1,12) 1702
TAVIK,LIZRA(L o K,L) 1703
IFLIGNRL . FRLIYISTA(X)IZITHP 1704
IF(ITHPGNELI8TA(K)IBO TO 1550 1705
IFLITEMP NELISTALILIIGE TQ 1550 1708
D0 1580 131,12 1707
158¢ RA(T,L,KY=RACI,X,L) 1708
159¢ CONTINUE 1709
PRECEDING MOMNTH CORRELATION 1710
1600 LY=uSTAA 1718
1F [IGNRL.EN.Y) LYINITA+K 1712
LAZNSTAY 1713
I7 (IGMRLLJEQ.L) LA=SLYX 1714
D 1510 LELX,LA 1748
ITP= «NSTA 1714
wx CARD K OR M »a 1717
HEAN(S5,T0) ITHP, ITEMP, (RA(T,K,L)s2al,12) 1718
IF(KENLL)YISTACKYI=ITHR 1719
IF (X, C0.1)I8TALITR)=ITENR 1720
IF CIGNRL.ER.1) RAV(K,KISRAC1,K,L) 1721
IFCITHP NE  ISTALK)IBO T8 15So 1722
TF(ITEMP NELISTA(ITP)I0 TO 1550 1723,
1610 CNNTINYE 1724
00 {620 1=4,32 1725
163¢ HA({T,K,K)=1, 1726
1630 CONTINUE 1727
X % & % » a4 READ FREGUENCY STATISTICS # ¢ & ¢ % & * = % w % % # # % % 1728
0n 1640 X=4{,NSTA 1729
nt CARD N CP 0 #x 1730
READ(S,80) ITP,(AV(I,X)s251,12) 1733
IF(ITP NE,LISTA(K))IGO 7D 1580 1732
GENERALIZED STATISTICS ON DNE CARD PER 3TATION 1733
AVMYIKYZAY (L, K) ’ 1734
AYMNEKI=AV(2,K) 1735
SNaVK)=AV{3,K) 1738
ITHAZAV(A,K) 40l 1737 o
IRX ) =ITHR=NO(12) {738 =
1tMPzAv(R,K) e, 1738e22
INNCKYIRYTHP=M(12) 1738 =»
IF (IMYLK)  LTa1) TRX(X)I=IMY(KI+i2 1740
17 (IMCR)Y JLTel) INN(K)SIKM(K)+12 1741
IFLIGHRLEGLL)GD T4 jedo 1742
«n CARD P #n 1743
REAN(5,80)1TP,(3NLI,X),121,12) 1744
IFLITP HELISTA(K))GH TO 1850 1748
x4 CARD Q #x $746
READN(S,30)1TP, (3XEW(I,x},121,12) 1747
IFCITP,NELI3TA(K}IGO Tn 1350 1748
«a CARD R #x 1749
REANCS,90)ITR, {ONCT,K), 121,12} 1750
IF(ITP NELISTA(K)IGN TO §550 1751
1640 CONTINUE ‘ 1752
CT % 2 % 4 % % ESTIMATE NISSING CORAELATION COEFFICIENTS » w » & & » & o {753
1650 IF(I6NRL,Eq.1Y60 TO 302¢ 1754
IF(N3TALLELL)GO 1O 2310 1758
on 1720 1=t.12 1788
Ir=iel 1757
IF(IP, LT, 1)Im=E2 173548
DA 1710 k=1,NSTA 17%9
ITP=Key {760
Np 1700 LEITP,KBTAY 1764
L AND X CUORRELATICN POSSIALY MISSING 1762
IF(RA(T KILYBE("14)) GO TO 1700 1763
RMAYZ, 1764
RMINZw], 1765
Ly SEARCHES ALL RELATED CORRELATIONS EXCEPY FOLLEWING MTK 17686
On 1699 L¥=L,NSTAX 1767
IF(LY,EN,KIGO TO 1690 1768
IF(L.ER.LX)GN TO 1690 1769
TEMPZRACTISKoLX) 1770
IF (L LEJNSTAYGD TO 1680 11



€
1660

1670
188¢

1696
c

1700
171¢
172¢

CJ * * % » & » TEST FOR TRIAD CONSISTENCY

173¢
174C

175¢

176¢

1770

IF(Lx.LE.gslA)Gn TO 167¢
OYH L AND LY PRER A H
[THPELaNBTA LX REPFESENT PHECEOING MONT
ITEMPIL XwNSTA
THOIRA(LIR, ITHP, ITEUR)
GN TO 16480 Rep
L REPRESENTS QURNEN
THP=RALI,L,L¥) CURKENT MONTH
Gn 7O 1680
LX AND NOT | REPRESEN MONTH
THPERA T, L% L) L SENTS AURRENT MONT
IF (TMPTENP LT ,«2,0) G& T0 1890
THRAZ ({1, 9TENPATEMP)I2{{ e TNPaTNP))
IF(TNPALLT,.0,) TMPARD,
TMPASTMBAWN,T
TMPBSTMP R TEMP+THPA
IF(THPR LT, RHAXIRNAXRTMP]
TMPRZTMPRwTMPATNPA
IF(TURB LCT  RIINIRMINSTHEB
CONTINUE

AVERAGE SMALLEST MAY AND LARGEST MIN CONSISTENT VALUE

RACT, K, LIS(RMAX+RUIN) # 8

IF (L LEWNSTAYRACT, L KIBRACT,%,1)
CNANTINUE

CONTINUE

CaNTINUE

6a to 2349

NCAz=Q

FaC=y,

NEASNCASY
IF(NCA LT NSTAR12) GO 70 17950
HRITE (6 1840)

80 TO0 {50

NCB=Q

NE=0

IupC=g

Dy 1830 1=4,12
IpsTal
IF{IP.LT,1)IpP=12

Ky L AND LX SEARCH ALL RELATED TRIQY OF CORREL CCEFS

fn 1820 K=2§,NSTA

ITHPzKsel

Gn 1810 LSITHMP,NSTAX

IF(LE.NSTAX)GO TO 1810

LASL~NGTA

RIZRACINKoL)D

ITe=L 4

on 1300 LXSITP,NSTAX

ITEMPIL X=N3TA

RI=AA(I,K,LY)

IF (L.LE.NSTA)R3=QA(I;L'LX)

BOTH L AND LY REPRESENY PRECEDING MONTH

1F (i ¢ ST NSTAIRISRALIP,LA,ITENP)
» RAISE LNWEST CCEFFICIENT IF INCONSISTENT

AC1=(1,=R1#RE) 2w, 5

ACZz (), »RExR2) w25

ACZ=¢),=R3aR3) 2w, 5 )

IF(R1,6T,R2) GO 70 1770

IF{R1.6T,R3) GG TN 1780

AMINZR2*RI«ACA2ACIAFALC

IF(PMIN LT, ={as) FMINZei,

IF(RY.GE RMIN) GO TN 148490

IunC=y

RACT,K,L)SRNIN

IF (LeLESNITA) RACI/LIK)IZAMIN

Gn 10 1800

i1F{92,6T,R3) GO TO 1780

RHINZR{2R3«AC1¢AC3#FAC

IFLRMIN,LY,"1a) FPHINGe},

IF(2,6E,AHIN) GO YO taa¢

INDC=E

EYHIBIT & si2w

L2 N BN B B N NN BN S B A A A

1772
1773
1774
1773
1776
1777
1778
1779
1780
1781
1782
1783
1734
1785
1786
1737
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1860
1801
1802
1803
1804
1805
1506
1807
1808
1309
1810
1411
1812
1813
1814
1815
1816
1817
1a1a
1819
1820
1821
1522
1823
1R24
1625
15826
1827
j828
1329
13830
1833
1832
1333
1634
1335
1838
1337
1433
1339
1289
184}
1842
1843



1748

179¢
1309
1810

1820
1383¢

1840

1850

HACT,X,LXI3RNIN

IF (LY LESHSTA) RA{Y,LA,KIZRMIN
Gn 10 1800
HMINSRIaq2=ACL2ALFAL
TF(AUIN LT .ot a) HMINSaY,
IF(RI GE RHINY GO TO 1800
INDERY

1F (L.GT.NSTA) GO TO 179¢
RA(T,L,LX)=RHIN

IF (LY LEGNSTA) RALI,LY,LISRMIN
G0 TH {800

RACIP,LA,ITEMP)=RMIN
RA(CIP,ITEMP,LAY=RHIN

CONTINUE

CANTINUE

CANTINUE

CONTINUE

MCINCeS

IF(NC,L,LE N3TA=12) GO TQ 1850
URITE (6,1840)

FARMAT(32H CORRELATION MATEIX INCONSISTENT)
59 10 1S4

IF(INDCL.ENLY) GO TO 1760

1844
1845
{1846
1887
1844
ta49
18%0
18514
1852
1853
1854
185%
1856
1857
18538
1859
1860
1861
{862
1863
1864
186¢%
{846

CK # % » % # » TEIY FOR OVER=ALL CONSISTENCY # % % % % 2 # & % % 2 » 2 « (867 ~

e
c

1360

137¢

18A¢C
139¢

19n0¢
191¢

132¢
1936

191¢

198¢
19AC
1976
198¢

199C

anng

ITEMR=0 1868
6o Tn 1870 1849
ITEMp=y 1870
WHEN ITEMR=Y{, CURPENT MONTH USED FOR ALL INDEPENCENT 8TAS 1871
DTHERWISE, PREC MTH USED FOR CURRENT AND SURSEGQUENT STAS 1872
HINDPEMSTA 1873
HYAREININDP+Y 1874
D 2160 191,12 1875
Ip=Tel 1876
IF(Ir,LT. tYIPS12 1877
COMSTRUCT COMPLETE CORRE], MATRIX FOR EACR MONTH AND STA 1878
DA 2150 K=1,18TA 187§
L IS ROW NUMSES, J 18 COLUMN NUMBER {1880
D0 2020 LE1,NSTA 1884
LY=L +NSTA 1882
00 1930 J=1,NSTA {1883
J¥=J+NSTA 1884
1F{L=K) 1880,1320,1960 1885
IF (1=%) 1890,1910,1900 1884
ReL,JY = DALEL(RACT,L,d)) 1387000
LTMP(LYSL 1884
Jrup{d)=y {8AR9
Gn 10 1970 1890
IF(ITEMRY 1910,1910,1830 1691
BeL.d) = PRLE(RACILL,IX)) 1892000
LTEB(L)SL 1893
JTHe ()= gx 1594
o tn 1970 1898
IF(J=X) 1930,1940,1950 1896
AfL:Jd) 3 DBLECRALILJI,LXY) 1487000
LTrp{L)=] 1898
Jree(II=LX 1895
Gn To 1970 {900
RelL,J) 8 DBLE(RACIP,L,J)) {9n01009
LTMPLLISLY ' 18¢2
JTMp(3)agx 1603
Gn TN $1970 1904
IF(TTEMPY 1940,19480,1930 130S
IF(TTEHP) 1%920,1920,188n 1506
feJ,LIBR{L,J) 1907
CANTINUE 1908
LYo L)ax 1809
SPECIAL SUBSCRIFT FOR DEPENDENT VARIABLE 191¢
IF (Lwxk) 1990,201¢,2000 19114
RIL,NSTAAY 3 DRLE{RA{I,X,L)) 1912000
JITHP(NSTAAY=L 1913
Gr To 2920 1918
IF (ITEMP,GT,.O0) GO YO §39¢ 1515
EYHIBIT 5

ni{3n



¢

. 203¢ €

2010 ReL,N8TAA) = DBLEIRA(L,K,LX))

JYMS(NSTAAYSL Y
MATRIX CONST3TZNT IF CORREL NNRES NOT EXCEEN 1,0

233C COonTINUE

ATITITITIST

IF(PTRIC,LELLe) GO TO 2130
WRITE(A,2040) N,I1,K,DTRKE

2040 FNRMAT (/36H INCONSISTENT CORREL MATRIX ADJUSTED,314,F12,3)

1916000
1917
1318
1919
192¢
19214
{922
{923
1924
1925
1926
1327008

WITHOARAW 1928~193}

FAG=FAC» 2
IF(FACGT.=e1)G0 TD 1750
NCR=2Y

NaN+i

IF{N,RT,10) G0 Ta S0
Sumn=o,

Bn 2089 (=1,MINDP

DR 2070 LX=1,N¥AR
IF(LLET.LX) GO TO 267¢
TMRPRER (L ,LX)
3UMISUMETHPP

207¢ CONTIMUE
208¢ CONTINUE

TEMPESNINDP#NINDP
SUMSZUM/TENR

TEMP=NTRMC=],

IF(TEMP 6T,,1) TEHP=,

THP=] ,=TEMP

D0 2120 L=1,NINDP

IRy v

D0 2110 LX=ITP,NVAR

RLL,LX) = DBLE(TMRPHTMF + SUMNTEMP)
IFILYJLEGNINDRY RILX,LIZACL,LY)
LTPILTHRL)

JTREITHR (LY)

IF(LTP . LELNSTA) G0 TO 2100
IF(TITPL.LELNSTA) GO TO 2090

LIPS TRwN3TA

JTRZITRwNETA
RA(IR,LTP,JTPYSR(L,LX)
RACIP,JTP, L TRY=R(L,LX)

6N TN 2110

209¢ ItHezi TR

LTP=gTR
JTR=TTHR

2100 RALT,LTP,ITPISR(L,ILY)

IFLITP LELNSTA) RA(LI,JTP,LTPYSRCL, LX)

P11c CO&TIMNUE .
2123C LCOANTINUE

an T 2030

243¢ IFINTHUCLGE,.D.) 6T TO 2140

WRITE(HS,7N)I,K,DTRNC
BTYEMC=0,

214¢ IF{NCB,GT,0) GO 70 1740
215¢ CONTINUE
316C CANTINUE

IF (ITEMPR.ER,O0) 60 To 1860
IF(ITRNE EQ.2) 3o TO 31cCe

217C WRITE(5,10)

15932
1833
1934
1935
1934
1927
1938
1939
1940
§1941%
1942
1543
{944
1945
1946
1947
1948
1944
1950
1951
1952
1953900
1954
1955
1956
1357
1758
1954
1960
1961
1862
1963
1964
1965
1546
1967
1948
1969
{1870
1971
1972
1973
1974
1975
1976
1977
1978
1979
1929

% % % o &k @ PRINY CORRELATION MATRIX % # % *# @ & ® 2 % 2 2 9 2 2 2 » 948}

Dn 2260 131,12
IFCITRHALELN) #WRITE(6,2120IM0¢2)

2180 FnRMAT (//39H RANW CORRELATINN COEFFICIENTS FOR HANTH,I3)

IF{ITRHS.6T.0) WRITE(%,2190) HolI)

219C FNRMAT (/240K CONSISTENT LORRELATION HATRIX FOR HONTH,I3)

WRITE(6,2200) (ISTA(K),K={sN8TA)

2200 FORMAT (/3X,3KH8TA,1817)

HBITE(5,2240)

2210 FORMAT(20X,19H WITH CURRENT MONTH)

EXHRIBIT & wigqm™

1382
1973
1983000
1985
1586000
1987
1583000
1949
1950



RN 2220 kay,na14 fous

2220 NnATE(6,2230) Igyaqxy, (aall, KoLYsL=1)NETA) 1992
2230 FNRUAT (41X, 15,18F7,3) 1993000
TRITECH,2240) 1994
224C FORMAT (203, 34M WITH PHECEDING MONTH AT ABOVE STATION) 1985000
ITPeNETASY 1994
00 28%0 Kx=31,n374 1997
2250 “PTTE(H,2230)18TA(K), (RA(L,X,L),LEITP,NSTAX) 1998
2260 CANTINUE 1989
IFCTANAL (LEL0) 60 TO 31ne 2000
IF(ITANS,LELO) 0 TO 1680 2001
IFLIPCHS ,LELN)Y G TN 2870 - 2002
G PUSEH ESIENTIAL ELEMENTS OF MATRIX 2003
bn 2300 kay,nsTA 2004
IF (K,EG,1) 6O TO 2280 2003
TTPEKmy 2006
nn 23270 131,1TR éeo7
A27C ARITE(T70)I5TACK) , ISTACL), CRACT K L) 2 £23,12) 2008
R22AC DY 2290 L2NBTAA,NLSTAX 2009
TTEMPZL wNGTA 2610
228C wRITE(7,70) YSTA(X),ISTA(ITENRP), (RACI,K,L),138,12) 2014
2306 COARYINUE 2012,
61 TN 2850 2013
CL % 3 » x » % RECONSTITUTE MISQING DATA ® % & ® % ¥ ® % % % = % % % % » 2045
2310 IF(TANAL,LE.0) G0 TO 3i6g 2015
1F (IRCONL,LE, 0} 50 TO 2640 2018
HVADENSTASY : 2017
Hay 2048
Dn 2800 J3i,NYRS 2019
gn 2590 12,12 2020
Jy=1at 2021
IF(IX LT, 1)Tx=my2 2022
MaMel 2023
DN 2580 K={,nNSTA 20248
IF(D(M,K) NE,T) GO TO 2580 2023
c FGRi CORRELAYICN MATRIY FOR ZACH MISSING FLowW 2026
NINDPaO anz27
0N 2350 L3L,NSTA 2028
LS| eN3TA 2029
TE(a(M LY. NE, T)Y 60O TO 2120 203¢
IFIO{Hal LY FR,T) GO TO 2399 2031
NINDRASHINDPR+ 2032
ITEMPSNTADP 2032
X(NINDPYSR(M=l,L) 2034
RINTINDP,NYAR) = DHLE(RA(I,x,LX}) 2025000
6n To 2330 2036
2328 NINOPaSNINDP#Y 2037
ITEMp2MINDP 2038
XCATINRPY=O (M, L) 2039
ATRIMOPeMVAR) = DPLE(RACI K L)) 2040000
2330 RLINOP,NINDP) 2 1,000 2043000
IFIL . EQ.N8TAY GN TO 239C 2042
ITPE(+} 2083
Dt 2380 LAaITP,NSTA a0ed
JY=E A+NSTA 2045
IF(AM,LYLEQ,T) 60 TO 2350 an4ds
IF(D(¥,LA) ,EQ,T) G0 TO 2340 2617
ITEMPSITENMD® 2048
RerINDP,ITEMP) 3 DBLE(RA(I,L,LA)) 2009000
60 1o 2370 2050
2343 IF(n(*e1,La) E2,T) 6O TC 2380 2051
ITENPSITENPSY fusa
RENYNDP, ITEMP) 3 DRLECRA(I,L,J¥%)) 20%3020
Gn 1o 2370 2054
235¢ IF(atM,LAY,En.T) 6] TC 2160 205%
ITEMPRITEMPS 2056
RENINDP,ITEMF) 3 DRLE(RA(I,LA,LY)) 2057000
6n v 2370 2058
23460 IF(N(M=1, LAY EG.TY GD TC 2380 2059
ITEHRSITEMP Y 2080
RENINDPLITEMP) 3 DBLE{RA(IY,L,LA)) 2061000
c ADD BYMMETRICAL ELEMENTS 2062

iS5» ExKIBIT 6



237¢
2380
azsac

2440¢

24i¢
c

2420

243¢

2440

[y Mol

2480

246¢C
247¢
2488

219¢
2500

REITEMP,NINDPISRININDP, ITEMP)
COKTINUE

CNANTINUE

IF(NINDP,G6T7,0) GO TO 2400
NINDPERY

X(1)=Q,

Be1,1) = 1,000

LYsK+NSTA

R{1sNVARY = DBLE(RA(I,K,LX))
ITEMPENINDF #

On 2410 L=1,MINDP
REL,ITEMPYSR(L,NVAR)
IxSEZanEss

CALL CROUT (®)

ITEMPRNINDE+Y

TEMP=Y,

Inne=0

0n 2440 L=t,NINDP
THREDABI(R{L,ITEMP))
IF(TMP GT.TEMP) G0 TQ 2430
TEMP=TMPR

Irea

IF(R(L,ITEMPY JLE 0, JAND HIL) ,BT,(n1,5)ANDB(L),LT,0,5) GC TO 2449
IF(R(L,ITEMP) oGE 0, o AND (B IL) (6T, (m0,5),AN0,5(L) eL.To1,3) 60 TO 244¢

INDL=Y
CANT INUE

IF(TNDCL.6T,0) GO TQ 2450

IFINDTRHE (LE ... AND DTRNC ,GE 0,) 60 TO 2510

IF MATRIX INCONSISTENT, OMIT VARIABLE WITH LEAST
CORRELATION

ITHRSNINDP=Y

IF(ITP 6T.ITHP) GO T 2480

DO 2470 LSITR,ITHP

DN 2460 LAz, ITENP

RCLLAYSRIL+*1sLA)

XELYISY(L+Y)

DN 2500 L=1,1TMP

DO 2490 LASIYP,NINDP

ReL.LAYSROL,LAYL)

CONTINUE

NTNDRITTUP

G0 TO 2420
ADD RANDOM COMPONENY TO PRESERVE VARIANCE

TEMR=0,

01 2%20 L2146

TEMR=TEMP+AINGEN (IXX)

TEMASTEMP=ANGEN(1XX)
: . COMBUTE FLOMW
ALZ(] ,=DTEMUCI x5
TEMPRTEMPRAL
0n 2530 | 31,4INDP
TEMIRTEMP*R (L ) aX (L)
DN, KY=TEMP
QR (M, K)2E
To=R (M, K)
ADD NEMW VALUE TG SUnS NF SQUARES AND CRN3S PRODUCTS
N 2560 LIL,NSTAX
IF(L,EQ.X) GO TN 2560

SUBSCRIPTS EXCEEDING NSTA RELATE 7O PRECEDING MUMH
LX3 =NSTA
TP (L. LT, 1) THPEQ(M,L)
IF(LXGBT0) THP=R(M=],LY)
IF (TMPEDR,T) GN TD 2560

COUNT AND USE CNLY RECORDED PAIRS
HOARCT K,LYSHCAB (T K,L) ¢!
SUMACT, KoL) =SUMA(I,,K,L)+TP
SUMB (I, K,LI=SSUMB(I,K,L)*THF
SAA (T,K,LISSRA (T,K,L)+TPeTP
SAR (1,K,L)=300 (I,K,L)+TNPaTHp
XPARLT, K, LY=PAB(I,K,L)+TPeTHP
IF(L.GT«NSTA) 50 TO 2540

EXHIBIT A wibe

2063
2064
2065
2066
2067
2048
2069000
2070
2071000
ae?a
2073
2074
2073
2074
2077
2078
2079
2080
2081
20482
2033
2084
2033
2036
2087
2038
2089
2090
2091
2082
2093
2094
2083
2096
2097
2098
2099
210¢
2§91
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
etia
2113
2114
2185
2116
2117
2118
2119
2120
212d
2122
2123
2124
2125
2126
2127
2123
2129
2130
2131
2132
2133
2134



o
2540

255¢

2560

2570
2S8C
258¢
260C
g6t
CH ¢

NCARCT, L, K)=nCAS(T,X,L)

2135

SUBACT,L,KIRSUNBLT,X,L) 2136
SUMBLT,L,KI=3UMA(T,K,L) 21137
304 {I,L,K)=SM3 (T,K,L) 2138
SAB (I,L,Ky=804 (1,X,L) 2139
XPARLTI,L,KY=xPAA(],X,L) 2140
RECNMPUTE CORRELATINN COUEFFICIENTS TO INCLUOE NEW DATA 2164
IF(NCABC(Y,KyL)oLEWB) B0 TO 2560 2142
TEMPENCAB (T KsL) 2143
TMPZ(SRDALT,K,L)=SUMACT,K,LInSUMA(T KLY /TEMP)#(8QB(I,K,L)=SUNA 2144
1{7,%,L)*QUMB(I,K,L)/TEHR) 2149
ELYIMINATE PAIRS WITH ZERD VARIANCE PRQDUCT 2146
IF(TMP LEL.D.) &0 TO 2560 2147
T8pEisy 2148
THPASYPAB(ToKoL)=3UMACI,K,L)23UMBCZ, K L)/ TENP 2149
RETAIN ALGEBRAIC S5IgM 2150
IF(THRACLTLO,) THP = TNE] 2181
THMEASTMRARTMPA/TMR 2152
RACT,K,LYSTHRBaTHPA%X,S 2153
Itesy 2154
Lazgy 2155
IF(L,LE.NBYA) GN 70 285¢ 2158
ITRaywy 2187 .
IF(ITP,.LT,1) 1TP=t2 21548
LA=Ly 2189
IF (S0 LI H) (LTeoN0 ORSDCTTP, LAY LT,.,0008) RA(I,K,L)=0, 2160
IF(L,GT.NETAY GO TO 2560 2164
RALT,L,KISRA(I,K,L) 2162
CONTINYE . 2163
TTHRENYREw {241 2164
IF(® , GE,ITMRY GO TO 2%8¢ 2165
TEMPTO(M,K) 2166
DN 2S70 L=t N3TA 2167
TMRRY (M+L4L) 2168
IF{THP EG.T) B0 TO 257¢ 2169
LYSK+NgTA 2170
ITPxTey 2174
IF(ITR,GT,12) ITRay 2172
HEAR(TTR, L, LYY ENCARCITE, L, LX) 44 2173
SUMACTTR, L, LX) SSUNALTITR, L LX) +THP 2174
SHMALITO, L, LYY S3UMBLITR, L LX) *TP 2175
SOA (ITP,L X230 (ITP, L LXY*THMPATNP 2176
SnN (ITP,L,LX)=8AB (ITR,LsLXY*TPRYP 2177
EPARCITR,L,LY)SXPABLITP,L LX)+ TPaTNP 2178
IF(HCABCITP,LsLY)LLE,2) GO Tn 2570 2179
TENPENCAR(ITR,L,LX) 2180
TPz (A (ITR,L, LX) wSUMALTITR,L LX) aSUMACTTR,L,LX)/TENR) 2 2181
LERGALTTP, LX) =SUMBCITP, Lol XI*SUMBLITP, Lr LX) /TEMD) 2182
IF(TMP,LE,O4) GO TG 2570 2143
THEssq, 2184
THPAZXPAR(ITR, L, LX) =SLMACITP, L, LX) 2SUMBLITP L, LX) /TENP 2185
IFCTHPA,LLT,O0,) THPARZWTHFE 2186
TMPASTHABARTMPA/ THP 2137
BACITP,L,LYY=THPBaTHP AR, S 2188
IFCSDCTrK) alTe o000 OREDITTPILY oL Too000L)Y RALITR,L,LX)=0, 2183
CANTINUE 2150
CONTINUE 2191
CRNTINUE 2182
CANTINUE 2193
IF(TANAL LELOY G0 YO 3300 2194
* + 2« 2 » CONVERT 3TAKRDARD REVIATES 70O FLOwS ¥ %k % & % 2 * 2 % &« 23985
IF(YPAS3,LE.1) GU TO 283¢C 2198
TTHEPSNYQSai2+] 2197
an 2620 ITMP=L,100 2198
IF(LOTAR EQNATAPY 60 TC 2630 2189
READLIQTAR) 2260
LATARS|QTAP®Y 22014
WPITE(6,30) 2202
NRITE {6,26480) 2203
FouMaT(33H RECCRDED AND RECONBTITUTED FLUWS) 2204
IF(NPASS,GT,.1) WRITE(H,265C) IPASS 2208
FREMAT(SH PASS,13) 2266
L INA EYHISIT &



LT

267¢

2640
269¢

27a¢

371¢
2720

273¢
Z274¢
215¢
276¢

27685

CN % # » % ARECOMPIITE HEAN AND JTANDARD DEVIATION

277¢

2rae
275¢C

ANYR8SMNYRS

D 2310 K=1,13TA

IF(RGT.NITXY WwRITE(H,256C) (MOCI1),128,128)
FARMAT (2119 STA  YEAU,1218,6%,5KTATAL]
531

Nn 2760 J=i, YR8

Irezo

n 2720 1%1,12

KSR ST

TEHRIB (M, K)

THR=SKEW(],K)

IF(THP NE,04) TEMPI([TNFa(TFMPaTHP/6,)/ 6410} %03 =i, )u2,/TNR

IF(OREN, XY JMELE) B0 10 2450

IFCTEMP (BT 42, o AND 8D (1,K),07,,3) TEuP32 ${TENP=2,)»,3/8D(1,K)

IF(TMP LT,=aC00L,0R,THP 5T7,,0001) THPE(=2,)/THP
IF(3KEW(T,X)Y E670,26890,2640
IF{TENP,GT T 1P) TEMRSTHP

530 70 2A90

IF{TEMP . T . TP) TEMPzTHR
THPITEMPRRO (T, K)$AV (L, K)

LM KIRIN 24T HP=RA(],K)
I?(Q(HIK)'LTQGCQANDQQyIA(I'K)IGEUOSJ GC“O‘)“ﬂc
NM{I)ZAR(M,K)

ITmPaNgiM K, 19A59)

IFLITMPLE,C) GO Y0 27310

TEMRPZO,

00 2700 L31,1THP

LYSTIST(K,L,IrASS)

TRUAITEMR4S {1, LX)

IF(N{M, XYY, TENRP) GO T 2710

GH(1)aADg

IF(NA(MsK) NELE) B TC 27190

gM{TY=ADJL

G{MsKISTEMR

IN(TISAIMIKI+LD

ITPSTTP410(I)

IYFRIYRASJ

IF(K,LELNATYY 500 T3 2760

IF(IPCHB ,LE.0)GD TO 2740

WATTE(T,2730) ISTA(K),IYR,(I0(]),131,12)
FRauAT(214,1218)
HATTE(He27SOILSTALK) p Y, (IRCL) eGM L), I20,123) 170
FOuumAY (I1X,208,T6,2R,08,11017,48),110)
CONTINUE

IF(NPAZY LELY) 6N TO 2785
NAITELIRTAPYISTALR) y (C(H,K),u31,ITMPP)
NQTARSMATARS)

IF{IRCON,LZL,0) G0 TO 2810

Dn 2770 1=1.t2
AV(T,K)=0,

SHFY{T,X)=0,

ID{T,X)30,

Hut

311 2790 J=21,MYR3

Do 2780 121,12

IRE-RES |
TEMPEALOG IR, X)4DQ(I,K))4,438294%
Ay (T,KISAV(I,K)+TEHP
GUEW(T,KISBRFW (T, K)+TENP 223
GN(T,K)SSDLI, K)*TEHPATEND
CANPINUE

bn 2800 121,12

TEuOZAV(I,K)

TupA2SDLTsK)
;ﬂpg(3D(I,K).rEHpaTEM?/Ahvns)/(Auyas.g,)
IF(TMP LT.0,) THPRO,

AV LT, )2TEMP/ANYRS
SD(IK)ZTMP*a,5
THMP=SKEW(I,X)

SKEW({I,X}=0,
IF(SDII,KYLEL,0005) 80 10 2300

EYHIBIT & =ide

L 2N R B I B B R I I Y

2207
2204
2209
2210009
221t
2212
2213
2214
2215
2216
2217
2218
azgy9
22”0

2222
2a21
2224
2229
2226
2227
22243
2223

e2l2
2233

2235
2236
2237
2233
2239
2240
2244
2242
A243
2244
2243
2246
2247
2248
2243
2250
223¢Cmy
RESL
2282
22%3
2254
22535
2256
2257
2253
2238
2260
261
22h2
22643
2264
2263
2266
2267
22638
2263
22719
2214
g272
2273
2274
2273
2276
e277



SKEWLL,KIE(ANYRSHa2aTMPud 4 ANYRSETEMPRTHPAS2  ATEAP 2 #3) gg;g

L/ 0hNYRIRLANYNE=L I fANYRS=P, 22 SDLI,K)uxd) 2219
280¢ CnrTINUE 2280
281C CONTINUE 2241
LOTARZNQATAR 2202
irincs 2284
IFC(IRCON,LE,0) GO TN 293¢ S28%

IF(NCSTY.BT.0) B0 7O 1290

< ( PRI'MNT ADJUSTED FHEAUENCY STATISTICS gg::
232¢ WPITE(&.Xg;O) o
HRITE(6,2 29
2830 FnRHATt;BOH ADJUGTED FREGUENCY 8TAYISTICS) 3590
WRITE (6,890) (KO(I),Ix1,12) S2os

NN 2540 KIENBTYX,NSTA :
HRITE (6,1010) ISTALKY; (AV(I,K),s151,12) ggq%
ARITE (6,1020) (sSD(1,K),188,12) $39a
ARITE (6,1030) (SKEW{I,X),ini,12) 5395
WETTE (6,1040) (DAR(IyK)s1=1,12) 3296

25480 CONTIMUE : .

z:?8 ‘ PHINT CUNSISTENT CORRELATION MATRIX ggg;
ITRM5=11 . 4
60 T 217 44

aA%0 TF (IPCHS.LE.0) 60 T 2370 5301

c PlINCH FPEGUENCY STATISTICS 2302
o0 2560 KENSTAX,NSTA 5303
“’QTTE(7i80)I5T‘(K);(AV(IIK):"!!IE’ 3304
WEITECT,803I5TALKY, (SD(1,K),1=1,12) 2305
MRTTE(T,B80)TI5TA(K)Y, (SKEW(I,K),I51,12) 2306
HRITECTsS0YTaTALKY »IRG(L,K),2151,12) S307

¢ CONTINUE 3308
CESh ! COMPUTE COMBINATIUN FLONS 2309
¢ ., 2310
2RTC IF(NCAMB LELDY GO TO 2918 331y
ITHP=I2aNYRS+1 3312
bR 2900 pu2,1THR 2313
D0 2890 KX=i,HLOMR 5314
K=K ¥+NSTA
ITPaNSTAC(KY, IPASS) 2316
(M.K)=0, 2317
Dn 2889 L=1ETTPL IpAgS)
ITEMRSKSTAC (¥ Y, L, )
2580 BIM,HIZALM,KY+0(H, ITEMPINCSTAC (XX, L, IFASS) 2320
289¢ CANTINUE 2331
29CC CANTINUE a§§§
* 2
gn * % & % & % MAX AMD HIN RECONSTITUTED FLOKS » % & & & & % 2 % & & % 2 2334
291¢ Ns=0 2335
ITeNgSy . 3326
TE(MYRCS,LECOQ)Y GO TO 293¢ 33157
ITMPTINYRS 2328
2920 IF(TIMPLE,O0) GO TO 283¢ 3139
Notke Y ) 2330
NIEHYRES 331
ITMPsITMpPeMYXCS 3312
IF(ITHP . GE,0) GO TO 373¢C 333
ITHP=MXRCS+ITMF 2313
NISTTMP 5335
IYMDEO 2336
AN Y50 10 302¢ gg;g
FLIGNRL JNEL2)E s w

cagfc'!’(i « % COMPUTE GEMNEGALIZED STATISTICS: % & % % & a # % & 2 5335
ARUTE(6,130) ot §§§§
on 3000 K=21,NST .

c ° AvéRAGE CORRELATIGN COEFFICIENT 3302
00 29%0 L=1,K 2343
LYSLENSTA 33419
Rav(K,Ly=0, 234%
Dn 2940 131,12 2346
THRZRA(T,¥%,L) 2347
IF (L ,GELKYTME=RA(Y, X, LX) 2348

294¢ QI\V(K’L}HRAV(K'L)‘THP ?3’9
RAVIK,LYaRAV(K,LI/12,



2%5¢

2086¢C

c
2970

c

298¢

299¢

30C¢

301C wPITE(6,120) ISTALK) JAVMY{K) ;AVMNIK]I »SOAVIK) s HOCITR) , MO (ITHF)
% 4 % & APPLY GENERALIZED STATISTICSw # 2 & % & % % 4 x & # % % 3

30ac¢

303¢

304¢

NOTTEL6,79)ISTACK) JISTALL) ,RAVLK,L)
CONTINYE
AVERAGE LOB3 FOR WET aND ORY 3JEA3SONS
AvEY IR)SAV(ILsK) #AV(12,4) %AV IL,K)
IMx(K)=)
AVMNEK)IBAVMX (K)
IMNEK )=y
THRPIAV(IZ,K) +AV(1,K)+Ay(2,X)
IF(AVHX{K) (GE-THP)IGO YO 2960
AYMY (K)2TME
Inx(K)=2
Gn rg 2970
AvMN(K)uTHP
Tun(x)s2
AND AVERAGE STANDARD DEVIATION
SDAV(K)=SD(1,K)+8N(2,K)
Dn 2999 123,312
SNAV(K)=SDAV(K)#8D(I,K)
TMRZAV (T=2,K)+AV (Ta,K)sAV(1,K)
TFLAVYMY(K) GE,TMRIGO TQ 2980
AuNY (K)RTMP
Tux(K)s?
IFCAVMNCK) JLESTMPIGO T3 2990
AVMN (X )=THP
INN(K)aY
CONTINYE
AVMY(K)=ZAVMX (K) /3,
AVMN(K)SAVMNIK) /3,
SDav{K)=gDAVIK) /12,
CONTINUE
HRITE (6, 140)
nn 3010 x31,48TA
ITRPaIMYX(K)
ITMPZTHN(K)

IFCIGNRL LEL.NIGE TO 3100
DN 3080 K=1;NETA
RYSK+NZTA

INTERMEDIATE MOATHS
MMYMNEIMN (K) e IMX(K) @3
IF(NMYHN LT OQINMYMNENMXMN®L2
NMENMEShaNMYMY
0o 3049 I=1,12

STANDARD DEVIATION UNIFGRM, 8SKEW ZERD
SKEW(I,K)=0,
Da(T,K)=0,
SPET,XK3I=50AV(K)
2n 3030 L=1,N3TA

ZERQ CNRNELATICN WITH OTHER STATIONS AND PRECEDING MONTH

LYSL$NSTA
R&fY,K,Lyx)=20,
IF(L.GE.KIGO Tg 3030

UNIFORM SERIAL CORREL INTERHMEDIATE MCNTHS AND INTER=8TA

RACT,K,L)=0Ay(K/sL)
RACT,L,K)SRA(T,K,L)
CONTINUE

RACY K ,KXISRAV(K,K)
RACTI,K,K)}=1,
CONTINUE

TMPERAV{KsK) #al5
TEMPETHRm 3

IF(THP GT,,%3)THPR 98
IF(TEMP,LT ,0)TEMPZ0,
ITPRIMY LK)

AV(STR KISAVHX(K)m, 1
RA(ITP 4K, KX)Y=TENP
IresrMy(K) =1
IF(ITP.LTL.1)1ITPSY2
AVLTTP,KIZAVMX(K)¢, 2
RALITR,K,XX)=TEMNP

EXHIRIT § ®20w

MEAM AND SERTAL CORREL, WET AND DRY SEAQZONS

23%¢
2354
2382
2333
2354
2333
2356
a3isy
A353
2358
2360
2issi
2382
2363
2364
2348
2366
2347
2368
2359
2370
a3n
2372
2373
2374
2378
23746
2377
2378
2379
2330
233}
2332
2333
2384
2385
2338
23ar
2338
2343
2330
2391
2392
2333
2394
2398
2395
2397
2338
2339
2400
2491
2402
2403
2404
2408
2406
2407
2408
2409
2410
2414
2412
2413
2414
24153
2416
2317
2413
2419
2420
242y



3450
3060

1374
308¢
399¢

210¢ IF(NYRG.LE,0,AND, NPROJ,LE,0,AND,NPA3S LELL) GO TN 150

ITP=THY (K)=2
IF(TTP LT 1YITR=ITP+L2
AVETYR,KYSAVHY (K)w,1
RA(ITP, K, k() =TEMP
ITP=IMN(K)
AVTITP,KISAVNN(K)
RACITP,K,KY)=aTHR
ITPIIMN(K )=t
IFLrTP . LTLY) 1TR=L2
AV{IYR,KYSAVIN(K)
RA(TYlepKZ)ZTMp
17P=2IMN{K)m2
IF(ITP LT 1) ITPRITP+L2
AVITTP,X)2AVMN(K)
RA(ITR,K,Kx)=zTHpR
MEANS FGR MONTHS FOLLOWING WET SEASON
IF(NNYMN,LTL LGN TO 3060
Ite=yMylx)
TEMDENMXMNSL
TEMP= (AVMY (K=, S a AYMN(KY) /TENP
00 3050 IXs1,NHMXMN
THpP2TY
IsIMx(K)+1Ix
IF(T1.6T.12)TI=1n12
AV(I,KISAV(ITR,K)«TEMPATHP
MEANS FOR MOMTHS FOLLOWING DRY SEASQON
IF (NHNMY LTL1)G0 T2 3090
ITP=INN(K)
TEHPSNMNMY L
TEMPm (AVMY (K)w lmAYMN(K))/TEMP
DO 3070 IX=1,NMNMY
TMP2IYX
I=IMNEK)#IX
IF(1,6T.12)IxI=12
AVIT,KISAV(ITR,K)+TEMP2THP
CONTYINUYE
InKeLz0
I2CONEQ
Gn TD 1730

2422
2423
2424
2425
2426
2427
2428
2429
2430
243t
2432
2433
2434
2435
2436
24137
2438
2439
2640
244}
2442
2443
2444
2448
2486
2447
2448
2449
2450
2451
2452
2453
2454
2485
2456
2487
2458
2439
2460
2868 »

CP % % % % %2 % FLOW GENERATION EQUATIONS # % & # % % # n & o & & & % % 2 2482

3110

c
312¢

3130
3g4¢

2180

316¢C

NINDP=NETA
NYAR2NGTASY
Do 3200 1=is12
Ip=t-l
IF (12, LT.1) IP=12
DN 3190 K=1,M8TA
nA 3140 L34,48T4A

CORRELATIONS IN CURRENT MONTH
IF (LeGE.X) 50 TO 3120
AEL,HVAR) = DELE(RALI,K,L))
NN 3110 LA=L,NSTA
LY=LA+MNETA
IF (LA LTK) R{L,LAY = DBLE(RA(I,L,LA))
IF (LALGE.K) R(L,LAY 2 DBLECRA(I,L,LX))
RELA,LI=SRIL LAY
Gn TD 3140

CNRRELATIONS WITK PRECEDING XONTH
LY=L+NSTA
REL,NVARY = DRLE(RA(I,K,LY))
D 3130 LA=L,NSTA
RELSLAY = DBLE(RACIP,L,LAY)
LA, LYSR (L LAY
CONTINUE
Izz=s2z=al
CALL CROUT(R)

I=2=Z===sSH

Np 3{50 L=1,N8TA
PETALT,X, LY (L)
1;(nT°MC.LE.1-J 60 T0 3170
WRITE(6,3160)1:K,DTR1C
FORMAT (34K INCONSISTENY CORREL MATRIX FOR Is,I3,4H

a2l=

K3,;12,

2463
24613
2665
2466
24467
2468
2469
2870
2474
R472000
2473
2474
2475000
2476000
2477
2478
2479
24380
2481000
2432
2483000
2884
a4as
24864
2487
2488
2439
24990
249}
2492
2493000

EXHIBIT &



318¢
318¢
320¢

174 DTYRHSR;Fa,3)

[7ANSS2

60 T0 1730
317¢ IF(DTRHMC ,BE.0,) GO TO 3iaQ
NRITE(5;7O)!9KpDTR“C

oTRuC=0,

ALCFTITaKIS(L=DTAMC) 14,5

CONTINUE
CANTINUE

C 2 2 % x % & GENERATE FLOWS a2 & % o # % & & % X % % % ¢ 2 ¢ 4 2 9 4

321¢

322¢

323¢

324¢

3a7¢
328¢
32s¢

<
330¢
331¢
332¢

333¢

334g

EXHIB

{F (NPASS,
IF(LsaTaT,

LE,1) S0 T0 3240
ER.nSTATY GO To 3220

RAEAD (18TAT)
LITATRLSTATY

g0 TN 3210
WRITE(XSTAT)NATYY,NSTA, (1974 (K) ,K=2{,NSTA)
NATATENSTAT+Y

LSTATZNGTAT

D 3230 K=1,NATA

ADTITECISTATY ISTACKY, CAV(T,¥),aD{1,K)»3KEHLI,X)/DGCT, ),
{ (AETACT,K,L), L3, h3Ta),ALCFT(I,X)eIz8,12)
NITATINSTAT+

L3TATINSTAT

IF(IPA3S,

VEES]
IoAgs=y
r=Q
Haz0

LT.HPA3Y) 50 TR 200

IF (NPROJLLE,O) 50 YO 33314

CY x % » 2 « » PROJECTED FLCV SERUENCES % % % %2 % % % & &€ 2 & % 2 % # %
225C JARIYRPJeIYRA

NISLYRRJwIYRA

TTMpRSO

ITRIHTHPJwIHNTHe]
IF(ITR,NE,0) GO TO 3260

Ivvp=i2

IF (ITP.LLT.1Y ITP=ITR+iZ2
MAS(JAwi) 12+ ITP+iwITHP

Dn 3290 k=1,MS8TA

IF (8N(ITP,K).ER,0,.0R,NALEQ, 1) GO YO 3280
TEYPRALOGLO (A, KYI+DA(ITF,K) )2, 0342945

NPREVIKI=

(TE“PwAV{ITP,K))/SDIITP,K)

IF (SKEW(ITP,K),.EQ,0,) GU TO 3290
TEMPR,548KEW(ITP,K)4QPREVIK)+1,

THB=RY,

IF (TEM®,

GE.0.) GO TOD 3270

[EMPZ(=TEMP)

THP2 (= THP)

APHEY (KIS w (THPRTEMP o a (1 ,/3, 0l )/ 8KENCITP )XY +8KEWLITP,K) /6,
&0 10N 3290 :

UAREV(IK)=O,

CONTINUE

JYsS1YRPJel

NaN+i

N = BEJUENCE NCoy M 3 MONTM NO,s JX = YEAR NC.

G 10 3330

START WITH ZERC DEVIATION AT ALL STATIONS

Dn 3320 K=1,K3TA

ARFEYV (XY=

Miz2
J¥ze2

1F (NRASS,
IF(InASS,

0.
BENERATE 2 YEARS FUOR DISCARDING

LE.L) GO TO 34¢0
6T.1) 50 YO 3340

RELIND ISTAT

NOTARZ2Q
IstAp=g

REWIND IQTAP

LTAR=Q

READ(YISTATINGTXX,MSTA, (ISTALK) ,Ka{,N3TA)

NSTYSINSTYXnl
15 (NSTX.LEL,0) GO TO 3380

IT ¢

“22w

2434000
2495
2496
2497
2498
2499
2500
2504
2502
2503
2504
2508
2506
2567
2508
2509
2510
2511
2512
2513
2514
251§
2516
2517
2518
2519
2320
2521
2522
2523
%24
25295
2526
2527
2528
2529
2531
2532
2533
2534
2533
2536
2527
2538
2539
254Q
254
2542
23543
2544
254%
2546
2547
2543
2549
295¢
25%1
2592
2553
25%4
2559
25%6
25%7
25%3
25%9
2560
25484
2562
2563
2544
2568
2556



339¢C

IS EIRESY-2 31

DN 3270 KS1,MBTX

IF(IPASS,.LE.1) GO TN 33490
READ(IATARY YTEMP, (Q(M,K),¥=2,1TP)
LATAPSLATAP Y

IFCITEHP NE,ISTA(K)) GU tn 3350

2567
2568
2549
2570
2571
2s57¢

I36C READCIQTAT) 12, (AV(T,K),90(1.K),SKEX T2k, OUCT,K), (BETALL,K,L),La1 2573

337¢
3380

PeNSYAY ,ALCFTCILK)»I%L,12)
CNrTINUYE

N X390 K=MNITXX,NSTA
ISTAPSISTAPY)

IF(N,GT.0) RPFEV(K)ZQITAR(ISTAR)

2574
257%
2376
25717
2578

3390 READCISTAT) IR, CAVII,K), 8N (T,K),8KEWCIIR) OB, K), (NETALL,%,L),La) 2579

CR % % » » w % GENERATE CORRELATED STANDARD DEVIATE

3403

3410

342¢

343¢

344¢

3as5¢
246G

347¢

3489

353¢

I54¢
355¢

LanSTAY JALCET (T KYI24,12)

IF(IPASSLEN.Y) JyTHRaJX
NCOMRENMCOMA(IPASS)
NTRDMEMTNDMCIPASS)
D 3420 K=1,2157A
On 3410 191,12
EVGLI,KIED,
3nVv{T.KI=0,
CANTINYUE
CONTINUE
IF(NLEL0Y 60 TO 344Q
uRITE(R,10)
HRITE (6,3430) N
FARMAT (27H GENERATED FLEWS FOR PEAIOD,13)
IF(NPASS,G6T.1) WRITE(A,26%0) IPASS
nn 3510 JRJAN]
Hztee lfoliel
hr 3500 1%1,32
MaNel
IF(NSTYLE,Q) GO TO 3460
D 3450 k=1, NSTYX
OPREV (KI=R(H,K)
IF eH LE MA) GO 70 3500
0N 3890 KENSTXX,MSTA

RANDOM COMPONENT
TEVP=0,
nn 3470 L=k
TENMRITEMP*RHNREN {IXX)
TEMPRTEMDRRNGEN (IXX)
TEMPITEMPRALCFT(I,K)
0N 3480 L=1,MNSTA
TEMPITEMPHRETALT, K, LI wQRREV (L)
AVG (T, KY=AVG (T, KYSTENP
SOVETPKISSDOV(TKY*TEMPATENP
BEM,RIZTEHP
TPREVIKI=TEMNP
CONTINYE
CnrTINUE
CasTIMNUE
IF(MPASS,LE.!) GO TO 35%0
IF(LATAR ENLNOTAPY 60 TC 3530
READ (IGTARP)
LNTARSLQTAR®Y
G0 TN 3520
ITP=NIni el
ISTAPSISTARPNSTAMNSTYX
DN 3540 x=N3TXX,M9TA
METTECIOTAR) ISTALK) , (G (N,KY,HZ2,ITP)
NTTAPSHQTARSY
JRTAPSI8TAP+Y
IF (ISTAPGT,KSTAP) GO TO 160
NITAR(ISYARY=N(TITP,K)
ANLNRSNIwlA®Y
D 3570 KENSTHY,NETA

IF (NJOJXTHR 0T, 0) WRITE (6,26603 (NOCIJfI51,12)

05 XS4n I=1,12
AUG T KIZAYG (I, XY /ANLOG

SOVETeKYZ((SDV (T K)RAVG LT, k) #a2#ANLOGI/ANLDG) 2k, 5

-as-

2580
T 4 % 2 x e 2 n » 2588
2582

2583
2584
2545
2586
2547
2588
2989
2590
2591
2592000
2593
2594
2598
2596
2597
2598
2599
2600
2601
2602
2503
2604
2505
26C6
2607
2608
2609
2610
2611
2612
2613
2644
26145
2b1b
2617
2618
2619
2620
2624
262¢
2623
2624
2625
2626
2627
2628
2629
2630
2634
26322 «
2633 »
2634
2635
2636

EXHIBIT &



3560 CanTINUE

3340
159¢

3s0c
3610

3560
367¢

3adcC
390
370¢
371¢
3720

3

JyzJyIMs

DN 3660 JRIALNG

JyxIxe}

Mi2adw=iy

IF (JX.LE.Q) GT 70 3680
1vpa0 ]

Dn 3680 121,12

HaMel

IF (M LE.MA) BC T0O 3640

TRAMSFORN TO LOG PEARSON TYPE 111 YARIATE (FLOW)

TMPRIKEU(1,X)
IF(ANLOG,GT419,,ANDSDV (1,X),67,0,)

R KIZ(O(H,KI=AVG(T,K))/780V({T,K)
IF (TMP.EG.0,.) GO TO 36cC

TMRI ((TMRa (A (N, K)aTHR/D ) /6,01 3423 a1 )22,/THP

TEMP= (=2 ) /SKEN(1,K)

[P (3KEW(I,K)Y 3580Q,3600,3%590
IF(THMP GT TEHR) THP=TEMP

50 vQ 3610

IS(TMP LY TEMP) TMPaTEMS

5N T0 3610

TMPRA(M,K)

IF(TMP (67,2, ,AND,8D(I,K),6T,.3) THPu2,+(THP®2,)%,3/80(1,K)

THRRTHP2SD(I,K)+AV(T,X)
FMIRISTIToanTMPanR (T, K)
ITMPENSUM{K,IPASS)
IF(ITMP.LELQ) GO TO 3630
TEMP=Q

20 3620 L=1,ITHP
L¥=I87(K,L,IrA89)
TEHPITEMPAQ (ML X)
IF(AM,K) ol T,TEMP) R{M,KIBTEMP

IFCO(M,K) el To0aaANDSQMIA (L K) aB6EL0,s) G{NsKIRQ,

INCTI2Q (MK 4,5
ITExITR+IB(Y)
CONTINUE

Ine13)arTP

WRITE (6,100) ISTA(K),J¥,(Ia(1),I21,13)
IF {IPCHA,LEL0)GD TO 3860

WEITE(7,2730) ISTA(K), JX,(TQ(1),I51,12)
CANTINYE

CONTINYE

IF(NCOMA,LEL.O) GO TO 3720

DR 3710 J3J4,NJ

RESFE RESE

D0 3700 1=1.12

HaMey
COMPIITE CAMBINATION FLOWS

Dn 3690 x¥=1,NCOUB

K2XY+NQTA

1Te=aNSTAG(KY, IPASY)

!Z(Hpk)ﬁo,

DR 3880 LL=1,17P

ITEMPIKITAC(KL,L,IPA3S)

BEM,KIBA (M, K)+Q (M, TTE¥PICATAC LKL, LsIPA3S)

CONTINYE

CONTINUE

CONTINUR

IFIN,LT NPRDJY G0 TO 32%¢0
IF(NYNXG LELDIGT TO 3350

WITHDRE W

WITHOREY

€9 w 2 % ¢ w & MAYX AND MIN GENERATED FLOWS 3 # & & & 2 & & % & % % # & %

c

IFCIX,LE,0)6n TO 3870

SKIP MAXMIN IF REMAINING YEAR3 INSUFFICIENT

IFLIXGTOLANDNISLTNY¥XG)IGO TO 15Q
ITRNEEQ

3730 ITPSNSTALNLOME

c

00 3BG0 KINSTXX,ITP

MAY CALENDAR HMC 1»12, HAY MO 13, £=M0 14, Sd4eMD 13

bn 3749 1=§,{3

EXHIRIT & »24n

2618
2640
2641
LY
2643
2684
2645
2648%
2647
2648
2649
2650

2651
2652
2683
28654
2655
2658
2457
26548
2659
2660
2661
2662
2663

2666
2667

2669
2670
2a71
2872
2673
2674
2h7s
2676
2677
2673
26173
2680
2681
2682
26A3
2684
26893
2686
2687
2648
2689

269}
2692

269%
2696
2697
2694
26945
2700
2101
2702
2703
27048
2703
2708
2707
27038



c

c

374C SH3(I,K)z=T

HIN CALENDAR Hp 16«27, MIN M0 28, bwMp

hn 3750 1=16,30
375¢C SHO(Y,KI=Y

TMP S 6eMO, TEVP 3 54eMC VOLUME, THPA B fanp

TEM®RIN,
TMREO,
AVER(IXKI=0,.
Np=Q
=t
IF(ITANS,GT,0) Ma(Nel)wMXALS#120)
DN 3780 g2y, Nl
nn 3780 12Y,12
ISEACEY
MamMet
TMPA:Q(N,K)
AVGRIXK)ZAVGO LX)+ THPA
NOZNR#Y
IF(THPALGTBMICI,KYISNQET,K)sTHPA
IF(THPALLTLIMA (IR, KIISHR (TN, K)STHPA
TF(THBAGT.IHOCI3,K)IGHG (13, K)I=THPA
IF(THMBALLT3M0(28,KIISNE (2B )K)zTHPA
THRETMPSTMPA
TEURZTEMP4THPA
IF(M.LT.8)G0 TO 3760
THP=THP= {H=6,K)
IF(TMB BT.8Ma(14,K)I5M0(1a,kY=TNP
FFLTMP LT23M0 (29, K))SNMCL2Y,K)RTMP
IF(M, 1 T.56)60 Y0 3770
TEMPITEMPeR (4e54,K)
IF(TEMP . GT . SHA(15,K))18H0(15,K)=TENXP
IF(TEMP, LT SMQ(30,K) )30 {30,K)=TENMP
Gn To 3730

2750 SHAL1G,K)RTMP

37170 SMQLLIS,K)ISTENP

3780 CANTINUE

379¢ CONTINUE

AVERAGE MONTHLY FLOW

TENPaNG
AVGQR(KISAVGOEK) /TEHP

3800 CHNTINYE
HRITE (6,10)
IF(ITRNS GTLNIKRITE(E,381CIMINS

3810 FARMAT (/27H MAXIMUM VQOLUMES FCR PERIOD,I3,3+ OF,14,
1424 YEARS OF RECORDED aND RECONSTITUTED FLOWS)

IF(TTRNG LE.O)WRITE(6,3820)IN,N]

IRAC FOAMAT (/27H MAXIMUM VOLUMES FQR PERIOD,I13,34 OF,I14,

125K YEARS OF SYMTHETIC FLNWS)
HOITE(H,810) (MO(I),1m1,12)
TTEINSTASNCOMD
090 1380 KENITXY,ITP
ITELRRAYGNLK)+ 5
D 3830 138,45
18305 I(T)ISSHR(IIR)}+.5
WOTTECH, 8401 T8TA(KY»(220T),121,15),1TEMP
1840 COuVTINUE
WRITELH,8%50)
HRITE(B,RI0) (MO(1),I51,12)
0N 3860 KENSTXX,ITP
Dn 3850 121,15
2300 Int1)agMG(1415,X)+,5
WRITE(ORE0)ISTALK) »(I0(2),121,15)
3360 CONTINUE

TRANSFER RACK TO RECONSTITUTED FLOWS

IF{ITRNS,BT.0)60 TD 2%2¢
3870 NI = NYMYG
5n TO 33990
3880 NJ 3 KYR
3330 [F(NPASS,LE.1) GO YO 39090
TRAASITPASAYY
IF(NEN0,AND,IPA38 ,LE _APASSY G0 TO X310
IF(TP4g3 LENPASS) GO TO 3340

2709
2710
271l
2rie
2743
2714
2718
2716
2717
2718
2719
2720
2721%
2722
2723
2724
2ras
27286
2727
2728
272%
2130
273t
aris
27133
2734
2738
2736
2737
2738
2739
27140
2741
2742
2743
ara4
2748
274
&747
a748
2ra9
2750
271814
2752000
2783060
2754
2785000
€756000
2757
27158
2759
2760
are1l
2762
2763
2764
2765
2766
2767
2768
2769
27170
27714
2772
2773
2774
27175
27756
2717
2778
277%
2780

EXHIRIT &



c

c

DBOTOOINONOOON

EXYMISIT &

23a9¢

1¢
ac

A % * % &k % DESTIVED MATRIX

3¢
ar

Wy
<y

7¢

ARG

% o ok % BACK SOLUTION % % % & % % w 2 % & % 2 % % & = # ¥ 2 4% % %

90
in¢

IrA83=21

G TO NEw JoR
IF(NYRGLLE.D) GO T4 1350
IFINS BT HYIZINIBNYRG
NYRGANYRG=NJ
n'ro 3300
END
SHBROUTINE CROUTC(RYY
DIMENSION SC10),3010,18),8%¢10,14)
NAYBLE PRECISION R,B,RX
CNMMAON DTRHC ,NINDP,D
NVARZNINDP+}
Dn 20 J={,NINDP
5¢Jys0,
0 10 K=§,NVAR
QeIsKIIRY(JeK)
CONTINUE
IF(VINDR 6T.1150 T9 3¢
2e13=R(1,3)40(08,1)
DreMC3(1)2B (1)
QETIRN

0N a0 K=2,4NVAR
ALLLKIBRCL, Y /R{L, 1)
Dn 80 K=2,NIAGP
ITP=Kwy

N 60 J2K,HINDR

00 50 1=t1,17Tp

LuK=]

LI KISR(I,K)=R(JsLIRR(L,K)
IF(IEQ.K) 50 TN 60
RIKJIIR{ILKY/R (K4 K)
CNANT INUE

Do 70 I=4,17P

LEXa]

ALY, MVARISRIK,NVAR) =R (L, NVAR) %R (K, L)

TEMP=DABS IR (X .K))
IF(TEMP,6T,,000008) GO0 TC &0
DTRHCSL 45

RETURN
REKoNVARYSRIK)NVARY/RIK,KR)

HENINAP) =R (NTNDB,NVAR)
fp 100 Iz2,NIMDP
J:NV@R-I

It=lel

AOJYZR(T, NVAR)

an 899 34,14

KaJep
ErIYISBLI1a0(KRYaR(J,K])
CNNTINUE

DTHuC2D,

D 140 J=1,MHINGR
DTAMCSOTAMCHA (JY#QX(J ) NYAR)
RETUSN

END

FUNCTION RAMGEN(TIY)

FANDOM NUHBER SUBROUTIME FOR A BINARY
GENERATES INIFCRM RANDOM NUMBERS IN ThE INTERVAL 0 T9

NENERAL UBAGE I8 AS FLOLLGWS
AZRYBEN(IY)

I¥ SHOULD RE IMITYIALIZED TO ZERC IN [ME PROGRAM

I8R6 CAN RE aNY LARGE, GU® INTEGER

CANATANTS nUST BE COMFUTED By FOLLCNING EQUATIONS

LI I S I I N I R R 2R R B R R S S T

MACHIVE

x % & % ICONIZ(2*2((B+1)/2)3+3 % % 2 #
* % o & ICONMES{222B)ai F I IR K )
* 2 ok % FCOu3z1,/7(2,2xR) '3E BE B )
KWHERE 53 NUMRER 0OF BIT3 IM THE INTEGER wORD

DATA IARG/759821/
TF(TARG,EQ,I¥) GO TO 10
I4=TARG

L L]

2781
2782
2783
2784
2783
2786
2737
1001
{002
10493
1004
1005
1006
1007
1008
1009
1010
{0l

. 1012

1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1025
1027
1028
1029
1030
1031
1032
1033
1034
1033
1036
1037
1033
1039
1040
1041
1042
1043
1044
1045
1066
1047
1048
1049
1004
1002
1003
1004
1005
1006
1007
1028
1009
1010
1011
1012
1013
1014
1015
1016



Irery

1coN{E15777219
Iyvs1yv«1CONY
ICoN2RpR14749767 10655
TF(I¥ LT, 0) IYSIY+ICONSH)
HNGENTTY

FCON32 ,3552713678Ewt
RNGFNSANGENxFOONS

RETURN

END

n2l=

1017
1018
1019
1020
1024
1022
1023
1024
10253
1026
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CARD

VARIABLE
1. IYRA
2. IMNTH
3. IANAL
L, MERCS
5. KYRG
6. NYMXG
7. NPASS
8. IPCHQ
9. IPCHS

10. NSTA
1. NCOMB
2, NTNDM
3. NCSTY

EXHIBIT 7

INFUT DATA 723-X6-12340

COMMENTS
Three title cards, first must heve A in column 1.
First specification card.

Earliest year of record =t any station.

Calendar month number of first month of water yesr.
Indicator, positive value calls for statistical
analysis routines.

Number of years in each periocd of recorded and re-
constituted flows for which meximum and minimm values
are to be obtained, dimensioned for 100.

Total number of years of hypothetical flows to be
generated.

Number of years in each pericd of generated flovws
which maxirmum and minimum values are to be cbtained,
dimensioned for 100.

Nurber of consecutive passes, each pass consisting of
a new group of stations which can be correlated with
specified stations in previous passes, dimensioned
for 5.

Indicator, positive value calls for writing recorded
and reconstituted flows and generated flows om Tape 7.
Indicator, positive value calls for writing stat~
istics on Tape 7.

Number of stations at which flows are to be generated,
not required if flow dats are supplied. NSTA + NCOMB
(C-1) dimensioned for 10.

Second specification card.

Number of combinations of stations, the totals of

which are used to obtzin meximum and minimum flows,
dimensioned for 2. I1f positive, provide D and E cards.
Number of tandem situations, compares sum of monthly
values of upstream stations with downstreem station

and adjusts if value is less than sum and that station's
value has been estimated or generated, dimension for 10.
If positive, provide F card.

Number of consistency tests. Adjusts standard deviation
of a dependent station in tandem with an independent
station to prevent frequency curves from crossing,
dimensioned for 10. If positive, provide G card.

EXHIBIT 7



CARD VARIABLE

¢ (cont'd)

IGRRL

NPROJ
ITRPJ

MTHPJ
LYRPJ

NSTAC

ISTAC

NSTAC
CSTAC

ISTH
NSMX
ISTT

ISTX
ISTY

Cols 2-4,
Cols 5-8,

COMMENTS

Indicator, + 1 calls for reading generalized stat-
istics and using for generation, + 2 calls for com-
puting generalized statistics from flow data and using
for genersation.

Number of projections of future flows from present
conditions, usually O.

Year of start of each projecticn.

Calendar mcnth of start of each projection.

Iast year of each vrojection, number of recorded and
recenstituted years plus number of projected years
dimensioned for 100.

Identification of ccmbination, NCOMB (C=1) sets of D
and E cards.

Number of stations in this combination, dimensioned
for 10,
Station number (NSTAC values). . .

Combining coefficients, NCOMB (C-1) sets of D and
E cards.

Same as D-1,
Coefficient of flow used for adding, corresponds to
respective items in D-2.

Identification of tandem situation, NTNDM (C-2) cards.

Station number of downstream staticn.
Number of upstream stations, dimensioned for 10.
Station number of upstream station (NSMX values).

Identification of consistency test, NCSTY (C-3) cards.

Irdependent station number.
Dependent station number.

Flow data, cards in any order, omit if IANAL (B-3) is
not positive, follow all flow data cards by 1 blank
card (I card).

Station number
Year number.

EXHIBIT 7



CARD

H (Cont'd)

VARTABLE

CCMMENTS

3. Cols 9-14, 15-20, etc., Flow in desired units. Units should be
selected so generated flows will not exceed $99,999., Use -1 for
missing record. If record for entire yesr is missing, omit card
for that yesr.

1. NCOMB -
2. NTINDM -
3. NCSTY

4, NSTX -
5. ISTA -

Card blank after Col 1 to indicaste end of flow data,
omit if IANAL (B-3) is not positive.

Identification of stations in previous passes to be
used in current pass, supply only if NPASS (B-7) is
greater than 1. The variables NCOMB, NTNDM, and

NCSTY apply to the current pass only.

Number of combinations of stations, the totals of .
which are used to obtain maximum and minimum flows,
dimensioned for 2. 1If positive, provide D and E cards.
Number of tandem situations, compares sum of monthly
values of upstream stations with downstream station

and adjusts if value is less than sum and that station's
value has been estimated or generated, dimension for 10.
If positive, provide F card.

Number of consistency tests. Adjusts standard deviation
of a dependent station in tandem with an independent
station to prevent frequency curves from crossing,
dimensioned for 10. 1If positive, provide G card.

Number of stetions from previous pesses which are to

be used with the additionasl data in current pass as a
means of maintaining consistent flows between groups of
stations, number of stetions from previous passes

plus number of new stations dimensioned for 10.

Station number of station in a previous pass which is
to be used in current pass (NSTX values). Must be

in same order as stations first appear.

Note: TFlow data for current pass supplied as described for H card and
follow data with a blank card (I card), supply NPASS-1 sets
of J, H, and I cards (also D,E,F, and G, if necessary) when

NPASS greater than 1.

1. ISTA(X) -
2. IsTA(L) -

3. RA(I,K,IX) -

Preceding-month correlation coefficients for first
station, omit if IANAL (B-3) is positive (NSTA cards).

Cols 2-4, Number of first station.

Cols 5-8, Number of station from 1 to NSTA (B-10) on
successive cards. If IGNRL (C-4) = 1, only first
card is used.

Cols 9-1k4, 15-20, etc., Correlation coefficients for
successive months between flows at first station and
preceding-month flows at stations from 1 to NSTA (B-10)
on separate cards. If IGNRL (C-4) = 1, only general-
ized coefficient (in cols 9-1h) is given.

EXHIBIT 7



CARD VARTAELE COMMENTS

I* Curren?-month correlation coefficients, omit if IANAL
(B-3) is positive, (NSTA-1) pairs of L and M cards.

1. 1ISTA(X) =~ Cols 2-4, Number of station, progressing from X = 2
through NSTA (B-10) stations on different sets of L
and M cards.

2, 1IsrA(L) =~ Cols 5-8, Number of station, progressing on different
cards through all stations from L = 1 to X-1.

3. RA(I,X,L) - Cols 9-14, 15-20, etc., Correlation coefficient for
each successive calender month between flows at station
K and concurrent flows at station L (12 items). If
IGNRL (C-4) = 1, only generalized coefficient in cols
S-14 is given.

M* Preceding-month correlation coefficients for remaining
stations, omit if IANAL (B-3) is positive. Paired with
L card.

1. ISra(x) - Cols 2-4, Same station numker as on corresponding L
card (L-1).

2., ISTA(L) - Cols 5-8, Number of station, progressing in same order
on different cards through all stations from L =1 to
NSTA (B-10). If IGNRL (C-4) = 1, only card with L = K
1s used.

3. RA{I,X,LX)- Cols 9-14, 15-20, etc., Correlation coefficient for each
successive calendar month between flows at station K
and flows in preceding month at station L (12 items).
If IGNRL (C-4) = 1, only generalized coefficient in
Cols 9-14 is given.

N Generalized frequency statistics, omit if IANAL (B-3) is

positive or IGNRL (C-4) dces not equel 1.

1. 1srA(X) - Cols 2-8, Station number for NSTA (B-10) stations on
successive cards in same order as supplied by L cards
(L-1).

2. awMx(K) - Cols 9-14, Average mean logarithm for wet season (3
months ).

3. AVMN(X) - Cols 15-20, Average mean logerithm for dry season (3
months ).

4, SDAV(XK) - Cols 21-26, Average standard deviation for the 12 months.

* Sets of L and M cards are required for each station from K = 2 to NSTA.

EXHIBIT 7



CARD VARIABLE COMMENTS

N (Cont'd)
5. MoMX(K) =« Calender number of last month of wet season.
6. MCMN(K) - Calendar number of last month of dry season.
0 Mean logerithms, omit if IANAL (B-3) is positive or IGNRL
(C-4) equals 1.
1, ISTA(K) =~ Same as (M-1).
2. AV(I,K) - Cols 9-14, 15-20, etc., Mean logarithms for successive
calendar monthsw.
P Standerd devistions, omit 1f IANAL (B-3) is positive or
IGNRL (C-4) equals 1.
1, ISTA(K) - Same as (M-1). _
2. 9(1,K) - Cols 9-14, 15-20, ete., Standard deviations for suc-
cessive calendar months.
Q Skew coefficients, omit if IANAL (B-3) is positive or
IGNRL (C-4) equals 1.
1. 1sta(xk) - sSame as (M-1l).
2. SKEW(I,K) - Cols 9-14, 15-20, etc., Skew coefficients for suc-
cessive ca.lenda.xf months.
R Flow increments, omit if IANAL (B-3) is positive or
IGNRL (C-4) equals 1.
1. ISTA(K) =~ Same as (M-1l).
2. DQ(1I,K) =~ Cols 9-14, 15-20, etc., Flow increments for successive

calendar months.

Five blank cards with A in Col 1 of first should follow last job.

Note: Cards X through R are not required if cards H and I are supplied. Cards
K through R are as punched by computer when IPCHS is positive.

EXHIBIT 7






EXHIBIT 8

SUMMARY OF REQUIRED CARDS

T23-X6-12340
I (See 1 d) )
oA N A TS T I TR N N B
ets (1) [ F R |
Jd COM]I3 NTNDIEQ NCST[Y NSTX] ISTA i[STA sees NSTX Valres l )
(VI lank cardl a:f’terlall dla.ta l | | | | )
(1) = A Q@ Q@ Q Q Q (12 Values) format 214, 12F6.0
S Y M N Y M B M
NCSTY cards G Ism'xl Isz'y:l l | l | ] l i
NTNDM cards F :rs'rnl m/rxl IS‘I'I', Isz’r[ ..... | Nswc[ ValueT | | ! h )
E  NSTAC CSTAC CSTAC e.... NSTAC Val | )
NCOMB/ vt bt it Iy e Rl SN I R /
B /o {le;smc ISTAC ISTAC ... STAC, Values l l | )
c Ncomlmmlucsmlrmlrmw’IYRPJIMJILYRPJI l RN
B ’m'mlmlmmcsl Nm[mc{mmslmaimxsl NSTA) Y
A | OUTPUT TITLE CARD ) )
N I T i sl AN N N
A OUTPUT TTTLE . CARD
I N NN ikt o Mot BN B /
A OUTFUT, TITLE, CARD ) b
)
y,
)
v
_ | W,
Notes:

(1) Supply only if IANAL (B3) is positive. Repeat H card for each
station-year of data before supplying 1 card.

1
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NSTA sets (4)

(4) N

M
(2)(3)(4)[
L

(@2)(4) x

(2)

(3)
(k)

SUMMARY OF REQUIRED CARDS

Continued.
723-X6-12340
~
| I l | 1 | l B |
~
l l ! l l il I [ !
~
N ! | l [ | I | {
—
j [ ! | ] 1 | -
A‘ 5 Bllank caJnis wiith A fln Col 1 of f‘f.rst c}a.use SEEOP )
~R ISTA! DQ! DQ} e (12 Vlalues ‘) l ‘1 ]
ISTA SKW; SKEWL.,..J. (12 Vla.lues)l omit I:Lf IGN{BL (chl) =1) Y
P JYISTA SD  SD ..... (12 Values) ) y
| l l 1 l l | [ l
0 JISTA AV AV ..... (12 Values) U
[ [ | 11 | | |

'I‘A, mmxl AVMNI sm.vl Moz«rxl Mom" ' | ‘ ) )

TA(K) ISTA(L) RA(1,K,IX) RA(2,K,IX) ..... RA(12,K,IX) ) )
Cards for L from X to NSTA ,

A(K) ISTA(L) BRa(1 JK,L) RA(2,K,L) ..... BAQI2,K,L) ) y

Cards for I from 1 to K-l J

TA(1) ISTA(L) RA(L,K,IX) RA(2,K,IX) ..se. BA(12,K,IX) )
Cards for L from 1 to NSTA . J

\ y,

L designates correlation with current month and IX with preceding month. If
IGNRL(Ck) = 1, only one (generalized) coefficient is given following station
numbers on each card and only 1 K and M card is used for each K station, with
L =K. Use same format as H card.

Repeat set of L and M cards for each K station except first.

Omit if IANAL (B3) is positive.
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