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SYNFL~ - SYNTHETIC FLOW MODEL 

SUMMARY 

June 2, 1977 

Historic streamflow records on many Wyoming streams are too short 

to give a reliable picture of high and low flow conditions. Record 

extensions from regressions with other streams are useful when a nearby 

stream with a sufficient period of record is available. In many cases, 

however, the record extension techniques leave much to be desired, and 

do not ordinarily reflect extremes ~hat may be expected to occur. 

The approach modeled here generates a sequence of synthetic flow 

values based upon the statistics of historic flow records. The synthetic 

flows represent a flow sequence that has the statistics of the historic 

record, a flow sequence that .couldpossibly occur. The synthetic flow 

sequence cannot be used to extend the historic record, but is, rather, 

one device for evaluating possible water supply conditions. Any number 

of synthetic flow sequences may be 8enerated for a given stream, all 

equally valid as possible sequences. 

Overview 

The model described here can produce the synthetic flow sequences 

for multiple seasons within each year up t~ 12 seasons (or 12 months). 

For just one season, annual flows are synthesized. Intermediate season 

combinations might be, for example, quarterly (4 seasons of 3 months 

each), wet and dry seasons (2 seasons of either 6 months each or some 

other division of the months), or almost any other seasonal assignment 

up to 12 seasons. Input data for each season obviously must correspond 

to the season breakdoWn. 

Statistics derived from historic flow records in 1,000 ac-ft units 

at the site under consideration are the basic input data. From prior 
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examination of the historic data one of 3 flow distributions may be 

selected for each season, and the appropriate calculation for the 

synthesized flows can then be specified. The synthesized flows may be 

on the basis of calendar years or water years, so long as the data input 

is correspondingly arranged. The first 50 years of synthesized flows 

are dropped out, to minimize any carryover effects from initialization .. 

Model output consists of a table of synthetic flows by season with 

an annual total in column entr-ies, with one row to each year. The table 

headings consist of the number of seasons used and the station identi­

fication number, and a statement as to the kind of year used (calendar 

or water). Column headings are for the year number, season number 

(12 columns), and the annual total. Zero is printed in any seaso.n 

column that is not used for a synthetic flow, i.e" for 4 seasons, the 

first 4 season columns would contain synthetic flow values (some of which 

may be zero) and columns 5-12 would contain only entries of zero .. 

Following the synthesized flows, the program prints the distribution 

identifier for each season and the seasonal statistics from the historic 

record used as input. 

The model dictionary should be consulted for definitions of variable 

names used in the model. 

References 

The model has been derived and adapted almost entirely from the 

following reference: 

Fiering, Myron B., and Barbara B. Jackson, Synthetic Streamflows, 

Water Resources Monograph 1, American Geophysical Union, Washington, 

D. C., 1971. 
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Unless other references are specifically cited, the reference is to the 

above monograph. 

Distributions 

Three flow distributions are available in the model for calculation 

of the synthetic flow sequences. These are for (1) normally distributed 

historic flows, (2) log-normally distributed historic flows, and (3) 

historic flows distributed as Gamma. The seasonal historic flows will 

seldom match one of these distributions exactly, but will usually approxi­

mate one of them closely enough to make a selection. 

1. Normal Distribution: The normal distribution has the simplest 

calculation form. Historic flow statistics for the average flow, 

the standard deviation, and the lag-one serial correlation 

coefficient for each season are required. The c;:alculation form 

is called by entering KALL = 1. The use of the lag-one serial 

correlation coefficient (RLAG) implies the flow for a given season 

is related to the flow that occurred in the previous season. 

The calculation scheme accounts for this by calling up the 

appropriate previous statistical parameter, or flow, as required. 

For the first season of a year, the information for the last season 

of the previous year is called. 

A normally distributed random number with mean = 0 and standard 

deviation = 1 is required for each calculation of a synthetic flow. 

This is obtained from the subroutine RAND~M, called once each year 

to produce a set of random numbers for the year, one per season. 

About half of the random numbers will be negative, and the 

calculation process can at times result in a negative synthetic flow. 

3 
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This negative value is retained until it is used in generating the 

subsequent synthetic flow, and is then reset to zero. The seasonal 

synthetic flows are summed as they are produced to provide annual 

totals. 

2. Log-Normal Distribution: The log-normal distribution uses statistical 

parameters in natural log form. These are calculated from the 

historic flow statistics in such a way that the statistics of the 

historic flows are preserved in the synthetic flows. (If the logs 

of the historic flow statistics were used directly, the synthetic 

.flows would preserve the statistics of the historic flow logs.) 

Historic flow statistics required for the log-normal distri­

bution calculation are the same as for the normal distribution. 

The calculation form is specified by entering KALL = 2. 

The calculation scheme is similar to that for the normal dis­

tribution, except that calculations are 'done with the derived logs 

of the statistical parameters and the log of the previous season 

flow.. The result is the log of a synthetic flow which has been 

reduced by a lower bound for the season (AC¢N). The synthetic flow 

for the season is found by obtaining the antilog of the synthetic 

flow log, and adding the appropriate AC~N value. Annual totals are 

summed and the check for negative flows is made as in the normal 

distribution scheme. 

3. Gamma Distribution: 

The use of the Gamma distribution requires consideration of the 

skewness of the historic flow data, The required historic flow 

statistics are the same as for the normal distribution, plus the 

coefficient of skewness for each season. 

4 
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The random numbers obtained from the RAND¢M subroutine are 

normally distributed, that is centered about the mean (zero), and 

without skew. The coefficient of skewness is used to adjust the 

random numbers to the required skewed distribution~ The calculation 

scheme is the same as for the normal distribution, except for the use 

of the skewed random number in place of the normally distributed 

random number. 

5 



Variable 
Name 

AA 

AB 

AC¢N 

AM 

ATERM 

BC¢N 

BM 

BTERM 

CA 

CB 

CTERM 

DA 

June 2, 1977 

SYNFL¢ DICTIONARY 

Definition 

Random no., multiplier of UA, for random no. generation 

in RANDOM subroutine. (AA~l). 

Random no., multiplier of UB, for random no, generation 

in RANDOM subroutine. (AB~l). 

Array of 12 elements, computation device for log-

normal distribution. Added to antilog of computed 

log of flow. 

Random no. for remaindering divisor in RANDOM subroutine. 

(AM>AA,CA, and UA). 

Computation device for normal and gamma distirubtion 

calculations. 

Computation device for log-normal distribution. 

Random no. for remaindering divisor in RANDOM subroutine. 

(BM>AB,GB, and UB). 

Array of 12 elements, computation device for normal and 

gamma distribution calculations. 

Random no., added to AA ,'c UA product in RANDOH subroutine. 

(CA~l) • 

Random no., added to AB * UB product in RANDOM subroutine. 

(CB~l) . 

Computation device for log-normal calculation, 

analogous to ATERM. 

Divisor of calculated UA in RANDOM subroutine. Least 

power of 10 such that DA>AM. 
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Variable 
Name 

DB 

DTERM 

IR 

ISTA 

IW 

KALL 

KYR 

N 

NSEA 

NYR 

QAV 

QAVL 

June 2, 1977 

Definition 

Divisor of calculated UB in RANDOM subroutine. 

Least power of 10 such that DB>BM. 

Array of 12 elements for log-normal calculations 

analogous to BTERM. 

Integer to set READ statements (=5, here). 

Integer statiog identification no., usually USGS 

no., maximum of 10 digits. 

Integer to set WRITE statements (=6, here). 

Integer array of 12 elements for calling desired 

calculation form for each season: KALL =1, 

Normal distribution; KALL = 2, Log-normal dis-

tribution; KALL = 3, Gamma distribution~ 

Integer for setting year type. KYR=I, calendar 

year (Jan-Dec); KYR=2, water year (oct-Sep). Ca'lls 

appropriate headings for output. 

Counter to number the years of output after the 

first 50 years are discarded. 

Number of seasons in each year, from 1 (annual flows) 

to 12 (monthly flows). 

Number of years for which synthetic flows are to be 

generated, to 250. (The first 50 years are discarded 

to eliminate start-up effects) .. 

Array of 12 elements for aver~ge historical flows 

for each season, in 1000 ac-ft units. 

Array of 12 elements for average flow logs calculated 

for each season to preserve historical flow statistics 

for Log-normal distribution calculation. 

7 



Variable 
Name 

QLFL~ 

RA 

RAN 

RAND 

RAND¢M 

RANSK 

RB 

RLAG 

RLAGL 

SFL~ 

SKEW 

STD 

June 2, 1977 

Definition 

Array of 12 elements for calculated logs of synthetic 

flows for each season. 

First of two random nos. calculated in RANDOM sub-

routine. 

Array of random nos. calculated for each season one 

year at a time in RANDOM subroutine. 

Name of COMMON storage for RANDOM subroutine. 

Name of subprogram for generating random numbers. 

Value of RAN adjusted in Gamma distribution calcu-

lation to preserve skewness of historical flow data. 

Second of two random nos. calculated in RANDOM sub-

routine. 

Array of 12 elements for Lag-one serial correlation 

coefficients for each season from historical record. 

Array of 12 elements for calculated Logs of Lag-one 

serial correlation coefficients of flow Logs, to 

preserve flow statistics of historical record, 

Two-dimensional (12x250) array of calculated synthetic 

flow sequence of NSEA seasons (to 12) and NYR years 

(to 250), in 1000 ac-ft units. 

Array of 12 elements for skewness coefficients for 

each season from historical record. 

Array of 12 elements for standard deviations for 

each season from historical record, in 1000 ac-ft units. 
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Variable 
Name 

STDL 

TERM3 

TERM4 

TERMS 

TERM6 

TFL¢ 

UA 

UB 

XSKEW 

June 2, 1977 

Definition 

Array of 12 elements for calculated Logs of standard 

deviations of flow Logs, to preserve flow statistics 

of historical record. 

Computation device in Log-normal calculation~ 

Computation device in Log-normal calculation. 

Computation device in Log-normal calculation~ 

Computation device in Log-normal calculation. 

Array of 250 elements for annual totals of synthetic 

flows. 

First of two uniformly distributed random nos, cal-

culated in RANDOM subroutine. Initiated by data 

entry such that UA~l. 

Second of two uniformly distributed random nos. 

calculated in RANDOM subroutine. Initiated by data 

entry, UB~l. 

Computation device in Gamma calculation. 
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DATA 

Input data for the SYNFL~ model consists of four groups. Integer 

data are used to identify the station und~r consideration (to 10 digits), 

to set the number of years of calculation, to set the number of seasons 

in each year, and to identify either a calendar year or water year 

sequence. Another set of integer data is used to specify the distribution 

form for each season for the calculation. Real number data are used to 

initiate and continue the random number calculation. Statistical data 

from the historic flow record are also entered as real numbers, one entry 

for ~ach season for each of four parameters. 

Data Sources 

1. Integer Data: The required integer data are ISTA, NYR, NSEA, and 

KYR in one set, and the KALL array in a second set. (Definitions of the 

variable names are given in the program dictionary.) ISTA identifies 

the site or gaging station for which the synthetic flows are to be gen­

erated and from which the historic records are obtained. It is limited 

to 10 digits, and may be a USGS gaging station number or some other 

identifier. 

NYR limits the number of years for which synthetic flows are to 

be generated. The program is set for an arbitrary maximum of 250 years, 

but fewer may be specified. The user should be aware that the first 50 

years of synthetic flows are discarded in the model, so as to minimize 

any effects on the flow sequence from the steps initiating the calculations. 

NSEA specifies the number of seasons to be considered in each year. 

A value of 1 produces annual flows, while the maximum value of 12 gives 

monthly flows. The choice of NSEA depends upon the purposes for which 

the synthetic flows are to be generated, and must be made before the 

10 
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seasonal statistics can be' determined_ The historic monthly flows must 

be grouped in the appropriate seasonal pattern for the external calcu­

lation of the flow statistics. 

KYR is used to specify whether the generated synthetic flows pertain 

to a calendar year or a water year. A value of 1 specifies a calendar 

year, and a value of 2 specifies a water year. Input data must be 

prepared for the appropriate kind of year. The water year is assumed to 

run October-September, and output headings for the water year specification 

contain this information. This does not prevent the use of other water 

years in the calculation, provided appropriate records are kept as to 

the actual meaning of the seasonal columns in the output. 

The KALL array specifies which one of the distribution calculation 

schemes is to be used for each season. A value of 1 calls the normal 

distribution scheme, 2 calls the log-normal scheme, and 3 calls the Gamma 

distribution scheme. The decision as to whic~distribution is to be 

called is based on an examination of the historic data and their flow 

statistics, including frequency graphs, for each season. The limited 

historic data may not provide a frequency distribution that allows a 

definite conclusion as to the type of distribution that it best fits, 

and the determination may be somewhat subjective~ 

2. Random Number Data: The model incorporates a subroutine for producing 

normally distributed random numbers with zero mean and unit standard 

deviation as they are' needed in the calculation process. A set of 10 

numbers is entered to initiate and maintain the random number generation. 

All but 2 of these numbers are obtained from uniformly distributed 

random numbers that are integers, but used in real form. An upper limit 

11 
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as to the maximum number of digits in these numbers should be selected~ 

say 3 or 4. The other two (DA and DB) are the least powers of 10 that 

are greater than the maximum values allowed for the other eight. DA and, 

DB may, and usually will, be equal. 

The eight uniformly distributed random numbers are in two sets, each 

set carrying an A or B identifier" UA, UB', AA, AB, CA, CB, AM, and BM 

are selected by some predetermined scheme from a source of uniformly 

distributed random integers. The only limitations on UA, UB, AA, AB, CA, 

and CB are that they are one or greater, and that the number of digits 

in each is less than the number of digits in DA or DB for the respective 

set., AM and BM are used in a remaindering scheme, ,and have the further 

limitation that they are greater than UA, AA, arid CA, and UB, AB, and 

CB, respectively. 

The numbers UA and UB are recalculated each time a random number 

(RAN) is generated, and carried forward to enter the next random number 

calculation. The others retain their initial value. A new set of these 

numbers should be obtained each time the model is, run for a given station. 

3. Statistical Data: Data for the histor~c flow record are entered in the 

form of statistics derived from the histor'ic flow record. These 

statistics represent the available historic flows, and for the shorter 

historic records they may produce synthetic flows that ar~ not truly 

representative of the ,stream. The statistics for the model must be for 

flows in 1,000 ac-ft for means and standard deviations. The other 

statistics required are the lag-one'serial correlation coefficients and 

the skewness coefficients for each season. 

12 
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Ideally, the historic record should be adjusted to represent 

virgin flows before the statistics are calculated, and then the synthetic 

virgin flows adjusted to the desired level of use. These adjustments 

would be made outside of the model. 

Statistics for annual flows (one season) for the historic records 

of Wyoming streams may be obtained from the University of Wyoming 

Water Resources Research Institute (WRRI) where a Water Resource Data 

System (WRDS) is maintained. The necessary statistics for annual flows, 

and means and standard deviations for monthly flows, as well as a printout 

of the monthly and annual flow record (in ac-ft), may be obtained through 

their MADIS program for a nominal charge. For monthly flows, the lag-one 

serial correlation coefficients and skewness coefficients for each month 

can be readily calculated. 

Season combinations other than annual or monthly would require the 

a.ppropriate grouping of the historic monthly data into seasons. The 

statistics could then be calculated by hand, or by entering the grouped 

data into a computer for use in one of the "canned" statistical package 

programs. 

Fiering and Jackson suggest that the statistics of the logs of the 

historical flows not be used in the log-normal calculations, as the 

synthetic flows reproduce the statistics of the logs. They provide 

relationships for statistics derived from the historic flow statistics 

that preserve the historic flow statistics in the log-normal synthetic 

flows. The calculations for these derived statistics are incorporated 

in the model for the log-normal distribution calculation sequence. 

13 
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Flow records may be obtained from the WRRI WRDS system, from 

USGS published data, or from any other source of reliable data. 

Adjustments to obtain virgin flows could come from water rights data, 

and actual diversion or depletion records, A certain amount of 

estimation may be required to obtain virgin flows in some cases, 

Statistical Data Calculations 

The following calculation forms may be used to obtain the statistics 

from the historic data. Where it is necessary to perform these calcu-

lations outside of a computer the user should set up a tabulation and 

computation scheme compatible with whatever desk calculator is available, 

and that will permit the desired seasonal grouping of the data. As 

many significant figures as practical should be carried through the 

calculation, rounding off to about 4 for entering the coefficients as 

data. 

1. Average Flow: The average flow statistic (QA~) for each season is the 

mean flow for each season from the q,istoric record. It is obtained 

from 

N 
QAV(J) = 1 E X(I,J) 

N 1=1 (1) 

where J is the season, N is the number of years of record for the season, 

and'X(I,J) is the flow for season J in year I. QAV(J) must enter the 

model in 1,000 ac-ft units. The sum of the X(I,J) values should be 

retained for other calculations. 

2. Standard Deviation: The standard deviation of a s~mple is defined as 

the square root of the sample variance. For computation purposes, it 

is usually easier to obtain the variance for each season first and then 

14 
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take the positive square roots for the seasonal standard deviations (STD). 

A readily used variance formula is 

N 
V(J)_.... 1 L 

N-1 1=1 
QAVeJ} 2 (2) 

where I, J, N, and X(I,J} are as defined previously, V(J} is the variance 

of the X(I,J) values for season J, and QAV(J) is from equation (1). Retain 

the sum of the X(I,J)2 values for each season for later calculations. 

The standard deviation for season J for the historic data is then 

obtained from 

STD(J) = IV(J) (3) 

where STD(J) is the standard deviation of the historic flows in season J, 

and must be expressed in 1,000 ac-ft units when entered into the model. 

3. Lag-one Serial Correlation Coefficient: A lag-one serial correlation 

coefficient, RLAG, is used in the model, on the assumption that a given 

season flow is influenced by at least the flow in the previous season. 

The calculation and later use of RLAG is somewhat complex for a lag-one 

correlation. For more than one lag, the calculation, and the incorporation 

into the model, involves a complexity that is ordinarily not justified 

in view of generally short records of historic data and their inexactness 

of_ agreement with one of the statistical distributions. 

Defining I, J, N, X(I,J), and X(I,J)2 as before, the following 

sub-calculations may be made preparatory to calculating RLAG(J): 

N 
A L. XCI,J)XCL~J-l) (4) 

1=1 

N 
B = L X(I,J), (5) 

1=1 

15 
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N 
C = L X(I,J-l) (6} 

1=1 

N 
D = L X(I,J)2. (7) 

1=1" 

N 
E = L X(I,J-l) 2. (8) 

1=1 

Using equations (4) - (8), the expression for calculating RLAG for 

season J may then be written as 

(9) 

When season J is the first season of the year, season J-1 would be the" 

last season of the previous year, or X(I-1,NSEA), in the expressions for A, 

equation (4), C, equation (6), and E, equation (8). 

4. Skewness Coefficient: The skewness coefficients- (SKEW) are required only 

for calculations with the Gamma distripution form. They should be checked, 

however, for each season as an indicator as to which distribution is 

appropriate and are normally entered as data for all seasons. Normally 

distributed flows should have a near-zero value of SKEW, with the absolute 

value increasing as the skewness increases. A flow distribution may have 

either positive or negative skewness. 

The sub-calculation approach as used above -is also useful for cal-

culation of the seasonal coefficients for skewness. With I, J, N, X(I,J)2 

and QAV(J) as previously defined, calculate 

16 



N 
F = L X(I,J)3 

~I 

and, from the variance calculation in equation (2), let 

N 
G = L X(I,J)2 

1=1 

June 2, 1977 

(10) 

(11) 

The calculation for the skewness coefficient for season J may be made 

from 

F - 3(G){QAV(J)} + 2(N) {QAV(J)3} 
SKEW(J) = N{(I/N)(G) - QAV(J)2JI.5 (12) 

using F and G from equations (10) and (11), respectively, and QAV(J) as 

obtained from equation (1). 

The data card for the seasonal skewness coefficients may be left 

blank if the Gamma distribution is not to be called for any season. 

However, if the coefficients are entered, a run using this distribution 

can be made for selected seasons by just changing KALL to 3 for those 

seasons. 

Input Data Sequence 

IR 5) For READ and WRITE statements, respectively, to facilitate 
IW = 6) 

Data Card 
Ident. 

INT 001 

interchange between computer systems. Entered in program 

ahead of first READ statement. 

Data Name & Notes 

READ (IR,IOOO) ISTA, NYR, NSEA, KYR 
1000 F¢RMAT (112, 10 16) 

ISTA is station identification number, usually USGS number, 

to a maximum of 10 digits. 

17 
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NYR is the number of years for which flows are to be 

synthesized, up to 250. (The first 50 years are 

discarded by the program to eliminate the start-up 

influence, leaving up to 200 years for output). 

NSEA is the number of seasons to be calculated for each 

year, any number from 1 (annual flows) to 12 (monthly 

flows). The seasons need not be of equal length -

i.e., there could be 2 seasons, say 8 months "dry" 

and 4 months "wet". 

KYR is the identifier for either a calendar year (1), 

or a water year (2). Output identifies the water 

year as Oct-Sep, but others may be used if output is 

hand-identified accordingly. 

(READ (rR,1010) UA,AA, CA, AM, DA, UB, AB, CB, BM, DB) 

1010 F~RMAT(12 F 6.0) 

UA 

(Provides data to begin random no. calculation) 

is a random no. ~1 

AA is a random no. ~1 

CA is a random no. ~l 

AM is a random no. such that AM> UA, AA, & CA 

DA is the least power of 10 that is > AM 

UB is a random no. ~1 

AB is a random no. ~1 

CB is a random no. ~1 

BM is a random no. such that BM>UB, AB, & CB 

DB is the least power of 10 that is > BM 

18 



KALL 003 

QAV 004 

STD 005 

LAG 006 

SKEW 007 

READ (IR,1020) (KALL(J), J = 1,NSEA) 

1020 F0RHAT (12 I 6) 

June 2, 1977 

KALL(J) is the identifier for the distribution calculation 

to be used for season J. KALL(J) = 1 for normal 

distribution, KALL(J) = 2 for log-normal distribution, 

KALL(J) = 3 for Gamma distribution. 

READ (IR,1010)(QAV(J), J=l, NSEA) 

QAV(J) is the average historic flow at the station for 

season J in 1000 ac-ft units. 

READ (IR, 1010) (STD(J), J=l, NSEA) 

STD(J) is the standard deviation of the historic flow at 

the station for season J in 1000 ac~ft units. 

READ (IR,1010)(RLAG(J), J=l, NSEA) 

RLAG(J) is the lag-one serial correlation coefficient for 

the historic flows at the station between season 

J and season J-1. 

READ (IR,1010)(SKEW(J), J=l, NSEA) 

SKEW(J) is the coefficient of skewness for the historic flow 

at the station for season J. 

19 
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PROGRAM CALCULATIONS 

The complexity of the equations used in the model for the various 

calculations justifies explanations of the adaptation of the equations to 

the model, and in certain cases, an outline of derivation steps. The 

four sets of -calculations are for: (I) random numbers; (2) the normal 

distribution; (3) the log-normal distribution; and (4) the Gamma distribution. 

Random Number Calculations 

Th~ generation of normally distributed random numbers with zero mean 

and unit standard deviation is accomplished in a subroutine named RAND¢M. 

This subroutine is called by each of the distribution calculation schemes 

once for each year of calculation, and produces an array of random numbers, 

one element for each sea.son of that year. 

The subroutine call includes the number of seasons (NSEA) and the 

data sets for calculating two random numbers uniformly distributed over 

(0,1), RA and RB. The first set consists of UArAA, CA, AM, and DA and is 

used to calculate ~~. The second set, UB, AB, CB, BM, and DB is used to 

obtain RB. The values of UA and UB change during each calculation for a 

seasonal value. The others in the sets remain as entered on the data 

card. 

The calculation scheme for a season, K, is as follows, where UA and 

UB are from the previous calculation for season K-1. Note that if K 1, 

the first -season, UA and UB were calculated for the last season of the 

previous year, or for the initial calculation, were entered as data. The 

calculation of a new UA and UB, 

and 
UA = UA * AA + CA 

UB = VB * AB + CB, 

20 
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is the first step. The remaindering function is then applied to these values, 

and 
UA = AM~D (UA,AM) 

UB = AM~D (UB,BM), 

(15) 

(16) 

revising UA and UB to integers smaller thanDA and DB, respectively, The 

value of UA from equation (15) cannot be zero, as this would cause a 

division by zero in a later step. This is avoided by the statement 

IF (UA • LE .. 0 .. ) UA = 1. (1 7 ) 

following equation (15) in the subprogram. It is permissible for UB to have 

a zero value. 

The uniformly distributed random numbers RA and RB are calculated by 

RA = UA/DA 
and 

RB = UB/DB 

(18) 

(19) 

The above considerations establish RA such that 0 ~ RA!S 1 and RB such that 

o < RB ~ 1. 

With RA and RB determined, the random number for the season, RAN(K) , 

is generated from: 

RANCK) = SQRT(AL¢G(I./RA»* C¢S(6.2832*RB) (20) 

where the constant 6.2832 approximates 2TI. Alternatively, the SIN function 

could be used in place of the C¢S function. The number RAN(K) belongs to 

a population that is normally distributed with mean zero and unit standard 

deviation. 

After calculation of a RAN array for the year, control returns to the 

point in the main program from which the subroutine was called. The most 

recent values of UA and UB are retained to start the calculation process 

when RAND¢M is next called. 
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Distribution Calculations 

The three distribution calculations are made with adaptations of a 

basic equation relating the statistics of the historic flows for each 

season plus a random number. The equation, in the form used for the normal 

, distribution, is 

SFL~(I,J) = QAV(J) + (RLAG(J)"cSTD(J)/STD(J-1»*(SLF¢(I,J-l) ~ QAV(J-1» + 

RAN(J) )tcSTD(J)*SQRT(l. - RLAG(J)**2.) (21) 

where I and J denote the year and season, respectively, and the variable names 

are as defined in the model dictionary., Certain terms in equation (21) are 

constants for a given season for a particular distribution form.. These 

seasonal constants are calculated prior to entering the annual and seasonal, 

loops. The appropriate constants are then entered into the calculation 

according to the distribution called for the particular season. 

Preliminary Steps: The arrays of seasonal constants, with intermediate calcu­

lation steps, are calculated in the D~ 100 loop. - Reference to this loop 

will show the computations for: STDL(J), QAVL(J), RLAGL(J), AC0N(J), and 

DTERM(J) arrays of seasonal constants used in the log-normal distributions 

calculations, and the BTERM(J) array used in the normal and Gamma distribution 

calculations. Data required for this calculation loop are the statistics 

QAV(J), STD(J), RLAG(J), and SKEW(J). 

Upon entering the annual loop,' the value of TFL0(I) is set to zero 

for year I. The subprogram RAND¢M is then called to generate the random 

number array for year I, RAN(J). The program then moves to the seasonal 

loop for computation of the synthetic flows for each season of year I. 

The first step in the seasonal loop is the calculation of three com­

putation devices, XSKEW, ATERM, and CTERM. The calculation form for these 

depends upon the combination of I and J values for the particular year and 
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season. For other than the first season (J>l) of any year after the first 

(I> 1) : 

and 

XSKEW = (SKEW() - (RLAG(J-l) **3,,) *SKEW(J-1» / «l.-RLAG(J) **2.) 

**1.5) (22) 

ATERM = (RLAG(J)*STD (J) /STD(J-l»* (SFL~(I ,J-1) - QAV(J-1» 

(23) 

. CTERM = (RLAGL(J)*STDL(J)/STDL(J-1»*(QLFL~(J-1) - QAVL(J-1» 

(24) 

When the season is the first (J=I) of any year other than the first 

(1)1), the subscript J-1 in equations (22) - (24) would not be defined. 

It is necessary to refer to the last season (J=NSEA) of tpe previous year 

(I-I) for the calculations, thus: 

and 

XSKEW = (SKEW(J) - (RLAG(NSEA)**3,,)*SKEW(NSEA»/«1.-RLAG(J) 

**2.)**1.5) (25) 

ATERM = (RLAG(J)*STD(J)/STD(NSEA»*(SFL~(I-1,NSEA)-QAV(NSEA» 

(26) 

CTERM = (RLAGl(J) *STDL(J) /STDL(NSEA» * (Q~FL~ (NSEA)-QAVL'(NSEA» 

(27) 

Another special computation arises for the first season (J=l) 

of the first year (1=1). In this case XSKEW is calculated as in equation 

(25). ATE~1 and CTERM are each zero, as there is no previous year. The 

only approach is substitution of QAV(NSEA) for SLF~ (I-1,NSEA) in 

equation (26) for ATERM, and substitution of QAVL(NSEA) for QLFL~(NSEA) 

in equation (27) for CTERM. Both substitutions result in a zero factor 

in their respective equations, so that 
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(28) 

(29) 

With XSKEW, ATERM~ and CTERM determined from one of the above 

situations, the log form of the synthetic flow, QFL~(J), is calculated 

in statement 230 from 

QLFL¢(J)=QAVL(J)+CTERM+RAN(J)*DTERM(J) (30) 

which is adapted from equation (21). It is necessary to calculate QLFL~ 

for each 'season so that a QLFL~(J-i) value will be available for the 

calculation of CTERM in equations (24) or (27) in case the log-normal 

calculation is called for season J. 

Normal Distribution: When the normal distribution is called for season J, 

or KALL(J)=l, the synthetic flow for season J of year I is obtained from 

equation (21) after substitution of the appropriate constants and parameters 

discussed above. Thus, in statement 241, 

SLF~(I,J)=QAV(J)+ATERM+RAN(J)*BTERM(J) (31) 

Control then moves to 240, where SFL~(I,J-l) is checked for a negative 

value and reset to zero if necessary. 

Log-Normal Distribution: A value of KALL(J)=2 causes the calculation to 

be made with the log-normal distribution for season J of year I. The value 

of QLFL~(J) from equation (30) is exponentiated and AC~N(J) is added in 

statement 242, 

SFL~(I,J)=EXP(QLFL~(J»+AC~N(J) (32) 

and control moves to 240 as before. 

Gamma Distribution: When KALL(J)=3, the calculation for the Gamma dis­

tribution is called. Statement 243 calculates a skewed random number from 

XSKEW and RAN(J) , 
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(33) 

The equation (31) form of the basic equation, with RANSK substituted for 

RAN(J) , is used to obtain the synthetic flow for season J of year I, 

SFL~(I,J)=QAV(J)+ATERM+RANSK*BTERM(J) (34) 

and control again moves to statement 240~ 

Negative Flows: The calculations for SFL~(I,J) can produce a negative value 

at times. When this happens, it must be carried as negative until the next 

SFL~(I,J) value is obtained (see equation (21». 'The previous value is then 

.SFL~(I,J-l), and is reset to zero when negative from one of the following 

equations, depending upon the I and J combinations. When I is greater than 

1 and J equals 1, 

(35) 

The usual case, when I is any year and J is greater than 1, uses the form 

SFL~(I,J-l)=AMAXl(O.,SFL~(I,J-l» (36) 

For the last season (J=NSEA) of the last year (I=NYR),the calculated SFL0 

(NYR,NSEA) will not be used in any further calculations, and 

SFL~ (NYR, NSEA)=AMAXI (0. ,SFL~ (NYR, NSEA) (37) 

The initiai calculation, 1=1, and J=I, does not involve a previous 

SFL~(I,J) value. No resetting is required in this case. 

Annual Totals: The final step in the seasonal loop, which is also the 

the final step in the annual loop, accumulates each seasonal value of SFL0 for 

year I to produce the year I total., The maximizing function is used on the 

current SFL0 value, 

TFL~(I)=TFL~(I)+AMAXl(0 .. ,SFL0(I,J» (38) 

to avoid any problem with possible negative SFL~ values. 
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Derivation Outline: In order to obtain the statistics for calculation with 

the log-normal distribution that will preserve the statistics of the 

historic flows, the solution of a set of 4 simultaneous equations is 

required for each season. Using a subscript x for the parameters of the 

historic flows and a subscript y for the parameters of the adjusted 

statistics for the log form, the 4 equations are: 

= exp{2 (cr~ + 1-1y)} - exp (a~ + 2~) 

eXl!pai> - 3 ex} (a:> + 2 
exp(p';) - 1 3/2 

Px = {exp«12py) - l}/{exp(o~) -I} 

(39) 

(40) 

(41) 

(42) 

The nt~ber a is assumed as a lower bound on the historic flows (x) 

such that a synthetic flow log (y) may be defined by y = log (x - a). The 

parameters 1-1, (12, y, and p denote the mean, variance, skewness coefficient, 

and lag-one serial correlation coefficient, respectively. By replacing 

1-1x , (12 x, Yxa and Px with their sample estimates from the historic data, 

i' 
S2 

gx' and r , x' x 
or in the model notation, QAV, STD

2 , SKEW, and RLAG, 

respectively, for the season, the Equations (39) - (42) may be solved for 

the y, or log, parameters for that season. 

Equation (41) contains only one unknown, Oy, after substituting SKEW 

(or g) for the season for Yx' Algebraic manipulation of Equation (41) 

results in a cubic form, 

e 
30 2 20 2 

Y + 3e Y - (g2 + 4) = 0 (43) 

Equation (43) was then solved for O~ after a technique by Hartl', The result 

is 

IHart, William L., College Algebra, 4th ed., D,C. Heath and Co., 
Boston, Mass., 1953 (pp 254-256) 
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+1 

(44) 

(45) 

STDL, for the appropriate season, is used as the estimate of the standard 

deviation log for the log-normal calculation form. 

With o~, or STDL2, available from Equation (44), and s2 (or STD2) from 

the historic record for the season, the solution of Equation (40) for ~y 

(or QAVL) is readily accomplished. The first step is to solve for exp(2~y): 

from which 

~y = QAVL = 1 
2 

(46) 

In {exp (2~y)}. (47) 

QAVL for each season is the estimate of the average flow log for that 

season for the log-normal calculation. 

Again, using o~, or STDL 2, from Equation (44) and the historic sample 

value ofpx (RLAG) for each season, the seasonal values of py(RLAGL) can 

be obtained by solution of Equation (42): 

(48) 

RLAGL is the estimate of the lag-one serial correlation log to be used in 

the synthetic flow log-normal calculation. 

The remaining solution is for ~ from Equation (39) for each season. 

With x (or QAV) from the historic record, and o~ (STDL2) and ~y (QAVL) 

from Equations (44) and (47), ~ or AC¢N, is found from 
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(49) 

AC~N is a lower bound for the log-normal distribution synthetic flows for 

each season. 

The above solutions appear complicated, but are readily adapted to 

computer calculation. Each parameter is a constant for a given season, and 

a D~ loop (D¢100) is used to calculate them from the historic record statistics 

prior to entering the yearly loop. 
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OUTPUT 

Model output is straightforward, basically a table of synthetic flows 

by season, with a row for each year. Headings are printed to give the 

basic information as to site identification, number of seasons, kind of 

year, and column headings. The first 50 years of synthetic flows are 

ignored, so as to essen.tially eliminate any influence from the start-up 

conditions.. The remaining years of synthetic flows are numbered sequentially 

from one to NYR-50. 

The basic printout outline is: 

(1) "synthetic flows for (NSEA) seasons each year-for station number (ISTA), 

(units of 1000 ac-ft)"; 

(2) Depending upon the value of KYR, a statement of the type of year (calendar 

or water) for which data were entered, calculated, and are to be printed; 

(3) Tabulation headings for year number, 12 season numbers, and the annual 

total; 

(4) A D¢ loop for writing all but the first 50 years of the synthetic flows, 

consisting of: 

(a) the loop instruction for I = 51 to NYR, 

(b) a year counter, N~ is established such that N = I-50, 

(c) writing the output for year I, which is the year number (N) 

the seasonal synthetic flows for NSEA seasons plus zero entries 

for any season columns not used, then the annual total of the synthetic 

flows for year I; 

(5) Following the tabulation.of the synthetic flows, the distribution 

information- for each season is printed; 

(6) Finally, the historic statistics used in the calculations are printed 

for each season. 
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ADDITIONAL DISTRIBUTIONS 

Other distribution forms may be add'ed to the model, once the calcu­

lation scheme is devised for each distribution. Any additional array 

storages required must, of course, be included in a Dll1ENSI¢N statement_ 

An integer identifier for the distribution must be assigned, sequential 

with those previously used (1,2" and 3 in the initial model). This 

identifier would be entered in the KALL array for the seasons for which 

it would be required. Any new input data required may be entered with the 

"READ" statements ahead of the D¢100 loop. 

Depending upon the calculation forms required for the added distri­

bution, the programming could be interwoven with the existing program, 

added as a separate section, or added as .a subroutine. Appropriate routing 

statements would be required. The calculation results must be such that 

they go into the SFL~CI,J) array ahead of the TFL¢(I) summing, statement 

200. 

Following the above outline, any number of calculation sequences may 

be added, provided that they can be programmed to be compatible with the 

other aspects of the model. 
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