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BACKGROUND OF PROGRAM

In developing a water resources atlas for the State of Utah it was
necessary to determine the characteristics of stream flows within the
State. The variations of stream flow for any given month from year to
year as well as the variations from month to month throughout the year
are important characteristics which were determined by analyzing the
streamflow records to determine their probability distributions. The
program which is described in the Vfollowing pages was written to
determine the monthly as well as annual runoff amounts which might be
expected for any number of specified levels of probability.

Since all streamflow data does not follow the same distribution
function, the program has been designed to fit the data to any or all
of the following four distribution functions which are commonly used.

1. The normal distribution; 2. The distribution actually obtained from
the data by ranking it from high to low; 3. The gamma distribution; and
4. The long-normal distribution.

The program has been written specifically to determine the monthly
and annual runoff volumes in ac-ft and also in inches over the watershed.
The program could, however, serve equally well for determining monthly
and annual amounts of other quantities at specified levels of probabilities

after very minor modifications.



PROBABILITY ANALYSES

Normal probability

The common bell shaped normal probability curve has the

equation

~o < x <o, , (1)

Under the assumption that the data follows a normal distribution, an
estimate, x, of the mean p is the average of the observed data, and
an estimate, s, of the standard deviation, o, and the coefficient of

skewness, g, are given respectively by
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where n is the number of observations.

The probability that the value of x will be equal to or less than
a given specified amount is the area under the density function (1) to
the left of that value of x and equals the integral of (1) from -» to
the value. Since (1) requires a numerical integration, and because

small data samples are used to estimate the parameters, p and o,



values of x at specified levels of probable occurrence are commonly

determined by

x = x t st .. ... s e e e

where the values of t are ob'tained from a table for the specified value
of probability and the value of n-1 (degrees of freedom). The t table
is used because the statistic, ‘c0 = X—_S—X, calculated from a sample of

size n from a normal distribution follows a t distribution with n-1

degrees of freedom.

Ranked distribution

By listing data in order of its magnitude (either from high to low
or from low to high) a data series or frequency series is obtained. By
assuming that the record is representative of future évents, the
probability, p, of any event being equaled or exceeded, in this frequency

series can be obtained by

m

p:'ﬁ:i‘ ..................-(5)

where m is the rank number, and n is the total number of data points
in the series. The curve obtéined by plotting the probability against

the magnitude of the event is the accumulated distribution curve of the
actual data. The derivative would represent the actual density function
of the data just as (1) represents the density function assuming a normal

distribution.
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Gamma distribution

The gamma distribution involves two parameters r and A and

k 1
the density function is defined by (see Parzen ).

. 0<x <o
A S1 A

fx) = —— (Ax)F 1 e N >0 . . .. .. (6)
r(r) A> 0

The parameters A and r can be estimated by noting that

T N Y € 0

2 r
o':2.....................(8)

>

-, 2 —2, 2 ‘
giving the estimating equations x = x/s and r =X /s . The gamma
function p(r) can be obtained by several relationships and/or from
tables. In general, however, p(r) can be calculated from the product

power expansion

11‘
1 = Lty
riry = = 1T (9)
T r
k=1 l+¥{'

Because of the slow converges of this product series, a numerical
. 2 .

procedure by Davis has been used in the program to compute p(r)

for r less than 2. For values of r greater than or equal to 2,

r(r) is obtained by p(r) = (r-1)(r-2)(r-3)-- (r—Tr) r(Tr) where

1
Parzen, E.: Modern Probability Theory and Its Applications, Wiley,
1960. '

ZHandbook of Mathematical Functions with Formulas, Graphs, and

Mathematical Tables, U. S. Dept. of Commerce, Natl. Bur. of
Standards, Applied Mathematics Series 55, U. S. Government
Printing Office, Washington, D. C. See page 256, June 1964.
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Tr = r - [r—l] , [r-1] being the truncated value of the quantity, and
T (Tr) is obtained by the numerical procedure.

The gamma disfribution is more versatile than the normal
distribution and in many respects is more realistic for events such as
rainfall and runoff, that have only positive values. Consequently, among
others the gamma distribution (and also the incomplete gamma function,
see Barger and Thom3) have found wide application in predicting rainfall

probabilities,

Liog-normal distribution

The log-normal distribution is obtained by the transformation
y = In x and by assuming that the transformed data follow a normal
distribution. Consequently, the procedures for determining a log-normal
distribution are first to take the logarithm of the original data and
thereafter follow the procedures used to fit a normal distribution to
the data. Finally, the expected magnitudes at the specified probabilities
are obtained as the antilogarithms, If logarithms to the base e are

used, this last step can be accomplished by
x=ey.....................(10)

where y is the magnitude obtained by eq. (4) using the transformed

data.

3Barger, G. L. and H. C. S. Thom: '"Evaluation of Drought Hazard, "

Agronomy Journal, Vol. 41, 1949,
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FORTRAN IV PROGRAM

The program is designed to determine the expected runoff for
each month in the year as well as the annual for the specified levels of
probability, by any or all of the four distributions methods discussed
earlier. The program assumes that the annual as well as the twelve
monthly values are contained on the data cards. By a slight modification
to the program the annual runoff could be computed.

After computing and printing the pertinent parameters for the
distribution, the program prints the values of the runoff at each of the
specified probability levels in units of ac-ft and also in terms of inches
over the watershed contributing to the measured flow (see page 18 for
sample of output). A listing of the FORTRAN IV program along with a
description of the variable names used in the program is given

beginning on page 11,
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INPUT DATA REQUIRED BY PROGRAM

The proper order of the data cards required by the program are
shown in figure 1. The first data card contains the number of probability
levels and the percentage levels for which the runoff values are to be
determined. (If the normal or log-normal distributions are called for,
the number must be odd and the probability levels symmetric about the
50 percent level.) The next group of data cards contains the values from
a t-table. The number of these cards equals the truncated number
obtained by dividing the number of probability levels by two. Each of
these cards in consecutive order contains the t-value for the specified
probability levels working from the extremes toward the 50 percent
level for 5, 10, 15, 20, 25, 30 and 60 degrees of freedom respectively.

The next data card contains the FORMAT which is to be used to read the
monthly and annual values of runoff, and the following card contains the

name of the stream gaging station. The final card preceding the data is

the control card. The number of the basin is in columns 1 and 2 (i.e. the
first two digits of the USGS number). The station number is in columns 7.
through 10 (i. e. the last four digits of the USGS number). The last two
digits of the beginning year of record are in columns 14 and 15, and the

final year of record in columns 19 and 20. In columns 21 through 30 the
area (in square miles) of the watershed should be punched with the decimal
point in column 25. " The values punched in columns 35, 40, 45, 50, and 55
respectively determine whether the original data is listed, whether a normal
distribution, ranking, a gamma distribution and/or a log normal distribution
are to be used. If the distribution analysis is not wanted a zero should be

given to the respective control parameter. If several stations of data are

to be processed during the same access to the computer only the last two
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CK

RPIE

GAMMAI

FMT

NAME

AV

STD

SKEW

RUN

RUN1

PLEV

XR

FXR

AMBA

LIST OF VARIABLE NAMES

an array of numbers supplied by a data statement which are
used to numerically approximate the gamma function.

parameter used in computing gamma function.
parameter used in computing gamma function.

an array which stores the FORMAT which is read in at
execution time.

an array used to store the name of the station being processed.

a two dimensional array used to store the monthly run data.

an array used to store the average values of runoff for each
month.

an array used to store the standard deviation of runoff for
each month.

an array used to store the coefficient of skewness of runoff
for each month.

an array containing the desired levels of probability.
a two dimensional containing the values from a t-table.

a two dimensional array used to store data for convenience
in output.

an array used to store data for convenience in output.
an array used to store the probability level of ranked data,
and also intermediate probability level from the gamma

distribution.

a two dimensional array used to store runoff values for
convenience in output.

a two dimensional array used to store density function values
for convenience in output.

an array used to store the values of the A parameter of the
gamma distribution.
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GAMMA

RPAR

NPRB

NPH

NB

NSTA

NYRB

NYRE

AREA

NPRINT

LNOR

NGAMMA

NRANK

NORMAL

NN&FEFN

RLANGR

10

an array used to store the values of the gamma function.

an array used to store the values of r parameter of the
gamma distribution.

the number of probability levels.

the number of probability levels on each side of 50 percent.
the basin number.

the station number.

the beginning year of the data.

the ending year of the data.

the area of the watershed drainage area in square miles.
Controls output--if equal to zero original data is not printed.

if equal to zero log normal distribution analysis is not
performed,

if equal to zero gamma distribution analysis is not performed.
if equal to zero rank distribution analysis is not performed.

if equal to zero normal distribution analysis is not
performed.

number of years of record.

a function subroutine used for Lagrange's interpolation or
extrapolation based on a second degree polynomial.

Note: The additional variables used in the program used for convenience
in computation and are defined in the FORTRAN statements in
which they appear.



1

Lo Gt A e e

¢ C

; __LISTING QF SQURCE PROGRAM___ ok

O TR TN FOR CNORF T T

DOUBLLE PRECESTUN CR{Z26) «RPIL s GAMMAL s AMBAX

REAL FHTTTZT sHARE (T
REAL R{AT413) ¢AVILI3) aSTDI13) ySKEW{L13) 4P (11) sT(547) sRUN(L13,5),

K?d “““““““““““““ FRUNTTT 3T PLEVIET I vXR (10T 3T I FARTTO S I3V yAMBA (LI I ) sGAMMATLIZ Y yRPAR (I3

compy

TES T DATA NLCELED TOP PLOT THE BAR GRAPHS OF MONTHLY RUNOFF
DATA {CKUTIVITI 26T 7o 0y 5TT2156649018329y=06558780715202538 5~
$-,04200263503409524,16653861138229154-,0421977345555443,

e, U096 2 LTI e T8 T T 00 T2 I 9% 346663y =s 00T I65T8 75918591 7=, 000215241

$bfé11499.OOU12805028238829- 0000201348547807,—,000001250493%821g

fk“\ IF (NORMAL <EG. 0) GO TO 48
S, WRITE(69153)
@ 153 FORMAT (1H1+30HBASED ON A NORMAL DISTRIBUTION)

$ 1 1812146 t 991 043427 E-1047, 7823 Ewl2y=3, 6968 Exl12¢5s1 E~13,

{‘\8 ““““““““““““““ LA U S SR Iy A T S B P E=TISy T U E=T67
A READ(54110) NPRRe(P({1)el=]leNPRB)

y TTTRNPHENPRB /2
. NPH1= BPH+1

1 “mﬁbib.lZII{T(IgJ)gdzlg?}

S L. T27 FORMATUIFTO, 5T
) 1:0 FORMAT(15411F541)

K ) KEARD TG L TO0T WFRAT UL Ty T=T9127

D 100 FORMAT(12A6)
TR TREAD TS, TUOY (INAMETTTYIET,T2)

READ(5,101) NB,NSTANYRB NYRE ,AREA,NPRINT ,NORMAL ,LRANK {NGAMMA , LNOR

T [T FORMAT 4TS F1U 295157
IFINB JCU, 99) GO TO 99

* CONV=,01875/AREA
QYRBM NYRB~1

FN=NN
FNLI=FN=120

FN2=FN=240
'S DO 4 J=1413

IF{QPRINT LEQ, 0) GO TO 2

o e WRTTE (6 103 NByNSTA, T NARETTT Y IZT5 2]
WRITE (64104)

i 104G FORMATTIH S ITZ9RVEAR UCTS, NOVS, DEC,

<
o ' 3 MARCH APKIL MAY JUNE JULY AUG, SE

B e §PT, ANNUAL)
2 DO 1 I=1sNN

q:}” """"""""""""" READTS G FMTT TT o TRTT 4 IV 3 I=T15. 137777

IFINPRINT oGTs 0) WRITE(64102) I14(R(1sJ)4Jd=1413)

# DO T J=T1513

Oy 1 AV(J)»AV(J)+R(I»J)

102 F’ORY\AT(IH o l% 4F9.0+9F10.0)

% P——

DO 5 J=1,.13

“”’ BRIV =AY (J) JEN T
WRITE (69132) NByNSTA» (NAME (1) 41=1412)

30 $§4!12A6)

132 FORMAT (1HO :44HAV, STD, DEV. AND COEF. OF SKEW.

FOR STATION 135 1H-y




WRITE (6104}

WRITE(6s12%)
124 FORMAT(1H +4HAVE+94F9.069F 10601

DO 6 J=1913
5X2=0,.,0

DO 7 I=1eNN
SX=R(1sJ)=AVE

SXX=5X#5X
SX2=5X2+5XX

5TD(J)=5QRT(VAR)
6 SKEW{S)=FN#SX3/ (FNLXFNZ2XVAR#STD(J})

WRITE(64105) (STD(J)eJ=1513)
105 FORMAT{IH +4HSTDe94F94049F1040)

WRITE (69106) (SKEW(J) 9J=1413)
106 FORMAT(1IH +4HSKEWs4FG4299F1042)

WRITE(6+108) NB.NSTA .
108 FORMAT(1HO+65HTABLE OF RUNOFF VALUES AT INDICATED PROBABILITY LEVE _

$L FOR STATIONsI39lH=914)
WRITE (64109}

109 FORMAT(1H +129HPROB LEVEL 0OCT, NOV, DEC. JAN o FEB,.
%  MARCH APRIL MAY JUNE JULY AUGe SEPT
- B ANNUAL}

¥ -

IF (NNS oG6Te 0O} GO TO 9

(:.@ R

[ 2

WRITE(6+107) NN

107 _FORMAT(1H s15,56HLESS THAN 5 YEARS OF RECORD SO LEVELS ARE NOT DET _

SERMINED)
GO TO 11

9 IF{(NNS oGTe 7) NN5=7
DO 8 ]=1sNPH

FACZT (15NN5) -
DO 12 J=1,13 ~.

FACD=FAC%STD (J)
RUNL (J) =AV(J) +FACD

12 RUN(J41)=AVIN)=-FACD
WRITE(69111) P(1) s (RUN1(J}sJ=1413)

DO 23 J=1.13
23 RUNL{J)=CONV®#RUNT (J)
8 WRITE(69112) {(RUN1(J) sJ=1413)
112 FORMAT(1H +4H INeo94F94399F1043)

111 FORMAT (IH +F4.1,4F9,0,9F10.0)
WRITE(65111) P(NPHL) s (AV(J) 9J=1513)

DO 51 J=1.13
51 RUN1{J)=CONV®AV (J)

""""" {RUN1T{JY 9 J=1413)
DO 13 I=14NPH

IM=NPH]1 -1
I1=NPHL+]

WRITE(64111) P(II) s (RUN(J9IM) eJ=1413])
DO 24 J=1.13

24 RUN(J¢IM)=CONVXRUN(JsIM]}
13 WRITE{(65112) (RUN(JsIM)5J=1513)

48 IF(LRANK o.EQo 0) GO TO 47
11 DO 22 J=1¢13




T A FOR AT TIH W FS L T 5F 9,09 8F 10 T)

O i e 13
—
M= NN e
S A e €
IF(M) 22522416
L8 Tt K==W _
m JJ=r o o B S
LA I AR =N ' :
18 L=1+M
f") g TFRTL S IT=R (T IV 21214207 o Tt - o
« 20 B=R(1s)
8 R{T+JY=R{LJ]
. R(LsJr=8 T
e e
IF(I-1) 21418418
e LS e PENN TS S -
: [F(JJwk) 1717614
7 7T CONTING.
o WRITE (¢,154) )
e TSE TFORRMAT [HOS 7 31ﬂ'PQUBﬁBTET11L5 BASED ON RANKTRG]

WRITE 752113) NBeNSTA9{NAME(L) s1=1412)

oo TR TFORPAT TIRG S 35HRARKED " VALUES UF RUNUFF FOR STATION G I3 TH= T4, 12R6)

CD WRITF . 6s109)
n FRNP=" 30/ FH+1.01
O DO 2% 151NN
T e o BLEV (1Y EFNP#FUOAT (T

2% WRIT: (60162) PLEVII) s (R(Ied)ed=1e13)

BT LIE(64108) NBoNSTA

1 WNRITE{65109)

{ J=Z

o e e R : —
DO 26 1=1.4PRB -

ol PO=P(1) T

27 PLIVE 5% (PLEV(J) +PLEV(Je1))

IFIPO LLTe PLJV SO0Re J LEQe NNL) GO TO 28

WRITE (6421}

O JrJ+l . . .
GO TO 27 '
" 28 Pl=PLEV(J=-1) L
< H2ERPLEV J)
. PA=PLFV{J+]}
DO 29 K=zlsl3
er _____________ ‘;’;"9 RU?\X(K)-—RLA\&GR(PO*)PINJ 9p39RiJ-—lsK) R{JeK)sR{J+1K))
_____ WRITE (B, T T1T P00 IRONT TR s K=T1913) T
e DU 30 K=1.13 . I
1 Q 30T RUNTIKY=UORNVERUNT KD o - o e
1 26 WRITE(6+112) (RUNI(KY sK=1e13})
. ' 47  TEFUNGAMMA LU, 01 GU TO 247
*O?Sw‘“ WRITE (64486} NBsNSTA (NAME{I}sI=lsl2]
TR BE T FORMATTIHG S JOH T STATION T2 TH= e 14 s 1T6H NAME UF STATIONST2A6Y 77

O 421 FORMAT (KO, §ZARUNGFF TN AC=FT AND TNCHES FOR GIVEN PROBABILI?Y TEV™

FELS USING A GAMMA DISTRIBUTION)

k2

WRITE (694201 (P(I)+1=1+4NPRB)

Ca 420 FORMATI(IH ¢5HPRUB49F106294F124296F11e2)

R (a2 D e — e
i 422 FORMAT (1H s 5HMONTH)
P DO 406 J=1s13 - o o

IF{LRANK oEQs 0) GO TO 401

3
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Rpliil=k

‘“ﬁMAxIwhii,JJ“

GO TG a0l

(LNsJ)

RmInI=R (1)
RvAax]= P(l»J)

IR R (T eJ)

LU 403 I=
IF(R(I,J)

EEIRIN

el e
Telle
IF (NORMAL oGl

RMAX L)

KMTNTY

RMAXI=R(19J)

RMINI=R(TsJ}

L)} GO TQ 404

AVIJ) =R (1sd)
SXE=AV I xAY (J)

DO 405 =2l
AVIJY=aAvidl +R (]

s}

Y SX2=5X2+R(1.J) %

AVE=AV (J) /Fn

K (1sd)

VAR= (SX2=8VE#*AV (J)) 7 (FN=-160)

AV (J) = AVE"

TG0 TO 410

VAR=STD(J}*5T7D(

J)

RINIC=RMINI=2. *(AV(J)—RMINI)/FN
0} RINIC=0.0

TFIRINIC »L1a Q.

AVE=AV (J) =RINIC
AMBA (J) =AVE/VAR

RPARGJ) =AVE*AMB
RBEGG=RMINI=-RIN
IF(RPAR(J) oGTe
RPAR(J)=1,0

ACJ}
1<

1.0}

GO TO 473

AMBA(J)=1.0/AVE
RPARTI=RPAR{JI=1,

¢

Voo e T ot

NRLIF=RPAR({J) =1

REPR=RPAR(J)-FLOAT{NRDIF) _

@

GAMMA1=0.0

DO 415 [=1-26
RPIE=RPIEXRRER

GAMMA]1=10/GAMMAL

5 GAMMA1=GAMMAL+Ck (1) *RP1E

TF(NRDIF -EW. O
DO 416 IﬂlsNRDI

) GG TO 407

F

GAMMA 1 =GAMMA L% (FLCAT (NRDIF=1)+RRPR)

GAMMA (J) =GAMMA L

RPIEL=AMBA(J)

GAMMAT=DLOG(RPIL/GAMMAL)

RDTF = (RMAXI=RMINI) /9
RDIF=(RMAXI=RMINI) /9

DQ 408 [=1-10

R{] o J)=RBEGG+FLOAT (1-1)%RDIF

ﬁMHAX RPTE#XR{T

s J)

RPE= GAW&A1+RPARLXDLOG(AMBAX)*AMBAX

FXRUT,JY=EXP(RP
PLEVI{1) =040

L)

ROIF1=54.166667

" RDIF2=4,16666T7%

*RDTF
RKDIF
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