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REGIONAL FREQWCY C OmTATIOM 

This programwas prepared i n  the Hydrologic Engineering Center, 
Up-to-date information and copies of source statement cards f o r  
various types of computers can be obtained from the Center upon 
=qaest by Government and cooperating agencies, While every care 
i s  taken t o  validate th i s  program, it is not feasible  t o  anticipate 
and t e s t  a l l  possible applications. Consequently, the Center i s  
interested i n  problems tha t  a r i se  i n  application and w i l l  assist 
i n  resolving deficiencies i n  the program t o  the extent feasible,  

2, PURPOSE OF PROGRAM 

The purpose of t h i s  program i s  t o  perform frequency conputations 
of m u d  maximum hydrologic events necessary t o  a regional frequency 
study. Frequency s t a t i s t i c s  are computed f o r  recorded events at each 
s ta t ion  w d  f o r  each duration. Missing events are computed so tha t  
complete se ts  of events are obtained f o r  aJ.1 years at dl stat ions 
while preserving a3.l inter-correlations. These are arranged i n  the 
order of magnitude f o r  each s ta t ion  and duration and tabulated with 
median pl.otting positions. S ta t i s t i c s  f o r  each stat ion are then 
adjusted t o  the complete period of region record, and frequency 
curves are computed i n  accordance with procedures given i n  "Sta t i s t ica l  
Methods i n  Nydrolow" by Leo R. Beard, January 1962, using the logarith- 
mic Pearson Type 111 function and the expected-probability concept. 
The use of a l l  long-record stations ins-tead of only one f o r  the extension 
of frequency s t a t i s t i c s  at short-record stations i s  considered t o  consti- 
t u t e  some advantage over procedures given i n  "Sta t i s t ica l  &thods". A s  
an alternative use of t h i s  program, frequency s t a t i s t i c s  can be supplied 
and curves w i l l  be computed. 

3. DESCRIPTIOR OF EQUIPMENT - 

A FORTRAN IV compiler, random number generator (function RNe;EN 
included, see Exhibit 2) ,  and large memory are required. The large 
amounts of computation make high speed desirable. Accordingly, it is  
vir tual ly necessary Lo use a computer of the IB.4 7094 class for 
execution of t h i s  program. It is desirable t o  use one input tape and 
one output tape unit, i n  addition t o  card (tape 7) and printer (tape 
4 )  I\I~+F...+ h n r 7  mC- -d l -d  I&-- -  C \  S----J- 

~ z u u y u v  a r r u  P U Q U U ~ L U  \ bape ) I  s t1pUb.  



a.  Flows fo r  those s t a t  ions w i  t h  zeros i n  the data are  first incremented 
by 1/10 percent of t h e i r  average f o r  each s t a t  ion and duration i n  order t o  
precl.ude in f in i t e  negative logarithms. This increment, if added, is l a t e r  
subtracted from reconsti tuted fl.ows and computed frequency curves. The mean, 
standard deviation and skew coeff ic ient  of the logarithms for  each s t a t i on  
and duration a re  then computed. Preliminary t o  estimating missing flows 
by correlation,  each flow i s  then converted t o  a standardized var ia te  using 
an approximation of the Pearson Type III distribu-bion. This involves the 
following equat ions : 

- 

X = l o g ( &  + q . )  i , m  i , m  1 (1)  

- - --- - 

i n  which : 
X = I~ogarithm of f b w  event; 
Q = Becorded flow event 
q = Small increment of flow used t o  prevent infinite 

logarithms f o r  eveats w.i.bh zero f l o w  
X = Mean logarithm of. flow events 
N = Total  years of record 
S = Unbiased estimate of population standasd deviation 
g = Unbiased estimate of population skew coeff ic ient  
t 5 Pearrson 311 standard dexdate 
i = Duration number 
m = Year number 
K = Normal standard deviate  



b. After transforming the flows f o r  all stations and durations 
t o  normal, the gross (simple) correlation coefficients R between a l l  
pairs  of stations f o r  each duration and fo r  adjacent durations a t  each 
s ta t ion  are computed by use of the follawing formula: 

c. Inasmuch as not; a31 sta'tlsns and durations necessarily have 
the saae length of record, correlation matrices obtained in  b might 
not be complete or  i.nternal9y consi.stent. If not, missing values 
are  estimated, anCb low values are raised to obtain consistency, 
inasmuch as l a g  values are l eas t  rel iable and l eas t  influential .  
Each missing value i s  estimaked by examining i t s  relationship t o  
related pairs of vdLues by use of the foLlowing formula, using i, 
j and k subscripts t o  indicate variab1.e~ used i n  the gross correlations 

d .  Consistency of each correlation matrix t o  be used f o r  
estimating missing flows i s  assured by first test ing al3. cmbinati.ons 
of t r iads  of correlation coefficients used i n  t h a t  matrix, The t e s t  
f o r  consistency of each complete matrix is  made by computing the 
multiple correlation coefficient,  If t h i s  value i s  greater than 1.0, 
further adjustment i s  required, Such further  adjustment i s  obtained 
by introducing a coefficient,  succesr;i.vely s w l e r  by .2, on tbe 
r a d i c d  i n  equation 8 and repeating all t r iad  consistency t e s t s  unt i l  
all. matrices are consistent. 

e. Missing fl.ows are estimated by correlation with corresponding 
flows a t  other s tat ions and the flow a t  the same stat ion fo r  the adjacent 
durati-on (preceding durat ion, except tha t  the succeeding duration i s  
used when estimating f o r  the f irst  tabulated duration). Since i t  i s  
not knotm which stat ions m i g h t  have recorded o r  previously estimated 
values, the correlation matrix and regression equation might be different 
f o r  the same s ta t ion  and duration i n  different  years. The regression. 
equation is computed f o r  each missing value i n  terms of normal standard 
variates by selecting required coefficients from the conplete (and 
consistent) correlation matrix a d  solving by the Crout method explained 
i n  E h i b i t  1. The missing value is computed from t h i s  regression equation, 



introducing a random component equal t o  the  non-detemina.tio-n of' 
the equation, i n  order t o  preserve the proper variance (standard 
deviation) of the flows. This is  done as follaws: 

k = No& standard deviate 
P2 = B e t a  coefficient 
R = Detemination coefficient 
Z = Randan number n o d . 1 y  distributed 
n = NWer  of variables i n  equation 

f, When all flows have been reconstituled, the aean and standard 
deviation f o r  each stat ion and duration are recomputed. Regression 
l ines  of standard deviation and skew coefficient separately versus mean 
are comput;ed, and "smoothedtf values of standard deviation and skew 
obtained as  described i n  "Stat is  t i c a l  Methodsty. Equivalent record f o r  
the recorded and reconstituted flows f o r  each s ta t ion  and duration i s  
estimated by adding the determination coefficient f o r  each year of 
reconstituted flow t o  the t o t a l  years of recorded f l m s .  This equivdent 
record i s  used i n  computing expected probabili t ies as  discussed below. 
Flows are arranged i n  descending order of magnitude and median plotting 
positions are computed as  defined i.n "Sta t i s t ica l  Methods". Frequency- 
curve coordinates f o r  each stat ion and duration are computed from the 
mean, standard deviation, skew coefficient, flow increment and equivalent 
record length, using table values of the normal distribution, the trans- 
form f o r  the Pearson Type 1x1 function shown i n  Equation 10, and the 
fol1,owing approximate transforms f o r  expected probability: 



i n  which : 

P = Expected probability i n  percent, spnnetricaL about $0 percent 
M = Equivalent years of record 

Input is  stmmrized i n  Exhibits 6 and 7, A l l  data are entered 
consecutively on each card, using 8 columns (digi ts ,  including 
d e c i a  point, if  used) per variab1.e and 10 variables per card unless 
fewer variables are c d l e d  for,  except that the first column on each 
card i s  reserved f o r  identification, The f irst  output t i t l e  card 
must have an A i n  column 1. Bn example of input i s  given i n  Exhibit 
2. Certain inadequacies of data w i l . 1  abort the job and waste input 
cards un t i l  the  next card with A i n  column 1 is reached. After a 
job is  finished, a card with A i n  column 1 followed by 3 blank cards 
causes the computer t o  stop, 

6. OUTPUT 

Printed output includes key input information f o r  job identification 
and, a l l  resul ts  of computations, An exarnple of printed output i s  given 
i n  Exhibit 3 ,  

7, OPERATING INSTRUCTIONS 

Standard F O R W  IV instructions and random number generator are 
required, No sense switches are used. 

FPem used i n  the prograrn are defined i n  Exhibit 4. 

9. PROPOSED FUTURE DEVELOPMFiNT 

No specific future development of t h i s  program i s  presently planned. 
It i s  requested tha t  any user who finds an inadequacy or desirable addi- 
t ion  o r  moiiification notify tke Hydroiogic Zngineexgng; Center. 



 
 
 
 



EXHIBIT Z 

Crout ' s Ne 

One of the best methods f o r  solving systems of l inear  equati.ons 
on desk czalculating machines w a s  developed by P, D, Crout i n  19-41, 
This method is based on the elimination method, with the calculationd~ 
arxaaged i n  systematiu order so a s  to  f a c i l i t a t e  t h e i r  accomplishment 
on a desk calculators In t h i s  method the coefficients and constant 
terms of the equations a re  writ ten i n  the form of a famatrix,*' whf.ch i s  
a rec tmgalar  aszlay of quanti t ies  am-d i n  r a w s  and, crolumns, 

The method is best explained by an wcample, Suppose that i n  a 
multiple correlation analysis i t  i s  requi.red t o  solve the following 
system of l i nea r  equations to  obtain the unknown values of bp, 
anti b b39 b4 

5' 

Xx x b 2 
2 3  2 

+ Xx3 b j  + Cxx  b + Cxx b = C x x  
5 4  4 3 5  5 1 3  

Cxx  b + Z x x  b + Cxx  b 2 
2 5  2 3 5  3 4 5  4 

+ Ex5 b5 = LSrlx5 

Bor simplicity l e t  us  replace the coefficients of the b% by the l e t t e r s  
p, q, r and s9 and the constant terms by the l e t t e r  C ,  using subscripts 
1, 2, 3 and 4 t o  den0 te the respective eguationsx 

A continuous check on the computations as they progress may be obtained 
by adding to  the matrix of the above system a column of u t s ,  such tha t  
u = p + q + P t s t ts The matrix and check c o l w  a re  written as 
follows r 



The elements pl, q2, r and s4 form the "principal diagonalf1 of 
3 

the matrix. Examination of- the original eqmtions shows that the 00- 
eff ic ients  a re  symmetrical about the principal diagonal, i.e., ql = p2, 
r1 = 9 r2 = (I3' s1 - P4' s2 = 94' and s%j ' r4. 
This is chsraoteriatic of the system of e b t i o n s  to  be solved i n  any 
multiple correlation analysis. Becausle af this symmetry, %he aompub- 
t ions a r e  considerably simplified. While the Grout method llllay be used 
to  solve any system of l inear  equations, the computationetl s teps given 
here a r e  applicable only to those with synkmetrical coefficients . 

The solution cansists of two parts,  viz., the camputation of a 
llderived matrixw and the "baok  solution.^ Let the derived matrix be 
denoted a s  followst 

EXHIBIT 1 



The elements of the derived matrix are computed a s  follows: 

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

(1) The f i r s t  column of the derived matrix is copied from the f i r s t  
aolumn of the given matrix, 

(2) The remaining elements i n  the first row of the derived matrix 
are oomputed ky dividing the corresponding elements in  the f i r s t  row of 
the given matrix by the f i r sh  element i n  that row* 

th  t h (3) After completing the n- row, the remaining elements i n  the (n+l)-- 
column are computed, Suoh an element (x) equals the oorrespond;-lng element 
of the given matrixmAnus the produat of the element immediately to %be left 
of (x) by the element h e d i a t e l y  above the principal diagonal ta the same 
column as  (x), minus the prodwit of the seoond element to  the l e f t  of (x) 
by the second element above the principal d m - 1  in  the aame c~lwnur as (x), 
eta. B i t e r  eaoh element be.iow t i e  principal d b g ~ n a i  is recorciad, a~& while 
that element is still i n  the caleulatos, it is divided by the element of 
the principal diagonal which i s  in  the aune column. The quotient is  the 
element whose lacration i s  symmetrical to (x) with respect to the prinoipal 
diagonal. 

EXHIBIT 1 



t h  (4) When the elemants i n  the (n+l)-- column and thei r  spnrmetrical 
caunterpr ts  ham been recorded, the  (n+l)% row w i l l  be ccnnpfe%e except 
fo r  the l a s t  two elentents, whicfr are next computed. S-ucfi an e'1.emnt (x) 
egustls the comespanlding element of %he given =Or& minups prohkot 
of the element immediately akme (x) the element ismnwiiately t o  the 
l e f t  of the p r i n c i ~ ~ ~ l  diagonal i n  %he same r o w  as (x), h u e  the product 
of the seoond element abwe (x) by tfre 8 e ~ d  e1-t to the h f t  of the 
principal diagonal i n  the same row as (x) , etc, , a11 divided by the 
eP8m~m-t of the principal di8gcmal i n  the sglrnek POW as (x) , 

The chec3-k column (u) of the derived matrix serves as a: amtinaoua 
ckraak onr the computations in that  each elemant i n  the column 4~uals 
one plus the sm of the elements in  the Bane sow t o  the right of the 
p rbc iga l  diagonal, nplt i s ,  

T h b  cheak shxrdd be mads, &tez a ~ ~ e ~  @a& r-6 

The elements of the dedvad matrdx t o  &e right of the principal 
dhgonal form a system of equations which may now be used to oompute 
the unknown values of b2, b b and b by suooessive substitutionr 

3' 4 5 
.This is known as  the " b k  s ~ l u t i o n , ~  The computcktiops a r e  as follows: 

It is very important t h a t  the computations be oarried to a suffi- 
cient number of digi ts ,  both i n  csomputing the coefficients and constant 
terms of the original eqwtions, and in aornpafing the elemen.trn of f,hn 
derived matrix. It is possible f o r  relatively s m l l  errors in the 
coeffioients and constant terms of the original equations to result in  
relatively large errors i n  t h e  omputed solutions of the unknowns, The 

4 
EXHIBIT 1 



greatest s o m e  of e r ro r  i n  computing. the elsnrents of the dedved m a t s i r  
a r i ses  fmm the loss of leading significaat digits by subtraction. T?iis 
m u s t  be guarded against and oan be done by aarrging %he comptatioas Bo 
more f i g w e s  than the data. A s  s general rule ,  it is reamed %hat 
the oagffiaients snd co&ant terms of the original  equations be aarried 
to  a suff icient  number of &ecimls  to  prodace at  least  five significant 
d i g i t s  i n  the smallest qumti ty ,  and that the elements of the derived 
matr$~~ be carried to one more decimal than th i s ,  but to not l e s s  than 
s i x  significant d ig i t  so  



 
 
 
 



T h i s  random number f u n c t i o n  is  f o r  a b i n a r y  machine and t h e  c o n s t a n t s  must b e  
computed accord ing  t o  t h e  number o f  b i t s  i n  an i n t e g e r  word. The numbers 
g e n e r a t e d  are uniformly d i s t r i b u t e d  i n  t h e  i n t e r v a l  t o  1. 

The f u n c t i o n  i s  c a l l e d  from t h e  main program Sv a s t a t e m e n t  s i m f l a r  t o  t h e  
fo l lowing :  

P = YBGFU (IY) 

IJhere A i s  some f l o a t i n g  poin t  v a r i a b l e  name and f X  is some i n t e g e r  v a r i a b l e  
name. The argument name IS need n o t  be  t h e  same i n  t h e  main program and t h e  
f u n c t i o n .  The argument must b e  i n i t i a l i z e d  t o  z e r o  tn  t h e  main p rograp .  The 
l o c a t i o n  of t h e  i n i t i a l i x i n g  s t a t e m e n t  i s  impor tan t  and depends on t h e  r e s u l t s  
d e s i r e d .  I f  i t  is d e s i r e d  t o  have d i f f e r e n t  s e t s  of random numbers f o r  e a c h  
of s e v e r a l  d i f f e r e n t  sets of computat ions  ( j o b s )  t h a t  a r e  r u n  s e q u e n t i a l l y  on 
t h e  same program, t h e n  t h e  argument must b e  i n i t i a l i z e d  a t  t h e  v e r y  h e z i n n i n g  
of t h e  program and never  r e i n i t i a l i z e d .  I f  i t  i s  permissible t o  u s e  t h e  same 
sequence of random numbers f o r  each job,  t h e  argume.nt must b e  i n i t i a l i z e d  a t  
the beg inn ing  of each job.  The advantage o f  t h i s  L a t t e r  o p t i o n  o c c u r s  when one 
of t h e  jobs  must be  re - - run  f o r  some minor r e a s o n  as t h e  same random numbers 
7 . ~ i P I  be  used and t h e  r e s u l t s  w i l l  be  comparable.  

Three  c o n s t a n t s  must b e  computed bv t h e  f o l l o w i n g  equati .ons:  

Cons tan t  one ( C I )  = 2 (n=+1)/2 + 

33 Constant  two (C2) = 2 -1 

3 Constant  t h r e e  (C3) = 1. /2: 

T*Jhere: 3 = number of S i t s  i n  a n  i n t e g e r  word 

The c o n s t a n t s  f o r  some of t h e  common computers a r e  l i s t e d  i n  t h e  fo lZoe ing  t a b l e :  

- -- ------ - ---.--.------" ---- ---" ----,----------..--.-- 

SIZE OF 

COlIPUTER 

GE 200 Series 
GE 400 S e r i e s  
IRE1 360 S e r i e s  
TKI :  7340 and 

7090 S e r i e s  
UNIVAC 1108 
CDC 6009 S e r i e s  

INTEGER COi\jSTASTS -- - ----- 
WOXD C I. C 2 C 3  

"- --- ------" ------- 
19 -. A a n97 ,- .,L. = i 7 ~ 7 ~ 1 7  rG%,,  Q.190734563E-05 
2 3 4q99 8388607 0.119209290E-06 
3 1. 65539 214743364 7 9.465661287E-09 
35 262147 34359738367 0.29l0383046E-1'3 



 
 
 
 



E X A M P L E  I N P U T  

A 
A 
A 
6 1 1945 
C PEAK 
0 0 . 
G 32 1945 
G 32 1946 
G 32 1948 
G 32 1949 
G 32 1950 
H 
A 
A 
A 
€5 5 1945 
C PEAK 1-DAY 
G 32 1945 
G 32 1946 
G 32 194'7 
G 32 1948 
G 32 1949 
G 32 1950 
G 35 1946 
G 35 1947 
G 35 1948 
G 35 1949 
6 35 1950 
H 
A 
A 
A 
0 5 1945 
C PEAK 1-DAY 
D -.2 -.4 
E 32- 35 
G 33 1945 
G 33 1946 
6 33 1947 
G 33 1948 
G 33 1949 
H 
A 
A 
A 
5 5 I945 
C PEAK 1-DAY 
D -.2 -.4 
I 32 PEAK 
I 32 1-D4Y 
I 32 3-DAY 
I 32 10-DAY 
I 32 30-DAY 
I 35 PEAK 
t 35 :-DAY 
I 35 3-DAY 
I 35 10-DAY 
I 35 30-DAY 
A 

REGIONAL FREQUENCY COMPUTATION 
TEST DATA 

JULY 1972 
1 

TEST DATA 
723-X6-t7350 

MULTIPLE STATION AND DURATION 

3-DAY 10-DAY 30-DAY 
77103 71200 62000 51000 '  30830 

206000 185000 134000 83460 51000 
139000 133000 115000 65300 43670 
l8SOOO 167000 132000 85600 44130 
137600 122000 7040C 66800 38130 
99000 95900 90000 04200 46100 
48400 32500 24300 f287Q 7493 
46000 32600 29270 16920 9570 
53400 40300 24870 12980 6890 
18600 14600 10570 8096 5690 
23600 20100 15800 9840 6920 

TEST DATA 
723-X6-La350 

SAVE STATIONS FROM PREVIOUS JOB 
1 2 

3-DAY 10-DAY 30-DAY, 
-a5 -.O -48 

5530 5040 4L00 3320 2270 
13300 9560 2700 4840 3150 
10300 9360 8530 4850 3540 
1 ~ 3 0 0  a840 6930 4230 2 7 ~ 0  
6470 5400 4300 3120 2330 

TEST DATA 
723-X6-L7350 

STATISTICS FURNISHED 
1 

3-DAY 10-DAY 30-DAY 
-.5 -.6 -.a 

5.123 . I59 -.334 0. 6.0 
5,089 -153 -.366 0 I 6.0 
4.984 e l33  -.462 0 6.0 
4.835 e l06 -.599 0 6.0 
4.621 .066 - a 7 9 5  0 .  6.0 
4,518 e l96 -6278 0 . 5.6 
40408 a177 -a108 0. 6.0 
4.267 a153 -*027 0 I 5.0 
4.052 -117 e l88 0 .  54 8 
3.843 *082 e398 5 . 5.9 



 
 
 
 



E X A M P L E  O U T P U T  

REGIONAL FREBCEWCY CDMPUTATIOb 
TEST DATA 

J U L Y  1972 

I Y R A  XSKEH KEEP I C G E J V  IPCHQ If CH3 NSTAT NSMTH 
1345 1 60 -0 - 0 -0 -0 - 0 

- 
-- -- -- - - - - S K E ~ T O ~ F F X C ~ ~ + - - - - - - - - - - - - -  - 

PEAK 
0 P 

F R E Q U E N C Y  S T B T T S f Z C G  OF R E C O R D E D  C A T &  
9TW ITEM PEAK 

32 HEAW 5e1210 
STD rlEV s l r?9 

SKEH m.29k 
EiriCRHS 0 .  

Y E A R S  5 a 

RECORDED A N D  PEtaNSTXTL!TED D A T A  

818 YEA'? PEAK 
32 I C ~ ~ S  77100, 
32 1945 2Ohfl00, 
32 1949 185C00, 
32 1933 133350, 
32 a s ~ j ~  Q ~ O O O .  

FREOUEtiCP ARRAYS 

ADOPTED FREQUENCY S T A T f S T I C S  
§ ? A  fTEM PEAK 

32 FEAN s , a a o  
S T 5  OEY e l B O  

S K E W  a, 
PiJCRnT  0 o 

COMPUTED FSEaUENCY CURYES 

STATION 32 
PLOT EXP ??Of t  PEAK 

a 0 1  l e O 1  617Q37, 
,IO 2,4i ~73747, 

i , D O  5.02 345Pi33, 
5,$0 10.63 2 5 9 3 5 5 ,  
10.00 15,h3 223966, 
3C.00 33.19 1525!5. 
50.011 50,OO 132853,  
?O,OO Q6,88 106320, 
90,OO 84 .37  77624, 
9S,00 B O C 3 7  6 6 8 7 8 ,  
99.00 94,98 56263, 
9Q,90 9 7 . 5 9  364 '37,  
9Q,99 38.94 28157,  

EXHIBIT 4 



+ * * * 8 R * * X Q * * * h Z i * 1 2 * * * * * @ * + * * *  

JULY 1972 ? 2 3 - ~ 6 = ~ 2 3 5 ~  
REGIOQAL FRFOUEMCY C O ~ f P U T A i I Q h  
VF9S ION DATE AUGUST 2 i r  1979 

- - -- - - 

TEST DATA 
?23-Xb-b2350 

MULTIPLE S T A T T O N  Ah9 DURATXON 

FREG9ENCY STATXSTXCS RF RECORDED DATA 
STA I T E M  BE&% I-BWY 3-0 A Y 1 0 - D A Y  30-DAY 

32 qEAN 5.373 5,0@9 40984 4,835 4rQ23 
STD D E V  e l 6 1  . hSQ e l 4 2  *Of33 ,07 6 

SKEW 4.3a~ ~ ~ 5 2 7  - *375  ~ ~ 2 6 6  ..I,o~B 
I N C Q t . I T  0 a 0 e 0 s  0 v 0. 

YEARS 5 .  6 * 9 6. b. 

33 VEAN 4.544 40420 4,294 4,046 3,858 
3 T D  DE'I ,208 eial . l e i  . I 1 6  ,082 

SKEH -,ti89 - ,72f -.964 n.384 ,593 
I NCR?'? 0 0 0. 0 a 6 s  0. 

Y E A R S  5 ,  5 .  5 ,  5, 5. 

FREGUENCY S T A T I 3 P T E S  AFTER ADJUSTHENT WITH A LONG TERM S T A T I O N  
STA $ T t H  PEAK 1 4 A Y  3=DAY 1 6 m D A Y  30 -D  A Y  

32 flEAN 
S T D  O E V  

SKEW 
f NCRNT 

EG)k!IV YR3 

35 MEAN 
STD OE'V 

S K E k  
I N C R H T  

EQUXV Y R S  

EXHIBIT 4 



CQRRELATEON COEFfiCIENTS Of RSCC2DED DATA FOR PEAK DURATION 

STA 32 35 
W I T H  SAME DURATION 

32 1,000 . b ib  
35 .bib 1.000 

WITS ADJACENT DURATION AT ABOVE S T A T I O N  
32  .99S .494 
35 ,719 ,982  

COZRELATXON COEFFICXENTS OF RECORDED DATA FOR 1-DAY DURATION 

JTA 32 35 
d I T H  SAME OUAATXON - - 

32 i,OCO "6134 
35 . ~ O Q  a,ooa 

HPTH ADJACENT DURATXDN A7  ABOVE B T A T I O N  
32 .995 ,7fS  
35 .4?4 * 9 8 %  

CORRELATIDN COEFFXCIENTS O f  RECORDED DATA "09 3-DAY DURATIDN 

S T 4  32 35 
WITS 3PME DURATION 

32 1,000 .857 
35 .857 n,oon 

K I T H  &D.JACEMT DURATIOH AT ABOVE STRTXON 
32 . R 4 B  .949 
35 3330 e 8 9 6  

CORRELATXGN C O E F F I C I E N T S  OF RECQRDED DbTA FQR i G 4 A Y  EUWATPON 

$7-a 32 35 
' d ITH  $&ME 3URGT50N 

32 1,000 O a  
35 a, n,ooo 

WITH ADJACENT DURAfTON AT ABOVE S T A T I G N  
32 .827 0. 

CQWRELhTIU:4 COEFFICIENTS uf  RECORDED DATA FOR 30wDAY DURATION 

5TA 32 35 
WITH SAME DURATION 

32 %,000 0, 
35 3, I,Oi46 

WITH ADJACENT DURATXOM AT ABOVE S T A T I O N  
32 .$PO 0 ,  
35 0. . d d 3  

RECORDED AND RECONSTITUTED DATA 

9TA YEAR PEAK $=DAY 3-DAY 10-DAY 
32 1945 ?710Qe 71200. 62000, 51000. 
32 1996 20h000. 98%60Q, l3Y000. 83400. 
32 1947  638000, 133000, 125000, 6 5 3 0 G a  
32 3148 185000, 367000, 132000, 65600, 
32 3.949 1 3 7 0 0 0 .  122000. 70400. bh~Sb0.  
32 2950 9q000.  9 S 7 3 C ,  900C0, 652G0, 

PEAK i * D A ' f  3 - D A Y  10-DAY 
25357.E 20907,E 20362,E 12398.E 
48400. 32500, 24300, 1987C, 
46000, 32600. 29270, 14020. 
53400, 80300. 24870, 12990. 
18600, 14080. 68570, 809Ge 
23600, 20800, 15800, 9440, 
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FZEBUENCY ARRAYS 

STATTO% 3 2 

PEAK 
506000e 
~ s f i o o n ,  
138000. 
1370000 

39000. 
79100s 

PEAK 
53400. 
48400. 
46000e 
25357 s E  
23500c  
18600. 

ADOPTED FREDUENGY STATXSTICS 
STA XTEN PEAK 1-DAY 3-DAY 10-DAY 30-DAY 

32 K E A N  5,123 5.089  Y.9B4 4 .a35 4,621 

$ T O  DEV .IS9 .153 ,133 ,106 ,066 
SKEW -5.334 9.366 -9462 - ,599 .-8795 

I M C R F T  0, 0 a 0 0 0 0. 

35 YEAN 40520 4,401 4,297 400?0 3.873 

3 i D  DEV e l 9 3  -172 ,153 ,113 ,078 

SKEW m.462 *. 437 -.4X4 .*.365 0,322 

I N C R M T  0. 0. 0, 0, 0 . 
COMPUTED FREQUENCY CURVES 

STATION 3 2 
PLOT EXP PRO8 PEAK 

s o l  -74 454931. 
e10 1.W 347604, 

1.00 4.25 284819, 
5.00 9,55 233536. 

10,OO 14.65 209X04. 
30.00 32-63 162935. 
50,00 50.00 , 135585.  
70,OO 67,37 111592. 
I.)O.00 85.35 82252,  
95,OO '30.35 7 0 5 6 8 .  
99,00 95.75 53767. 
98,YO 98.16 35878,  
4F, $9 99,F!b 25794, 

STATION 
PLOT 

* o i  . $ 0  
1 , O Q  
5.00 

3 5 
EXP PRO@ 

.79 
1,94 
4 - 4 0  
9.84 

l4,84 
32.72 
50.00 
67.28 
85.16 
90,16 
9 5 , h 0  
4&,04 
99,E'I 

PEAK 
115222. 

95922. 
i3Oc?8?. 
64601, 
570 35,  
42704, 
3 4 2 8 3 ,  
2 T 3 r ? G ,  
X 8429, 
1 S 1 4 6 9  
i O i l 1 ,  
6197,  
3 9 5 i 0  

I-DAY 
350275. 
304941 
255204, 
2110253. 
189451, 
149501. 
rzs410, 
183994, 

7 7 4 1 2 ,  
66693, 
492729 
34363, 
241500. 
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* Q * + t * * 4 * * A I * * R * b * B d r * * * * *  

JULY  1972 723-X$-L2350 
REGIONAL FREQUENCY COYPUTATIOk 
V E R S I O N  DATE * AUGUST 21, 1979 
***************a************** 

TEST DATA 
7 2 3 * X 6 - t 2 3 5 0  

SAVE S T A T I O h S  FRCM PREVfOUS JOB 

NDUR X Y  RA ISKEW KEEP ICONY IPCHQ I P C H S  NSTAT 
9 1 9 4 5  1 2 - 0 0 - 0  m0 

- - - 

REGlDNAL SKEW COEFFXCIENTS 
PEAK 1-DAY P D A Y  l O 4 A Y  3O*DAY 

-.do0 0,100 - *SO0 **,600 1,800 

STAT IBNCS)  KEPT FROH L A S T  R U N @  32, 35r  

FREOUEKCY S T A T I S T I C S  OF RECORDED DATA 
9 V A  I T E M  BEAK 1-DAY 3-DAY 

33 HEAN 3.941 3,857 3.781 
STD DEV . 158 , i 3 7  - 1 4 8  

SKEW we320 -,599 * * Y i 2  
I N C W N T  0. 5 ,  0 0 

YEARS 5 * 5 .  5 .  

FREQUENCY S T A T I S T I C S  AFTER ADJUSTMENT Y I T H  A LONG 
STA I T E H  PEAK l * D A Y  P D A Y  

32 MEAN 
STD BEV 

SKEW 
XNCRMT 

EQUIY  YRS 

3 5  MEAN 
STD DEV 

SKEW 
XNCRMT 

EQUIY  V R S  

TERM STAT ION 
10-DAY 30-RAY 

33 MEAN 3 - 9 2 1  3,854 3.776 13.593 3 . 4 4 9  
3TD  DEV ,155 ,131 e l 3 5  . O m  .080 

SKEW 1.200 *,YO0 500 -.600 -.a00 
INCRMT 0  0, 0 . O e 0. 

EQUIY  YRS 5 . 4  5 ,? 5.8 5 95 5 * 4  

CORRELATION C O E F F I C I E N T S  OF RECORDED DATA FOR PEAK DURATION 

3TA  32 35 33 
WITH SAEE DURATION 

32 8 ,000  ,599 8828 
35 .593 l e 0 4 0  
33 .828 - 8 2 4  1eOOO 

WITH ADJACENT DURATION AT ABOVE STATXDN 
32 ,99b e520 - 7 0 1  
35 ,652 a985 ~ 9 1 1  
33 ,873 e73C e95f 

C O R 2 E L A t I O N  C O E F F I C I E N T S  OF RECORDED DATA FOR 1-DBY OURATXON 

NSMTH INCAD 
e~ 30 

STA 32 35 33 
WtTH SAME DURATION 

32 1 .030  e 5 7 9  ,968 
35 , 5 7 9  4 9 0 0 0  ,835 
33 ,758 1.000 

kXTH ADJACENT DURATIDN AT ABOVE S T A T I O N  
32 ,335 5 ,873 
35 .520 ,965 , 9 3 0  
53   TO^ .911 .455 

EXHIBIT  4 



EORREQATTON COEFFZCXFNTB OF RECORDED DATA FOR 3-BAY DURATION 

9TA 32 35 33 
K I T H  SAME DURATION 

32 1,600 -588  ,876  
35 ,588 t *QOO ,728 
33 ,876 ,728 1 e 0 0 0  

WITH 4DJACENT DURATION AT ABOVE S T A T I O N  
32 ,858 ma67 ,953 
35 0, ,857  9074 
33 , b t 3  ,783 +97 '  

CURXELAT IDN COEFFSCIENTS OF fXECORRED DATA FOR LO-DAY BURPT'XOh 

9TA  32 35 33 
HITH SdME C U R A T P O N  

32 1,000 0, .297 
3 5 0 ,  1,000 a 7 0 8  
33 .297 .YO8 l a 0 0 0  

WITH 4D34CENT DURATION AT ABOVE STAT IOM 
32 .En29 0, ,385 
35 .383 ,968 ,Ebb 
33 ,850 , 7 8 3  0973 

CORRELRTXDN C O E F F I C I E N T S  OF RECORDED DATA FOR 30mDAY DURATION 

9PA 32 35 33 
W I T 3  SAME DURATION 

32 i,OOO 0, .58b 
35 0, 1,000 0183 
33 ,586 ,183  l eOOO 

WITH ADJACENT DURATION AT ABOVE S T A T I O N  
3 2  .690 0 %  a768 
35 C, - 8 0 5  0. 
33 0, .70b  ,920 

RECORDED AND EECONSTITUTED DATA 

FREQUENCY S T A T I S T I C S  OF RECORDED AND RECONSTITUTED DATA 
STA I T E H  PEAK 1nDAY 3-D A I 10-DAY 30eDAY 

33 MEAN 3.921 3.855 3 0 7 8 2  53,609 3.452 
STD DEV +I49 . I 2 6  0 1 3 2  s o 8 1  .077 

SKEW s 113 m.185 m a 4 6 2  .*,S13 * , 2 5 5  
EOUIV  YR9 5-9 5 ~ 9  5.9 5 e 9  5.9 

CURRELAT'IQN C O E F F I C I E N T S  OF RECORDED AND RECOKSTXTUTED DATA FUR PEAK DURATION 

3 r d  32 35  33 
H X T H  SAME DURATION 

35 i.099 ,574 .855 
35 . 5 7 4  r.noo .as3 
33 ,855 a 8 5 3  i e 0 0 0  

H I T H  ADJACENT DURATION AT ABOVE S T A T I O N  
32 e395  ,475 ,739  
35 .516 .986 ,907 
33 - 8 8 7  , 7 7 7  ,959 

EXHIBIT 4 



CORSELATEBN C O E F F I C I E N T S  OF RECORDED AND RECOWSTITUTED DATA FOR I - D A Y  DURATION 

S T &  32 35 33 
WXTH SAME DURATXON 

32 1,000 vf25 ,795 
35 .St6 1.000 -854 
33 " 7 9 5  e864 % e O O O  

W I T H  ADJACENT DURATION AT ABOVE S T A T I O N  
32 .995 ,616 e887 
35 .4?5 ,936 .777 
33 - 7 3 9  s907 e959 

C O 2 R E i A T I O N  CREFFXCXENTS OF RECORDED AND RECONSTITUTED DATA F O R  3-DAY D U R A T I O N  
I 

8TA 32 35 33 
W I T H  SAME DURATION 

32 1,000 ,558 a904 
35 .55B 8,000 ,647 
33 ,904 ,647 1.000 

H I T H  ADJACENT DURATION A 7  ABOVE S T A T I O N  
3Z .835 ,848 -964 
35 0, e879 eb8b 
33 .b04 ,761 ,941 

G G W R E b b T f O N  C O E F F I C I E N T S  OF RECDRDED AND RECONSTITUTED DATA FOR lOmDAY D U R A T I O N  

STA 32 35 33 
WITH SAME DURATION 

32 1,000 0. ,375 
35 0, 1.000 a 6 1 5  
33 ,375 . h i 5  i .000 

WITH ADJACENT D U R A T I D N  AT ABOVE S T A T I O N  
32 ,820 0, ,498 
33 ,385 .977 , S 6 i  
33 .a61 Wf09 ,913 - .-- . - - . - 

CORBELATTON C O E F F I C I E N T 2  OF RECQRDED AND RECONSTITUTED DATA FOR 30wDAY D U R A T I O N  

STA 32 5 5  33 
WXTH SAME DURATION 

32 1.030 0. .?a0 
35 0. 1.000 0. 
33 ,740 0, 1.000 

WITH ADJACENT DURWTXOS AT ABOYE STATXQN 
32 -744 0, -75 ll 
35 0. ,819 0 .  
33 0. .385 ,923 

FPEOUENCY ARRAYS 

S T A T I O N  33 

?do ?'LOT PEAK i - D A Y  3 4 A Y  10-DAY 30mDAY 
1 10,91 13308. 3 t5Ge 85 30, 4850. 3540. 
2 2 6 . 5 5  
-# 

lr33001 9360 s 7700, 48401 3t5Qe 
s 42.14 10900. Bf340, 6930. 4230, 3131 *E 
4 57.82 bbh?*E 6246  ,E b157.E 4iS1,E 2790. 
5 73,CS 4470+ 5400. 4300, 3320, 2320, 
h 89,09 55x0. 5040- 4100. 3120,  2 2 7 0 ,  
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ADOPTED FREQUENCY S T A T I S T I C S  
$:A ITEM PEAK 

33  M E A N  3.921 
STD DEV .I45 

SKEW -,200 
I N C R R T  0, 

COKPUTED FREQUENCY CU3VES 

S T A T I O N  
PLOT . 0 1 

010 
1.00 
5.00 
60.00 
30,OO 
sn.oo 
70.00 
90,OO 
95*0Q 
99,OO 
'39.90 
99.99 

33 
EXP PRRB 

* 7 6  
b ,88 
4.30 
9.72 
14,72 
32,Ab 
50r00 , 
61 .34  
85,28 
90.28 
95.70 
98.12 
93,24 

PEAK 
25133. 
21265. 
i f  255,  
14127. 
12677. 

9995 .  
86134, 
7074, 
5410. 
47u3, 
3654, 
2706. 
2078,  
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~B*AR*$~**B****R*ARR**IA**R**R 

J U L Y  1972 723-XB-L23§0 
REGIONAL F R E Q U E N C Y  COMPUTATION 
VERSIRM DATE AUGUST 21, 1979 
R B X * R B f t A B * e 9 * * B h B B R R * * R R B * U * * *  

TEST DATA 
7 2 3 * X 6 * ~ 2 3 5 0  

STATISTICS FURNISHED 

NDUR X Y R A  i SKEW KEEP ICilFiV IPCHQ IPCH3 N3TAT NSHTH INCAB 
5 1945 1 - 0 - 0 =O -0 2 - 1  * 0 

ADOPTED FREQUENCY STATISTICS 
STA ITEM PEAK 10DAY 3wDAY 10-DAY e30eDAY 

32 MEAN 5.123 5,089 Yo984 4,835 4.621 
ST0  D E V  -159 .I53 -133 * l o 6  *Obb 

SKEW me200 n.400 -0500 w.600 1,800 
INCRMT 0 .  0,  0 e 0.  0 0 

35 HEAN 4.5t8 4,40B 4.267 4,052 13.843 
STO DEY 0 196 ,177 e l 5 3  . I 1 7  ,032 

SKEW en200 *.400 *,500 0,600 -.BOO 
I N C R n T  0, 0. 00  0. 9. 

REGIONAL SKEW COEFFICXENTS 
FEIK I m o n v  3 . c ~  A Y S C - D A Y  3 0 ~ 0  k Y 

m.200 =.Q06 -,5QO -,bDO *,BOO 

INPUT FREOgENCY STAT%OPICS 
3TA I T E W  PEAK I-DAY 9 m D A Y  10wI)AY 3OmDAY 

32 HEAN 
ST0  CEV 

S K E H  
XNCRMT 

EGUKV Y17J 

35 MEAN 
STD DEV 

S K E H  
I N C R W T  

E B U I V  Y R S  
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COHPUTED FREQUENCY CURVES 

STATBON 32 
PLOT EXP PR08 PEAK 

s0  1 .74 4461 15. 
m10 9,B9 371260, 

1 ,0B 4.25 295084, 
5.00 3.55 236862, 

iO,QO !4,b5 210287,  
3 0 , ~ ~  32 .63  151945,  
50.00 53.90 134367. 
'f0,OO h7,37 11075a.  
90,OO Rfi,3fi 82495, 
95,OSr 90.35 71386. 
'39 ,00 99,7!3 53600. 
38,90  98 , th  1185 29,  
W e 9 9  94.26 28829, 

STATXDN 
PLOT 
.0 3. 
. l o  

1 ,a0 
5,OO 

l0,raO 
30,120 
50.00 
70,90 
can,oo 
95,OO 
99,QO 
99,$0 
'?9,99 

I -PAY 
342977 3 

EXYIRIT 4 



 
 
 
 



EXHIBIT 5 

M(I) - First half of description for duration I 
A m  - Second half 
ABS - Computer Library function for absolute value of 

number 
ALOG - Computer library function for natural logarithm 
AMIX(I,K) - Number of years of data for station K and duration I 
ANYRS - Mumber of years of data in study 
AV(Z,K) - Mean logarithm (or sum of logarithms) for station K 

and duration I 
AVGSK - Average regional skew coefficient 
B(K) - Regression coeffici.ent for variable (K) 
BB - Regression coefficienk 
BC - Regression coefficient 
BIdiNK - Symbol to identify recorded data 
CB - Regression constant 
CC - Regression constant 
CROUT - Program subroutine to solve simultaneous equations 
~ ( 1 , )  - Increment added to all flows for duration I at station 

K to preclude infinite negative logarithms 
DTRNC - Mul.tiple determination coefficient 
E - Symbol to identify reconstituted data 
1 - Index for duration 
1A - Indicator in column 1, of first card for each job 
ICORL - Indicator, when positive cal.18 for computation of 

correlation coe ff i cients 
ICSE - Indicator, case number specifing cause for no independent 

variables in estimation equation 
+l indicates no flows found for correlation 
$2 indicates all. correlations were zero 

17: - Index associated with I 
INCAD - Indicator, positive value calls for adjustment of 

increment to reduce skew coeff i cient 
GEJDC - Indicator positive when correlation coefficient has - 

been changed 
IPCHQ - Indicator, when positive calls for punching recorded 

and reconstituted flows 
IPCHS - Indicator, when positive calls for punching statistics 
SPREV - Order number in regression equation of adjacent duration 
IRCRD(J) - Indicator blank when no record at all stations in year J 
32IM33 - Indicator, when positive calls for reading conversion 

ratios 
1.SXEW - Indicator when positive calls for reading skew coefficients 



ISTA(K) - Identi  f i ca t ion  number for  st;ati.on K 
ISTAN - Stat ion number 
ISTlW - Array of s t a t i on  sequence by length of record; I-ongest 

record f i r s t  
I.SW - Array of s t a t i on  record lengths used t o  build TSTB array 
ITEEilP - Temporary variable 
ITMP - Temporary variable 
ITP - Temporary variable 
TX - Index associated with 1: 
IXX - Argument for  random number function 
IYR - Year number 
IYRA - Number of e a r l i e s t  year of record 
J - Year index 
J A  - Index associated with J 
JX - Index associated with J 
H - Sta t ion  index 
KDUR - Dimension l i m i t  f o r  durations 
KEEP - Number stati.ons t o  keep from immediately previous job 
XEPT(K) - Sta t ion  numbers kept from immediately previous job 
mCRD - Indicator, when posit ive a complete record ex i s t s  for  

a l l  s ta t ions  
KSTA - Dimension l i m i t  fo r  s h t i o n s  
KX - Index associated with K 
KYRS - Dimension l i m i t  fo r  years 
L - Subordinate s t a t i on  index 
IA - Index associated with L 
LTRA - Letter  A f o r  t e s t i ng  IA 
LX - Index associated with L 
pll - Sequence index 
W - Index associated with M 
N - Temporary. counter 
NCB(X,K) - Number of cross produc:ts f o r  s t a t i on  K and duration I 
NDUR - Hunber of dwati.ons i n  study 
NENDP - Number of independent variables i n  correl.ation 
MLOG(I.,K) - Number of values for  s t a t  ion K and duration I 
NSMm - Indicator,  zero o r  posit ive value causes smocatw~ of 

s t a t i s t i c s  
NSTA - Number of s ta t ions  i n  study 
B T A T  - Number of s ta t ions  for  which s t a t i s t i c s  ( instead of 

flows) a r e  supplied 
NSTAX - Twice NSTA 
NSTXX - Number of s ta t ions  kept from previous job incremented by 1 
EjVAR - Total number of variables i n  correla t ion 
NM)IF - Indicator,  when posit ive a difference i n  record LenGh 

e x i s t s  between new data and data from previous job 
I\-YXS - Bumber of years i n  study 



- Exceedence frequency coordinate or r a t i o  t o  convert 
flows t o  average ra tes  

FLTII(J) - Plotting position for event number J 
Q(M,K) - Flow or logarithm for s ta t ion  K and sequence number M 
~ ( 1 )  - Flow for current sta%ion and year and for  duration I 
QR(M,K) - Indi cator whether Q(M,K) i s  recorded or reconstituted 
R(K,KPI~) - Covariance array for multiple regression equation 
RB(I,K,L) - Correl.ation between stations K and L for duration 1: - Ma;rbm consistent correla%ion coefficient - Minimum consistent correlation coeffici.ent 
SA - Sum of mean logarithms for  various dmations 
,%A - Sutn of squares of mean logarithms 
MB - Sum of cross products of mean logmithm and standwd 

devi a t  i on 
SAC - Sum of cross products of mean logarithna eund skew 

coefficient 
SIB - Sum of standard deviations for  various dwrations 
SC - Sum of skew coefficients for  various durations 
SD(J;,K) - Stanarsdard deviation (or sum of s q w e s )  for  s tat ion K 

and dura%ion I 
SDR - Standard deviation of short record s tat ion 
SDB - Standard deviation of Long record s tat ion 
SIN - Computes l ibrary  function for  sine 
SKEW(I,K) - Skew coefficient (or sum of cubes) for  s tat ion K and 

duration I 
SW(I) - Specified skew coefficient fo r  duration I a t  a1.L stations 
S&A(I,K) - Sum of squares of logarithms i n  correlation for  s tat ion 

K and duration I 
S&B(Z,K) - Sum of squares of logarithns a t  related s tat ion i n  

correlation with s tat ion K for  duration I. 
SW(I,K) - Sum of logarithms i n  correlation for  s tat ion K and 

duration I 
s ~ ( I , K )  - Sum of logarithms a t  related s tat ion i n  correlation 

with s tat ion K fo r  duration 3: - Large nmber denoting missing record - Temporary variable 
TMP - Temporm variable 
TMPA - Temporary variable 
W B  - Temporary variable 
BfFJP - Temporary variable 
TP - Tempor- vmiab'le 
x(K> - Independent variable related t o  s tat ion K 
~ m m  ( 1 , ~ )  - Increment for DQ i n  skew coef f i c i  en% adjustment routine 
XPAB(I,K) - Sum of cross products of logarithms for s tat ion K with 

related stati.on for duration I 
XQ( 1) - Temporary flow array 
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7EKP-P13L!i? 1 C 6 9  
4YBSK=AVG$K/TEHP 1 3 7 0  

200 $=79Q9?999, 107 i 
f Xrzg 10 F 2  
X Y 9 9 = I 7 R A c d  1 0 7 3  
NS?A=NQTRT I 0 7 4  
I F t M 8 T A h e G T , 1 0 1  M S T A * l Q  1 0 7 5  
N S T X X Z I  1 0 7 6  
TF~NSTAT,GT,O) GO TO 3 0 0  1 0 7 7  
IVS?A=O 1 0 7 8  
I I I IDCZQ 1 0 7 9  
~ ? l y o p ~ . : $  1 0 8 0  

C INITIATE -1, NO RECORD FOR ALL FLOWS 1 0 8 1  
IT"=KDUR*KYRS 1 0 8 2  
DCI 2 1 0  X = l , X S T A  1063 
DO 210 h = l p I T P  1 0 8 4  
B 2 ( N r X ) = 1 1 ¶ , )  1 0 8 5  

210 CONTZNUE 1 0 8 5  
IF!i?EE?,LE,O) 60 7 0  300 i 0 8 7  

C SAVE S T A T I Q N S  F R O M  P R E V I O U S  RUN IF NECE88ARY 1 0 8 8  
c *R C A R D  E ** 1089 

R E A D I S ?  10)  [#EP?[I3 pl=lsKEEP4 1 0 9 0  
WSiT%(bp220) (KEPTfI)sX=lrKEEF) 109% 

226 FORMAT!/SIH 3 T b T I O N C S )  K E P T  F R O M  L A S T  RUN r l Y ~ l H p 1 6 J / 3 2 X b ( l H a I 6 ) ~  1092 
a3 230 X = I # Y S T A  ass3 
D O  270  L " . I I K E E Q  1 0 9 4  
K ~ ; C K E P T [ L ]  , N E . X ~ T ~ ( I C ) : ~  G O  T O  2 7 0  1 0 9 5  
:NCC=X 1 0 9 6  
N S T A = N S T b + I  1 0 9 7  
ZSTA i N S T A ) = X S T A [ K ]  i 0 9 a  
D O  2 3 0  I=1 ,NDUR 1099 
N L O G ~ X , N S T A ) = O  a 1 0 0  
D O t P ~ N S T A ) = D O [ X p K )  1 1 0 1  
X I N C A ( I , N S T d l " X X N C R ( I I K ]  1 1 0 2  

230 C D N T I N U E  1 1 0 3  
MrO 1 x 0 4  
KT!fP=XYRSV~IYRA X 1 0 5  
Y ? I = I T ~ P * N D U R  1 1 0 6  
I T P = I Y S A - = I Y R S V * l  1 1 0 7  
I S C i T P s L E , O )  I T F = l  1 1 0 0  
IFCMH.GE.0) 60 T O  240 1 1 0 9  
M=-HM 1 1 1 0  
M M = O  1 1 5 1  

240 DO 2 6 0  J Z I T P p N Y R S  1 1 1 2  
D O  2 5 0  I s l t N O U R  1113 
~ 1 = M + 1  1 1 1 4  
F;H=MM+L alas 
IF ( I R C R D  (J) ,LE.OJ GO TO 230 1 1 1 6  
TMP=Q[KpK)  11 1 7  
IF(TMP,GE,T) GO TO 2 5 0  1 1 1 8  
QR[MMINSTAI=TMP 1 1 1 9  
N L O G ( I I  K S V A ) = N L O G ( X , p I 3 T A I 9 1  1 1 2 0  

250 C G N T X N U E  l i a r  
2SO C O N T I N U E  2 1 2 2  

sn rn z a o  1 1 2 3  
270 CONTSNbE 1124 
289 C O N S P Y U E  1 1 2 5  

I F ( I T k l F , N E , O I  N Y b I F T 1  1 1 2 4  
N Y R S = K Y R S + I T X P  1 1 2 7  
NSTX#=MSTAaZ 1 1 2 7 1  
IF(NST4,Ef l ,XEEP! GO TO 300 - 1128 -- 
I:?=KFFP=NSTA 1 1 2 9  
W S I t E l b s 2 9 0 )  3 t P  1 1 3 0  

290 F O R 8 A T C 1 7 H  NOT ABLE TO F K N C r I S r 3 H S T A T f O N S  ) 1 1 3 1  
K E E P Z N S T A  1 1 3 2  

308 XFSENDC.LT.1) N Y R S s 0  1 1 5 3  
T"( ICONV,LE,O)  60 70 3 2 0  1 1 3 4  

C ** CARD F ** 1 1 3 5  
READ [Sp20) { P ( I I  r I=Ipb!DuR) 1 1 3 6  
WRITE (6,3103 1 1 3 7  

-2- EXHIB IT  6 



310 F J G ~ : ~  1 f 3 ~ 1 1  RATIGS t o  gBrAxb! FATE OF F L O W )  1 1 3 8  
W 2 I T E ( b r 2 7 0 )  ( A A Z b ) , A B ( f ) r E " l p N D U R l  1 1 3 Q  
K4fTE[bclSB)fP(I)rX~iIE:DUR~ 1 1 4 0  
63  TO 340 1 1 4 1  

328 D O  330 T=l,MDUH 1 1 4 2  
P I T ) "  i r  11143 

330 C O N T I N i ! Z  1 1 4 4  
C 9 E T  CONSTANTS 1 1 4 5  

3YO T F [ N S T B H , G ~ . F I  GO TO 2 1 4 0  1 1 4 6  
DO 350 K z N S T X X r K S T A  1 1 4 7  
1 9 V A ~ X ) = ~ 1  l l a 6  

350 C O N T I N U E  l b 4 9  
X Y R S V = X Y R A  1 1 5 0  
:TP=KDUR~KYRSINDUR 11s; 
DO 390 K=I ,KSTA 1 1 5 2  
0 8  380 X = l r N D U R  1 1 5 3  
I F I K , L T . N S T Y X I  GO TO 3 6 0  1 1 5 4  
N L C G f I p K 3 = 0  1 1 5 5  
DQ( I IK )=O.  i 156 

9 6 0  on 370 J=~,IJP 1 1 5 7  
N=NOURs (J-!) +I 1 1 5 8  
O[N,K)ZER(NIK) 1159 

370 C D N T I N U E  l i b 0  
3 3 0  C O N T I N U E  f i t 6 1  
390 C O N T I N U E  2 1 6 2  

C * 4 * * * * READ AND PROCESS ONE S T A T I O N - Y E A R  OF DATA * * * * * * * * 1 1 6 3  * 
u ** CARD G **  1164 

400 P E ~ D ~ S ~ ~ O ~ I S T ~ N ~ ~ Y R ~ ~ O M ~ I ~ ( ~ I ~ ~ ~ N ~ U R ~  1 1 6 5  
C ** CARD H ** 1 1 6 b  
C BL4MK CARD I N D X C A T E S  END OF FLOW DATA 1 1 6 7  

X F ( I S T A N , b T . I j G O  TO 470 I X S B  
f F 4 N S T A , L T e i 1 G f l  TO 4 2 0  1 !69  
DO 4 1 9  KZ1,NSTA 1 1 7 0  

C  I I D E N T I F Y  S T A T I O N  S U B S C R I P T  3 1 7 1  
i F C I S T A K . E Q . I S T A ( K ) ) G O  TO 0 3 0  1 1 7 2  

4 1 0  C O N T I N U E  1113 
420 N S T A r N S T A + - 1  1 1 7 4  

C A S S I G N  S U B S C R I P T  TO NEW S T A T I O N  1175 
I F ( N S T A * G T . K S T A )  G O  TO 1 2 0  1 1 7 6  
X=NSTA 1 1 4 7  
I S T A I K I = I $ T A N  1178 

C A S S I G N  S U B S C R I P T  TO YEAR 6 1 7 9  
430 J = I y R w f Y i ? A  1 1 8 0  

I f  C N Y R 3 r L T . J ) M Y R S ~ J  - - .- - 
118; 

~ F C J ~ ^ G T . O ) G ~ ~  ~ 0 3 % ~  1 1 8 4  
X R I T E ( b t 4 4 0 l I Y R  1183 

040 FORf+AT( /XBH UNACCEPTBBLE YEAR I S 1  1184 
GO TO 1 0 0  118'5 

E S T ~ R E  FLOWS I N  S T A T I O N  AND D U R A T I O N  ARRAY I l Y b  
450 M=[JmI ) *NDUR 1 1 8 7  

Dn 4 6 0  I = L r N D U R  1 1 6 8  
M = M s l  1 1 8 9  
I F [ O M ( I ) . L E , ( * l . ) )  GO TO 4 6 0  1 1 9 0  
N L O G C S ~ K l = N L R G I I n K l f i  - - a - 1 1 9 1  
D Q I I I K ) = D Q [ I ~ K ? + Q M [ I ~  11192 
Q ! M , Y I = E M ( I I  1193 

460 E O N Y I k U E  1194 
G O  TO 400 1195 

O f 0  I F C N Y R S ~ N D U W . G T ~ K Y R S * K D I ! R ~  GO TO 1 2 0  1196 
C n * * a * * COHPUTE FREQUEKCY S T A T I S T I C S  * * * * n * * * * * * * * 1 1 9 7  

W R i J E i j r O R Q j  i t 4 a O R  .p. 

486 F O R H A f [ / 3 8 H  FREbUEMCY S T A T I S T I C S  OF RECORDED DATA 1 1 1 9 9  
W R I T E ( S p 4 9 Q )  ( A R I I I P A B ( I ) B I ~ I , N D U R )  1 2 0 0  

490 F O R M A T ( S X l l 2 H S T A  I T E F  S X ~ A ~ ~ A Y ~ ~ ( ~ X I Z A ~ I I  1 2 0 1  
D o  500 J = l , N Y R S  1202 

5 0 0  I R C R D ( J l Z 0  1 2 0 3  
K R C R D = l  1 2 0 4  
HCCIRL=l 1205 
X F [ ~ ~ D U 4 . E O e ~ . A N D . N S T 4 L E ( 3 . ~ )  I C O R L Z O  1 2 0 b  

E X H I B I T  6 



IN!?C=O 
B R  710  K = I p t J S T A  
T HPPsT 
Yr : ' IM=T  
D C  5 2 0  I=l,NoUS 
hz3 
T F C Y , L T , N S T X X )  G O  T O  550 
T5Yp- f  
? < = I - N C U ?  
3 3  520 J=1,NYRS 
HsN+RDUR 
T?4?%BCMIK) 
KFCTSP,IE,I-II)I G O  70 510 
I F $ f q P , L f . T E @ P )  3EMPxTHf 

510 C O N 7  F N U E  
f J M P Y ~ i p K ~ = f E M P  
i F Q T E F P e L T e T f i P P I  TMPPgTEMB 
P E H ? = N L O G ( I ~ K )  
rg C T E ~ P , F T , O , ~ )  GB T O  520 
D ~ f I s K l = D O [ T p K l * m 0 0 1 / T E P i a  
P F ~ O Q ( I ~ K ) , L T ,  . co t )  DQ(TIK)= .DO1 
~ E H P = ( Q M X N C I ~ K ) + D : J ~ S , K ) ) / D Q ~ ? P K ~  
P C I T E V P , L T . X M S N )  XMIWsTEFP 

520  C O K T T Y U E  
DLl 540 I=! ,NDUR 
I F ~ Y L G G ( I ~ X )  , L E w O l  G O  TC 530 
X I % C R ( I , K ) = X M X N / ~ ~ . * D O ~ I I K )  
I F ( x I N C R [ X , K ) ~ L T . . O ~ )  X X N C R [ I , K ) = . O l  

550 fFITplF~,GT.O,.AND,INCAO.LE,O) D Q [ I r K I = O e  
540 CONTINUE 
550 DO 540 I = l , N D U R  

B N Y R ( I ~ K ) = O .  
A Y [ I , X ) = O .  
99(IrK)=O. 
S K E k j I I . K ! = O .  

20 590  J = I I N Y R S  
PF " 9  I"lsf4DUW 

a 

371df~,Y3,h?, t - . i>)  G o  TO 570 
PaC$%D[;)a1 
CIRIM,K)"BLANK 
dUYRlirK3%1NVRCI,K)+19 

C REPLACE FLOW A R R h Y  W I T H  LOG A R R 4 Y  
TSKPzAL O G ( G I M p K ? + D Q f X P K )  3 *.4342945 
T F ( I C O R L s f Q m I I  O(HpK1STEMP 

6; $! IY~  98UA9ES Ah'S CUSE9 
A V ( I a X 2 z A Y [ X , X l + T E N P  
S D < I J Y ) " S D E ~ ~ K ~ * T E ! ~ P * T E P F  

, I 1  e X ) = S Y E W  i I e K ) + T E M P * T E V P x T E H p  
20 7 ( ;  58C 

C MI3 WS EQUATED 70 T  
370  O ( M , K ) z T  

D X [ P r X ) = E  
KRC49rO 

580 C O F ~ T i h G E  
S9u Z G h ! T I & J E  

SblM=O, 
D O  6 2 2  I Z I I N D U R  
'EF.;P=FiL.UG(If iK) 
fF (TEMPeCT,F ,5 )  60 T O  6 2 0  
TvP=4Y(ibK] 
& v ~ ? , X ~ = V M P / T E M P  
Zr i 3 3 C i ~ K l , t E e O e O ~ O ~ ~ T E ' . t P ~ L f 4 2 ~ 5 ]  GD TO 6QC 
P Y P 4 = S D ( K E K )  
S D ~ ? ~ ~ 3 ~ ~ 9 O i % r K ) ~ A V ( I P K ] * T M P ) / ~ ~ E M P ~ 1 , )  
fFCtD(ZrK].iF+C,) G C  TO 600 
SO(ItTj=SD(I.K)**,5 

E X H I B I T  6 



~ ~ i l * l I ~ # ) =  ~ T E ~ P ~ T E M ~ ~ S K E F ~ I T ~ K ) ~ ~ , ~ T E E I P * T M ? * ~ ~ ~ ~ ~ ~ . * T M P * T ~ P * T ~ ~ P ) /  
1 TTE i~a* i iE11P- l s l *CTEF tP - i ! * 3  ~ 3 O < i , X I * * S 3  
GP 7 3  $13  

400 8D(IoKl=0, 
S Y E ~ l l ~ ? o = % 7 ,  

610 ~ U ~ ' ~ S ~ ! % * ~ K E W L I P K ~  
623 Cd*\Y I h U E  

TEMP-NDUR 
$ ~ " z T U M $ ! ~ E M P  
M = F ' + :  
E F  < # , L S e N 3 T X X ~ A ~ 4 O + N Y D I F ~ E Q O Q )  ED T O  110 
I F  tM.GT.I ]GD 70 530 

C PRINT F R E Q U E N C Y  S T A t X S V X C S  
H R X T E ( B ~ ~ O P O I I S T A ( K ~ ~  ( A Y  ( X ~ K I , I = ~ I P J D U R I  
WRiTEIbr 20803 43DCTtK) F X ~ I P M E ] U R ~  
Y R T T E ( ~ ~  14901 [SKFVIIIIK)  q ~ = 1 ~ b ! ~ U R ~  
& R I T E  [bp!iOO) hD$[ZcK3 p I = 1 t F ; D U R l  
k * % Z ~ E < b p  B 1 R Q )  [ A N Y H I ~ ~ X )  ~ 3 ~ X 1 F l D U f t l  
X ~ ~ ~ T K & V e L E e C e C R ~ I N C A D O L E e O )  G O  TO 710 

639 ZF!b',EE.I61 80 1 0  7 1 0  
I F ~ s ~ ! ~ " ~ , , G T ,  [ h y G ~ K w , i )  e A N I j c ~ ~ M . L ~ .  ( A \ ~ ' G s K * * ~ )  1 GO TO 710 
INISCz1 
ME0 
00 6 5 0  . i a l p N Y R S  
9Q 550 I=I,NDUR 
HZYL.3 

I'CO!H~Kl~GE~TI Fa 10 640 
fEMFz2 ( f i r  K )  
O E M ~ K ] = ~ O . ~ ~ T E Y P - D Q ( X ~ K )  
GO TO 1550 

640 Q ( M t K 3 s w 1 ,  
650 C O N f  I N U E  
650 C O M T I N U E  

I F I S U M * A V G S K :  6 7 0 , 7 1 0 1 b 3 0  
6 7 0  DO k.80 I = l r N a U R  

T F Z N L O G [ X , K ]  ,LE,O) 5 0  TC 6-30 
DOC:,%l=DQEI,K2*l.S 

680 CONTIk !CE 
G O  T 2  550 

b90 DO 700 X=l,Yi?US 
IF C N L ~ G E I ~ K )  . L E e O l  G0 16 7 0 0  
D ~ ? I , O = D ~ ~ ~ ~ Y ) Q X X N C R [ I I K >  

709 COhTTi>::E 
G C  TO 550 

710 C J N S I N U E  
TFINYCXF.GT.O) NQTXXEI 
N S T A X = N S T A + N ~ T A  
TF f".Qi:9=Ege1 3 ?dSTWXZt!ST4 - -. - 

C Q#TT COSREbATXCNS f f  ONLY 1 STA AND 1  D U R A T X B N  
I T R N S = O  
TF<ICOXL+EQ.II 50 T O  730 
WZO 
AUYHS=3,  
B D  72F J = I I N Y R S  

= *.r + j, 
I F  4 ' ? ( J r S ) . G E * T f  GO T O  7 2 0  
A: lYRS%h?. 'YRS+~  i )  

QPC", i]"Bt4NK 
i R C R D ( : 4 ) g t  

720 C B N T I N U E  
r,Q 'hr; 2760 

C O M I T  C O ? R E L A T I D N Q  TF N O  M X 9 9 I N G  FLOidS 
730 X F t K R C R n m E Q * l )  60 T O  1130 

C n * s a * r COI?PUTE SUM3 OF 9QUARE9 A N D  CRDSS PRODUCTS * * * * * * * 
740 D O  7 5 0  KZ1,NSTA 

on rso s = ! , m e a  
ao 755 L = I , N S - ~ W X  
4 W C E t ~ l b S = ~ 4 .  
8UYA(i,K~b)z3, 
S t j c Y 9 [ I - K p l ) = 0 a  

E X H I B I T  6 



SOA(IpKrt)'Os 
g q : > < I p i i r b > = ? s  
~ P & 2 6 l p K t L I " O o  
+ ! C B $ ! f e K e t I = C I  

250 C O N T I N U E  
7 0 ~  c~:*jr i:dur 

Q O  7 ~ 2  X = l r N $ T A  
x,(zx+S. 
Z F  [ Y X ~ G S ~ M S T A X )  $0 TQ 820 
M - 0  
DQ 810 J Z l t N Y R S  
80 8OQ I g I p M D U R  
MSF191 
TE:fPZB [ l l r  Y )  

- - : r  CL ,'E,QFjTS1FC TG 770 
i-:4'"L"t'ST fi 
I F  [ i s E O , ; j  THG"O!W*I ,LX) 
ZFfi,GF.i]73~"~6H~lpiX) 
S r  $ T f l r , C E , T ) G D  70 790 
I -  r - m c  

i a l  , h 3 , r G s t )  ? ~ P ~ A L G G ( T ~ ~ P * D Q C Z ~ L X ) ~ * . ~ ~ ~ ~ ~ ~ ~  
PC? 730 

'773 T r i Q - 2  [IH,!.j 
I F  ITPP,GEqT)GL3 T O  790 
I F f  17ZNS-EQel) Y M P = A L O G [ T ~ ~ P S D Q [ X ~ L ~ ~ * * ~ ~ ~ Z ~ ~ ~  

C COUMT AND USE G V L Y  RECDRDED PAIRS 
780 N : ~ ~ C ~ , K , L I = N C A U ( X ~ K , L I + I  

~ u ~ ~ ~ ~ ~ K ~ L ) = s U ~ ~ A I X , K I L I + T E W P  
SUNBI!,K~L)=S~JPB[IDK~LI~THP 
354 [ I r K I  C3=56.@i I I ? K t L 3 + T E ? 1 P * T E N B  
Eat3 C X , K p L ) = s i J R  f I s F a i ) + T M P * T f + F  
X ~ ~ ~ ~ : : , K , L ~ = X P A ~ ( ~ , ~ ~ ~ L ] + T E M ? Z * ~ W P  
I F Z L . G T , N S T A I  G D  T D  790 
NCAR(Z,Llk)=MCA31X,KeL) 
$ J H A [ I ~ C ~ # ) = S U N Y ( I ~ K , L ~  
~ ~ : " B I X ~ L I K ) ' S U H A ( I , K I L )  
371 ( I p L . r K : ~ ~ 9 3  ( I I K I L )  
323 Il*Lr<3=SP4 C I I K : ~  1 
3789 i i p ? r K : = X P R 8 1 3 s X I b )  

990 iL!>iTIF LL 
$00 C I : ~ ~ ~ I > ~ : ; E  
B ; C  C C V T ~ ~ L E  

C * a * * * * COYPUYE CJRAELATXBN C C E F F I C T E N T S  * * * * * * * * * 
l T E P E 3  

820 DO tJaO :=3,NDUR 
9 + S E k 2 C H  FOE DURATION U I T H  LONGEST RECORD 

BTE>?FZNL3GCXIK.) 
IF iITEMP.LE,XVHP) GO 50 830 
ICH i?= ITEPIP  
X X "  I 

830 I F ' E K X c . E T e N S P A X 1  GO TO 870 
DO 860 L = K X 8 Y B T A X  

& ELYFSNATF P A I R S  HIiH LESS THAN 3 YRS D A T A  
IftbChBlb,K,L1.LEs2) GO TO 842 
YE%P=K$CAE [ 1 1 K 8  L)  
S Q = S I J P I A ( I ~ K ~ L ~  
3 B = $ i i K B  i X I K , i .  
T ' ? P = I $ Q A  ~ x ~ Y ~ L I ~ ~ w * * ~ / T E I I P ~ *  C S G B ? I ~ K P L ~ ~ ~ ~ * * ~ / T ~ M P ~  
IFCTfd",LE,O,) 60 TO 850  
THPB.71 
PMPA=XPAS(19#rL)-SAnSa/TEMP 
I F  (BHPA,L7,0,)TMPO=*TtfPB 
T:,PA=TF+P.@irTMPA/TMP 
T M ~ W = ~ , - ( ~ . - T M P A ) * [ T ~ ! U ~ P * ~ * ) / [ T E ~ ~ ~ P - ~ ! ~ )  
TF: fMPA.LTe0.3TMPA=C.  
f i A r ; , % , : ) - T P ~ B a T Y p r i * * ~ 5  
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~ E ~ R ( I ~ X ) = N L C G [ ~ ~ Y )  1'554 
11120 C O K T I L ~ J E  1555 

1556 
C n a * * * TRANSFDRK TO STANDARDIZED VARIATES * * * * * * * * * * * 1 5 5 7  

1130 DO 1 1 8 0  K = I I M % T A  1558 
M=O 1 5 5 9  
DO 1 1 7 0  J = L f N Y R S  1560 
30  1160 ;= l rNDUR 1561 
F * 1 = W + :  1562 
IFCOIMpKI ,GEnT)GO TO 1 1 6 0  1 5 6 3  
I F  C 8 D C I t K )  .LEeOolGO TO i t 5 0  1 5 6 4  
o ( M , K ) ~ ( Q [ M ~ K ) ~ A Y ( I ~ K ) ) / S R ~ I ~ K )  11 565 

C PEARSON TYPE 111 TRkNSFaRM 1 5 6 6  
??lPP=SKEW ( I , # )  1 5 6 7  
IFCTMPPs&(3.O,> GO TO f 1 6 0  1 5 6 8  
~E3P=,SbTMPP*Q(MpKl9I. $ 5 6 9  
T t 4 P z I  1 5 7 0  
TflTEMPeGE,n.)GO TO 1 1 4 0  1 5 7 1  
TFr'tiPz-TEMP 1 5 5 2  
TMP=-TYP 1 5 7  3 

1 1 4 0  Q(M,K)=~,*(TMP*T&MPR*[~~/~.)~~.)/TMPP+TMPP!~~ 1 5 7 4  
G O  711 llBO 1575 

1158 R [ M , Y ) = O ,  I S 7 6  
l i b 0  C D N T f  RUE t 5 7 7  
1173 CO'dTINtE 1 5 7 8  
P I G O  C O i q Y I M U E  1 5 7 9  

S P R t . i S " - l  1580 
G O  TO 740 : 5 8  1 

C r a fi r n n ESTXHATE MISSING CORRELATION C O E F f & C I E N T S  * * a * a * * * 1582 
1190 XF(NSTA,LE .~ )  G O  70 1370 1 5 8 3  

o a  3.260 ~ = a , ~ c u ~  1 5 8 4  
IXST-I - ---- 1569 
X F I I r n E Q e 1 )  I X = I + 1  1586 
00 1250 K = l r N 3 T A  1 5 8 7  
K X Z X * I  1588 
i F  (KX.GT.NSTAY) GO 70 9250 1589 
oa  x a ~ a  L S K X , N S T A X  15510 

C L AND K CORRELATION POSSIBLY  M I S S I N G  1 5 8 1  
IF(RAII,KFL),GEe(~l.l]GQ TO 1240 1 5 9 2  
R N A X Z I ,  1593 
RI+fIE?=*E 1584 

C L X  SEARCHES A L L  D I R E C T L Y  RELATED CORRELATIONS 1595 
DO 1 2 3 0  Lx=x ,MSTAX 1596 
IFILX,EQ.K)GO TO 1 2 3 0  1 5 9 7  
IF[LX.EO.L)BO TO 1 2 3 9  I S 9 8  
TEMP=RAII,K,LXI 1 5 9 9  
fFtL.L.E.NSTA3G3 TO 1 2 0 0  1 6 0 0  
IFCLX.LE,NSTA)GO TO 1210 1 6 0 1  

C BOTH L  AND L X  REPRESENT ADJACENT DURATIONS 1 6 0 2  
ITNP=L-NSTA 1603 
ITEMP=LX-NSTA 1 6 0 9  
THP=RC l I X ,  ZTMP, I T E M P I  1 5 0 5  
G O  Tf l  1220 1 6 0 6  

C L  REPRESENTS CURRENT DURATION 1 6 0 7  
6206 TF?P=RA[IIL,LX! 1606 

SQ TO 1 2 2 0  t b0S 
C LX AND NOT L  REPRESENT3 CURRENT DURATION 1 6  1 0  

1210 T ~ P = S 4 ~ ! v & ~ I L l  1 6 1 1  
1220 f F I T ~ l P + T E M P , L T o  (-2,) )GO TO 1 2 3 0  1 5  12 

T~PA=(:I.-TEMP*TEHP)*(~~.ST~P*TMP~}**.~ 1 6 1 3  
-..s.,.--..- -F . , -L- .** '  

1 1 1 Y 3 -  f 'lie* 1 f I'fyT 1 rlple 1 I? la 
I F ~ T ~ : P ~ , L T , R M A X ) R M A X = T Y P B  1 6 1 5  
I P I P ~ = T M P B - T M P A - T H P A  i t 2  r 6 
I F i T W P 3 , G T , R M X N l R M T N = T V P ~  1 6 1 7  

1230 CONTINUE 1 6 1 8  
C AVERAGE S M A L L E S T  MAX AND LARGEST MXN CONSISTENT VALUE 1 6 1 9  

R4[IpK*Ll=(R%AX+2HTNj**5 2 4 2 0  
I F  ( R A f f  t K f L 3 * L T . 0 0 0 3  RBII:K.L)=O. 1 6 2 1  
P F ( L s i E , ~ S T A ~ R A ( I ~ L ~ Y l ~ R A ~ X ~ U ~ L )  1 6 2 2  
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1.240 C$Pv4Z i<u5  3623 
1250 COMTXNCE 1624 
1260 CONTIYUE 1625 

6G T J  1370 1626 
t * r a * * PRINT CORREL~TION MATRIX * * * * * * * * * * * fi * * * 1627 
1278 DO 1450 I = lrNDUR $628 

IFCXTRNSeLTel) W R I T E ( ~ , ~ ~ ~ O ) ~ A ~ I ) ~ A B [ I )  1629 
$ 2 8 0  FqRMAT(//46H C Q R R F L A T ? D ~  COEFFICIENTS OF RECORDED O A ~ A  FOR 2A419H 163C 

1 C b i S r Z T I 0 f i  ] 1631 
IF(ITRNS,GT.OI WRITE(~,IZYO)AA(I)~AB[X) 1632 

1290 FflEPkT!//bQH CORRELATID~ COEFFICIENTS OF RECORDED AND RECONSTITUTE 1633 
10 DATA FR9 2A419H DIJRWTION) 1634 
W R I T E C ~ , ~ ~ ~ ~ ~ ( I ~ T A ( K ) , K = X I N S T A I  16145 

1300 FORM4T1/3X13H3TW 20x6) 1656 
WRPTE!6,1310) 1637 

13!0 FnRMAT(20X,IBHWXTH SAHE DURATION) 1658 
0 0  5320  6=11MSTA 1633 
h R T f E 4 Q p  1330?ZSPA(K]l [AA CIdKdLZ,L=iINsTAl $640 

1320 CONTINUE 1641 
1330 FORHAT (lXr15020F6.3) 1642 

XF (NDUR,EB.Il G O  T g  1360 1643 
W R I T E  (6 ,13401 1644 

1340 FIIF???BT(20Xv39HWITH ADJACENT DURATION AT ABOVE STATION) 1645 
ITP=NSTA+l 1646 
D D  1350 K = I p N S T A  i6&7 
WRI T E Z B e  XSPQ>ISTW(KI F (RA[~,KIL~IL=ITP~NSTAX) 1648 

1350 C U Q T I X U E  1649 
1360 C O N T I b U E  1650 

I F I K R C 9 D s E Q * I l  G O  TO 1760 1651 
i F i % T H N 3 1  1190~1190~2020 1652 

C a * * * * * RECONSTITUTE MISSING DATA a * * * a * * * * * * * * * * 1653 
1370 M=O 1654  

NVAf?=NSTA+l 1655 
DO 1750 J=lrNYRS 1656 
IF (TRCHD(JI~ECJm1) GO TO 1380 1657 
MtM+NDUR 1658 
G O  TO 4750 1659 

138C D o  1740 ItifND3R 1660 
IfiHZM 1661 
& X = M  1662 
N = ; H + f .  1664 
XF(I,EQ.l)MMaM+l 1664 
DO 1730 K=blN8TA 1665 
KX=NSTW+K 1666 
I F  (LJ CM,#) .LT+TaDRyNL~GCIrKl mLTe3) GR TO 1730 1667 
V l  NDP'O 1668 
I P R E V Z O  1669 

C F O R M  CORRELATION MATRIX FOR EACH MXSSING FLOW 1670 
DO 1450 L=P,NSTA 147 i 
LA = N P N 3 $  1672 
XF[L.EQ,K)GO TO 1420 1673 
%FCOIM,LI ,GE.T)GO TO 1450 1674 
N 1!4DP=NXNDP+I 1675 
X[NIN2P)=fl[M,L) 167 B 
0 0  1410 LX LINSTA 1677 
IFfLX.EQ.KIGO 70 1390 1698 
XFIB[ ; l rLX)  . G E m T l C R  TO 1410 1679 
LA=L P * 1  1680 
RCNINDP,LAI=RAIIpL,LX) l6Bl 
GU T O  1400 1682 

$390 IF (NDQ?,EQ.!] GG 1410 i b e j  
IFIQ[MM,LX) .GE~T)GO TO 1410 1684 
L.A=LAct 1685 
RININDPILA) = R A L X ~ L ~ K X )  1686 

$400 R[tA,NiK3P) R(NXNDPpLAl 1687 
ssaa C O N T I N U E  1688 

R(NEVDPpNVAR);RA(Ipb,X) 1689 
GO TO 1450 1699 

3920 Xr C N D U R s E 0 9 1 1  GO TO ilSO 1691 
IF(O(MM,~),GE+flGU TO 4450 1642 
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NINDP=NXNDp+ l  1 6 9 3  
I P R F V = N I N D P  I 6 5 4  
X / N I N > P )  I C J  (MMgL) I 6 3 5  
DO 1440 LX  = LpMSTA 1 6 9 6  
IF(LX,FO,K)GKI 70 1 4 3 0  1 6 9 7  
I F ( B I M p L X ) . G E o T I G O  TO 1 4 0 0  1 6 9 8  
LA=Lb+l  1 6 9 9  
RCNINDPpLA)  = R A I I P L X ~ K X I  1 7 0 0  
R ( L A , N I N D P ) = R [ N I N D F I L A ]  1 7 0 1  
GO T O  1440 1 7 0 2  

1 4 3 0  L A = L A s i  1 7 0 3  
R (N INDP,LP)= l ,  1 7 0 4  

1 4 4 0  CONTINUE 1 7 0 5  
R ( N I N D P p Y V A R l ~ R A ( X p L I K X 1  1 7 0 6  

1 4 5 0  CONTINUE 1 7 0 7  
G CASE NUBBE!? 1 RESULTS WHEN NO FLOWS ARE FOUND FOR CORRELA 1 7 0 8  

I C S E - t  1 7 0 9  
:FINENDP,LE.O) 60 T f l  1 5 1 0  1 7 1 0  
ITMP=NI~DP+I  1 7 1 1  
D O  1 4 6 0  I X = t , N I N D P  1 7 1 2  

1 4 6 0  R [ I X p  ITVP)=RCIX INVARI  ---------- ---..-..---* 1 7 1 3  
C 1 7 1 4  

1 4 7 0  CALL  CRUUT(R1 
I - - - - - - - - -  
.m---."--.,-- 

1 7 1 5  
C 3 7 1 6  

XTEMP=NINDP+l  ..- -- .-.- 1 7 1 7  . . 
TEMPZI .  1 7 1 8  

I INf?C=O 1719  
D Q  ja90 L=I,b15%DP 1720 
I H P = A B S ( R ( L q  ZTENP)) 172 :  
IFC?YP.GT,TEHB? GO TO 1 4 4 0  1 7 2 2  
I F ~ L ~ E U e I ? ~ E V ~ A t 4 U ~ T M P a G E ~ ~ ~ l  6 0  TO 1 4 8 0  1723 
T f  }4P=TMP 
1 7 3 - i  

1 7 2 4  
1 7 2 5  

1 4 8 0  IF!9(1,  I T E M P I  .bTeOe,ANDe8tLZ q G T e < * l e 5 1  t A  L  60 T 0  1 4 9 0  1 7 2 6  
XF ZRCLpITEMPl a G T e O . M . 3  ( L l  oGTe ( * e S I  * A N  5  GO TO 1 4 9 0  1 7 2 7  
St lDC=I  1 7 2 8  

l Y P O  CONTINUE 1 7 2 9  
IFCINDC,GT.O) GO TO t50C 1 7 3 0  
~ F ~ D T R M C e L E ~ l e ~ A N D ~ 3 T R M C o G E . O . l  GO TO 1590 1 7 3 1  

C I F  WATRIX I K C R h S I S T E N T r  O H I T  VARIABLE  WITH LEAST  CORKELAT 1 7 3 2  
1500 XTb?P=NINDP-: 1733 

I F I I T M P e S T 9 0 1  G O  Y O  1530 1 7 3 4  
C CASE NUMBER 2 RESULTS WHEN A L L  CDRRELATIDNS ARE ZERO 1 7 3 5  

I C S E = Z  $ 7 3 6  
C POSSIBLE  BRANCH FROM 87Qa2 1 7 3 7  

1 5 1 0  T Y R = I Y R A + J  1 7 3 8  
# R I T E ( 6 , 1 5 2 0 1  XSTACK),XIIYRpXCSE 1 7  39  

1520 F O R M A T ( / 2 5 Y  ZERO CORRELATION FOR STA FXb , IOH DURATION pI2,bH YEA 1 7 4 0  
1R ,IStOH CASE pX2/] 1 7 G I  

8[5)=13, 1 7 4 2  
X[Z)=O. 1 7 4 3  
D'IRMC=O. 1 7 4 4  
617 TO 1 5 9 0  1 7 4 5  

8530 IF(XTP,GT,ITMP) G O  TO 1 5 5 0  1 7 4 5  
DD ASSc L=TTPpXaMP 17417 
D 9  1 5 4 0  L A - I g I T E M P  1 7 4 8  

1 5 4 0  R[LeLA3=4(! . .+SpLA) 1 7 4 9  
1 5 5 0  X [ L l = X f L * 1 ?  1 7 5 0  
1 5 5 0  D O  1 5 0 0  L = l , I T M P  1 7 5 1  

4 e7,. 
DO 1 5 7 0  LA=XTP,NXNDP 1 7 5 2  

i a r u  G [ t g i t i j = R { L l i A + ~ ]  1 7 5 3  
1 5 8 0  CONTINUE 1 7 5 4  

N.IINDP=I'OMP 1 7 5 9  - 7 -  

GO T O  1470 1 7 5 6  
C ADD RANDOR CDMFONENT TO PRESERVE VARIANCE 1 7 5 7  

1 5 9 0  TMP+RNGEN( IYXI  1 7  5 8  
?EMP=WhGEN( IXXl  1 7  54 
TEMP= [ - 2 , a A L O G  (TEMP)) * * * 5 * 3 X N  [ 6 * 2 8 3 2 * ~ M P I  1 7 5 0  

C CDVPUTE FLOW 1 7 6 1  
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PEHP~IEMPa[X.oPTRMCl.$ke5 
D3 1500 t a ? , % 4 % N Q P  
VEMP"TEMF+D (Lj *X [ L 3  

i b 0 8  CDNTXNOE 
Q;M,df nT%MP 
ANY9(X:Kl~kNYRII,Kl+DTRPC 
T P " O I M P X )  

C ADD NEW VALUE T O  SUM$ OF SQUARES AND C R O S S  PRODUCTS 
30  1670 L a l , N S T A X  

C SUBSCRIPTS E X C E E D I N G  NQTA R E L A T E  TO PRECEDXME MONTH 
1690 f F ( L . L E 9 N 3 T A )  G O  TO 1620 

LX=LwM$TA 
IF ( X e E Q a I )  T f l P ~ R ( M + l , b X )  
XF[I.GT.1) T H P = O ( M * l t L X )  
G O  TO 1530 

1620 TMP=O(H,L) 
1630 XF(THP,GE,T) G O  TO 1570 

C COUNT AND USE ONLY RECORDED P A I R S  
N C B B ( I r K p L ) = N C A B t I ~ K ~ L l i l  
S ~ ~ A ~ ~ ~ K ~ L ) ~ S U ~ ~ ~ I ~ Y \ I L I + T P  
S ~ J Y B ~ S ~ K I L ? = S U ~ S [ I ~ K , L ~ + T M P  
538 t l r K , L 3 = S G A  C I , K , L I S T P * T P  
538 (IIK+-L)=SQE ( X r  K t  L )  +THB*THP 
XPAB[ZIKILI=XPAE(I~KIL)+TP*THP 
IFCL.GT.NSTA1 G O  T O  1 6 4 0  
M C A B ( I ~ l r K ] = N C A B ( X I # r L )  
5 U M A ( I I L ~ K ) = S U M B ( X g # s b )  
S U M B ( I ~ L V K ~ " S U H A ~ X P E ~ L ~  
804 ~ I ~ L I K ~ = S Q B  f X q X r t )  
SOB [ X p L e K ) = S Q A  ( I r K r l . 1  
X P 4 8 C I p F , K ) = X P A B ( X p K I L )  

C RECflnPUTE CCRRELATION C O E F F I C I E N T S  TO I N C L U D E  NEW DATA 
C E L I M I N A T E  P A I R S  W I T H  LESS THAN 3 YRS DATA 

1690 TFIVCAR[I,K,L).$E,i?) 60 TO $670  
T E H P = N C A B C I p Y p L ]  
T ~ P = I S O A ( I , # S ~ "  ~ ~ I ' ; i f l r K r L ) * S ~ M A ( X r K ~ L 3 / T E M P ) * ' 9 d l B ~ I r K r L l ~ ~ U H B  

~ [ ~ ~ K I L ] * S ~ J M S < ~  ' ,EMPI 1 9  

6 E L X M I W 4 T k  PAISS W I T H  Z E ~ O  VARIANCE P R D u ~ C T  
TFCTM?.LE,O,) GO TO i 6 S a  
TMPS=1, I 

I ~ ~ P A = X P A R ( I , K ~ L I - S U Y Q  I ? ~ K I L I * s u M  "P,K,Ll/TEMP 
I: ? E T A I N  WLGEER i f  C S I G N  

X F ( V H P A . C T . O . 3  T M P & = - T P ~ @  
TMPA=TMPh*Tf lPAbTN$ 
RA I X t K , L 3 = ~ M F ~ * T M P A * # , 9  
X F ( R A I I I K ~ L ) . G E ~ O . I  60 I ' O  1660 

1 6 5 0  EA(I ,K,L)=O. 
1660 XS(LJG?.NSTAI  GO TO 1 4 7 0  

R A ( I P ~ . ~ K I = S ~ ( S I K P I ?  
1670 C O X T I N ~ J E  

I F [ N O U R , E ~ . ~ ) G ~ I  YO 1730 
D O  1720 LZ1,NSTA 
rTP=O 
jlx=1+1 
IF ( IX .GT.NDURI  G O  TO 1b&O 
TMP=Q/M*lpt) 
GO TO 9700 

1680 XF[%.GT,2) G O  T O  1730 
1690 ' ~ M B = O [ M P ~ ~ L )  

I X " 7 - 1  
I TP= 1 

1700 IF(THP,GE,Tl  G O  TO 1720 
M C 4 R [ I X p L p K X l = b J C A B ( I K p L ~ K X ) + l  
S U M R ~ I X I L ~ K X I = S U N A ~ P X ~ ~ ~ K X ] ~ V E ? P  
SURR(XXtLI#X3=SUMBtXX~L~KX)+TP 
904 (XXtL ,KXI "SQA ( I Y ~ L I K X ~ + T H P * * ~  
$ 0 8  E I X p L p K X 1 " S Q B  t I X p L s K X l + T P * * 2  
X P ~ ~ ( I X I L ~ K X ) ~ Y P R B ! I X ~ L , K X ~ + T M P B ~ P  
I F  [ N C A R ( I X p L , K X )  .LE.2) G O  TO 1720 
TEFlP=NCAB[ IX ,L rXX)  
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$730 CONTINUE 
1740 CDNTfNUE 
6750 CONTINUE 
1766 #RTVElbrSO) 

W R I T E  (6s 17701 
1770 F O R M A T  L33Y RECORDED AND _B%CQNSTITUTED DATA 1 .  .- - - 

80 1980 K=lrNSTA 
I f  CX.GE,NQTXXl Wf?I?E(b,8780) ( A A ( i 1  t A 8 C X l t I ~ l t N D U R )  

1480 FORMAT(/2XIt0H 97.4 Y E A R  4 ~ p A 3 r A 4 ~ 9 ( 3 ~ , 2 A 4 1 )  
MSO 

C CONVERT STANDARD DEVIATES T O  FLOWS 
ANYRS=NYRS 
0 5  1890 J = l r M Y R S  
XF [IRCRD(J)eEQe1) GO TO 1390 
M=FS+NOUR 
A N Y # 3 = A N Y R S * l s  
GO TO 1890 

1790 80 1870 I=I,NOUR 
M=M+1 
X ( I ) " f l R ( M , K I  
XO[II*Q(MpK) 
ZF(~CURL.EB,O)GO TO 1870 
I F  [NL06[XcK3.RTe31 G O  T O  1860 
TEMP30 6 N p  K) 
TMPZSKEW I Io  K) 

C USE ADOPTED SKEW FOR RECONSTITUTING 
X F  (XSKEW.GT.Q) T H P = S K W ~ I I  
IFIIMP,EO,O,? G O  TO 1020 
~ E M P = ~ C T H ~ * ~ ~ E M P ~ T ~ F / ~ ~ ) / ~ . ~ ~ ~ I R * ~ ~ ~ . ~ R ~ ~ / T M P  
X F  C O R C M I K )  * N E a E I  G O  P O  1820 
TVPPS ( - 2 r ]  /T#P 
IFCTMP) 1800p182Op1t310 

1800 fF(TEPlP,GT,t+fPPl TENPZTMPP 
G U  T O  1020 

18XO SF(TEMP,LT.TYPP) TFHP=TMPP 
1820 I 3 P = T E M P * S D  {IrK) +AV [X,K) 

:E~P=IB,s*THPoD~~(x,Kl 
XF(TEMP,LT.O.) T E M B ~ O ,  
%FITEMPeLTsQHXM[9tK3) QMXN(XIKI=TEHP 
O[N,KJxTEMP 
IFfI,EQ.ll GO TO 1850 
T M P ~ f l [ M ~ t c K ) * P I X l / P ~ I - l ~  
IFIOZM,K).LT,TMP) G O  TO I850 
X F ( Q A C H , K )  .EQ,EI G O  T t l  1840 
ITP=X-1 
D O  1830 L = l , I T B  
T Y P = Q i M - L  , K ) * P ( I ) / P [ I I L )  
I F [ T f i P , L T . Q ( M t K ) s A N D . Q R ( M * L , K )  ~ E Q ~ E ) Q ( ~ W L ~ K ) ~ Q ( M ~ K I * ~ ~ X * L ) / P ( I I  
XF/NLOG[I-L,K> .GT.?] XB(!-L)ZQ[H-LiK) 

1830 CONTINUE 
G O  Ti3 ldSO 

1340 Q[M,K)=TMP 
1850 X O C I l = Q ( Y , X l  

G O  70 $8 7 0  
1850 XQCIl=-l, 
1870 CONTINUE 

HF(K,LT~NsTxxI GO 70 1890 
I Y X Z I Y R A ~ J  
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P?ITE[6t5SFO) IsTA(K1 c I ~ R ,  C X ~ ~ ? ) ~ X < I ~ , I ~ ~ I N D U R )  1902 
1880 F O ~ M A T C ~ I ~ , F ~ ~ ~ O ~ A ~ , F ~ O ~ O ~ A ~ ~ ~ ~ F ~ O ~ O ~ A ~ ~ ~  1903 

SF /IPCHQ,FT,OI HRITEL7rbOl Z S T A ( K )  r I Y R ~  (XQ(II~I=l~NDUR) 19061 
IB9O CONTINUE 19Q5 

TF(X,LT.NSTXX) GO TO 1qe0  1996 
ZF(XCORL,EQ,O.OR.KRCRD~GE~I) GO TO 1989 1907 
I N D C = O  1908 

$900 DD 1910 I=I,YDUR 1909 
I F ( ~ M I N ( I ~ K ~ ~ D B E I ~ K ] ~ G T ~ ~ O O O ~ )  60 TO 1910 l9bO 
I N D C = I  1911 

1910 COVTINUE 1912 
XFCINDC,IT.II 60 TO 1930 19 13 
DO 1920 I=I,NDUR 1914 
B O ~ I , K I ~ O O ~ X I K ~ + X I N C R [ I I K I  1915 

%42F CONTINUE , t 1916 
50 T O  1900 1917 

C * * a * * * RFCUXBUTE FREQUENCY STATISTICS * * * * * * * * * * * * * 1918 
1930 D 3  1970 I=ZINDUR 1919 

IF (NLOG(I,KloL.T.31 60 T O  1960 $920 
TFiPrO, 1921 
TEMPZO. 1922 
TMPAZO. 1923 
M = I  1924 
DO 1950 Jx1,NYRS 1925 
IF (XRCRD(JleEB*01 GO 7'0 1940 192b 
VP=ALOG[Q[MI#I+DQ~X~K) 1 1927 
TMP=PMP+TP 1920 
TEMP=TEMP+TP*TP 1929 
TMPA=TMPA+TPITF*TP 1930 

1940 M = M + N D U R  1931 
1950 CONTINUE 1932 

A v I I , K ) = T M P * . ~ ~ ~ ~ ~ ~ % I A N Y R S  1933 
sD( I ~ K ) " [ [ T E M P ~ T M P * T M ? / A N Y R S I ~ C A N Y S S ~ I C I ) * * ~ S  1934 
S K E W [ S ~ K ) = ( A N Y R ~ * A N ~ R S * ~ M P A ~ ~ ~ * A R Y R S * T ~ P * T ~ H ~ ~ ~ ~ * T ~ ~ * * ~ ~ /  1935 

1 ~ A N Y R S * ( B N Y R S ~ ~ . ~ * ~ A N Y R S ~ ~ ~ ) * S O ( I ~ K ~ )  1936 
1937 

SD(IsKZ=SD[XaKI*s43929Y5 393% 
60 TO 1970 5939 

1969 ANYBIIeK)=Os 1940 
1370 CONTINUE 194 1 
asao c o ~ r ~ ~ u a  1942  

X F C X C Q R b a E R . 0 s O R a K f f C R D e 6 E B l )  GO 70 2020 1‘343 
WRITE(brSOl 1944 
WRITE(6p!9901 1945 

1990 FORMAT(//56H FREaUENCy STATISTICS OF RECORDED AND RECONSTITUTED DA 1946 
iTA 1 19ri7 
W A X T E ( ~ ~ ~ ~ ~ ) ( A A ( I ) , A B ( I ) I X ~ I ~ N D U R )  1948 
D R  2010 Y=NSTXX,NSTA 1949 
w R ~ T E ( S , ~ U ~ ~ > X S T A ( K )  I ( A v ( I r K l  I X E B I N D U R ~  1950 
W R I T E C ~ ~ ~ O B O ) ( S D ( I ~ K ) ~ I = ~ I N D U W )  1951 
WRITE(6110901 (SKEH(Z,K~FI=~,NGUR) 1952 
H S E T E  (6p2000) (APYR(IrK1rI"lrNDURl 1953 

2000 FOQMAT ( ~ x # ~ W E O U I V  Y R 9  I O F P I e l )  1954 
2010 CONTINUE 1955 
C RECOMPUTE CORRELATXON M A T R I X  1956 

I T R Y S = 1  5957 
G O  TO 730 1958 

C n * a a a * ARRANGE FLOWS I N  ORDER x * * * * a * * * * * * * * * * * 1959 
2020 ITYP=hNYRS+,I 1YbO 

C COMPUTE MEDIAN PLOTTING POSITIONS 1961 
?EM?='! ,/A!iYRS $962 
P ~ T ~ f l ) = ~ l . - . ~ * * ~ E ~ ~ 1 * 1 0 0 ~  1953 
T E Y B = ( l O O , ~ P b T T ~ l ) ~ P L T T [ I ) ) ~ ~ A N Y R S ~ i a )  1964 
DO 2030 J=i?pITMP 1965 
ftTT[J3=PLTT(J-l)tTEMP 1 Y b b  

2030 C'INTIKUE 1967 
H2ITE(6,20403 2968 

2040 FORMAT(/PlSH FREQUENCY A R R A Y 9 1  1969 
D8 2130 %=NSPXXpbJSTA 1970 
DO 2080 i = I , P i D U R  137 1 
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M- I 
C%CII"QCM,K) 
I F [ E ~ ( I j  .GE,Tl BM(K)=*T 
X (X)=BR(MIK) 
J A Z i  
DO 2070 Ja2,NYRS 
tS=H+NDUR .:;"""* . p  I f 4 
IF (IRCRD(S], .:r )', I S  TO 2070 'I,? 11 
JA=..?4+1 < i  

TEMP=B(HpK) ,3 . .- - . - 
J X z J h * h D U R + I  '1 t" 
DR 2050 L=ZrJA 
LX=JX-L*NDUR 
ITP=l.X+NDUR 
IFtwM(LX).GE.TEMP)GO T O  20b0 
6+t~3iP)=QflCLXl 
X / T i p !  = %  ( ! -XI  

2056 C C N T Z M U E  
Q u ( I I = T E I I P  
xcr)=aatn,K) 
GO TO 2070 

t O b O  Q#CITP>=TEMP 
X (ITP)=OR(MIKI 

2070 CONTINUE 
SOB0 CONTINUE 

WRITELbr24101ISTA~K) 
20'63 F ORPIAT (/lOH N13 PLOT 3XpA31 A4r9 (3~r2W4) I 

WRITE(6,20301 C A W  ( I )  PABII) I IEipKDblR) 
H-O 
DO 2120 J=ipXTMP 
DO 2103 PslpNDUR 
Nz!4al 
X : I ) = X ( M )  
xa(a)=sH t n l  
TF[NLCGII,K~,LTI~) XQ/I)=*l, 

2100 CUNTINUE 
W R I T E ( ~ , ~ I ~ ~ ) J ~ P L T T I J ) ~  (X(J(I),X~X~PI=~~NDUR) 

2310 F O B M ~ Y ( ~ X ~ I ~ ~ F ~ ~ ~ , F I ~ ~ ~ O ~ A ~ ~ ~ ~ F ~ O ~ O I A ~ ) I  
2120 C C N F I K U E  
ti30 C O N T I N U E  

G O  TO 2190 
C * 8 * R R * * R * * * R * * B * * * * * * * * * * Q * * * * * * * *  

t READ STATXSTICSr IF SUPPLIED 
2140 WRXTE(br2150) 
2150 FOR?lATZ/27H INPUT FREQUENCY STATISTICS 

WRITE[6r490) (AblI) , A B ( I )  ,I=lpNDURI 
DO 2180 K=ItMSTA 
DO 2170 I=IeNDUR 

C ** CARD I ** 
READ(5p2160)  I S T ~ ~ K ) ~ A V ( I ~ K ) ~ S D ~ X ~ ~ O I S K E W ( I ~ K ) ~ D Q ( ~ I K ~ ~ A N Y R ~ ~ ~ K ~  

2150 F D R M & T [ ~ X , I ~ , B # ~ ~ F ~ . ~ )  
M L O G [ I I K ) = A N Y R ( P ~ K )  

2170 CONTINUE 
WRITEIB~ 10701ISTAIK)~ [ A Y  ( 1 [ , K ) ?  K=%,NBUR) 
W R I V E $ B , ~ ~ ~ ~ ) ~ S D ( I ~ K I ~ ~ ~ ~ I N D U R )  
HRITE(6r 10901 (SKEHiItKI 11=1tNDuRl 
WRPTE(6~11001 (DQ(IeK)rI=lsNDUP) 
WRITE(br2000) CANYR[i,KlrI=ltNOUR) 

2580 CONTINUE 
2190 DO 2250 K=NSTXXpNSTA 

C a a 4 r + t ~ M Q ~ T H  STPTIS7ICS a 4 * r c * * * * r * * * * * * * 
IF (NSHTH,LE.(=l)l GO 113 2230 
IF[NDUReLT,33GO TO 2230 

C SUYSt SQUARES PND CROSS PRODUCTS 
SA=Q,  
s%3=0* 
9 C = 0 e  
S44"Oe 
saa=o. 
S A C Z O *  
IVhP'hDUR 
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- 
DO 2210 X a i r N Q U R  . 2043 
XF [ N L C G S I , K ) ~ L T ~ ~ )  GO T O  22GQ 2344 
V ? = n V E I I K ) - A L O G ( P C I ) i  2045 
T M P = S D [ I , K )  2 0 4 6  
% F f . S < E r [ i , K l  .GT.I.l S & E W [ I , K ~ = I ~  20;i7 
ZF15K&'dlIpK) . LTs  I-: ,l) 8 K E H I I r K I = f - I . l  2 0 4 8  
TEM?=SKEH(I,KI 2049 
S & = S A + i  2 0 5 0  
36=?j8+iMF 2 0 5 1  
SC=SC+TEVP 2 0 5 2  
S A ~ = S I A + T P * T P  2 0 5 3  
5 4 B = S A B * T P * T Y P  2 0 5 4  
S k C = S A C + T P a T E H P  2 0 5 5  
60 TO 2 2 1 0  2 0 5 6  

2200 I T M P = X T Y P = !  2 0 5 7  
2 2 1 0  CONTXNUE 2059 

I F  ( ;TPP. t7 ,33  GO TO 2 2 3 0  2 0 5 9  
C L I N E A R  REGRESSION,  S t 0  DEV AND SKEW VS MEAN 2 0 6 0  

T P E I T M P  2 0 6 1  
S A A = § & R - S A B S A / T P  2 0 6 2  
S A W = S A R ~ S A a S R / ' T P  2 0 6 3  
S A C = 3 A C w S A a S C / T P  2 0 6 4  

C L f V X T  REGRES.$ laN C O E F F I C I E N T  FUR C O N S I S T E N C Y  2 0 6 5  
G B = S A B / S A A  2 0 4 6  
IF (BB,GT8,253BR=.25  2 0 6 7  
IF(PBeLi.(~,2f)I8S~-.25 2 0 6 8  
B C = $ B C / 3 A A  2 0 4 9  
XF(BC,GT.i,)BC=l, 2 0 1 0  
I F ( B C , L T c ( ~ l . ) ) B C ~ * l ~  2 0 7 1  

C REGRESSION CONSTANTS 2 0 7 2  
S A e S A / T P  2 0 7 3  
S B - S R / T P  2 0 7 4  
CB=SB-BBnSA 2 0 7 5  
SC=SC/TP 2 0 7 6  
CCsSC-BCaSA 2 0 7 7  

C  COMPUTE SMOOTHED S T A T I S T I C S  2 0 1 8  
DO 2 2 2 0  I= I ,NDUR 2079 
PF ( N t P G ~ I ~ K I c L f e 3 1  G O  TO 2 2 2 0  20130 
TEMP'AYCI IK3-ALOG(P(X l )  2 0 8 1  
S D I I p # ) a C B + R R * T E N P  2OCl2 
IF [ S D C I I K ) ~ L T ~ O ~ )  S D ( X t K I = O .  2 0 8 3  
S K E W ~ I ~ K ) X C C ~ R C * S E M P  2 0 8 4  

2 2 2 0  C O N T i N Q E  2 0 8 5  
2 2 3 0  I F  [ISKEW,LE,O) G O  7 0  2 2 5 0  2 0 8 6  

DO 2240 I ~ l r N D l l R  2 0 8 7  
s K E w ( r , n ) = s K w t a )  a o ~ a  

2240 C O N T I h U E  2089 
2250 COMTTh!UE 2 0 9 0  

I F  ( N P u A . L T . ~ ~ A N D ~ I S K E W ~ L E ~ O )  GO TO 2290 2 0 1 1  
# R I T E  E B r  50) 2 0 9 2  
WRZTE(4r2260 )  2 0 9 3  

2260 F O R M B T [ / / 2 9 H  ADOPTED FREQUENCY S T A T X S T L C S ]  2094 
W f ? I T E ( f ~ ~ 4 9 0 )  ~ A A S I I ~ A B ( [ I I I X = ~ ~ N D U R ?  2 0 9 5  
D O  2280 K=NSTXXpNSTA 2 0 9 6  
W 2 I T E ( % p  I O ~ O I X ~ T ~ [ K ) I  C A Y  ( X t K ) r I = Z t M D U R )  2 0 9 7  
H R ~ T E ~ ~ ~ ~ O ~ ~ ) ( ~ D ~ X I K ) ~ I = ~ P N ~ ) U R ~  2 0 ~  
W f f I T E ( 6 ~  20901 CSKEkd(IpK1 I I = I I N D U R I  2099 
W R I T E C b ~ l 1 0 0 )  I D Q ( I I K ) ~ I = ~ , N D U R )  2 1 0 0  
I F ( I P C # Y . G T , ~ ) W R I T E ( ~ ~ ~ ~ ~ ~ )  ( I s T A ~ K ) ~ A A ( I A ( I ) I $ I ~ K s K  2 1 0 1  

L F W C X , K I ~ B Q ( X P K ) P A N Y R ( I P K ) ~ X = ~ I N D U R I  2  1 0 2  
2270 F J R S A T [ I B ~ ~ X , A ~ ~ A ~ , ~ F E , ~ ~ ~ F B ~ ~ ~  i i 8 r 2 A 4 r 3 F 8 e 3 r 2 F 8 . 2  j;  2 103 
2280 C O N T I N U E  2 1 3 4  

2 1 0 5  
C  * s a * * * COMPUTE FREQUEhCY CURVES * * * * * n a * * n * * * * * * 2 1 0 6  

2 2 9 0  T N P A z 1 0 0 .  2  1 0 7  
X ( 1 ) = 3 , 7 3  2 1 0 8  
X[21=3.03 2 1 0 9  
X [ 1 ) = 2 , 3 3  2110 
X ( 4 ) ^ l . b @  2151 
X [5 )=1 ,28  2 1  12 - 
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i MRITE(5~2JOOl 
2300 FGRMAT(26H COMBU?ED FREGUENCY CURVES) 

DO 2450 K=NSTXXsNSTA 
Tt.IPB=O, 
TMPPZO. 
DO 2409 II=IpNDUR 
Z=NDU2=Il+l 
IF(NtOGIIIK),LTe3) 60 70 5310 
TMPP=TMPP+1, 
TP=SKEYtI,K] 
?MPB~TMP~+ANYH(X~K) 

0310 DO 2390 J=ls13 
IF ( N F O G ( 1  , K l  oLTe3eANDa&STAT.LTe1) GO TI3 5380 
TEMP=O, 
XF(J~7]2320,23~0p233C 

2320 TEMPZX ( 3 )  
GO TO 2340 

2330 TEMPS-X(14-J) 
C PEARSON TYPE 111 TRANSFQAH 
2193 RF[TP.EQ,O,) 60 TO 2370 

TEMP=~,/TP*((TP/~.*~TEMP*TP/~~)+~.)**~-IO) 
IMP= (-2.1 /TP 
IF (TP) 2350,237012360 

2350 XF(TEMPaGToTMP1 TEHPZTMP 
G O  TO 2379 

G2(JpI!=10.a~THF=CgiI,K? 
IF[JREJrI) . l . ? r O - 1  QR[JtI)=Oo 
X F C E I ~ E Q ~ l e O R ~ J e L E e B l  GO TO 2390 
T : l P ~ Q R 6 J e f + i l * P l X ) / B C I + 1 )  
I F ( ~ R ~ J ~ I ~ ~ L T ~ T M P ) Q R ~ J I I I = T ~ P  
6 3  T f l  2390 

2380 OR(JIII=~$. 
2399 C O N T I N U E  
2400 CQNTI:4UE 

PFIT?fP?,LE.O.) 60 T O  2450 
PLTT[1l=eO1 
PbTVC2lz*t 
PLPT[31=1. 
PLTTI43"5. 
BLTTIS1"IO. 
PLTT[b)=30. 
PLTT 173=50. 
PiTTC83=TNPA-QLTT[b) 
PLTT19)=Tb!BA-PLTT(S) 
PLTT110)~TYBAmBLTT(4) 
PLTT[II)=THPB-PbTT(3) 
PLTT(12)=VMBAaPLTT[2) 
PLTT1!3)=T~BAmPLTT(ll 

C PLOT VALUES EXCEEDXNG 13 WRE EXPECTED PRQBABILITY 
TMP=TMPB/TMPB 
P t ? f t i ~ l ~ , 0 1 * ~ 1 e + ~ b C ) O d / ~ M P * * 1 C 7 2 1  
PLTillS)= .l*Cls+280./TPP**leS5) 
PLTT[1Bj= lea(d,+26,/lPP**1,16) 
PLTTt173= 5,*IP.+h./TMPa*1.04) 
FLTT(18)=10,*ibe+3./TMP**1.04) 
PLTT(191=30,*(1.+.4b/THP**~925? 
PLTT(203=50, 
FLTT1213=THP4-P&TT[I9) 
aL.TT c??I=TMP4*PiTT (m 
P L T ~ ( ~ ? ~ I = T M P A = P L T T ( ~  
p/TT(24l=TMFA-PLTT(16) 
PLTTt25l=TMPA-PLTT(l§) 
PLTT!2tl=TMPA-PITT(1u] 
d A I i ' E [ 6 , 2 4 1 0 i I S T ~ [ # )  . -  1 2alQ FO3YATCi'ey 3TATIQN 18) 
HRITEC6,24201 (AACI) ,A~II)II=~INDUR~~ - 
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pa30 F O R t f f i T f L J Y j  16H PLOT EXF FEU8 6 i ~ p A 3 ! ~ 4 r 9 ( 3 ~ , 2 ~ 4 ) 1  d l t l 5  
on 2 4 4 0  ~ = 1 , 1 3  2  I au 
Y ~ % T E 1 6 ~ 2 4 3 0 1  P L T T ~ J )  IP I .TT(J+P~)  1 (oR(JQI I  ,~~:SINDUR] 2 1 8 5  

2430 ~ 0 R ~ A P ~ 2 F 1 0 . 2 r 9 F 1 1 . 0 )  2 1 8 6  
2440 C O N T I N U E  2 1 8 7  
2 4 5 0  CONTINUE 2  188 

VSTRT=NSTAT-NSTA 2 1 6 9  
N S I A " N S 7 A T  2 1 9 0  
I F  (NsTAI ,GT,~O)  NSTA:10 2 1 9 1  
IF(NSTAeGT,O) 60 TO 2 1 4 0  2 1 9 2  
G O  TO 100 2 1 9 3  
END 2 1 9 4  
SUBROUTINE CROUT (RX) 2 1 9 5  
D I N E N S I O N  B ~ 1 O ) ~ R ~ l O ~ l l l r R ~ ( X 0 ~ 1 ~ )  2 1 9 5  
CilMMUN RTRMGeNINDFJp5 2 1 9 7  
NVAAaNXNBP+1 2 1 3 8  
D O  20 J = I t  NINDB 2 199 
D O  aa X = I , N V A R  2 2 0 0  

10 R [ J p K 1 = R X ( J t K 3  2 2 0 1  
20 CONTINUE 2 2 0 2  

?.F(MINOP,GT,~)GR TO 30 2203 
8 ( 1 1 = R I l r 2 ) / R ( i e l )  2204 
D T R H C = B [ l ) * E f l )  2 2 0 5  
RETURN 2236 

C a s n a a * D E 8 I V E D M A T R I X  * * * n * * * * a * * * * * * r * a * * * 2 2 0 7  
3Q 03 40 K = i ? , N Y A R  220EI 
9 0  R [ l r K l ~ R ( l p K ) / R ( l , B )  2209 

D O  80 K " 2 8 N I N B p  2210 
I T P = X - 1  2211 
D O  6 0  J=KpNINDP 22112 
D O  50 I = I , X T P  2 2 1 3  
L Z K - I  2 2 t 4  

50 R { J , K ) = K ( J P K ) ~ R I J I L ) * R ( ~ K )  22 15 
I F I J I E O s K )  GO TG 6 0  2 2 3 6  
R(K,J I=RIJ IK?/R[KIK)  2 2 1 7  

60 CONTINUE 2 2 1 8  
DO 7 0  I=1, I T P  2 2 1 9  
L = K - I  2 2 2 0  

7 0  R[Ks  N V B H ) = R ( K ~ N Y A R ) * R [ L I N V A R I * R ( K ~ L )  2 2 2 1  
80 R ~ K ~ N V Q ~ I = ~ [ K I N V ~ R ~ / R ( K P K )  2 2 2 2  

C a * * n * * B h C # S O L U T I o ~ * * * * a * * * * * * * * * * * * * * * * * 2 2 2 3  
B ( N % N D P I = R [ N T N D P ~ N V A ~ )  2 2 2 4  
DO 100 I S 2 p N I N D P  2 2 2 5  
J=NYARa]: 2 2 2 6  
I X = I - 1  2 2 2 7  
P CJ)=R(J *  N V A R )  2 2 2 8  
D i 3  90 L = S . r P X  2229 
K- J+!" 

90 B ~ J ) = B ( J ) m B ( K ) * R ( J I # l  
100 CONTINUE 

D T R Y C = O .  
D O  190 J= lpNXNDP 

BBO DTRPC~BTRMC+BCJl*RX(J,NVAR) 
RETURN 
EFID 
F U h C T I G N  R N G E N C X X )  

C A A h D O M  NUMBER S U B R O U i I N E  FOR A B INARY MACHINE 
C GENERATES UNIFORM RANDOM NUMBERS I N  THE fNVERVAL 0 TO 1 
C GENERAL USAGE I S  AS FOLLOWS 
C AsRNGEN ( X X )  
C I X  sw0ui.D E E  INITIALIZED T O  ZERD I N  THE PROGRAH 
C X k R G  C A N  BE ANY L A R G E p  ODD INTEGER 
6: CONSTANTS MUST BE CDMPUTED B Y  F o L L O U I N G  EOUATXONB - - 
C * * * * ICON1=(2**(~B41)/21)93 * * * * 
C * * * * I C O N a = 1 i ? * r B ] = 1  * * * a  
C r * * n FCQN3=1./ [2.**B) * * * *  
C #HERE B= NUMBER OF B I T S  I N  THE INTEGER HURD 
C - 

D A T A  IAR6/959821/  
3 F ( I A R G e E O . I X I  GO TO 1 0  

E X H I B I T  6 
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INPUT DATA 

A Three t i t l e  cards, first must have an A i n  colum l 

B Specif i eati.on card 

PJDUR - Number of durations, dimensioned for 8. 
IElA - Ear l ies t  year of record a t  any station, dimensional 

for 100 years ( m 8 )  m 8  Limes Dm (~"1% ' 

dimensioned for  4z00.  
I S W  - Indicator, positive value ca l l s  for  reading 

skew coefficients for  region. 
KEEP - Number of s tat ions t o  keep from the immediately 

p ~ e e d % n g  jcjb, dbeasfoned fo r  $0, 
ICONV - Indicator, pasf.tsim m1m calXs for reading 

factors t o  convert; volumes t o  average flow rates .  
IPCRQ - Indicator, positive value ca l l s  for  punching 

recorded and reconstituted flows on cards. 
IPCHS - Indicator, positive value ca l l s  for  punching 

s t a t i s t i c s  on cards. 
RSmT - Ember of s tat ions for  which stat; istics are 

t o  be read in,  leave blank. i f  s t a t i s t i c s  are t o  
be computed, no l i m i t  on nmber. 

Rmm - Indicator, blank or  positive value causes 
smoothing of s t a t i s t i c s .  

IMCAD - Indicator, posikive value ca l l s  for adjustment of 
increment t o  reduce skew coefficient. DO HOT 
use routinely as  frequency curves will be biased. 

C Duration description card 

I. AafFB - T i t l e  of dwatfon sueh as  "PWK" or "1-DAY, '' 
NDUR(B~)  items 

B Skew coefficients, mi$ if  ISMEW ( ~ 3 )  i s  not positive 

1. SKW - Regional skew coefficient for  each successive 
duration, m ~ ( ~ 1 )  items 

E Stations kept, omit i f  ME-(&) i s  not positive 

1. KEPT - Station number (ISTA) of s tat ion i.n preceeding 
job, KXZP(B~) items. Sinodd be iisted i n  
same order a s  appearing i n  previous job. 



F Conversion factor, omit i f  ICOWV(B~) i s  not positive 

1. P - Factor by which flows for  each successive 
duration are divided t o  convert t o  average 
ra te  of flow, PJDZ]R(B~)  items 

G Data cards, omit if BSTAT(B~) is positive 

1. IS%% - Station number, limited t o  f ive d ig i t s  
2. IYR - Year number 
3 .  Q,M - Fl.ow, ESDT~X(BI) items, -1 indicates missing 

record. P f  record for  ent i re  year i s  missing, 
omit card for  tha t  year. 

H Card blank af ter  Col 1 t o  indicate end of flow data, omit 
i f  BSTAT(M) is positive. 

I Input s t a t i s t i c s ,  omit ~ ~ N S T A T ( B ~ )  i s n o t p o s i t i v e .  
Supply NI)UR(B~) cards for  each stat ion an& data for  NSTAT 
(&) s%a%ioaas. The order of the durations must be maintained 
for  a l l  stations. 

1. ISTA - Station number, limited t o  five digi ts .  
2. AAAB - Ti t l e  of duration (see G card, ) 
3. AV - Mean logarithm for  given stat ion and duration 
4. SD - Standard deviation of logarithms. 
5. SKEN - Skew coefficient of logarithms. 
6. BQ - Increment added t o  flows before s t a t i s t i c s  

were computed . 
7 . - Mumber of years of equivalent record. 

Four blank cards with A i n  Col 1 of the first a f t e r  the 
l a s t  Job w i l l  cause a nomal stop. 



NSTAT 
of NDUR 

Notes 
(1) @.i.t. if' X S m  ( ~ 3 )  f s an+ .-arv n n m l * . t . r r a  yvr :*.We 

(2) Chit i f  KEEP ( ~ 4 )  i s  not positxve. 
(3) O m i t  if ICOPN ( ~ 5 )  is  not positive. 
(4) Omit if NSTAT ( ~ 8 )  3 s positive, 
(5) O m i t  i f  HSTAT ( ~ 8 )  is  not pssitf=, 
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