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APPENDIX A

STATEMENT OF WORK

"Assessment of National Small Rural Watershed Program"

CONTRACT OBJECTIVES

The objective of this contract is to make a comprehensive inde-

pendent assessment of the National Small Rural Watershed Program in

keeping with long range goals of the Federal Highway Administration

and State highway agencies.

SCOPE OF WORK

This study is an assessment on a State-by-State basis of the cur-

rent state of the National Small Rural Watershed Program with regard

to adequacy of data collection and analysis as well as data dissemina-

tion. It is not intended to be an attempt to analytically derive

prediction equations . Small watershed studies under the HP&R* program

as well as similar studies under other agencies shall be included in

the analysis which shall encompass all or nearly all 50 States. Inclu-

ded will be each State's future plans with regard to the program.

Although the National Small Rural Watershed Program is a coordinated

effort, the individual studies are essentially State run; consequently,

the study shall set forth the best features of various State studies

and make general recommendations for improving the program as a whole.

DELINEATION OF CONTRACTOR TASKS

The contractor shall, as a minimum, accomplish the following tasks

in meeting the objectives of this contract:

Task A

Review the two previous nationwide reports concerning Small Water-

shed Program. (Travelers Research Corporation and Federal Interagency

Work Group) . Review other literature pertaining to presently known new

concepts in planning of gaging networks, methods of data sampling and

* Highway Planning and Research.
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analyses, and other information deemed to be important for program

assessment and future development.

Task B

Establish criteria, define specific terms, promulgate guidelines

and/or choose guidelines from available information, which will be

used for program assessment and future development.

1. Establish and justify criteria for proper selection of

representative watersheds, including density and location

of gaging sites.

2. Establish and justify criteria for adequate data collection

including type of data and length of record.

3. Define the term "small watershed" as it will be used in the

program assessment.

4. Promulgate and justify guidelines to be used for determina-

tion of physiographic/climatic regions for data collection

and analysis.

Task C

1. Assess the 30 HP&R small watershed studies and the programs

of other agencies with respect to criteria, definitions,

and guidelines specified in Task B.

2. Develop a master plot showing all small watersheds with gag-

ing stations operated under the HP&R studies or under programs

of other agencies. The master plot shall show a consolidated

nationwide program dealing with collection and analysis of

data from small rural watersheds including regional delineation

using the guidelines developed in Subtask B4.

NOTE:

1. A field effort will be undertaken to acquire comprehensive

information for applying the criteria developed in Task B.

In cooperation with the contract manager, the contractor will

conduct two regional conferences with all concerned parties

(U.S. Geological Survey, state highway officials and others),



each regional conference to have most of the states repre-

sented. Contacts with concerned parties will be coordinated

with the contract manager and U.S. Geological Survey.

If the two regional meetings are successful, additional

regional meetings will be scheduled upon written approval

of the contracting officer.

2. The data collection and analysis effort required under Task C

shall be limited to a maximum of 10 states to be selected in

cooperation with the contract manager. This collection and

analysis effort is in addition to that required under Note 1

above.

Task D

1. Depending on data availability determined from the consolidated

program described in Task C, decide for each region which

method of peak estimating should be used in that region. (Run-

off only or rainfall-runoff method.)

2. Using criteria developed in Task B, establish for each region

the proportion of watersheds having

:

a. Complete record stations.

b. Flood hydrograph and rainfall stations.

c. Peak-flow stations.

3. Using criteria developed in Task B, determine for each region

if the present station's net is:

a. Too dense (state how many stations should be

abolished.

b

.

Adequate

.

c. Inadequate (recommend improvement)

.

State in detail on what basis the density of watersheds will

be established in each region.

4. Using criteria for adequate data collection developed in

Task B, determine:



a. The length of records, necessary for a meaningful

analysis for each region.

b. Necessary minimum length of records.

c. Optimum length of records.

Task E

Depending on data availability as determined for the consolidated

program described in Task C and considering existing analytical

approaches, suggest a method for data analysis in each region.

NOTE: If data analysis is not possible in the near future, recommend

all necessary steps for program improvement or orientation in

each region which would make a meaningful analysis possible at

the earliest possible date.

Task F

For each region:

1. Estimate time required for final data analysis and program

conclusion or phaseout.

2. Determine what part of the program should be continued after

conclusion or phaseout of major studies and at what level of

effort.

3. Calculate the minimum and optimum costs of the program up to

the estimated year of conclusion or phaseout and the cost of

continuation of the reduced program after that year.



APPENDIX B

PROGRAM DOCUMENTATION

Overview

These programs are designed to aid in the predic-
tion of the fifty year flood (Q50) at ungauged
streams, For the most part, the programs are
used to provide the following data for use in
"Big Basin"

a. A regression equation of the form

b b

Q50 = aX,
1

X„
2

. . .X
b
n12 n

where Q50 is the fifty year flood of a stream,
and the X. are hydrological , geographical, or
climatological data for the stream.

b. The average regional correlation of Q50's
for streams in a state.

c. The average skew of Q50's for streams in a
state.

d. The average number of years of flow records
for gauging stations in a state.

The actual programs used are

1. Bigflow: calculates the unbiased (using WW1
tables) and biased (using U.S.G.S.
program W4014) Q50's for selected
gauging stations with basin area
less than or equal to 50 square miles,

2. Reduce: recalculates the unbiased Q50's
produced by "Bigflow" by limiting
the raw space skew of the flow
data.

3. R50: uses the annual flow data of selected
stations to find the regional corre-
lation of unbiased Q50's.

4. Skew: uses the data cards output by "Reduce'
to find the average regional skew of
the unbiased Q50's.

5. Nyears: finds the avarage number of recorded
flow years per gauging station (only
stations in small basins are counted)

.



6. Samp: calculates unbiased Q50's for random
samples of the flows from a specific
station.

7. Sp: calculates the correlation and Spearman
rank correlation of unbiased and biased
Q50's.

8. Prep: prepares data cards for use with the
SPSS stepwise regression program,
Each card has the unbiased and biased
Q50's as well as selected basin charac-
teristics for one gauging station.

Main Programs

number name name alphabetically number

1

2

Bigflow
Reduce

Bigflow
Nyears

1

5

3

4

R50
Skew

Prep
Reduce

8

2

5

6

7

Nyears
Samp
Sp

R50
Samp
Skew

3

6

4

8 Prep

Subroutines

Sp 7

number name name alphabetically number

9 Load Calc 24
10 Statl Gauss 20
11

12

Interp
(Intery)
Offset

Genl
Gen2

19
25

13 W4014* Instd 23
14
15
16

Vcor
Outp
Trans

Interp (Intery)
Load
Offset

11
9

12
17 Tr Order 28
18
19

Rowq50
Genl

Outp
Rnd

15
26

20
21

Gauss
Stat2

Rowg50
Spcor

18
29

* and other subroutines from the U.S.G.S.



number name name alphabetically number

Stat 22
Stats 27
Statl 10
Stat2 21
Tr 17
Trans 16
Vcor 14
W4014 13

22 Stat
23 Instd
24 Calc
25 Gen2
26 Rnd
27 Stats
28 Order
29 Spcor



1.1

BIGFLOW

Bigflow finds unbiased and biased Q50's. (Q50
is the flood with a return interval of 50 years.)
The annual flows for different stations, are read
from disk and the Q50's are calculated, printed,
and punched.

It was originally intended to use these Q50's for
input to the USGS "Transformation Generator" and
"Step-backward Regression" programs. This was
not done, but much of the output of Bigflow
reflects that original plan.

The only output that was really used was that
punched on device 16. This included: station
identifier; Q50's; all of the statistics needed
for finding the unbiased Q50*s.

Calls:

* FillpL

* Filln

* Fillp

* Fillgn

* Fillgp

These are needed by USGS program W4014

W4014

Statl

Load

Intery (Interp)

Offset

Assume that not all stations in the flow disk
file are in the input card deck and vice versa.
Each station in the flow file consists of a dummy
(no year or flow) record followed by at least one
real record.



Stations are processed one at a time. The unbiased
Q50 is calculated and subroutine W4014 is called
to calculate the biased Q50.

(Subroutine W4014 is really USGS program W4014
modified to be a subroutine instead of a main
program. For full documentation see the USGS.)

The dummy record starting a station on the disk
is read, and the cards are read until the corres-
ponding station is reached. If the station is
not in the card deck, the disk file is read until
a good station comes up. Then, flow records are
read until a new station is reached (a different
station No.). Thus, the last record read for station
I is the dummy record that will be used to start
station I + 1.

When reading the flow records, only those > are
saved. The mean, std, and skew of these flow records
are found in both raw and log (e) space. "Intery"
is called to find a coefficient from the WW1 tables
(see model) and the unbiased Q50 is found, printed
and punched. Then, "W4 014" -is called to calculate"
the biased Q50 which is printed and punched.
Finally, both Q50's and other data are printed
and punched. The whole process is then repeated
(remember, the dummy record of the next station
has already been read) for the next station.

Suppose we have flows xi...xn and we want the
unbiased Q50. We assume that the x^ come from
an underlying log normal distribution and that
Q50 = .98 fractile of that distribution.

Let Yi = Ln(Xi) i = l,n

ux = mean of x"=
n
Z Xi

6 X = std of x = / E x„. -ny
i-1

X

n-1

Y
x

= skew of x = fe)

3

+ 3 {k)



1.2

and define yy , 6y , Yy similarly for the Y±
i <= l,n. We find Q5D = exp [py

+C06
y

] where
CO is a function of n,y„ (in general, CO is
also a function of the desired return interval,
but we always are interested in the 50 year
return interval)

.

CO is found by linear interpolation in the WW1
"expected value" table.

a The "true XT" value corresponding to Yx (skew) ,jj

(No. obs) , 50 (return interval) is found. Call
this X.

b Find TNEW such that the "log normal" entry (in
the WW1 table) corresponding to YX ,N,TNEW = X.

c Find the "true XT" entry corresponding to
YX ,N,TNEW. This is CO.

A similar technique is used for finding the biased
Q50's. The annual flows are passed to W4014.
W4 014 assumes a "log Pearson" distribution and
uses log base 10 but the model is basically the
same.

Q50 = 10** [Uy+k6 y ]

However, the K used in W4014 does not reflect the
problems of sampling bias, so this Q50 is "biased."
To find out exactly how W4014 works, you will
have to check with USGS. I was given no documenta-
tion.

7 11/10/76 Raiffa

8

1 IPLOT set to always (used in W4014)

2 Do loops;

Do 10 J = loops through stations

I = integer no. of flows for a station

10



Common

FK = real array

PLUS = real array

FNEG - real array

GP s real array

GN B real array

X = real array

= integer

used in W4014

used in W4014

used in W4014

used in W4014

used in W4014

holds log of flows
also used in W4014

no. of flows (I) used
in W4014

When W4014 was changed from a main program to a
subroutine, I removed the data initialization
routines (see * routines 1.1.2) and put them in
Bigflow. The first 5 arrays listed above are ini-
tialized by the starred subroutines and used in
W4014. Instead of W4014 reading the flows, X and
N were passed through common.

SE

SM

YM

TM

XT

XL

SL

XNE

real array used in W4014 but not
in common

= real array skew category values
for interpolating in
WW1 tables

= real array no. of observation
category values

= real array return interval
category values

= real array "true expected XT value"
WW1 table

= real array "log normal expected
value" WW1 table

= real array "log normal std" WWl
table

= real array holds raw space flows
(remember X holds log
space values)

11



T = real return interval (=50)

1ST = integer station no. from disk

ISTATE = integer state no. of present
state (from disk)

IEND = integer IEND > no. of stations
(=5,000)

ISTA — integer station no. from cards
(1ST and ISTA are com-
pared)

LINE

IST2

= integer

= integer

FLOW = real

XBAR = real

STD = real

SKEW = real

XNB = real

STB = real

SKOB = real

YEAR = real

TNEW = real

CO = real

line no. from basin
characteristic file,
no longer needed

state no. from disk
(when the station being
processed ends, and we
read the dummy record of
the next station, IST2
will be the state no. of
that next station. We
don ' t need a new and old
1ST since ISTA fulfills,
that function)

.

flow

mean of log (flow)

std of log (flow)

skew of log (flow)

mean of flows

std of flows

skew of flows

no. of flows, same as I

unbiased return inter-
val (see model)

coefficient from WW1
tables (see model)

12



A50 = real log (unbiased Q50)

Q50 = real unbiased Q50

ANS = real biased Q50

ANl = real log (biased Q50)

13



1.3 Bigflow

C start
)

Fillpl
Filln
FillP
Fillgn
FillGP

Write (15)

headers

Set desired
return
interval

Load
set up
WW1 tables

Read (10)

fstation no,

state no.

eof

IBND » 5000

J - 1

*$

o

14



I counts
no. of flows

Read station] eof
no.

,

Line

'Read (10)

station no.

J

I state no.

<$>

r\
yes*0

yes

eof

<^

'Read (10)
/station no.

\new state
10 . flow

J «

-^JlEND+1

increment no

of flows,

store flow
and In (flow)

15



1.3 Bigflow

yes

jJd.

Statl

X

Statl

XNE

Year
no. of
flows

Intery

Calculate
unbiased
050, Ln(Q50)

Write
identifiers

,

statist

Punch (7)

identifiers,
Ln(Q50)

old state
new state,

next station

no plot
N years of

flow

W4014

Calculate
Ln (biased

Q50)

Write biased
Q50 biased
Ln(Q50)

Punch (9)

identifiers

,

Ln(Q50)

Write (15)

statistics

Punch (16)

statistics

Old state no

» new state
no., next
station ^

Stop D

16



1.5-1.7 Program run preparation

The following is a complete deck setup for this
program.

1. Job card
2. System control cards
3. Source code
4. WW1 deck
5. Station selection cards

Input preparation

Input is from cards and from a magnetic device (unit 10)
Each card has the station number of a selected gauging
station. The magnetic file is a subset (only small
basins) of the USGS Peak Flow File.

Station selection cards (1 for each station for which
Q50's should be calculated)

.

card column format description

All 1-8 18 station no.
19-21 13 statpac row no.

For a description of the input magnetic file (unit 10)
see USGS Peak Flow File.

Output

Output is to two printer files, and to three card punch
files.

Card punch file 1 unit 7.

One card for each station processed.

column format description

1-5 15 statpac line no.
6-8 "feSIS" for transformation gener-

ator
9-20 E12.5 log (unbiased Q50)

41-48 18 station no.
54-55 12 state no.

Card punch file 2 unit 9.

One card for each station processed.

17



column format description

1-5 15 statpac line no.
6-8 "pis- for transformation gener

ator
9-20 E12.5 biased Q50

41-48 18 station no.
54-55 12 state no.
61-62 " **" flag

The two above decks were never used.

Card punch file 3 unit 16.
One card for each station processed.

column format description

1-8 18 station no.
9-10 12 state no.

11-12 12 no. of flow years
13-19 F7.4 log (unbiased Q50)
20-26 F7.4 log (biased Q50)
27-35 F9.2 mean (max. annual flows)
36-44 F9.2 std (max. annual flows)
45-51 F7.4 skew (max. annual flows)
52-58 F7.4 mean (log (max. annual

flows)

)

59-65 F7.4 std (log (max. annual
flows )

)

66-72 F7.4 skew (log (max. annual
flows)

)

Printer file 1 unit 6.

Six lines per station processed.

line column format description

1-2 blank
3 1-16 Title

22-29 18 station no.
23-34 Title
35-36 12 state no.

4 Titles
5 1-8 18 no. of flow years

9-20 F12. 4 mean (flow)
21-32 F12. 4 std (flow)
33-44 F12. 4 skew (flow)
45-56 F12. 4 mean (log (flow)

)

57-68 F12. 4 std (log (flow))
69-80 F12. 4 skew (log (flow))
81-92 F12. 4 log (unbaised Q50)

18



line column format description

93-104 F12.4 unbiased Q50
105-116 F12.4 unbiased return interval
117-128 F12.4 coefficient from WW1

table
6 1-16 Title

17-27 Ell. 5 biased Q50
33-43 Ell. 5 log (biased Q50)

19
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2.1

REDUCE

1 Recalculates unbiased Q50's limiting the raw data
space skew.

2 Calls

:

Load

Intery (Interp)

Offset

The data cards output by "Bigflow" are read. If the
raw space skew is less than si the data is punched
unchanged. Otherwise the raw space skew is set to
SI, the raw space std is set to S2 times the raw
space mean, the loge space- std is set to S3, and the
log e space skew is recalculated. "Intery" is then
called with a skew of SI and a new Q50 is calculated.
The updated data is then punched. The actual values
of SI, S2, S3 were:

51 = 5.0

52 = 1.155

53 = 0.9206

)

3

.

\mean x/ \mean x,

/std(x)\ J
, , / std(x) \ _ .,

6a skew (x) =
[

~ -
| + 3

|
M . So if

we set the skew to 5.0,
std(x) = 1.1555
mean x

b The equations linking raw and log space are

:

let u
x

= mean in raw space

6 = std in raw space
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V = mean in log space

6 = std in log space

.6
1. exp(y

y
+ -|) =

y^

2. exp(2y +26 2
)

- exp(2p +6
2

) = 6
2

y y y y x

3. 6 v
2

= exp(2u+6 2
)*(exp(6

2
)-l)

x y y y

8
x
2

1 and 3 -» -^j = exp(<5 *) - 1

x

6
x

From 6a we have — = 1.155 so
Px

2.2

6 = VLn(1.555 2 + 1) - .9206
y

7 12/15/75 Raiffa

8

1 SW = initialized to blank for each station and set
to "yes" if skew > SI and updating is needed
(not used for branching)
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SM - real array

YM = real array

TM = real array

XT = real array

XL = real array

SL = real array

Yes = real

YO = real

T = real

SI = real

S2 = real

S3 = real

holds skew category
values

holds no. of observations
category values

holds return interval
category, values

holds true expected
value table

holds log normal expec-
ted value talbe

holds log normal std
table

"Yes" used in setting SW

" " used in setting SW

desired return interval

maximum skew

C.V. corresponding to
skew of SI

log std corresponding to
skew of SI

1ST = integer station no.

ISTATE = integer state no.

I = integer no. of observations

A50 •= real unbiased Q50 in log space

ANI = real biased Q50 in log space

XI = real unbiased Q50

X2 = real biased Q50

XNB = real mean

STB = real std
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SKOB = real skew

XBAR = real mean in log space

STD = real std in log space

SKEW = real skew in log space

TNEW = real unbiased return interval

CO = real coefficient from WWl table
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2 . 3 Reduce

(
Start )

YES = yes

TO = "

T = 50.0

DOAD

Read
SI, S2, S3

Write
titles

Write (8)

title3

4-

Read
flow info

yes

' Initialize
SW

re-

write (18)

Flow info

''Write (7)

flow info

A

•*( Stop
J

XI = unbiased
Q50

X2 = biased
Q50

Y=I=sample size

- Write
flow info

^
SW yes
find new std

& skew in
I log pace

Intery
(same as

Interp)

find new
Q50 using
new std and
coefficient
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2.5-2.7 Program run preparation

The following is a complete deck setup for this
program.

1. Job card
2. System control cards
3. Source code
4. WW1 deck
5. Max. skew card
6. Q50 statistics cards

Input preparation

Input is from cards.

Max. skew card (1 card).

column format description

1-7 F7.0 maximum skew (5.0)
8-14 F7.0 real space C.V. (1.155)

15-21 F7.0 log space skew (.9206)

Q50 statistics card (1 for each station)

.

These are the cards output by "Bigflow" to card punch
file 3 unit 16. Check "Bigflow" for their format.

Output

Output is to one card file and two printer files.

Card output unit 7.

These cards are in the same format as the Q50 statistics

'

input cards. The only difference is that some of the
output cards will have updated "skews," "std's," and
"log std's."

Printer file 1 unit 6.

line column format description

1

for each
station 2-9

10-14
15-19
20-28
29-37

18
15
15
F9.

F10.
1

1

Titles

station no.
state no.
no. of flow years
unbiased Q50
biased Q50
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line column format description

38-50 F13.3 mean (flow)
51-63 F13.3 std (flow)
69-75 F7.4 skew (flow)
79-85 F7.4 log (unbiased Q50)
89-95 F7.4 log (biased Q50)
99-105 F7.4 mean (log (flows))

109-115 F7.4 std (log (flows))
119-125 F7.4 skew (log (flows))

Printer file 2 unit 8.

Printer file 2 is exacly like printer file 1 except
that in some lines the "skew," n std, n and "log std"
may have been updated. For those lines which have been
updated, printer file 2 has "yes" in columns 129-132.
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3.1

R50

1 R50 finds the cross correlations of Q50's for up to
25 stations. This is done by first calculating the
cross correlations of the annual flows (QA) , and
then generating synthetic series of flows, using
the statistics of the annual flows. From the
synthetic series of annual flows, you can calculate
Q50's and then find the cross correlation of the
Q50's (see model).

2 Calls:

Load

Outp

Vcor

Trans

Tr

Rowq50

Gen

Gauss

Statl

Interp

Offset

Stat2

3a For each pair of stations, there must be at least
three years when both stations have flows greater
than 0.

b At most 70 years can be represented. i.e., you
could not have station 1 with flow years 1900-1960
and station 2 with flow years 1915-1975, since this
would be a spread of 75 years.
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4 There are two possible approaches. Suppose you
have three stations. Station 1 has flows from
1950-1970, station 2 has flows from 1950-1975, and
station 3 has flows from 19 55-1975.

Approach one says throw away the years 1950-1954
and 1971-1975. Then you have a nice solid 3 by 16
matrix with no missing entries.

Approach two says why waste data. For pair (1,2)
use 1950-1970, for (1,3) use 1955-1970, and for
(2,3) use 1955-1975.

We have adopted approach two. That means, for each
pair (I, J) we not only have -to find the cross
correlation of the annual flows, but also the means
and std's of the annual flows for the years that
stations I and J have in common. (Since the cor-
relation matrix is symmetric we really only consider
pairs (I, J) where KJ).

5a Input flow data.

b Calculate and print means, std's cross correlations
of annual flows

.

c Transform to log space for calculating synthetic
flows. Print the log space covariances, means,
and variances.

d Generate synthetic sequences, find the correlation
of the Q50's, and print the correlations for se-
quences of length LI and L2 (10,25).

6 (See "Vcor," "Tr," and "Gen".)

Suppose we have two stations with n years of flow
in common.

x 1 ...xn , 2fi«««y-n - We find the means, std's and
correlation (Vcor) . We then transform to log space
and find the means, variances, and covariance (Tr) .-

Finally, we generate two new sets of m observations
(Gen). Call these new sets wi. . .wm and z^...zm .

Then, the expected mean and std of the w's = mean
and std of the x's, and the expected mean and std
of the z's = mean and std of the y's. In addition,
the expected correlation of w & z = correlation of
x & y.
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3.2

We find the Q50 of the w's and the Q50 of the z's
then generate new sets and find new Q50's. Finally,
we find the correlation of the synthetic Q50's.

7 2/6/76 Raiffa

8

IY = integer

Do loops

Do 50 I = zero array

Do 10 I = zero array

Do 10 J = zero array

Do 20 I = indexes th

year of flow, if 99 next
station

indexes through stations so that flows
can be read

Do 30 I = write no. of flows, mean, and std for
each station

Q = real array holds flow data

XB = real array holds means of annual flows

ST = real array holds std ' s of annual flows
(see *)

= real array if I < J, R(I,J) = corre-
lation of annual flows for
stations I&J. If I > J,
R(I,J) = no. of years in
common for stations I&J.

= real array holds correlations of
Q50. If I < J, B(I,J) =

correlation of Q50's for
stations I&J based on
sets of length LI (Ll flows
used to find each Q50)

.

If I > J, B(I,J) = corre-
lation based on sets of
length L2.
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XB1 real array holds means in log space
(see *)

COV = real array variance covariance matr
in log space

Bl = real array not used

ANS = real array holds variances in log

Nl

TM

LI

L2

M

= integer array

LAB = integer array

FMT S= real array

XT = real array

SL JC real array

SM = real array

YM = real array

= real

integer

integer

integer

NS = integer

NY = integer

NMIN = integer

array

space (see *)

no. of flow years for each
station

used for labeling matrices

variable format for print-
ing matrices

true expected value table
(WW1)

log normal expected value
table

skew category values (WWl)

no. of observations category
values

return interval category
values

LI annual flows. for each
Q50

L2 annual flows for each
Q50

M pairs of Q50's to find
the correlation of Q50 for
each pair of stations

no. of stations

range of years (NY <_ 70)

suppose the stations have
flows in the range of years
1910 to 1975. Then, NY
might be 66 (or greater)
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IY = integer

VAL

L

SUM

JSE

= real

= integer

= real

«= integer

and you would pick NMIN
s.t. 1 <_ 10-NMIN and 75-
NMIN <_ NY.

year of flow, i.e., if
flow was in 1966, IY «

66. Later, IY is reset to
(IY - NMIN) the index into
"Q" the flow array. IY =

99 means end of station.

the flow in year IY

no. of pairs of stations,
i.e., (NS(NS-l))/2

average correlation of
annual flows

seed for random no.
generator

* (As mentioned above, means and std's have to be
calculated for each pair of stations since only
the years present for both stations are used.

XB(I,J) = mean of flows for station I if I < J

XB(I,J) = mean of flows for station J if I > J

XB(I,I) = mean of all flows for station I).
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3.3 R50

f Start
J

Load

Read
LI, L2, M

Zero

arrays

Read
NS, NY, NMIN

Write
information

I - 1

no. of
stations

6

Read
YEAR, FLOW

yes

\f

I - 1+1

next station

±
Save data

A
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3.3 R50

Outp
data

Vcor
annual

correlation

Write
stati
infor

on
mation_

Outp
log
means

Outp
log

variances

initialize
random no.

generator

Write
average
correlation

BowqSO

50 year
corrs.

Outp
50 year
corrs.

Outp
stds

C stop )

Trans
change to
log space
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3.5-3.7 Program run preparation

The following is a complete deck for this program.

1. Job card
2. System control cards
3. Source code
4. WW1 deck
5

.

Simulation control card
6. Input data control card
7

.

Input data cards
8. Label & Format cards

Input preparation

All input is from cards.

Simulation control card .

This card specifies the number of synthetic annual
flows to use in finding a synthetic Q50, and the
number of synthetic Q50's to use in finding the cor-
relation of Q50.

column format name - description

1-3 13 LI no. of annual flows
per Q50 (10)

4-6 13 L2 no. of annual flows
per Q50 (25)

7-9 13 M no. of Q50's to use
in finding the cor-
relation

* LI & L2 <_ 30, M <_ 100

Input data control card .

This card specifies the number of stations, and the
range of years of flow data.

column format name description

1-2 12 NS no. of stations
3-4 12 NY no. of years
5-6 12 NMIN minimum year

The range of years for which flow data may be present
is

NMIM + 1 to NY + NMIN

* NY = 60 and NMIN = 10 implies 1911 to 1970
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Input data cards .

card column format

1-2

3-7
1-2
3-7

12

F5.0
12
F5.0

description

year; 1st year of flow
for the 1st station
flow
year; next year of flow
flow

1-2 12 year; last year of flow
for the 1st station
flow
end of station card
year; 1st year of flow
for the 2nd station

3-7 F5.0 flow

3-7 F5.0
1+1 1-9 "999999999"
1+2 1-2 12

1-2 12

3-7 F5.0
K+l 1-9 "999999999"

Label and Format cards.

year; last year of flow
for the last station
flow
end of station card.

These cards control the labeling and formating of
matrices by subroutine "Outp." For each call to "Outp"
(8 calls in all) you need a Label card followed by a
Format card. "Outp" then prints a matrix using the
label from the Label card and a run time format from
the Format card.

Label cards

column

1-80 20 A4

Format cards

column format

1-80

format description

label for the matrix

description

20 A4 run time format

* The Label and Format cards actually used are listed
below

.
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1 MASS INPUT DATA
2 (16,18F7.0)
3 COR MATRIX R(I,J) = COR OF I AND J IF KJ

AND = # OF YEARS IN COMMON FOR KJ
4 (16,18F.3)
5 MATRIX OF MEANS X(I,J) = MEAN OF I IF KJ AND

THE MEAN OF J IF I>J
6 (16,18F7.1)
7 STANDARD DEVIATIONS (SEE MEAN MATRIX)
8 (16.18F7.1)
9 LOG SPACE VARIANCE COVARIANCE MATRIX

10 (16.18F7.4)
11 LOG SPACE MATRIX OF MEANS
12 (16,18F7.3)
13 VARIANCE IN LOG SPACE (SEE LOG MEAN MATRIX)
14 (15,1X,18F7.4)
15 COR. MATRIX FOR Q50 KJ = 10 YEAR SETS, I>J =

25 YEAR SETS
16 (15,1X,18F7.3)

Output

Output is all to the printer, and most of it is printed
by subroutine "Outp" using run time formats. I will
just list the major sections of printout.

A. NS, M, LI, L2 (see Simulation control card & Input
data control card)

.

B. Input data matrix (Outp)

.

C. Statistics of the stations.

line column format description

1 1-8 18 no. of flow years in 1st
station

9-18 F10.2 meah flow of 1st station
19-28 F10.2 std of 1st station
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line column format

NS 1-8 18

9-18 F10.2
19-28 F10.2

description

no. of years for last
station
mean of last station
std of last station

D. Annual correlation matrix (Outp)
(I, J) = KJ correlation of station I&J

I>J no. of years in which stations I&J
both have flows.

E. Number of pairs and average correlation.

F. Means of flows (Outp)

.

G. Stds of flows (Outp)

.

H. Log space covariances (Outp)

.

I. Log space means (Outp).

J. Log space varinaces (Outp)

.

K. Statistics of the simulation. There is one line
of statistics for each pair of stations. Say there
are NS stations, then the pairs are

(1,2) (1,3)
(2,3)

(1,NS)
(2,NS)

(NS-1,NS)

NS

(

NS-1)
= pairs in all.

line column format

1

2
1-3 13
4-6 13
7-13 F7.3

14-20 F7.3

21-32 F12.1

description

headers
pair (I, J) actually (1,2)
I

J
correlation based on LI
annual flows per Q50
correlation based on L2
annual flows per Q50
mean Q50 for station I

and LI annual flows
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line colijmn fOCTIUit description

33--44 F12 1 mean Q50 for station J
and LI annual flows

45--56 F12 1 std of Q50 for station I
and LI annual flows

57--68 F12. 1 std of Q50 for station J
and LI annual flows

69--70 F12. 1 mean Q50 for station I

and L2 annual flows per
Q50

71--82 F12. 1 mean Q50 for station J
and L2 annual flows per
Q50

83--94 F12. 1 std of Q50 for station I

and L2 annual flows
95--106 F12. 1 std of Q50 for station J

and L2 annual flows
like 2 for pair (1,3)

NS(NS-l)
+ 1 like 2 for pair (NS-1,NS)

Summary of statistics,

column format

1-5
19-32

40-53

F5.0
F14.4

F14.4

description

no. of pairs
average correlation of
Q5 0's based on LI annual
flows per Q50
average correlation of
Q5 0's based on L2 annual
flows per Q50

M. Correlations of the Q50's (Outp)

.
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SKEW

4.1

1 Finds the average skew of Q50 for each of 11 states
(15 stations per state). These values are used in
Big basin.

2 Calls:

Load

Interp

Offset

Instd

Offset

Stat

3

4 We have all of the arguments needed for "Interp"
stored on cards. Read them in and use "Interp" to
find the new unbiased return interval. Then use this
as input to "Instd" to find the coefficient for the
std (Q50) . From the mean and std of Q50 we find
the skew.

5 For 11 states

For 15 stations

Read data

Calculate skew (Q50)

Write information

Calculate mean and std of skews

Write information
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8

4.2

«?w^w _ / std(Q50) \
3

,/ std(Q50)\Skew =
\mean{ Q56) )

+ 3
(mean(Q50)

)

2/20/76 Raiffa

1

2 Do loops:

Do 20 J = indexes through states

Do 10 I = indexes through 15 stations per state

holds true expected
value WWl table

holds log normal expected
value table

holds log normal std
table

holds skew category values

holds no. of observations
category values

TM = real array holds return interval
category values

LAB = integer array state name for labeling

GM = real array holds 15 skews

1ST = integer holds state no.

XT = real array

XL = real array

SL = real array

SM cs real array

YM = real array

integer array

real array

integer

integer

real

real

= integer holds no. of observations
for "Interp" "Instd"

G = real skew later C.V. of Q50

XB = real mean in log space
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STD = real

YEAR = real

T50 = real

std in log space

no. of observations

return interval for
"Interp"

TNEW = real unbiased return interval
output by "Interp" input
by "Instd"

coefficient from "Interp"

coefficient from "Instd"

log space Q50

log space std (Q50)

Q50

std (Q50)

skew of Q50

mean of the skews

std of the skews

CO real

CL = real

XI « real

X2 = real

EX1 = real

EX2 IE real

Gl = real

GXB S real

GSTD = real
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4.3 Skew

f Start
J

Load

j - i

Read
state name

Write
state name,

titles

I - 1

Read
station
information

YEAR = no. of
obs.

T50 return
interval

/->

Interp

Instd

Calculate
mean , std

of Q50

Write
statistics

save skew
in GM

B—«

Write
skew stats.

-4-
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4.5-4.7 Program run preparation

The following is a complete job deck for this
program.

1. Job card
2. System control cards
3. Source cards
4. WW1 deck
5. Label cards
6. Data cards
7. Repeart 4 & 5, 10 more times

Input preparation

All input is from cards. A combination of 4 and 5

(Label and Data) is needed for each state to be pro-
cessed. The data cards come from "Reduce" and there
are 15 cards per state.

Label card.

column

1-80

format

20 A4

description

state name plus whatever
label you want

Data cards (15 per state)

column format description

1-8 18 station no.
9-10 12 state no.

11-12 12 no. of flow years (sample
size)

45-51 F7.4 raw space skew of the
annual flows

52-58 F7.4 log space mean of the
annual flows

59-65 F7.4 log space std of the
annual flows

Output

Output is to the printer,
there is a set of output.

For each of the 11 states

For each state

line column format

1 1-8 20 A4

description

state name and label
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line column format description

2 blank
3 headers
4 1st station

state
for this

3-10 18 station no.
11-18 18 state no.
19-26 18 sample size
27-40 F14..4 log (Q50)
41-54 F14..4 log (std of Q50)
55-68 F14..4 Q50
69-82 F14,.4 std of Q50
83-96 F14. 4 unbiased return interval
97-110 F14..4 C.V. of Q50

111-124 F14.,4 skew of Q50

18 same as 4 but for last
station in the state

19 blank
20 blank
21 .29-42 F14.4 mean of the skews of

the Q50's
43-56 F14.4 std of the skews of

the Q50's
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5 NYEARS

5.1

This program finds the average no. of flow years
reported per station for stations in basins of
< 50 mi 2. For each state, three numbers are
reported.

2
1 number of stations (< 50 mi ) in that

state

2 total number of flow years for the above
stations

3 average no. of flow years per station

The average no. of years per station is needed for
Bigbasin.

3a Only interested in states with state # < 60 (not
Puerto Rico)

.

b All records of a station are contiguous.

c A blank flow record means a missing observation
not a 0.0 flow.

2
4 If a record has basin area > 50 mi or blank flow,

then skip it.

Otherwise, if the new record's station # is the
same as that of the previous record accepted for
that state, add one to the total no. of flow years
for that state. If the new record's station # is
different from that of the previous record accepted
add one to the no. of stations in the state, add
one to the total no. of flow years for the state,
and update the "last station #" for that state.

5

6

7 2/22/76 Raiffa

8
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\

5.2

Do loops

Do 10 I *

DO 10 J >

Do 20 I '

Do 40 J '

Do 30 K =

Do 50 K =

XBL = real

zero arrays

zero arrays

100 sets of 10,000 records (in the test,
2 sets of 10,000)

100 sets of 100 records

examine each of 100 records

write no. of stations, no of years, and
average years per station, for each
state, for the records read to date

no. of stations in state

no. of flow years in state

1st half of most recent
station # processed for
that state

2nd half of station #

data matrix (100 records)
FDATA (1, I) = 1st half stat-

ion #

(2, I) = 2nd half stat-
ion #

(3, I) = state #

(4, I) = basin area
(5, I) = flow

set to blank, and used to
test for blank flows

state #

1st half of station #

2nd half of station #

no. of records processed

average no. of years per
station

Do 60 K write data
records

FSTA = real array

FYR = real array

FRL = real array

FR2 B real array

FDATA = real array

IN = integer

XI = real

X2 e real

XI = integer

XA = real
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5 . 3 Nyears

f Start
J

initialize

I - 1

Blocks of
10,000

J - 1

Blocks of
100

Read \ eof
(10)

)
>

vFDATA ^

k - 1

100 records
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5.3 Nyears

4-

yes

^

yes y

state no.

station no.

V

same
station

yes

->-

±
new station,

one more
station in
state

one more
flow year
in state

k » k+1
next record
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5.3 Nyears

next block
of 10,000

""

records

find no. of
records

Write
information

All records
processed

find no. of
records

Write
information

r~ stop j
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5.5-5.7 Program run preparation

The following is a complete deck for this program.

1. Job card
2. System control cards
3. Source code

Input preparation

Input is from a magnetic device associated with
unit 10. (See USGS Peak Flow File.)

column format description

1-4 A4 1st half of station no
5-8 A4 2nd half of station no

66-67 F2.0 state no.
68-77 F10.0 total basin

area
drainage

112-115 A4 flow

Output

All output is to the printer. A set of output is
printed after every 10,000 input records, and a final
set is printed after End of File on the input. device
(unit 10)

.

Each set

line column

1-8

1-8 18
9-22 F14.4

23-36 F14.4

37-50

format description

18 no. of input records read
so far (this will be a
multiple of 10,000 except
for the last set)
state no. (1)

no. of stations in state
no. of flow years for
state

F14.4 average flow years per

station same as 2 for
state no. 2

61 same as
no. 60

2 for state

There are some lines for which there are no states
(no state with that state number) . These lines are
all zeros.
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6.1

SAMP

1 Used for exploring the instability of Q50. A
station with 61 years of flow data is found. A
set of N flows is constructed by sampling with
replacement, and its unbiased Q50 is calculated.
After 100 such sets of N are processed the mean
and std of the Q50's are found. This is done for
N = 5, 10, 25.

2 Calls:

Load

Calc

Gen

Rnd

Statl

Interp

Offset

3

4 Subroutine "Calc" handles almost all of the work.
"Samp" merely inputs the data (the 61 flows) and
calls "Calc" 3 times, corresponding to the 3 N
values 5, 10, 25. "Calc" generates the 100 sets,
finds the Q50's and the mean and std of the Q50's.

5

6

7 2/24/76 Raiffa

8

6.2

2 Do loops

Do 10 I = index to read 61 flows
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3 XT = real array

XL = real array

SL = real array

SM = real array

YM = real array

TM - real array

DATA S real array

JSE = integer

true expected value table

log normal expected value
table

log normal std table

skew category values

no. of observations
category values

return interval category
values

61 flow values

seed for random no.
generator

98



6.3 Saqp

f Start
J

Load

^Read
DATA

Write
I, DA'EA(I)

JSE « 65549

Calc

Calc

Calc

r stop
j
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6.5-6.7 Program run preparation

The following is a complete deck for this job.

1. Job card
2. System control cards
3

.

Source code
4. WW1 deck
5

.

Data cards

Input preparation

All input is from cards.

Data cards .

There are 61 data cards. Each card contains one
maximum flow figure.

columns format description

1-5 F5.0 flow

Output

Output is to the printer. There are 4 sections of
output: data listing; and 3 sets of statistics.

Data listing .

This is merely a listing of the 61 input flows.

line column format description

1 1-8 18 observation no. 1

9-22 F14.4 flow

61 1-8" 18 observation no. 61
9-22 F14.4 flow

Statistics set 1.

In the first set of simulations, 5 annual flows are
used to calculate each Q50. There are 100 lines, cor-
responding to 100 Q50's, plus one summary line.
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line column

1-5
6-19

20-33
34-47
48-61
62-75
76-89
90-103

format

15
F14
F14
F14
F14
F14
F14.4
F14.4

description

statistics for 1st simu-
lated Q50
I (1)
mean of annual flows
std of annual flows
skew of annual flows
mean of log (annual flows)
std of log (annual flows)
coefficient from WW1 table
Q50

100 statistics for 100th Q50
101 1-8 18 no. of annual flows per

Q50 (5)
9-22 F14.4 mean of Q50's

23-36 F14.4 std of Q50's
37-50 F14.4 skew of Q50's

Statistics set 2 .

Exactly like statistics set 1 but with 10 annual
flows per Q50.

Statistics set 3 .

Exactly like statistics set 1 but with 25 annual
flows per Q50.
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7.1

SP

1 Sp performs the following analysis for sets of data.
For two sets of Q50's find the means, std's, cross-
correlations, and Spearman rank correlation. The
calculations can either be done in "raw space" or
in "log space" (the Spearman correlation will be
the same) . Since Q50's can be large, everything
is in double precision.

2 Calls:

Stats

Order

Spcor

3 We assume that most Q50's are distinct. Thus, the
Spearman correlation routine does not check for
ties in rank. A set of data is ended when a Q50
value > 99 is read.

4

5a Read in data (originally in log space)

.

b If switch transform to raw space.

c Find means, std's, and cross correlations.

d Sort the arrays.

e Find Spearman correlation.

f Go to (a) if there are more cards.

6 Let the observations be xi...Xm« yi-««ym where the
x's and y's can be in either log or raw space.

Let di(x) = rank of Xi , i.e., if the x's were sorted,
the observation which started in place i would end
up (after the sort) in place djjx). Define di (y)

similarly. Then, let Di = di(x)-di(y) = the dif-
ference in rank of x . and y .

.
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The Spearman correlation =

\ m -m /

A test on this value is t =

SP 1

(i-sM

1/2

7 1/12/76 Raiffa

7.2

ISW = integer read from cards once for
each set of data:

ISW = 1 leave in log
space

ISW f 1 transform to
raw space

Do loops:

Do 10 J = indexes through observations to print data

counts the no . of obser-
vations in a set of data

integer

real*

8

array

real*8 array

integer array

integer array

holds .Q50's (unbiased)

holds Q50's (biased)

holds ranks of X's

holds ranks of Y '

s

X

Y

INI

IN2 x

Example

:

X(l) =5 after sorting X(l) =1, IN1(1) = 4

X(2) = 3 X(2) = 2, IN1(2) = 3

X(3) = 1 X(3) = 3, INI (3) = 1

X(4) = 2 X(4) = 5, INI (4) = 2
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Notice that X(IN1 (I)) = original X(I)

TITLE = real*8 array used for labeling

Z = real*8 no. of observations + 1,
for finding plotting posi-
tion

W = real*8 observation no. , for find-
ing plotting position
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7.3 Sp

c .Start

Read
log or raw
space

Read
title

Write
title

I »

I * 1+1

Read
data values

yes
"HsTroJ

yes ^

yes

change to
raw space

JL.
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7.3 Sp

I - 1-1

Stats
(X,Y)

Order

X

Order

Y
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7.5-7.7 Program run preparation

The following is a complete deck for this job.

1. Job card
2. System control cards
3. Source code
4. Log vs. raw space card
5. Title card
6. Data cards
7. End of data card
8. Repeat 4-7 as often as desired

Input preparation

All input is from cards. Input will continue until
EOF on unit 5. There is one set (4-7) per state.

Log vs. raw space card .

column format

1 II

description

1 if you want log space
•0 if you want raw space

Title card .

column format

1-80 10 A8

Data cards.

description

state name plus any title

There is one data card per station,
cards produced by " Reduce .

"

These are the

column

13-19
20-26

format

F7.4
F7.4

End of data card .

Signals the end of a state.

column format

13-19 -99.9999"

description

log (unbiased Q50)
log (biased Q50)

description

end of data signal
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Output

Output is to the printer. There is one set of output
for each set of input (4-7)

.

Each set

line column format description

1 1-80 10 A8 state name, and title
2 1-5 15 no. of stations in the

state
17-30 F14.4 mean (log (unbiased Q50's))
37-50 F14.4 std (log (unbiased Q50's))
59-72 F14.4 skew (log (unbiased Q50's))
79-92 F14.4 correlation of

log (unbiased Q50's) and
log (biased Q50's)

3 like 2 but for biased Q50'i

* If raw space was selected on the "log vs. raw space"
input card, the raw space rather than the log space
values will be given.

4-6 blank
7 1-8 18 no. of passes needed to

sort unbiased Q50 '

s

8 1-8 18 no. of passes needed to
sort biased Q50's

(New page)
1 headers
2 1-8 18 J (1)

9-22 F14.4 log (unbiased Q50's) for
1st station in the state

27-31 15 rank of the unbiased Q50
37-50 F14.4 log (biased Q50's) for

1st station in the state
55-59" 15 rank of the biased Q50
70-83 F14.4 Jth ranked unbiased Q50
84-97 F14.4 Jth ranked biased Q50

101-106 F6.2 plotting position
J*100

no. of stations + 1

K like 2 but for last
station in the state

K+l blank
K+2 blank
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line column

1-8

format description

K+3 18 no. of stations in the
state

25-38 F14.4 Spearman correlation
of unbiased and biased
Q50's

44-57 F14.4 test statistic on
Spearman correlation

(See *)
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8 Prep

8.1
Prep prepares cards for input to the SPSS stepwise
regression program. Each card contains:

1. station no.
2. log (unbiased Q50)
3. log (biased Q50)
4. log (1st basin characteristic)
5. log (2nd basin characteristic)

for up to 7 basin characteristics. Prep
allows you to select up to 7 of the 20 basin
characteristics in the input disk file. If
any of the selected basin characteristics are
missing (0) the station is skipped.

2 Calls:

None

3 The 1st record of the- disk file contains headers
which we don't want. All of the stations on cards
are in the disk file.

4

5 The number of basin characteristics desired and
their indexes are entered. Then for each card,
the basin characteristic file is scanned until
the appropriate record is found. The desired
basin characteristics are converted to log e space.
If all of the characteristics are >0 (before
conversion) , the information is printed and punched.
If one or more characteristics are missing, a
warning is printed.

6

7 2/4/76 Raiffa

8
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8.2

2 Do loops:

Do 10 I read in indexes of selected character-
istics

Do 20 I = check if characteristics are present
and convert to log space

INUM = integer counts the number of
stations accepted

X S real array holds all (20) basin
characteristics

1ST a integer array holds station no. from
disk record

UN * integer array holds indexes of desin
characteristics

IS = integer array holds station no. from
cards

IN 5= integer no. of characteristics
desired

Oil S real log (unbiased Q50)

Q2 = real log (biased Q50)

L = integer dummy

Z s real dummy

K = integer dummy

J
.

- integer temporary index of Ith
desired characteristic
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8.3 Prep

no. of good_
stations

no. of basin
characteristics

f Start
)

INUM -

Read
IN
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8.3 Prep

5
I - 1

ygo
X(IIH(I))^ >

<

X(IIN(I)) -
log(X(IIN(I)))

I « 1+1

no
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8.5-8.7 Program run preparation

The following is a complete deck setup for this
program.

1. Job card
2. System control cards
3. Source code
4. Number of characteristics card
5. Characteristics cards
6. Station selection cards

Input preparation

Input is from cards and from a magnetic device
(file 10)

.

Number of characteristics card

column format name description

1-2 12 IN the no. of basin
characteristics
desired

Characteristics cards

card column format description

1 1-2 12 index of 1st desired
basin characteristic

IN 1-2 12 index of last desired
basin characteristic

Station selection cards

One card for each station.

column format description

1-4 A4 1st half of station no.
5-8 A4 2nd half of station no.

13-19 F7.4 log (unbiased Q50)
20-26 F7.4 log (biased Q50)
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The input magnetic file (unit 10) is a statpac
data set

•

Output

Output is to cards and the printer.

Card output unit (7) .

One card for each station selected (and which
has all IN desired basin characteristics)

.

column format description

1-4 A4 1st half of station no.
5-8 A4 2nd half of station no.
9-16 F8.4 log (unbiased Q50)

17-24 F8.4 log (biased Q50)
25-32 F8.4 log (1st selected basin

characteristic)

F8.4 log (INth selected
basin characteristic)

Printer output .

There are two types of output.

a. If a station has all of the desired basin
characteristics.

column format description

6-9 A4 1st half of station no
10-13 A4 2nd half of. station no
19-26 F8.4 log (unbiased Q50)
32-39 F8.4 log (biased Q50)
45-52 F8.4 log (1st basin charac-

teristic)

F8.4 log (INth basin charac-
teristic)

b. If some of the desired basin characteristics
are missing
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ne column format description

1 blank
2 1-11 title

12-15 A4 1st half of station no
16-19 A4 2nd half of station no
22-31 F10.3 log (unbiased Q50)
34-43 F10.3 log (biased Q50)
46-55 F10.3 log (1st selected

characteristic)

F10.3 1st missing (0)
characteristic

F10.3 next characteristic

F10.3 INth characteristic
blank
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9 SUBROUTINE LOAD

9,1

1 Loads WW1 tables and category values from cards
into arrays.

2 Called by:

Bigflow

Reduce

Samp

R50

Skew

Calls:

None

This subroutine is needed whenever unbiased Q50's
are to be calculated.

3

4 Simply read arrays one by one.

5

• 6

7 10/4/75 Raiffa

9.2

Arguments

:

SM = real array holds skew category
values

YM = real array holds no. of observa-
tions category values

140



TM = real array holds return interval
category values

XT = real array holds true expected
value table

XL = real array holds log normal
expected value table

SL = real array holds log normal std
value table

Just Do loops controlling "reads."
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9.3 Subroutine Load (SM, YM, TO, XT, XL, SL)

( ^ )

Read
skew
categories

Read
samp la size
categories

Read
return int.

categories

Read
true E(X)

Read
log-normal
E(X)

Read
log-normal
std (X)

Returnrn
J
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SUBROUTINE STAT1

10

10.1

Finds the mean, std, and skew of values .in an
array.

Called by:

Calc

Bigflow

Reduce

Rowq50

Calls:

None

Want statistics on observations x, . . ,x_
l n

n v • z
mean = 1 * _. . . / _ x

.

i=1— / std = sqrt / Z i - n •

\ n - 1

skew = / std \ + 3 /
std

ymean/ \ mean j

mean

10.2

10/20/75 Raiffa

Arguments: X = real array

L = integer

data values

dimension of X and
no. of data points in X
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XBAR = real returns mean

STD -= real returns std

SKEW = real returns skew

1

2 Do loops

Do 10 I » index through L data points

3 XN = real no. of observations

T = real temporary
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10.3 Subroutine Statl (X, L, XBAR, STD, SKEW)

c E )

Initialize

I - 1

«-

Z x

Z x

I - 1+1

I>L

calculate
mean, std
skew
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11 SUBROUTINE INTERP (also Intery)

11.1

1 Given values for

1 skew

2 no. of observations

3 return interval

Interp uses the WW1 tables to find the unbiased
return interval, and the associated coefficient
"from the WW1 tables.

2 Called by:

Bigflow

Reduce

Calc

R50

Skew

Calls:

Offset

4a Use linear interpolation in the true expected value
table to find the "true expected value."

b Use linear interpolation in the log normal expected
value table to find the unbiased return interval
associated with the "true expected value."

c Use linear interpolation in the true expected value
table to find the coefficient associated with the new
return interval.

5

6

7 10/7/75 Raiffa
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11.2

Arguments

:

SKEW e real holds skew value

YEAR = real holds the no. of
observations

T s real holds the desired
return interval

TNEW ? real returns the unbiase
return interval

CO = real returns the coeffi-
cient found in the
table

XT

WL

SM

YM

TM

real array

real array

real array

real array

real array

holds the "true
expected value"
table

holds the log normal
expected value table

holds the skew
categories

holds the no. of
observations cate-
gories

holds the return
interval categories

1

2 Do loops:

DO 1 KVAL indexes through the return interval
categories

IS = lower bound category for skew

IS1 = upper bound category for skew
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IY lower bound category for no. of observations

IY1 * upper bound category for no. of observations

IT « lower bound category for return interval

IT1 upper bound category for return interval

SI offset from IS to IS1

Yl « offset from IY to IY1

Tl - offset from IT to IT1

*If we want to categorize a skew g and the category
values are x, ... x then find x. _< g < x . .

g-x.
Then offset -

x
i+l-

x
i

B « temporary used in interpolation

Bl = temporary used in interpolation to hold
value at lower skew category

B2 » temporary used in interpolation to hold
value at upper skew category

CO temporary used in interpolation, later used
to return desired coefficient

XOLD = temporary used to hold values at successive
return interval categories

ICAT = lower bound category for new unbiased return
interval

XOFF = offset of new unbiased return interval

IC1 = upper bound category for new unbiased return
interval
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11.3 Subroutine Intazp (SKEW, YEAR, T, TNEW, CO, XT, WL, SM, YM, TM)

Intery

( «" )

Offset

skew

Offset
sample
- size

Offset
return

interval

Interpolate
in true XT

table

XOLD - 0.0

KVAL - 2
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11.3

Interpolate in
WL table using
return interval

KVAL

find category
and offset in
WL, interpolate
in XT

c Return D

±.
XOLD - value
from the WL
table

KVAL - KVAL+1

interpolate
in XT using
max. return
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12 SUBROUTINE OFFSET

12.1

1 Categorizes value; returning lower bound, upper
bound, and how far to go up from the lower bound.

2 Called by:

Interp (Intery)

Instd

Calls:

None

3 The category values are increasing, and the variable
to be categorized is greater than the first cate-
gory value.

4 Suppose category values x, ... x where

x. > x. if i > j, and we want to categorize y.

1 We've assume y >^ x,

2 If y > x return ICAT = n-1, coefficient =1.0

3 If x, < y < x then

*i+r

y-x.
ICAT = i, coefficient =

5

6

7 10/5/75 Raiffa

8

x.^.-x.
1+1 1
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12.2

Arguments

:

X - real

INUM = integer

ICAT S integer

COEF = real

VAR re real

array holds category
values

no. of entries
in X

returns lower
category value

returns offset

holds number to
categorize

Do loops:

Do 1 I * indexes through x_
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12.3 Subroutine Offset (X, INUM, ICAT, COEF, VAR)

( CaU )

1-2
check cats.

2 to INOM

X(I)>var\J22_

yes

ICAT - 1-1

calculate
coef.

highest
category,
coef. *• 1

f Return j
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13 Subroutine W4014 and other USGS routines
used in finding biased Q50's

13.1

W4014 was designed as a main program to find
floods corresponding to different return inter-
vals. The following changes were made to turn
W4014 into a subroutine:

a The data initialization routines

Fillpl
Filln
Fillp
Fillgn
Fillgp

were removed from W4 014 and placed at the front
of the calling routine Biflow.

b The procedures for inputing original flow data
to W4 014 were removed and the annual flow data
was passed to W4 014 through Common. Since W4 014
was passed lbge of the flow valves but uses
lo9l0' code was added to convert logio.

c Originally W4 014 calculated many return inter-
vals. Now only Q50 is found and is passed back
to Bigflow.

d The printing of results by W4 014 was bypassed.

e Flow control associated with inputing more than
one set of data was eliminated.

All of the changes made appeared obvious and the
basic operation of W4 014 was left unchanged.
For complete .documentation on W4014 see U.S.G.S.

* A listing of subroutine W4 014 along with
all of the necessary subroutines follows.
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14 SUBROUTINE VCOR

14.1

1 Given a data matrix whose columns represent up to
25 stations and whose rows represent up to 70 years
of flows, (each row represents a specific calendar
year, say row 5 represents 1945. Thus if station 1
had flows from 1900 to 1960 and station 2 had flows
from 1915 to 1975, the matrix could not hold all
flows. You could decide to hold the flows for 1900-
1970 or from 1905-1975.), "Vcor" finds the means,
std's, and cross correlations for each pair of sta-
tions. For each pair, these statistics are based
only on the years in which both stations have a
flow reported. The average correlation is also
calculated.

2 Called by:

R50

Calls

:

None

3 All of the pairs of stations must have at least
3 years of flow in common.

4 Since the correlation matrix is symmetrical only
the section lying above the diagonal is calculated;
thus the pairs are

(i,j) i = 1, no. of stations -1,

j i, no. of stations.

For each pair, the means, std's, no. of observations
in common, and the cross correlation are computed
and stored.

(Station 1 may have some years in common with sta-
tion 2, and different years in common with station 3.

Thus, the mean, and std of station l's flow when
the pair (1,2) is being processed, may be different
than l's mean and std when the pair (1,3) is being
processed.

)

After the "pairs" have been done, the means and
std's of the individual stations are calculated
and stored.
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One note: since there are not likely to be 70 years
of flow data, a maximum year index is passed to
the subroutine (NY) and only rows 1 through NY of
the flow matrix are used.

6 For pair (I, J) and data matrix Q

14.2

mean I =

NY
.^Qti,!)

where Z is the number of years in which both I and J
have non-zero flows,

std I = sqrt

NY
.Z Q<i,I) - Z(mean I)

Z^l

correlation

7 2/8/76 Raiffa

8

/NY \

LZjQ&rDQUiJ)] - Z(mean I) (mean J)

(Z-l) (std I) (std J)

Arguments

:

Q = real array

NS = integer

NY = integer

holds flow data

no. of stations

no. of years of flow
only rows 1-NY of
Q are used

SUM = real will return average
correlation

integer no. of pairs

NS(NS-l)
2
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XB

Nl

= real array

= integer array

on return will hold
means (for storage
mode see "R50")

.

on return will hold
no. of observations
for each individual
station.

1

2 Do loops:

Do 10 I:

Do 10 J:

Do 20 I:

Do 20 J:

Do 30 H:

Do. 30 I:

Do 50 H:

Z

SUM

zero arrays

zero arrays

first index of pairs

second index of pairs
(I, J) J = I, no. of stations

index through years (flows)

index through stations to find individual
station means and std ' s »

index through years for individual stations

= real

= real

LEND = integer

NS1 = integer

12 = integer

XI = real

counts no. of flow years
in common for stations
(I, J) . Later, it counts
no. of flow years for
station I.

counts total of correlations.
Later SUM will be divided by
no. of pairs to find and re-
turn the average correlation,

25, dimension for zeroing
arrays

no. of stations -1, used
in Do loops

used in Do loop

temporary, holds a flow
for station I of pair (I, J)
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X2 = real temporary, holds flow
for station J

Zl * real Z-l
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14.3 Subroutine Vcor (Q, NS, NY, SUM, L, XB, ST, R, Nl)

Initialize
counters

I =» 1

(1 to NS-1)

J - 1+1
Inner loop

la

lb
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14.3 Subroutine Vcor

yes.,

yes.

a good year,
accumulate

<^

find stats,

for stations
I, J
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14.3 Subroutine Vcor

1-1

initialize
counters

station
<

I

year
K

partial
sums for
station I

find mean
and std.

of station I

find
average
correlation

( Stop
J
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15 SUBROUTINE OUTP

15.1

1 This subroutine prints a title and then a matrix
(up to 18 columns at a time, the columns must be
printed seven characters wide) . The title, and
the format for the columns are passed as input
arguments to "Outp".

2 Called by:

R50

Calls

:

None

3 The format passed to the subroutine must specify
six print positions for the row label and seven
for each entry in the matrix. IW must be > 1 and
< 18.

4 A number IW specifying the number of columns per •

page is passed to the subroutine. The matrix is
•divided into sets of IW columns (the last set may
have less than IW columns) and each set is output
on a separate page with all rows printed for each
set of columns.

5a Find out how many complete sets of IW columns there
are.

b Print the complete sets (if no complete set, i.e.,
matrix, has less than IW columns, go directly to
5c) .

c Print the final partial set (if the no. of columns/
IW is an integer, there will be no "partial set").

6

7 2/10/76 Raiffa

8
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.2

Arguments

:

X = real

IA = integer

JA = integer

IN ss integer

JN s integer

FMT = real

IBCD = integer

IW = integer

array holds matrix to be
printed

i dimension of X

j dimension of X

no. of rows of X
actually used

no. of columns of X
actually used

array format for printing
matrix

array title for matrix

no. of columns to
print at a time

1

2 Do loops

:

Do 10 Jl = starting column of each set

Do 10 I = indexes through rows from each complete
set

Do 15 I = indexes through rows for last "partial
set"

IW-1 used for finding last
column to be printed in each
set

no. of complete sets, i.e.,
int (no. of columns/IW)

total no. of columns inclu-
ded in complete sets

last column of set

column number

IWl integer

11 = integer

J2 = integer

J3 = integer

J c integer
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15.3 Subroutine Outp (X, IA. JA, IN, JN, FMT, IBCD, IW)

(
M1 )

IW columns
per page

yes

7F

set up to

print sets

of IW

fiaiMBoa

—

Jl - 1st col.

of set
J3 » last col

of set

Write
column no.s

Write columns
Jl to J3 for
all rows

J3

±.
1st

column ol

partial
set

*e3
>

Write
column no.s

Write columns
J3 to JH for
all rows

<r

f Saturn
j
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16 SUBROUTINE TRANS

16.1

"Trans" inputs the matrices of means, stds, and
correlations in raw space, and, for each pair of
stations (i, j) i = 1, no. of stations

} = 1, no. of stations,
"Trans" passes means, stds, and correlations of
stations i and j to "Tr". "Tr" converts these
values to log space and passes the log values
back to "Trans", which stores them in new matrices.

Called by:

Calls:

R50

Tr

NS < 25 (no. stations)

See "Tr"

2/13/76 Raiffa

16.2

Arguments

:

XB = real

ST = real

R = real

COV = real

array means in raw space

array std's in raw space

array correlations in raw
space

array returns log space
covariances
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XBL = real array returns log space
means

ANS real array returns log space
variances

For storage mode of XB, ST, R, COV, XBL, ANS see
"R50".

NS integer no. of stations

1

2 Do loops:

Do 10 I = pair (i,j), 1=1, no. of stations

Do 10 J pair (i,j), J I, no. of stations

raw space mean of i
for pair (i,j)

raw space mean of j
for pair (i,j)

raw space std of i
for pair (i,j)

raw space std of j
for pair (i,j)

raw space correlation
of i and j

log space covariance
of i and j

log space mean of i

for pair (i,j)

log -space mean of j

for pair (i,j)

*On return from "Tr" SI and S2 have been altered:

51 = real log space variance of
i for pair (i,j)

52 «= real log space variance of
j for pair (i,j)

XI real

X2 m real

SI - real

S2 « real

Rl m real

CO m real

XL1 real

XL2 u real
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16.3 Subroutine Trans (XB, ST, R, COV, XBL, ANS, NS)

Select args.

for stations

1, J
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17 Subroutine TR

17.1

Given the means, stds, and correlation of two
variables, TR transforms to log space and returns
the log transform means, variances, and covariance.

Called by:

Trans

Calls:

None

VI (raw space correlation) £ 1.0

See model

6 We have two sets of samples:

X1-"V yi-" y n
Let p = mean x

x
u f mean y
y

6 = std x
x

6 = std y
y

p = correlation of x and y

We find the log space means and variances by using
the following equations

:

(a = log std x, a
x 3

y
= log std y, b = log mean x,

la

lb

= log mean y, c = log space correlation)

2

= v.exp

exp

x 2

a
b + -

y 2

2 1

= w.
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2a

2b

exp 2b + 2a

exp 2b + 2a
'

y y

exp

- exp

2b + a
'

x x

2b + a
'

y y

= 6

From la and 2a we find;

exp a % * 1 - a
x
2 -la + 1

b - ln(u ) + ~-
x x 2

and the corresponding equations for y.

Finally we have the equation for the correlation
in log space

xy
exp | a a c

|a
x
2

l - if'

- 1

exp

so the log space covariance is

6 cov = ca a =
x y

Ln
( p
\

xy

7 2/13/76 Raiffa

8

J

exp !•» 1 exp - 1 \*:i)
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17.2

Arguments

:

XL E real mean X

X2 = real mean Y

SI s real std X;std X; on return log
variance of X

S2 = real std Y; on return log
variance of Y

Rl 3 real correlation of. X and Y

CO = real on return holds log
covariance

XL1 SS real on return holds log mean
of X

XL2 m real on return holds log mean
of Y
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17.3 Subroutine Tr (XI, X2, SI, S2, Rl, CO, XL1, XL2)

C cai1
)

change means, stds, corr.

in raw space to means,
stds, corr. in log space

( Return )
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18 SUBROUTINE ROWQ50

18.1

1 This subroutine calculates the correlation of
Q50's for up to 25 stations. For each pair of
stations (for n stations n(n-l)/2 pairs) two
correlations are calculated. Each correlation is
based on M pairs of Q50's. For the first correla-
tion, each Q50 is based on a set of LI flows.
For the second correlation each Q50 is based on
a set of L2 flows. For each pair the subroutine
prints the statistics of the Q50's as well as their
correlation.

In addition, the subroutine finds the average
correlation of the pairs and returns a matrix
containing all of the correlations.

2 Called by:

R50

Calls:

Gen

3 M < 100, LI and L2 _< 30 , NS < 25

4 The statistics needed for the simulation are passed
to "RowQ50" in matrices. For each pair, the rele-
vant statistics are retrieved and passed to "Gen"
which does the actual simulation. "Gen" is called
twice for each pair, once' to do the sets of LI
and once to do the sets of length L2. "Gen" returns
relevant statistics which are printed by "RowQ50."

5

6 For the discussion of what statistics are input to
"RowQ50", see the models in "R50", "Tr" , and
"Gen".

7 2/16/76 Raiffa

8
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18.2

Arguments

:

JSE = integer seed for random
number generator

NS = integer no. of stations

LI = integer no. of flows in a
set (one set per
Q50)

L2 = integer used like LI but
different number

M = integer no. of sets of
Q50's generated for
each pair of
stations

XBL = real array log transform means
of flows (see "R50"
for storage model)

ANS = real array log- transform vari-
ance's of flows
(see "R50" for
storage model)

COV = real array log transform
covariances for
stations i and j

XT = real array

XL = real array

SM = real array

YM = real array

true expected value
table (WW1)

log normal expected
value table

skew category values

no. of observations
category values

TM = real array return interval
category values
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B = real array on return will hold
correlations of Q50,
B(i,j) = correla-
tion based on sets
of LI if i<j f cor-
relations based on
sets of L2 if j<i.

Do loops

:

Do 60 I = are going to do pairs
(1.2) ... (l,n) n = no. of stations
(2.3) ... (2,n)

(n-1) ,n)

Do 60 J = 1+1 to number of stations

S10 = real total correlations
based, on sets of LI
(used in finding
average correla-
tions)

S25 = real same as S10 but for
L2

Q1B = real*

8

mean of Q50's based
on LI flows per set,
for station i of
(i,j) pair

like Q1B but for
station j

like Q1B but for
sets of L2

like Q2B but for
sets of L2

std of Q50's based
on LI flows per set
for station i of
pair (i,j)

Q2B - real*

8

Q3B = real*

8

Q4B = real*8

SI _• real*8
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52 = real*

8

like SI but for
station j

53 = real*8 like SI but for sets of L2

54 = real*

8

like S2 but for
sets of L2

RQ1 = real*

8

correlation of
Q50's based on sets
of length L2

RQ2 = real*8 correlations based
on sets of length
L2

NSL = integer no. of stations
-1, upper bound of
outer do loop

IPL = integer index of outer loop
+1, lower bound of
inner loop

Z = real no. of stations, ho.
of pairs
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18.3 Subroutine RowqSO (JSE, NS, LI, L2, M, XBL, ANS, COV, XT, XL,

SL, SM, XM, TM, B)

c ^O
S10 avg. corr.

for sets of 10
S25 avg. corr.
for sets of 25

Write
titles

I - 1

m - 1+1
J - XP1

Gen

Gen

Write
Gens results

keep track
of corrs,
6 avg. corrs

-?

calculate
average
correlations
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19 SUBROUTINE GEN I

19.1

Finds the correlation of Q50's for two stations

given their means, stds, and correlation of annual

flows in log space.

Called by:

Calls:

Rowq50

Gauss
Statl
Interp
Stat2

Assume cov £ 1.0 (this is the log space

V
1 correlation)
V1*V2

If this is not true, you will try to take the square
root of a negative number when calculating B3.

A set of L flows is generated for each station
(see model), and the Q50's of these two sets are
calculated; call these Q50 (1 > and QSO^ 2 *. This
is done M times resulting In Q50. d) i = 1,M
and Q50j( 2 ) j = 1,M. Then, the means, stds,
and correlation of Q50d)

f Q50< 2 ) are calculated.

We have two stations with n overlapping years of
flow data.

Xl' X
n' *!•••*»

Using techniques described in "Tr" we find the
log space means , variances and covariance of these
two sets of flows.

\i\. = log transform mean of the x's

U 2 = log transform mean of the y's

6±
2 - log transform variance of the x's

6 2
2 = log transform variance of the y's

cov = log transform covariance of x & y
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Let M = variance covariance matrix

19.2

6

1

2 cov

cov 6o 2

Then if

B =

cov
-T7rV 2 coy

6 *'-T72

B has the property that BB = M.

Now let XB =

and let E = e ( 1

)

e (2 >

the vector of means,

CD (2)
where e and e are

normal |0,l| variables. Then, for i = 1,L let

S. = BE. + XB =

B(2,l)ei ) + B(2,2) e<
(2) + v.

and let St
±

= expfS^l}) , ^ = exp(S.{2}) .

Then, x and y should have (expectation) the same
means, std's, correlation as the original x and y.

2/15/76 Raiffa

Arguments

:

XI = real log transform mean
of station 1

X2 = real log transform mean
of station 2
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VI = real log transform vari-
ance of station 1

V2 = real log transform vari-
ance of station 2

COV = real log transform covari-
ance of stations 1 and
2

Q1B = real*

8

returns mean of Q50's
generated for station
1

returns mean for Q50's
generated for station 2

std of Q50 for station
1

std of Q50 for station
2

correlation of Q50's
for stations 1 and 2

no. of synthetic flows
in each set (one Q50
for each set)

no. of sets (no. of
Q50's for each station)

holds true expected
value table (WW1)

holds log normal
expected value table

holds skew category
values

holds no. of observa-
tions category values

holds return interval
category values

2B = real*

8

SI = real*

8

S2 = real*

8

RQ = real*

8

L = integer

M = integer

XT 1= real array

XL = real array

SM = real array

YM = real array

TM = real array
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Ql = real*

8

array

Q2 = real*

8

array

Yl = real array

JSE = integer seed for random
numbers

1

2 Do loops

:

Do 10 I = M sets of L flow

Do 20 J = L flows to a set

Do 30 J = transform flows to raw space so that the
skew can be calculated for use with WW1
tables

Q50's for station 1

Q50's for station 2

synthetic flows (1

set) for station 1

Y2 = real array set of flows for
station 2

no. of flows per set

desired return interval

B(l,l) see "model"

B(2,l) see "model"

B(2,2) see "model"

Normal (0,1) no.

Normal (0,1) no.

log mean of a set for
station 1

log mean of a set for
station 2

log std of a set for
station 1

z = real

Zl = real

Bl = real

B2 = real

B3 = real

El = real

E2 = real

YB1 C real

YB2 = real

YS1 _ real
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YS2 = real log std of a set
for station 2

RQ1 = real log skew of a set
for station 1

RQ2 = real log skew of a set
for station 2

XB1 « real raw mean of a set
for station 1

XB2 real raw mean of a set
for station 2

XS1 = real raw std of a set
for station 1

XS2 = real raw std of a set
for station 2

XQ1 = real raw skew of a set
for station 1

XQ2 = real raw skew of a set
- for station 2

TNEW = real unbiased return
interval

CO = real coefficient from WW1
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19.3 Subroutine Gen I (XI, X2, 01, 02, COV, Q1B, Q2B, SI, S2, RQ,

.L, M, XT, XL, SM, YM, TM, JSE)

( ^ )

Initialize
variables

I - 1
(H sets of
flows)

J » 1
(L flows
per set)

Gauss

Gauss

Generate Yl,
Y2
2 flows
Y1(J), Y2(J)

Statl

Yl

Statl

Y2

Transform all
flows from
log to raw
space

Statl

Yl

Statl

Y2

fix skew of
Yl and log
space std

S
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19.3 Subroutine Gen I

yes
»-

W-
fix skew of
Y2 and log
std

V/_

Interp

Yl

Interp

Y2

find QSO's
store in

Ql(I), Q2(I)

correlation
of the QSO's

Stat2

(
Retvirn

J
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20

20.1

20.2

SUBROUTINE GAUSS

Generates a normally distributed number with mean
AM, and std S. This is really IBM fortran SSP
routine "Gauss" with routine "Randu" included rather
than called. This was done only to save calls and
returns.

Called by:

Calls:

Gen

None

See IBM fortran SSP routines "Gauss" and Randu."

"Randu" was imbedded in "Gauss" to save overhead.

See 3

See 3

2/16/76 Raiffa

Arguments

IX = integer

S = real

AM = real

V = real

seed for "Randu" , on
return holds new seed

std of desired number

mean of desired number

normal number with
mean = AM, std = S

Do loops

:

Do 50 I = need sum of 12
uniform [0,1] numbers
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A = real holds sum of 12 uniform
numbers

IY = integer used in generating a
uniform number, will be
new seed

YFL real uniform [0,1] number
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20.3 Subroutine Gauss (IX, S, AM, V)

IBM SSP
subroutine
Randu

c EE )

A =

I - 1

Calculate
IY from IX

recalculate
. IY

V. Calculate
YFL

V has mean
0, and std

S

r Return }
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SUBROUTINE STAT2

21

21.1

1 Finds the means, stds, correlation of two arrays
in double precision.

2 called by:

Gen

calls

:

None

3 M > 2; at least 2 observations

4 everything except indexes is in double precision

5

N
/ 2 2

6 mean = I Xj., std = sqrt ( £xj -N mean
i = l U"

N

correlation = I x y -N(mean x) (mean y)
i =1 i i

(std x) (std y) (N-l)

7 2/15/76 Raiffa

8

21.2

Arguments

:

M = integer dimension of data arrays
and no. of observations

Ql = real*S array data values

Q2 = real*8 array data values

Q1BAR = real* 8 on return holds mean of
Ql

Q2BAR = real*8 on return holds mean of
Q2

SSQl = real*8 on return holds std of Ql

S5Q2 = real*8 on return holds std of Q2
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RQ « real*8 on return holds correla-
tion of Ql and Q2

1

2 Do loops:

Do 10 I steps through data

XN real* 8 no. of observations

Tl real* 8 temporary to hold one
observation from Ql

T2 real* 8 temporary to hold one
observation from Q2
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21.3 Subroutine Stat2 (N, Ql, Q2, Q1BAR, Q2BAR, SS91, SS92, RQ)

Q1BAR - EQ1-(I) , Q2BAH -

SQ2(1)
SSQ1 » IQKD 2

, SSQ2 -

ZQ2(I)2

RQ - 2(Ql(I>*Q2<I))

I - 1+1

yes

calculate
means, stda,

correlation

C Return
J

i

*

249



o
<la

o

<
t-

<2T5

3

bc!_j

J
>i

3

a:
i-
•a:
o

2

I ~

o'o
• • o
o o
II II o
oc a.
< < —l(M

II (C m oio
Z « (N c/>| isi

a x o o vi vi

I

— |IN
I- l-

<* t— i
*— IV

fsl ir, ^ t/\ -O r-
O C O O O O
o c o o o o
o o o o o o

I

i

o
• o

II

o o

•-h r\l

ato
II I

II

cc\a:

CD o* O »< rsi ro
O O •* -"r< —o c o o o o
o o o o o o

•- (SI

a o
V) l/»

(I

.

II

-< CM
o o

I CO \A
I l/> (/I

# •

•MiLU
t- T>
+ :Z
O -
oc *-
II z
a,

a

ctio

o.o -<:
•

:
• I

'

-«•— z
I I Xzz —

,

XX
;

OTiOC to<< • :

CD EC -«.
- <M 3OOH
• '• l/>

ce ac —
<•« V
CD CD —
-> rg or

o o <
# eZZ <M

X:X O
111*

t-l (SI oc
O O <l
«/)!«/) cc!
!/>:</> <-»

Ol—:— #|
Z!

i or of
i o o
O Q
II II

-" Csl

0:0WO
l/>ll/l

I !

ar z
erinc—!3
« If- o
O'luZ

a: id

-* in o r-'Co o o •-« r\i it\>-t i^
—i •-• <— i-«-»H .-« <M NN (\l C\l <MOOOOOOOOO O'O o
O O O O'O o o o o o:o o

! I

250



z
>
1/1

i

q
UJ

i _l
CM •J
t-i <
< ! U- z
1/1 V) O

Z •">

< h-
a <
IS Ooo
aC -I
0.
ec

3
»/>

-I

O
CD
X
>

>
I

J

IO
>!

Zl

K
&
O

o
cc'
I,

o
•"•*
KlO>
<!
<_)

o

ffiot
z o
Hid

2.
O
M O >
o ui

o
o

o
X <M
x o,
>- i/i

i/i in i

2
O I

t— cdui
<
O
o

o !

CC M
x o> i/>

i/i t/>:x

I

z
o« cioc
i— (C Q

is <
ir a
l> <M M
«o O t-

B.IHOC
<ik < a

O of
2 <
Z IB
> M,M
ui C»it-

z
i°

t- <|U

o
CD
z
>• ZO
v> xioc

z
o

I !

> tvii

z
o
>-i CO

o
CD
z> M
wo O

loC

IUJ

CD
Z
3 2
z a

z <
IUJ o
:z O
IUJ _j
IK
!< »-
it- z
!«/> UJ

0 UI IM Ol

-U -0 IM UJ
^ «/S>C0 U,
IM fMjIM INI.

0 —"lO —«
m m rg

J5 UI IM <M
1*1 IT»>< U.
'^ CM irM <M

m.m im:

<0 0\-C ooM u"\ i(> UJ iCC

rg (MIM CMK*1

! i

* 0M* O"' *
IM M (M

<0 Ul'< N'«M
•-< *!• Oi>0
ra <M|IM IMifl

OO isll
<l|» H
Ci t/1

U QCl
u> IS!
D : O.

z e»|

t-.Z iTiiHO IM;
HiU
_j:zDm !

Zi-I

l !

o

I/1IH- »-
».< z
Oil- UJ
Ml/1 Z
O UJ
o!« -
CD <
UJ UJ M
»;Z i/>

Q'<
w,Z UJ

i
(->

* !•

UiU vt\
uiiui O
U.IU. iZ
U.IU.
LU UJ

I « I*
Z'2 i/ii<j»

mim o o
MIMmm — 1»—

2;Z i/>iv>

OlO NM
MIM h-l(-
»-l»- <l<
d 10. fc-lr-

O.O i/livi

• I* *\*

251



22 SUBROUTINE STAT

22.1

1 Stat computes and returns the mean and std of a
real array of length 15.

2 Called by:

Skew

Calls:

None

3

4

2
5 Compute Ex. and Zx. , then find the mean and std.

2
Ex. /^xi

~ 15*mean \

6 mean = y^ std = sqrt I

j^
)

7 2/20/76 Raiffa

8

22.2

Arguments

:

X = real array holds data values

XB = real array holds mean on return

STD = real array holds std on return

1

2 Do loops:

Do 10 I = indexes through X
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22.3 Subroutine Stat (X, XB, STD)

C ^ )

Initialize
variables

I =• 1

E x.
i

Z x
2

I = 1+1

Calculate
mean , std

f Return
j
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23 SUBROUTINE INSTD

23.1

Does interpolation in the WW1 std table, and finds
the coefficient corresponding to a given skew,
number of observations, and return interval.

Called by:

Calls:

Skew

Offset

Linear interpolation in the log normal section of
the wwi table.

5 1 Categorize skew, number of observations, and return
interval.

2 Find table value at low return interval.

3 Find table value at high return interval.

4 Interpolate between low and high return intervals.

2/20/76 Raiffa

23.2

Arguments

:

SKEW = real

YEAR = real

TNEW * real

holds skew

holds no. of
observations

holds desired return
interval
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CO = real

WL = real array

SM = real array

YM = real array

TM = real array

on return will hold
value from the table

holds WW1 std table

holds skew category
values

holds number of
observations
category values

holds return inter-
val category values

IS = lower category for SKEW

IS1 = upper category for SKEW

SI = SKEW is SI of the way from the lower
category to the -upper category

IY = like IS but for YEAR

IY1 = like IS1 but for YEAR

Yl = like SI but for YEAR

IT = like IS but for TNEW; later reset to
IT+1 at which time it is like IS1

Tl = like SI but for TNEW

B,B1,B2 = temporaries used in interpolation

XI = table value at low return interval

X2 = table value at high return interview
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23.3 Subroutine Instd (SKEW, YEAR, TNEW, CO, WL, SM, YM, TM)

(
' "" )

Offset

SKEW

Offset

YEAR

Offset

TNEW

Interpolate
with low
return interval

interpolate
with, high
return interval

interpolate
to find CO

(
Ratiirn
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24 SUBROUTINE CALC

24.1

1 Calc generates 100 sets of flows, finds the Q50
for each set, and the mean and std of the Q50's.

2 Called by:

Samp

Calls:

Gen

Rnd

Statl

Interp

Offset

4 The flows to be sampled are input. A set of N is
sampled with replacement, and their Q50 is calcu-
lated.

After 100 sets, the mean and the std of the Q50's
are found.

5

6

7 2/20/76 Raiffa

8

24.2

Arguments

:

X = real array holds original flows

N = integer no. of flows per
set
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XT real array

XL = real array

SM = real array

YM = real array

TM = real array

JSE = integer

true expected value
table

log normal expected
values

skew category values

no. of observations
category values

return interval cate-
gory values

seed for random no.
generator

Do loops

Do 10 I = index

Do 20 J = index

z = real

T = real

Y = real

XB S real

STD = real

SKEW = real

XI = real

SL = real

SKL - real

TNEW = real

CO = real

TEMP = real

Q50 = real

for 100 sets

for N in each set

no. in each set

return interval

array holds one . set of flows

mean of a set, later of Q50's

std of a set, later of Q50's

skew of a set, later of Q50's

mean of logs of a set

std of logs of a set

skew of logs of a set

unbiased return interval

coefficient from WW1 table

log of Q50

array holds 100 Q50's
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24.3 Subroutine Calc (X, n, XT, XL, SM, YM, TM, JSE)

C =*"
)

Z no. per
sample

T - return
interval

Statl

CY)

Y(J)-alog
(Y(J))

J - 1,N

Statl

(Y)

yes.

update skew,
log space

std

Write
statistics
on Q50

(
Return

J
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25 SUBROUTINE GEN2

25.1

Takes N samples with replacement from one array,
and places the samples in a second array.

2 Called by:

Calls:

Calc

Rnd

N < 25

Uniform numbers between 1 and 61 inclusive are gener-
ated as an index into the array of 61 flows.

2/20/76 Raiffa

25.2

Arguments

:

X = real array holds original flows

Y = real array on return holds sample
flow

N = integer no. in a sample

1

JSE = integer seed for random no.
generator

J-

2 Do loops

Do 10 I = index for N samples in a set

K = integer random integer between 1 and
61 used as index
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25.3 Subroutine Gen II (X, Y, N, JSE)

C can
)

I - 1

Rnd

(61)

Y(I) - X(k)

I - 1+1

Ak_no_^

yes

Return

267



:©

II

IO

is
IO

l>
IM

12
i<

O
IlL

IV;

IX
'

'O o
o o
o o

Z i/>!

•I
.. O'* uiwz - 3

oeix zz
. n i~rc£

_i— - 3
J'M Z'l- Q<i— Olu Z
Oi> Oct UJ

I

o o o olo o
o o o o o o
o o o o o o

I !

I
I

268



2 '

If"-

l(NJ

io

15
lac

0=1 <

(X
a

X>
I

1/1

z
o
«- •*

K OS<
O
c

I o
> z

I

I

o
la
< t-
:z
o

IOC C

13
IO

:z
:o—• CD

< <

0C

z
o
1- .*

a
£P
E
V

<->

O

2!

Si -6

g
H-|00

o

z
o:

la. i-

ir

io ;

32
\z o
IK *- -0

Z <""
UJ L)

it- Z
|</> JJ

Z'M

z
°ih|uiu
h- -O H)

la i

l< I

IO </>

:

|5
I of
I o
i lo
B iq;
ia

. h>' •>

' Z|05
io:

i-j z:
IO Ml
IZ-j|

IXI

U <
Of

V) UJ
t- Z
Ul u>

ox.
|tu to

H|»-«J
|< «

tll/l </l

<| o
Z'M z

VJ O
\CC <

* 3HHOO
OII/>
tu O

I*
ZI«/> i/i

IHIUU

Zi«/> «/>

O 1W M
35 <
0l|>- t-

* • •

I

! I

269



26 SUBROUTINE RND

26.1

1 Generates a random integer between 1 and N.

2 Called by:

Gen

3

4 Except for the last 2 lines, this is IBM Fortran SSP
routine "Randu". The last 2 lines up date the seed,
and scale the number so that it is between 1 and 61.

5

6

7 2/20/76 Raiffa

8

26.2

Arguments

:

IX = integer seed

N = integer want number between
1, N

K = integer 1 < K < N and is
uniform

1

2

3 IY s integer

YFL _ real

used in generating, will be
next seed

random no . , < YFL < 1 .
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26.3 Subroutine Rnd (IX, N, K)

IBM SSP
Subroutine
Randu

( E )

Calculate
IY from IX

YFL is

random no.

between 0,1

IX -

new seed

K is random
No . between

1, N

( Return j
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27 SUBROUTINE STATS

27.1

"Stats" calculates and prints the means, stds,
and cross-correlation of two arrays.

Called by:

Calls:

Spcor

None

1/10/76 Raiffa

27.2

Arguments

:

X

Y

N

= real array

= real array

= integer

holds first array

holds second array

no. of points in
X and Y

.2 Do loops:

Do 10 I = partial sums

3 Z = real

Zl = real

XI = real

same as N

Z-l

mean of X
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X2 = real

SI = real

S2 = real

R = real

T = real

Tl = real

Gl = real

G2 ss real

mean of Y

std of X

std of Y

cross-correlation

temporary

temporary

skew of X

skew of Y
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27.3 Subroutine Stats (X, Y, N)

( Cal1 )

Zero
variables
I = 1

EX , EX?

^
yes

find means, stds
and correlation

( Return 1
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2 8 SUBROUTINE ORDER

28.1

1 "Order" sorts a set of data into ascending order
(destroying the original array) , It returns the
sorted array, and an array containing the ranks
of the original points (see "Sp".) .

Called by:

Calls:

Sp

None

3 Assume we don't care about ties.

4 A bubble sort is used.

Suppose there are k points.

a For i = l,_k-l x^ and x
i + , are compared and if

x.± > x i + 1 they are exchanged.

b If no exchanges were made (x 1 <x 2 / X 2.1X 3* • * xk-li.xk'
you are done, otherwise repeat "a." You will have
to repeat "a" at most k times (this would allow
xk to be moved to x

1
)

.

Before the sort is begun, a second array, "IN" is
loaded with the integers l...k. Each time xi & Xi+.i
are switched, IN.^ & IN- are switched. Thus, when
the sort is done IN will give the original position
of the now sorted points. Let INN(INd)) = I for
I = l,k and INN will contain the ranks of the
original points.

x
l

= 5 X
l

= 1 IN
1

= 3 INN = 4

X
2

= 3 X
2

= 2 IN
2

= 4 INN
2

= 3

X
3

= 1 X
3
= 3 IN

3
= 2 INN

3
= 1

X
4

= 2 X
4

= 5 IN
4

= 1 INN„ = 2
4
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5

6

7 1/8/76 Raiffa

8

28.2

Arguments

:

X = real*8 array originally contains
the points to be
sorted, will contain
the sorted points

INN = integer array will contain the
ranks

K = integer no. of points in X

J = integer. tells whether the
sort is done. If
xi

< xi+l f°r a^-L *'
J = 0.

If a switch had to
be made J = 1.

J is initialized
to each time we
go through the K
points.

Do loops:

Do 10 I =

Do 20 I =

Do 50 I =

load IN with 1. ..k

check x. &
i

x. for i = 1, k-1

INN(IN(I)) = I

L integer

IN = integer

KL integer

counts no. of times sort
goes through the k points

array original position of the
sorted points

k = 1 for Do loop
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T = real*

8

temporary used in switching

IT integer temporary used in swithcing
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28.3 Subroutine Order (X, INN, K)

C E )

IN(I) = I

I = l,k

get ready
for loop

^"

reset switch J
inc. counter L

1 = 1

II = 1+1

switch:
X. & X_.
i i+l

IN. & IN.
,

set J

J

>

->

Write
no. of tiroes

through sj

load rank
matrix
1-k

( Return
J
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29 SUBROUTINE SPCOR

29.1

1 Finds the Spearman correlation, and a test on this
correlation, given two sets of ranks.

2 Called by:

Sp

Calls:

None

3 If the Spearman correlation is 1 or -1 the test
equation fails (divide by 0) so set test = 999.999

4 The equations are a direct steal from "SPSS."

5

6 Spearman correlation = for m observations
m

6 I (diff. in rank of x . & y.)
• • 1 - i=l

1 x

1

m -m

Test = (Spear, corr.) *

(

——Sli—

-

J>

7 1/8/76 Raiffa

8

29.2

Arguments:

INI = integer array ranks of x's

IN2 = integer array ranks of y's

K = integer No. of observations

285



2 Do loops

:

Do 10 I = sum the square of the difference in
rank

3 D = real*8 sum of squares of dif-
ference in rank

Z = real*

8

no. of observations

T = real*8 test statistic (999.999
if Abs(RS) = 1)

RS = real*8 Spearman correlation
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29.3 Subroutine Spcor (INI, IN2, K)

( E )

Initialize

D, Z, T

E(INI(I)-IN2(I))'

I - l,k

Avoid^
dividing" *•

by

yes

yes

Calculate
test on RS

Write no.

obs, RS, test

( "~ )
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APPENDIX C

GAGING STATIONS, BY STATE

GAGING STATIONS USED IN THE REGRESSIONS

Georgia: 2181800

2227430

2383000

Massachusetts: 1101000

1171500

1331500

Missouri:

Montana

:

New Mexico:

Ohio:

5502000

6925300

7040110

5014000

6129800

6334100

7205000

8302500

9357200

3089500

3226200

4189100

2188500, 2203800, 2205000, 2217000, 2221000,

2317900, 2337400, 2337500, 2349900, 2351800,

2394400, 3545000

1101500, 1105000, 1109000, 1162500, 1165500,

1172500, 1174000, 1174500, 1180000, 1197000,

1332000, 1333000

6816000, 6820000, 6821000, 6896180, 6910200,

6929000, 6931000, 6931600, 7011500, 7015000,

7064500, 7185500

5014500, 6026000, 6046500, 6115500, 6128900,

6177050, 6216200, 6216300, 6308300, 6332900,

12324100, 12350500

8253000, 8253500, 8267500, 8271000, 8295000,

8317700, 8361650, 8379600, 8477570, 8478000,

9367860, 9395600

3109000, 3125000, 3139930, 3139990, 3140020,

3231600, 3235500, 3241600, 3263100, 3274100,

4197500, 4210100

Oregon

:

11340500, 13325000, 14011000, 14051000, 14073000,

14134000, 14163000, 14189500, 14203000, 14211800,

14299500, 14314500, 14333500, 14371500, 14378900
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Tennessee

:

3425500, 3427000, 3465000, 3491000, 3519600, 3519700,

3528400, 3565300, 3578500, 3581500, 3587500, 3594430,

3600500, 3604800, 7028700

Utah: 9182000, 9268000, 9268500, 9273500, 9275000, 9276000,

9287500, 9298000, 9331500, 9338000, 10135000, 10142000,

10143000, 10143500, 10145000

Virginia

:

1620500, 1636210, 1654000, 1665000, 1668500, 1670000,

1671500, 1673500, 2015600, 2018500, 2036500, 2048400,

2076500, 3165000, 3530000

Wyoming

:

6278300, 6299500, 6300500, 6311000, 6320500, 6321500,

6629800, 6652400, 9199500, 9204000, 9208000, 9214000,

9220500, 9224600, 9258000
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