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ABSTRACT

A computerized system for storage, retrieval and routine processing
of hydrologic data has been developed at North Carolina State University..
The system is known as HISARS (Hydrologic Information Storage and
Retrieval System). HISARS has been under development for several years,
the first version having been operative in July 1969. Although additional
features of the system are planned, it is believed that the current ver-
sion will be useful for a large number of potential users, and this manual®
is prepared with the intention of making the system more widely available.

The system is running on the IBM System/370 Model 165 computer at
the Triangle Universities Computation Center, and can be used at any of
the remote terminals scattered around the state. Data are stored on
magnetic disk packs. By making use of an operating system feature known
as the indexed sequential access method together with direct access capa-
bilities of the PL/1 language, HISARS can retriéve any one of approximately
350,000 records directly. This makes it possible to determine weather or -
. streamflow characteristics at any location and at any time for whith data
are available. It is also possible to compare different locations at the
same time and to process records through time at a single location,

The following data are now stored by the system:
1) Daily streamflow records;

2) Daily rainfall records;

3) Daily temperature records;

4) Hydrographic records of streamflow and rainfall;
5) Hourly rainfall records;

6) Daily evaporation and wind movement records'
7) Daily snowfall and snow depth records;

8) Daily event ("days with') records;

9) Flood peak records;,
10) Dam characteristlcs.»

Separate data files are maintained for each of the elements, In
addition, there is an index file associated with each data file, Each
record in an index file contains information for each station for which
records exist in the associated data file. This information includes
the station name and identification number, the latitude, longitude,
elevation, drainage area (streamflow stations only), river basin code,
county, planning region, geographic location block and period of record,
It is possible to retrieve data by specifying many of these items.

Operations in HISARS are divided into three main divisions: Access,
Processing and Management. The Access function serves to obtain required
records for listing, copying or processing. The Processing function per-
forms a number of routine analyses on the data, The Management function
permits addition of new records and correction of errors in stored records,
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This manual is prepared with the following goals:

1) To serve as a guide to those who wish to make use of currently
available features. This information is provided through chapters
called Users' Guides which can be used as self-contained references.
These Users' Guides will also be made available separately for those
who require only this information;

2) To serve as a base for future documentation. As additional
features of the system becomes available, appropriate material will be

‘prepared as additions or modifications to this manual. Those who wish

to keep up-to-date on current status of the system are requested to
have their name and address added to the HISARS mailing list of the
Water Resources Research Institute, North Carolina State University,
Raleigh, N. C. 27607, Updating material will be sent when prepared
to those on the mailing list;

3) To serve as a document for the system itself., This material
will be of little interest to the user, and is designed more for those
who are respoifisible for development and installation of systems of
their own. Because complete program documentation in the normal sense
would be excessively unwieldy, information here is limited to a general

description of the design of the system, a review of some of the reason-

ing that led to certain design decisions and possible alternatives, and
rather brief heuristic descriptions of the programs themselves, A dis~
cussion of file maintenance and descriptions of a number of system
utilities are also included,
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;LOSSARY

Convenience requires the use of some standard IBM terminology through-
out this manual. For those nct familiar with these terms, the following
rough definitions apply to usage in this manual.

BIT - the smallest unit of memory, which is equal to 0 or 1. Although
not useful in itself for numbers, the bit serves a useful function in
HISARS for flagging missing or estimated dats, accumulations, etc.

BYTE ~ the smallest directly accessible unit of memory consisting of
8 bits. It is also scometimes called a character, because one byte cor-
responds to one coclumn of a cavd or ons character on a printer for input
or output. BHowever, since theve are 236 possible bit combinations in a
byte, a byte can be used to store nuwbsrs up to this size. '

WORD - the most efficiently used unit of memory consisting of 4 bytes
(32 bits). Properly aligned words can be read directly into the registers
used for actual computations. Common modifications of this size are half-
word (16 bits) and the double word (64 bits),

RECORD - a group of bytes acted on as a unit, primarily for input and
output. Read and write operations transfer a whole record in a single
step.

BLOCK - a group of rvecords tramsmitted as & unit to or from an exter-

nal device. Although a block is completely transparent to the programmer,
efficient operation requires blocking of records inte fairly large blocks.
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HISARS USERS' GUIDE:
THE ACCESS FACILITIES

1.1, Introduction

The data access features of HISARS have been designed with the inten-
tion of permitting ready access to data in any combination of ways that is
hydrologically meaningful. This guide is intended to serve as a self-
contained reference for use of the system access facilities. Further
details regarding storage and retrieval methods may be found elsewhere
in the HISARS manual.

To introduce the facilities, some examples are given indicating types
of access that might be required, and the HISARS command cards necessary
to execute the request,

Ex, 1: To list the entire index of rainfall stations stored in HISARS.

ACCESS
ELEMENT RAINFALL

LIST INDEX

Ex. 2: To list the index of rainfall, streamflow and evaporation files
in locatien block 3576,

ACCESS

ELEMENT RAINFALL
STREAMFLOW
EVAPORATION

LOCATION 3576

LIST INDEX

Ex. 3: To list monthly rainfall and snowfall totals for the period 1951-
1960 at station 31-6001,

ACCESS
ELEMENT RAINFALL
SNOWFALL
STATION 316001
PERIOD 1/1951 TO 12/1960
LIST MONTHLY -

Ex. 4: To list daily streamflow values for station 03,1610.00 and daily
rainfall values for station 31-6565 for the period 10/1953-9/1963.

ACCESS
ELEMENT STREAMFLOW
RAINFALL
STATION 03161000
316565
PERIOD 10/1953 TO 9/1963
LIST DAILY




Ex.

Ex.

Ex.

Ex.

5

6

To access for later processing temperature records for those statiené
in location block 3678 which have complete records for the period
1951-1960.

ACCESS

ELEMENT TEMPERATURE

LOCATION 3678

PERIOD: 1/1951 TO 12/1960 COMPLETE

To obtain an index listing of all streamflow gaging stations in basin
F14 which have drainage basin areas of less than 100 square miles.

ACCESS

ELEMENT STREAMFLOW
- BASIN Fl4

AND

AREA 0 TO 100

LIST INDEX

To access for later processing peak flow records in Guilford and For-
syth counties:

ACCESS
ELEMENT PEAKFLOW
COUNTY GUILFORD

FORSYTH

To obtain listings of hourly rainfall during August 1940 for all TVA
stations at elevations over 3000 feet.

ACCESS

ELEMENT HOURRAIN
ALTERNATE TVA

AND

ELEVATION 3000

PERIOD 8/1940 TO 8/1940
LIST HOURLY

1.2. Command Language Specifications for the Access Facilities

The following commands constitute the access facility of HISARS:




ACCESS

ELEMENT opl
STATION cpl
LOCATION opl
BASIN opl
PRGION opl
COUNTY opk
ELEVATION  opl
AREA opl
ALTERNATE opl
PERIOD opl
LIST opl
COPY opl
AND

OR

The command word is punched starting in Column 1, followed by at least one
blank before the operand opl {if any). It is preferable for checking te
start the operand Iin Column 11, but this is not required.

Only one operand may be punched psr card. If more than one operand is
required, additional ocperands are punched on consecutive cards. Two optional
forms are avalilable. One is repeated uge of the control word with the oper-
and as above. The other 1s to punch only the operand, but leaving at least
one blank column preceding the operand. Thus, any cards with Column 1 blank
are assumed to contain operands that are asscciated with the next preceding
control word.

A group of command cards constitutes a single access request. A group is

~always begun by an ACCESS card, followed by additional command cards in any

order, provided only that at least one ELEMENT card is included. A group is
terminated by an end of file card, an ACCESS card beginning ancther group, a
PROCESS card signalling processing of the data just accessed, or a MANAGE card.

Any number of groups may be stacked for a single run, and this is encour-
aged for efficiency., Howaver, excessive stacking of groups will increase total
job time and lead toc possible job cutoffs.

There is also no limit to the number of command cards included in a single
group. Thus, a large number of statlons, counties, etc. could be accessed as a
single group. However, the core storage required by the job 1s correspondingly
increased, and if this is excessive with respect to the REGION size specified
for the job, the job will fail with a System Completion Code of 80A,

1.2.1. ACCESS
The ACCESS command signals the beginning of a group of command cards con-
stituting a single access request. The ACCESS command must always be the first

card in a group. Anything punched in the card following the word ACCESS will
be ignored.




1.2.2. ELEMENT

The ELEMENT command identifiszs the slement or elements for which access
is requested. The operand must give the element in one of the standard forms.
The following elements are included in the current implementation:

a) STREAMFLOW or STREFLOW

b) RAINFALL

¢) TEMPERATURE or TEMPTURE

d) HYDROGRAPH or HYDGRAPH

e) HOURLY RAINFALL or HOURRAIN
£) EVAPORATION or EVAPTION

g) SNOWFALL

h) EVENT or EVENTOCC

i) PEAK FLOW or PEAKFLOW

3) DAM or DAMCHARS

Where two forms are given, either form may be used. Any number of elements
can be given for a single access request.

1.2.3, STATION

The STATION command is used to request access for specific stations.
Standard agency codes are used, except that only the numbers (without punc-
tuation) are permitted.

The 8-digit code of the U, S, Geolegical Survey is used for the Stream-~
flow, Hydrograph and Peak Flew files. To access data for station 2.1695.00
the operand must be formatted as 02169500,

The 6~digit code of the National Weather Service is used for the Rain-
fall, Temperature, Hydrograph, Hourly Rainfall, Evaporation, Snowfall and
Event files, To access data for station 31-1695 the operand must be format-
ted as 311695, Note that the two suffix digits used by the National Weather
Service to identify climatological division are not permitted.

A 7-digit code is used for the Dam file, and is an agency-defined code
for the specific data in the file. These codes may be obtained most conven=-
iently by obtaining an index listing using the complete list option described
in Section 1.3.1 below.

It may be emphasized that the length of the operand is used to define
the type of code. Thus, for example, an NWS code with the 2-digit suffix
will be classed as USGS code, and applied only to the corresponding files.
If ELEMENT RAINFALL were specified for this case, nothing would be accessed.

1.2.4. LOCATION

The LOCATION command is used to request access for stations in a geo-
graphic region called a geographic location block. The codes being used
are specified according tec a system used by the North Carolina Office of
Water and Air Resources. Figure 1.1 is a map of North Carolina showing the
location system.

™
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A four-digit number defines each one-degree quadrangle, specified by
the latitude and longitude, respectively, of the southeast corner. (If the
longitude exceeds 100, only the last two digits are used.,) This quadrangle
may then be divided into four 30-minute quadrangles numbered 1, 2, 3 and 4
taking in order the SE, SW, NW and NE quadrants. Each quadrangle thus
obtained may in turn be subdivided repeatedly until the desired accuracy is
obtained. HISARS uses a ten-digit code to define locations in storage.
This is sufficient to define an area 60/64 minutes square, or approximately
one square mile.

The operand for the LOCATION command may contain from one to ten digits,
referring to all stations which start with the same group of digits. If for
example, a 6-digit location code 357834 were used, all stations would be
accessed in the 15-minute quadrangle bounded on the south by 35°°45' and on
the east by 78° 30'. Similarly, a l-digit code 3 would result in access to
all stations between 30° and 40° latitude, regardless of longitude,

1.2.5. BASIN

The BASIN command identifies requests by river basin. The codes being
used are specified by the North Carolina Office of Water and Air Resources,
and consist of three characters, a letter for the river basin and two num-
bers for the sub-basin. Figure 1.2 shows the river basin codes for North
Carolina. Up to three codes may be used to identify a station with more
than one basin.

The operand for the basin command may contain from one to three char-
acters. Those stations which have codes starting with the same configuration
will be accessed. A single character will access all stations in a major
river basin, while all three characters are required to specify a single sub-
basin,

1.2.6. REGION

The REGION command identifies requests by planning region. The code
used is a two character code, although for North Carolina stations the one
letter state planning division code is used. Up to two codes may be used
to identify the station with more than one region. (For North Carolina
codes, see Appendix II1.)

1.2.7. COUNTY

The COUNTY command is used to access stations by county. The operand
consists of a string of one or more characters. All stations are retrieved
which have the same character string in the name of the county. Unlike
other comparisons, however, the string does not have to occur at the begin=
ning of the county name, but can occur anywhere in the name. Thus, for
example, for the operand BU all stations in BUncombe and MecklenBUrg coun-
ties would be accessed.
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A station may be indexed in two counties, This is most common for
streamflow stations on streams that form a county boundary.

1.2.8._ELEVATION_

The ELEVATION command is used to access stations within a given range
of elevations. The operand is given in the form MIN TO MAX., For example,
the command card ELEVATION 2000 TO 2500 will access all stations between
2000 and 2500 feet elevation. Stations with elevations equal to either
the upper or lower limit will be included.

The format of the operand is quite free, the only requirement being
at least one blank between the two limits. The limits can also be punched
with a decimal point, and several decimal places if required. Thus the
operand 2000.00 2500,0 will produce the same results as the example above.

If only a lower limit is desired, only a single limit need be given.
A default upper limit of 100,000 feet will be supplied automatically.

For certain stations, the elevation may be unknown or irrelevant,
and the elevation in the index will be left blank. These blank values
are not interpreted as zeros, and such stations cannot be accessed using
the ELEVATION command.

1.2.9._AREA

The AREA command is used to access streamflow stations by drainage
area. The format and usage of the operand is identical to that of the
ELEVATION command given above, except that the limits are of drainage
areas in square miles. Again, if only a lower limit is required, a sin-
gle limit is sufficient.

Blank values are more commen for drainage areas, These occur for.
springs, and for stations with varying drainage areas such as swamps.
Such stations cannot be accessed using the area command.

1.2,10. ALTERNATE

The ALTERNATE command may be used to access stations which have alter-

nate codes included in the index entry for the station. These codes may be

any combination of alphabetic and numeric characters. The operand likewise
may be a string of one or more characters, and those stations are accessed
which contain the string in their coding.

This facility provides considerable flexibility in providing an addi-
tional free-form access technique. One usage now in. the system 1s to code
the Tennessee Valley Authority station codes for rainfall stations so clas-
sified. This permits individual station retrieval using either the Weather
Service code with the STATION command, or the TVA code with the ALTERNATE
command.,

10
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1.2.11. PERICD

The pericd for which records are included in the data files is recorded
in the assoclated index file. Since records for most files are stored by
month, the beginning and ending of a period of record is stored by year and
month. Each pericd which is complete, but which is preceded and followed by
a missing month, is defined as a perilod of record, and is indexed by begin~
ning and ending dates and length in months. Up to 100 such pericds can be
accessed for a single station; if there are more, only the last 100 sre
indexed and accessible by the system.

For the Hydrograph, Hourly Rainfall, Snowfall, Peak Flow and Event
files which contain data obtained at irregular intervals, the index assumes
a single period of record, with the first and last months being the months
in which the first and last days of record occurred. The number cf months
is replaced by the number of records in the file. There is nc way to tell
from the index whether the record is complete during the period.

If an access group i1s given without a PERIOD command, the entire per-
iod of record is accessed for every station included by the group. The
PERIOD command may be used to restrict the period of record for which records
are to be accessed.

The format of the operand is BEGIN TO END, where BEGIN and END are
months in the form Month/Year. For example, the command

PERIOD 6/1939 TC 12/1940

would limit access to records in the period June 1939 to December 1940 inclu-
sive. The format requires the slash ('/') immediately preceded by month and
followed by vear without intervening blanks. The same format is required

for BEGIN and END but spacing and words in between are irrelevant.

For some purposes, a complete period of record may be required. If the
word COMPLETE is added at the end of the preceding operand, with at least
one intervening blank, only stations having complete records for the entire

.period specified will be accessed. This feature could be used, for example,
to obtain averages for all stations which have complete recocrds for & spe-
cific period.

1.2.12. LIST

The LIST command directs the system to produce certain listings of the
accessed data. The following operands are permitted:

a) INDEX
b) MONTHLY
c) DAILY
d) HOURLY

e) HYDROGRAPE
f) CONTENTS

11




The INDEX operand indicates that a listing of the index is to be produced.
The MONTHLY, DAILY and HOURLY cperands indicate that data are to be listed
for the specified time pericds. HYDROGRAPH indicates that a listing of
Hydrograph data is to be produced, and the CONTENTS operand specifies that
a listing specific tc the Dam file is to be produced.

Many of these listings are specific to certain files. An HOURLY list-
ing can obviously not be obtained for the (daily) Rainfall file. If invalid
requests of this type are made, an error message is printed, and the syste
will proceed to the next step.

Listings of monthly values for several of the elements normally include
such summary information as annual totals, monthly and annual averages for
the period, and the ratioc of the annual total tc the annual average for each
vear with complete records. In order to print the ratios in a convenient
format, the data are actually read twice. If the ratios are not required,
the word PARTIAL may be added following the operand MONTHLY. Thus, the
command LIST MONTHLY PARTIAL will produce listings, complete except for
ratios, at noticeably less cost.

Detailed formats of output listings are given in Section 1.4,

1.2.13. COPY_

The COPY command is provided to permit users to copy records from the
HISARS data files to other formats, for use with other languages. Since
HISARS files are not accessible to FORTRAN, to PL/C, or to CPS, operands
provide for conversions appropriate to these languages. This feature is
discussed in detail in Chapter 3, the Users' Guide to the Copying Facili-
ties,

1.2,14, AND and OR

The AND and OR commands are not strictly commands, but are control
words for the And/Or option. This option is described in Section 1,3.2
below.

1.3, Access Command Options

Several options are permitted beyond the standard specifications
described in the previous section. The options are designed to permit
either extensions to the access facilities or simplification of the com-
mand format.

For certain usage of the system it may be desirable to access the
entire file. For example, the user may wish to obtain an index of all
records in the file,

This option is cobtained by using only an ACCESS card, an ELEMENT
card with the requested element or elements as operands, and appropriate
LIST cards as required. No other command cards are permitted.

12




When this option is used, the entire file is scanned, and entries for
each station in order are processed as requested. Since such processing
may be unacceptably extensive, only limited operations are permitted. For
example, operands for the LIST command of INDEX, MONTHLY and CONTENTS are
permitted, but DAILY, HOURLY and HYDROGRAPH are not.

The regular access facilities permit retrieval of records that satisfy
éne or more criteria. For example, if the command cards

BASIN 06B
06C
COUNTY BURKE

are used, then all stations that are either in Basin 06B or in Basin 06C or
in Burke county will be accessed. Note that the word OR is used in the log-
ical sense, ’ |

OR command cards could be inserted between the command cards above,
without changing the results. These cards are therefore without function
to the system, but may help the user to recognize the logic of the retrieval
request,

The AND command introduces the requirement that in addition to preceding
criteria, the following criterion must be met. For example, if the command
cards

BASIN 06B

06C
COUNTY BURKE
AND
ELEVATION 2000
AND
AREA 0 to 500

are used, all stations in Basin 06B or in Basin 06C or in Burke county and -
having elevations over 2000 feet and having drainage areas of less than 500
square miles will be accessed. Note that the word AND is used in the logi-
cal sense also.

This option permits some additional flexibility in making access requests.
Additional examples are given in Section 1.1. It may be noted in connection
with Ex. 8 of that section that the PERIOD command is used implicitly as though
it had a preceding AND.

Abbreviation of the command words and certain operands is possible. The
user who is just becoming acquainted with the system should probably use the
whole words as given, but a user with more experience may prefer the abbrevi-
ated forms.

13




Abbreviation is possible because the system when reading the command
cards reads only enough of each word to identify it uniquely. Thus, to
distinguish between the commands ELEMENT and ELEVATION, only the first
four letters need be read. Four letters are sufficient to uniquely iden-
tify all other commands. The allowable abbreviations are:

a) Command words - the first four letters of the names given in Sec-
tion 1.2

b) Element names - the first three letters of the names given in Sec-
tion 1.2.2;

c) List cperands - the first two letters of the names given in Sec- ¢
tion 1,2.12,
¥
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1.4, Output Formats:

This section contains examples of the ocutput that may be preduced by
the access facilities of HISARS. Examples show the command cards used,

and the corresponding output.

The examples include all listings that are

now avallable. Other listings will be implemented as the need arises.
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At the beginning of the output associated with each access group, a 7
heading page is printed. This contains the system name and version, the
date and time of execution, a list of access requests as recognized by
the system, and a map showing station locations and location blocks
searched. An example is shown in Figure 1.3, which resulted from the
following command cards:

ACCESS

ELEMENT RAINFALL .
STREFLOW

LOCATION 3581

COUNTY WAKE
DURHAM ‘
ORANGE
CHATHAM

LIST INDEX

Users of ‘slow speed terminals who desire to suppress printing of the
heading page may do so by providing the parameter TERMINAL -on the EXEC
card of the Job Control Language. (Section 1.5.3)

16




kRS Rk
ok
*
Fak
AR

L RN K 3

*
%
FY
*
*
#

+98ed Buyrpesy andino o1dueg

%k

243

*
*
*

Aok ok ¥Rk
*

‘€T @2an81g

S$MJ018 NOILYIOTY
*% SNOILVES SNU3INVITIAISIW
*** SNOTIVES MOTIWVIHLS
*#** SNOT1vIS ¥3H1V3IM

Aok s e ok Ak ok

*

FxE XXXXSXXXXS
2k F AR ARG SESHokFEE R
SXSXXXMXXMXX
XXXSXXSXSXXX
SXAXXXSXXXXX
SXXAXSXXSMXX
SXMMXMXXMXXS
Y XXSXXXSXXMXX %
Ss EEET ]
S *
L
*

&**%&%**##&%*#%%*#%%%**%%**ﬁ#*%**##%****%*%*4***%#*#*#***#%%#*4%#****##

eyl vl iv
ZL/81/90 hO 'NNY

*
*

e

LS L

A¥E

*
*

Wy

X30NI iSIT
. 2d31S30ry3y NOI
HLIVHI 39NVY¥0  WYHYNO  3)vM - SITEINNOD &
186¢ - Y3078 NOLIVIOT 1
MOTIWVIYLS  TIVANIVYE - SINIW3I3 2

Y04 03 4S3IND3Y SS3DIV ¥

W3LSAS TVAIIELI3Y OGNV 39VY¥0LS NOILVWEC4NI JI907T0¥AAH

* * ETETTY EETY * *
* * * * * * *
* * * * * *
EET ST Y ET T3 * [T 2T T
* * * * * *
* * * * * * *

Ak ETEY ET Y * %

‘x _
ll! ~
- S
- M
R I ETT STy
T
*
X
AR AEE
L
ep
A,k
%
1Jv
ivQ

€L/10/10 40 _NO

L2 3 2
%
*k gk

ISY3A

17

|
i
ﬁ
{
!

w
i
!



1.4.2. Streamflow index

— e — . i o — — — f—

The command  sequence

ACCESS -

ELEMENT STREFLOW
COUNTY DURHAM
LIST INDEX

produced the output shown in Figure l.4.
This form of the index, which includes the drainage area, is used for

the Streamflow, Hydrograph, Peak Flow and Dam files. Peried of record
information is not included for the Dam file however.
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STREAMFLOW STATIONS

ENO RIVER NFAR DURHAM, N. C.
LATITUDE 36-064-18
ELEVATION 270 FT MSL

PERIOD OF RECORDS
09/1963 - 0971968

LITTLE RIVER NEAR ORANGE FACTORY, N,
LATITUDE 36-08-20
EFLEVAFION 333.98 FT MSL

PERIQOD OF RECORDS
09/1961 ~ 0971968

FLAT RIVER AT BAHAMA, N. C.
LATITUDE 36-10-57
ELEVATION 345.85 FT MSL

PFRIND OF RECORDS
08/1925 — 09/1968

DIAL CREEK NEAR BAHAMA, N.C.
LATITUDE 36-01-36
ELEVATION 357.67 FT MSL

PERIOD OF RECORDS
10/1925 — 09/1968

FLAT RIVER AT DAM, NEAR BAHAMA, N.C.
LATITUDE 36-08-55
ELEVATION 256460 FT MSL

PERI (0D OF RECORODS
09/1927 - 09/1959
0871961 — 09/1966

NEUSE RIVER NEAR NORTHSIDEs NaoC.
LATITUDE 36-02-54
ELEVATION 225491 FT MSL

PERIOD OF RECDRDS
0871927 - 09/1968

Figure 1l.4.

LONGITUDE 78-54~24

LONGITUDE 78~44~50

DURHAM STATION NO.
LONGITUDE 78-54~33 GEDGRAPHIC LOCATION BLOCK 3678-222-421
REGION J BASIN JO1 AREA 14l
LENGTH, MONTHS
61
DURHAM STATION NO.

REGION J BASIN 401 AREA 8l.6
LENGTH, MONTHS
85
DURHAM STATION NO.
LONGITUDE 78-52~44 GEOGRAPHIC LOCATION BLOCK 3678-223~144
REGION J BASIN JO1 AREA 150
LENGTH, MONTHS
518
DURHAM STATICON NO.
LONGITUDE 78-51~24 GENGRAPHIC LIOCATION BLOCK 3678221224
REGION J BASIN  JO1 AREA 4,71
LENGTHy MONTHS
516
DURHAM STAVION NO.
LONGITUDE 18-49-43 GEDGRAPHIC LOCATION BLOCK 3678-224-213
REGION 4 BASIN  JOI AREA 171
LENGTHy MONTHS
385
62

DURHA M- WAKE
REGION J BASIN JO1 AREA 526

LENGTH, MONTHS
494

Sample index listing from streamflow index.

GEOGRAPHIC LOCATION BLOCK 3678-223-121

STATION NO.
GENGRAPHIC LOCATION BLOCK 3678-212-233

PAGE 1

02.0850.70

02.2852.20

02.0855.00

02.0860.00

02.0865.00

02.0870.00




The command sequence

ACCESS

ELEMENT STREFLOW
STATION 02082500
LIST MONTHLY

produced the cutput shown in Figure 1.5.

Values listed are monthly streamflow totals. Sufficient decimal
places are provided toc print the correct total of the daily values.
. Means are computed for each month, and the numbers of months used in
- these computaticns are alsc listed.

- The annual mean discharge is obtained as the sum of the monthly
mean values, and 1s nct necessarily equal to the mean of the annual

. totals. For those annual totals which are complete (i.e. contain 12
months of data), the ratio of the total to the annual mean is computed.

. Mean dally discharge values in cubic feet per second and in cubic
5 feet per second per square mile zre alsoc given.

20
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The command sequence

-

ACCESS

ELEMENT STREFLOW
STATION 02082500

LIST MONTHLY PARTIAL

produced the output shown in Figure 1.6.

Values given are the same as those in Figure 1.5, and computations
are also similar. However, the mean annual discharge is not computed
until the rest of the table has been printed, so that the ratios of the
annual totals to the mean cannot be computed, Since this processing is
more efficient than that of Figure 1.5, it is to be preferred unless the
ratios are required. '

The word PARTIAL can also be used with monthly listings of the other

elements given below. Since the effect is similar to that given here, no
further examples using it are given.
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SAPONY CREEK NEAR NASHVILLE, Ne

1950
1951
1952
1953
1654
1655
1956
1657
1668
1959
1960
1961
1562
1963
1964
1965
1966
1967
19468

MEAN
RNCe OF
MONTHS
PERCENT
ANNUAL

JANUARY

1517
1852
2873

10594
38842
996
1298
5783
3330
3502
1608
2219
3731
1696
2518
497,11

1680.7
6143

301861
18

12,8

FEBRUARY

1343
4113
5094
3868

989
3708
4995
4437
3491
9477
6937
2386
3133
4247
4677
3644
3122
1299

394242
18

1648

MARCH

2132
80C4
43366
3665
1610
47¢€2
5073
5777
4300
5210
39¢e7
5150
5191
3925
4282
5461
1830
2220

427548
18

1842

Figure 1.6.

Ce

APRIL

64646
2401
1509
3503
3090
1068
3528

1106.3
3877
7148
3506
3619
233¢

1160486
3705
1447
1220
1365
1289

252243
19

107

MEAN ANNUAL DISCHARGE
MEAN DAILY DISCHARGE

Sample partial monthly data listing from streamflow

TOTAL MONTHLY STREAMFLOW IN CFS-DAYS

MAY

1258.1
47667
6736

796
1925
28843
1125.3
873
6106
586a2
2924
3095

335,85
839,%6
34546

488
2590
446
654,48

1359,5
19

5.8

JUNE

636425
269.64
21803
2912.82
238,73
95765
15649
21387
42345
3777
28867
12673
6119
373
63,77
372445
199447
114481
1932,1

984,273
19

4.2

NASH

SEPTEMBER OCTOBER

JULy AUGUST
264645 220965 B47s1
144,03 499, 4 52,25
71.8 1184,1 678649
166464 117.21 36.81
2Be 67 17.19 le22
1132.4 RI03.7 88413
256804 98266 28043
7569 6843 296472
82s1 176064 124.56
3920,9 958, 6 800s6
2183.8 4498 3943
65103 566657 24607
117161 431 87.09
72655 13,16 6014
58.72 47342 16R6,9
1744,9 1523,21 62637
92417 1514.23 173.8
220096 124966 B27e2
820.7 332,94 1343
939,66 14273 991e42
18 19 19
40 6l 4a2

2352135 CFS-DAYS
63,87 CFS
099 CFS/SQ MI

PAGE

STATION NOo

882e4
27.561
18773
3669
l1a54
914
50062
608
16275
T266.3
1215
1729
64,8
22069
8194
27.76
105611
24G.5

1219.3
18

592

NOVEMBER DECEMBER

946
199.9
229444
106623
19.28
98
1032
3137
904
2245
617
50629
10714
793,15
1097
82651
149, 8
380.2

89799
i8

358

file.

02,082%00

2082
64l
1766
956. 5
173
695
1964
8217
2521
2214
1252
58445
1188
2208
4299
12001
41Be33
3083

1943,3
18

863

ANNUAL

12154445
9703453
2255204

20985, 11
2362102
25985, 1
22003.7
28602s4
33423, 1
3663863
3861665

22427232

1703544.14

17587, 89

3239141

20697435

17860, 24

14569067

14714.97




The command sequence

ACCESS

ELEMENT STREFLOW

STATION 02082500

PERIOD 4/1952 TO 12/1952
LIST DAILY

produced the output shown in Figure 1.7.

Values listed are daily totsls in cubic feet per second. Since
values are stored in hundredths, they are printed this way, although
for large basins these decimal places are usually not used. Monthly
totals are alsc listed.
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The command sequence

14

ACCESS

LEMENT RAINFALL
COUNTY WAKE
LIST INBEX

produced the output shown in Figure 1.8.

This form of the index, which does not include the drainage area is
used for the Rainfall, Temperature, Hourly Rainfall, Evaporation, Snow-
fall and Event files, and for precipitation stations in the Hydrograph

7
Lig,
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The command sequence -

ACCESS

ELEMENT RAINFALL
STATION 317400
LIST MONTHLY

produced the output shown in Figure 1.9. The addition of the word PARTIAL
would delete the last column. ~

Values in the table are total monthly precipitation amounts in inches.
The following special symbols are used to qualify the monthly amounts:
- missing values during month; T
* accumulations during month;
E estimated values during month.
Only one symbol is printed for one month, and the symbol is selected in the
above order. Thus if a minus sign appears, there may also be accumulations
or estimated values during the month, but if an E is printed, there are
neither missing values nor accumulations,

Monthly means are computed excluding those months marked with a minus
sign, and the mean annual precipitation is obtained as the sum of the
monthly means. Annual totals are obtained for all years, but the ratio of
the annual total to the annual mean i1s obtained only for years with no
missing values. s
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62

ROCKY MOUNT 8 ESE

1917
1918
1919
1920
1921
1927
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933

1948
1949
19%0
1951
1652
1953
1954
1¢55
195¢
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

MEAN

NCOe. OF
MONTHS
PERCENTY
ANNUAL

JANUARY

Qs 00~
3,80%
2. 06
2031%
0s00-
2019
4o 62
5074
4o36
De&B*%
1625~
3. 32%
3.90%
225
3617
2.98

175
2469
1.68
2673~
1.15
733
3,22
1.35
2,76
4o TT
2413
5652
2099
4054
3,98
5.18
1.50
4490
3065
3247

3,30
32

Ted

FEBRUARY

0. 00~
424
Se7T*
2292
000~
4e12
5.30
3,93
2,71
4980
%4209
6. 51
196
1.34
2,60
2,72

2096
lo41
132
591
4038
1,26
2052
5040
4027
4ab4
410
4268
o4l
3,35
3.18
5630
3246
50 96
4e 59
083

3,82
34

8o 6

EDGECOMBE

TOTAL MONTHLY PRECIPITATION IN INCHES

MARCH APRIL
4063
1.87 811
2085 1.76
5083 %439
3574 3495
0400- 2457
4087 4410
199 3,11
4.15 1.87
5. 39 2,82
2.91 4,03
2037 Se33%
5. 90 1. 73~
1,91 2,73
2.709 3,61%
2,88 1.94
2.98 3.34
3,05~ 2,01
2098 2621~
3,419 3,04
T+73 1,16
2,61 2599
5639 2433
44C6 1.23
3.75 4420
3,33 189
3,67 4495
5027 6090
361 2004
4,63 2489
4o 02 4499
2454 1.70
4420 2010
4619 2.33
3,05 2.13
1.18 283
3.11 3409
2.7C 3.27
EE 34
8.3 To4

MAY

2.87
3,09
4o 72
0050
460
Se40
1.78
Se17
2094
1s15
1540~
%4509
5¢ 34
1e40
6915
3o 64
4018

4007
5625
1.78
2,87
3. 69
4281
45 06
3525
1.71
4o 48
lob%
3.15
4035
1.08
3,25
0.G8
2. 00
4658
2.79
3e26

3633
36

7.5

JUNE

4639
1.53
511
6608
0.82
0. 00~
1655
Tol?2
Bo b~
286
4081
5665%
6604
770
20735
4633
3,13

3.72
6694~
6601
1.34
Be68
0e58
8.05
2025
Told
2¢21
1.85
531
6255
7211
1,97
2,10
7.38
3.85
6e83
6609

450
34

10.1

JuLy

519
4085
1034
000~
5,19
4e 85
4611
Ga16%
3.31
4009
5692
3. 856
4658
4els
7088
2,02
1.89

3692
6004
6.13
6028
1. 80
4. 79
628
748
1063
176
14697
9,09
5.09
5040
3.98
3.78
7.38
1.75
4026
5.97

531
36

11,9

MEAN ANNUAL PRECIPITATION

Figure 1.9.

AUGUST

3.90
261
6,03
3496
079
2040
2-37
4021
2682
3.70
470
T.01
528
0.00
Feb63%
2672
2485

9.55
?okh
dolt
8o 64
4efb
5082
1092
3e9%
277
11.35
3093
5006
4o&T
326
3660
761
2086
Bo40
11.32
1.30

4089
37

11,0

SEPTEMBER OCTOBER

6.18
2¢38
Ca24
3e68
196
1e45
3.52
11.97
2:1%
Calb
1e60
12,28
5495
1,03
608
2047
2. 7%

4593
3047
3.1%
2032
1. 95
3561
2:45
8,80
5663
b4 64
1a22
2ol
589
}ab2
3.81
3.31
6035
1.3%
1,95
6400
0,29

2,76
38

8s5

44465 INCHES

PAGE

STATICN NO.

2014
1.20
3480
Ge52
2+65
2,20
2515
170
3,75
2016
3.87
le24
8,70
1,99
0.83
597
Quk?

3e¢48
G453
2.60
2e68
164
103
1e49
1.28
304t
2e2%
Getl
1051
2:06
1.28
G777
Oo4l
Ta55
1e4T7
0.80
0e 94
4a 97

2276

38

6a2

NOVEMBER DECEMBER

0,00~
1.87
0e 00~
4064
0400~
0040
2, 93%
1e16
2.49
3,82%
2,88
1.51
4443
1,51
0e22
2,67
0.90

8,07~
3. 68
1,47
3.14
3. 90
36 49
2207
2241
134
He 22
1e47
3022
1.71
258
£s18
615
138
1012
1.38
2625
3.89

2. 66
34

6.0

31~7400

1.90
5. 03
2219
5033
0s 00—
b T12%
1.30%
3,65
3.16
3,16%
bo34%
bo3T
2043
4e5T
4e92
Se T3%
1,18

R G4
1017
2e48
2060
3,45
4589
261
1,03
229
5.1t
3a5%
2a 9%
2.10
3,91
2322
3225
5a04
Ge48
3e24
4216
2611

3635
37

Te5

Sample monthly data listing from rainfall file.

ANNUAL

32,20
32,54
45,08
43,76
28,93
24,99
35,00
59019
45426
36,37
43,74
53,05
61,21
32484
48,05
42,15
30437

20642
39, 84
39:.62
38,04
47,60
42,98
41,372
53,86
bbg 34
45,70
50e48
59650
50.22
47507
46,03
3742
51.57
35,55
41099
50687
38,38

£ AVE

78
133

21

T4
108
9%
58



The command sequence .
ACCESS
ELEMENT RAINFALL
STATION 317400
PERIOD 1/1927 T0 12/1927
LIST DATLY
produced the cutput shown in Flgure 1.10. -

Values in the table zve daily precipitatiocn amounts in inches.
Amcunts are qualified by the following special symbols:
— amount missing;

¥
* amount accumulated;
E amount estimated;
T trace reported;
X invalid code cowbination.
Combinations of the symbols may be printed as appropriate.
Monthly totals are also printed.
.
»
2
N
s
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The command sequence

ACCESS

ELEMENT TEMPTURE

STATION 310901

LIST MONTHLY

produced the oﬁtput shown in Figure 1.11. The addition of the word PARTIAL -

would delete the last column,

Values in the table are the average maximum and minimum temperatures

~ in degrees Fahrenheit for each month. If there are missing daily maximum ]
temperatures during a month, a minus sign is printed to the right of the

average maximum, Similarly, missing daily minimum temperatures are iden-

‘tified by a minus sign to the right  of the average minimum. If there are

~any estimated values of either maximum or minimum daily temperatures, an

E is printed to the right of the average maximum, provided that there are

not also missing maximum temperatures.

_ Values that are marked with a minus sign are not reliable, since they
are calculated using only the days for which data are available,.

Monthly means are calculated using only values for complete months.
- The number of months printed is the numbéer of months with complete mini- —
mum temperatures. '

The mean annual temperatures are computed as the average of all
complete months. These values may be biased if there are more incom-
plete records during certain months than during others.

The annual average temperatureg are computed using all the monthly
averages, and are therefore subject to the same source of unreliability
cited above. However, the ratio of the annual average to the mean annual
temperature is calculated only for years with complete data,




L0
a2

PAGE 1
SLOWING ROCK WATAUGA STATION NO. 31-09031

AVERAGE MONTHLY MAXIMUM AND MINIMUM TEMPERATURES IN DEGREES F.

JANUARY FEBRUARY MARCH APRIL MAY JUNE | JULY  AUGUST SEPTEMBER OCTOBER ‘NOVEMBER DECEMBER ANNUAL
1948 74.8 69.5 60.6° . 53.1 - 46.5 60.9
55.3 50.1 37.7 . 36.8 28.9 41,7
1949 51.1 49.4 52.3 58.1- 69.2 5.4 7.7 74,1 68.6 53.4 -~ 50.9 - 46.3 61.5
35.1 31.8 31.9 38.1 47.2 56,4 62.1 57.7 49.4 7.9 30.8 29.1 43.2
1950 53.2 46.6 47,1 58.8 66.6 Ti.7 71.0 65.9 62.6 46,2 36.4 57.0
37.2 28.3 28, 4— 36.8 51.0- 5642 54,5 50.0 43,5 | 26.2 19.8 39.3
1951 46,0 48.8 59.4 66.6 72.9 77.0 76.T 69.4 64.5 43,5 62.2
20.6- 3.5 37.9 464 57.9 5643 5704 50.5 66,7 o 2B.0- 43,3
1952 45,1~ ) o 45,1
30.1- ] - 30.1
1953 42.5 59,2 73.4 5.4 75.2. 76.9 69.6 57.4
21.5 4042 52.8 54,2 56,7 53.4 48.5 . 46.5
1954 54.9~ 66.7 - i 60,7
35,0~ 4242 ‘ : 38.5
1956 78.9 78.9 70,0 61.9- 50.1 52.5 65.4
58.2 56.6 49,4 46.5- 30.0 34.6 46,0
1957 62.7 48.9 47.9 61.0 68.7 73.9 77.5 T7.2 71.8~ 55.3. . 52.1 44,4 60,2
25.6 30.6 30.1 40.0 48.8 57.3 55.9 56,2 54.8- 37.8 34,2 2644 41,3
1958 36,1 32.0 42.5 57.8 66.6 T4e9 7.1 174 Tia6 61.3 -~ 5545 42,2 57.9
18,2 15.7 28.9 38.9 4846 Sho 4 59.9 57.7 49,1 38,7 34,4 22.8 39,1
1959 4041 47,4 48.4 61.5 69.6 T4.6 77.6 78.9 69.4 650.0 8.3 43,3 60.0
21.5 2646 28.4 4042 52.4 S3.1 59.2 59.3 53,3 65,2 30.6 27.4 41.5
1960 38.6 36.9 33.7 blet 63.6 7.6 73.9 75.7 68.8 1.5 . 5246 38,3 56,4
25.0 21.1 16.9 41.0 45,3 54.7 57.3 5841 52.9 43,5 32.3 18,5 38.9
1961 35,6 45,64 51.7 0.3 61.8 69.7 T4.6 73.5 71.6 50.3 50.0 4.7~ 57.2
17.0 28.3 33.4 32.6 42.5 52.7 56.4 57.0 54,5 39.9 36.3 25,5 39,7
1962 39.5 47.4 44,5 53.4 72.8 70.7 75.1 T4al 664 62.2 . 4bBab. 37.9 57.4
23.0 27.5 26.8 36.1 53.2 54,9 58.0 57.0 504 43,6 31.6 20.7 40.3
1963 37.0 37.1 52.2 62.0 65.5 71.2 73.9 T4.2 684 662 514 32.4 57.7
16.9 1604 33.6 411 47.8 54.7 56.3 56.0 49.1 42.8 34,3 16.3 38,9
1964 40.9 36.5 47.4 57,7 68.3 Tho b 731.8 1.3 68.5 56.5 . 55.0 43,9 57.5
23.2 19.9 28.4 40.2 48.7 5642 57.0 57.3 51.0 37.9 ©  36.8 2641 4043
1965 42,2 49.1 44,9 58.8 T1l.1 69.3 75.0 4.4 68.6 58.3 51.8 4.2 58.3
23,2 21.8 27.2 40.6 52.2 53.3 58.5 58.1 53.5 39.5 34,3 27.8 40,9
1966 35.6- 38.2 48.5 53.8 65.3 72.8 76.5 72.6 66.3 59.4 9.4 40.4 56.7
20.4- 26.2- 28.3 37.7 47.5 52.0 585 57.5 51.2 39.9 33.9 24,1 39,7
1967 46,0 37.5 53.5 67.8 63.3 69.0 70.8 70.9 6%4.7 57.3 4603 45.8 57.3
25.8 18.8 32.8 40.1 45.1 52.6 55.0 S54.6 46,0 40.7 2T.8 . 29.8 39,2
1968 39.0 3404 49.8 57.6 6404 72.5 77.5 78.4 67.9 58.3  ° 47.6 © 37,3 5Fal"
22.2 1441 29.1 40.3 45,4 53.8 57.0 57.7 48.3 42.2 - 32.8 20.1 38.7
MEANS 41.6 41.2 47.5 58.9 67.3 712.5 75.8 75.1 68.5 60.5 50.5 42,2
23.9 23.1 29.1 39,1 48.3 S4.6 57.5 5646 50.4 1.7 32.7 264.9
NO. OF -
MONTHS 14 13 14 L6 15 16 16 18 17 16 - 16 - 16
MEAN ANNUAL MAXIMUM TEMPERATURE 59.1 DEGREES F.

MEAN ANNUAL MINIMUM TEMPERATURE 41.0 DEGREES F.

Figure 1.11. Sample monthly data listing from temperature file.
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1.4.10, Daily maximum. and minimum'tegpgygpg;ggﬁ
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The command sequence

ACCESS

ELEMENT TEMPTURE

STATION - 310901: :
PERIOD 1/1951 TO 12/1951

LIST DAILY

produced the output shown in Figure 1.12.

Values in the table are daily maximum and minimum temperatures in

degrees Fahrenheit. Missing values are left blank.

Monthly averages are also printed. For months with missing da&s,
the averages are calculated using the available data.
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ce

1951

O D O B N

A VEMAX
AVEMIN

__BLOWING ROCK

~ JANUARY FEBRUARY

3817
46 24
56 34
55 3%
48 27
49 29
56 9
22 14
40 11
52 22
55 16
45 20
39 22
iy 23
47 18
42 21
55 22
55

60

58 24
&3 20
36 15
32 16
33 20
3717
21 9
39 12
4“6 28
43 26
3% 24
45 21

44.0
20.6

WATAUGA

DAILY MAXIMUM AND MiNIMUM TEMPERATURES IN DEGREES F.

MARCH
54 38
60 34
55 40
50 45
52 40
58 40
60 42
60 45
56 35
50 26
%8 32
48 28
32 2%
28 i8
25 20
35 22
50 21
45 40
48 33
38 20
50 30
46 15
62 29
55 35
48 25
48 25
50 27
%4 35
52 40
50 40
58 30

48.8

APRIL
65 30
65 40
55 25
42 26
55 3%
65 38
65 42
54 &0
50 35
55 25
60 27
55 40
45 35
55 135
50 40
48 40
55 25
55 25
6D 45
60 42
68 43
50 45
65 135
60 30
70 45
75 48
68 45
68 50
70 50
75 55

5%.4

37.9

MAY
65 55
75 58
72 55
63 44
55 135
48 40
52 138
65 41
76 43
75 50
70 48
65 38
70 138
74 35
70 38
75 45
70 44
65 47
70 48
70 50
73 57
75 58
70 60
60 38
68 48
63 S50
61 45
57 47
61 46
66 SO
72 48
66.6

JUNE

82 48
81 56
82 58

JULY
72 55
67 54
72 56
76 59
T4 60
72 46
T6 43
76 45
T4 &7
78 51
78 56
8L 60
82 63
78 64
75 62
78 60
77 62
84 54
19 57
76 58
80 45
82 56
79 60
7T 62
80 58
81 58
80 60
75 60
77 60
76 58
75 56

77.0
56¢3

AUGUSTY
82 64
76 65
5 62
76 58
68 48
76 55
82 60
80 62
83 62
75 62
76 60
80 60
76 65
75 58
76 57
80 62
78 60
75 55
77 55
82 47
81 60
78 54
76 58
75 42
76 46
72 58
73 58
68 55
75 60
77 60
778 50
T6.7
5T+4

SEPTEMBER
80 62
76 60
81 .58
78 62
70 58
75 55
68 56
70 40
70 39
73 46
76 55
74 58
70 60
65 54
72 48
70 42
65 50
63 50
70 43
68 50
70 50
62 52
65 . 50
61 50
68 50
64 50
68 50
64 48
62 34
65 34

69.4
50.5

31-3901

OCTOBER NOVEMBER

74 50
74 S2
76 51
55 52
58 50
70 58
72 45
60 40
6% 43

62 32

. 60 40
62 40
50 30
62 43
64 42
62 45
65 48
65 50
64. 47
60 50
54 53
60 50
54 50
62 50
65 - 48
87 40
58 48
50 50
52 48
55 50
62 58

64.5
46.7

Figure 1.12. Sample daily data listing from temperature file.

PAGE 1
DECEMBER
60 35
60 36
58 30
50 44
55 38
46 44
58 44
56 44
57 48
48 28
41 26
34 22
34 21
32 26
40 18
24 -2
28 5
26 20
32 15
32 16

52
32 15
42 25
50 30
44 31
42 30
32 25
32 20
38 28
52 3%
60 44
43.5
28.0




The command sequence

ACCESS

ELEMENT HYDGRAPH

STATION 31006A

PERIOD 12/1964 TO 12/1964
LIST HYDROGRAPH

produced the output shown in Figure 1.13,

In the hydrograph file, streamflow and precipitation data are recorded
at irregular intervals. The output listing shows the date and time of obser-
vation (in hours and minutes on a 24-hour clock), and the associated
observation. For precipitation data as shown in Figure 1.13,. the observation
value is the accumulated amount in inches up to the time of observation. For
streamflow data, the observation value is the rate of discharge in _cublc feet
per second at the time of observation,.
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The command sequence

ACCESS

ELEMENT HOURRAIN

STATION 318560

PERIOD 1/1951 TO 12/1951"
LIST DAILY

produced the output shown in Figure 1,14,

Values in the table are total daily precipitation amounts in inches,
measured from midnight to midnight. Amounts are qualified by the follow-
ing special symbols:

--  amounts for entire day missing;
missing amounts during day;
melting snow measured during day;
accumulations during day;
estimated values during day;
trace total for day.

Only one symbol is printed for one day, and the symbol is selected in the
above order. Thus if a minus sign appears, there may also be accumulations
or estimated values during the day, but if an E is printed, there are neither
missing values nor accumulations.

H ¥ wm |

Monthly totals are also printed.
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6€

1951

RelRe B V- Y A A S

_TEYAHALEE BALD

JANUARY

0.28
0.01

0.03
0.29

0.05

D« 41

1.19

0.18
0.07

015

0.16

FEBRUARY

1.54

4.62

MARCH
0.01

0.01
116
0.02
0.49
0.45

0.20
0.51
0.642
D.27
0.67

2460
3.29
0.60

11.31

GRAHAM

DAILY PRECIPITATION IN INCHES

APRIL

0.23
0.35
0.05
0.02

5.54

MAY

0.06
0.12

0.60

JUNE
0.44

D.08

0.72
1.08
0.78

0.76

0.51
1.57

0. 04
0. 04

1.44
0.03
0.21
0.14
0.65

8.49

JULY

005
0.61
0.80
0. 64
0. 49

0.18

0.07
0.08
1.38
0. 47
0.12

AUGUST

0.10

SEPTEMBER

0.25

DCYOBER

Figure 1.14. Sample daily data listing from hourly rainfall file.

31-8%60

PAGE

1

NOVEMBER DECEMBER

1.44
0.10
0.19

0.20
0.11
0.12
0.04
0.26

5.12

1.29

10.94
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The command sequence

ACCESS

ELEMENT HOURRAIN

STATION 318560

PERIOD 3/1951 TO 3/1951
 LIST HOURLY

produced the output shown in Figure 1.15.

Values in the table are hourly precipitation amounts in inches for
the hour ending at the time shown (on a 24-hour clock). Amounts are
qualified by the following special symbols:

' ~--  amount missing;

S measurement is of melting snow;
* amount accumulated;

E amount estimated;

T trace reported.

Only one symbol is printed for one hour, and the symbol is selected in the
above order.

Daily totals are also printed.
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The command sequence

ACCESS

ELEMENT EVAPTION

STATION 311677

PERIOD 1/1948 TO 12/1966
LIST MONTHLY

produced the output shown in Figure 1.16. The addition of the word PARTIAL
would delete the last column.

Values in the table are total monthly evaporation amounts in inches
and total monthly wind movement in miles. The following special symbols
are used to qualify values of both evaporation and wind movement:

- missing values during month;

%  accumulations during month;

E estimated values during month.

Only one symbol is printed for one month, and the symbol is selected in
the above order.

Monthly means are computed excluding those months marked with a minus
sign, and the mean annual values are obtained as the sum of the monthly
means. The number of months printed is the number of months with complete
evaporation data. Annual totals are obtained for all years, but the ratio
of the annual total to the annual mean is obtained only for years with no
missing values,
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1%

CHAPEL HILL 2 W

1548
1949
1950
1951
1952
1553
1554
1955
1956
1657
1958
1959
1560
161
1662
1963
1964
1965

1966

MEANS

NCo OF
MONTHS
PERCENT
ANNUAL

JANUARY

0o 00~
O
0e 00~
482
1.29-
615
0.00
Q
0e 00
¢
26 05-
16G1
1655~
1351
180~
1093
le 82~
967
1s 46~
815
Qe 75—
1198
1,00~
1269
1e67-
812
O 17—
1017
Qe42-
Q21
0e71-
924
Ce 99—
863
Oe 78~
1254
Os 44—
766

0. 0C
8494

2

0.0
8e5

FEBRUARY

€. 00~
0=
1.27-
588
1.51-
515
0,00
0
0600
0
2,26~
1349
2,75
1329
2417~
1352
2426~
1249
le45=
906
0s40-
1515
1.31-
1106
1.75-
1196
lol6-
1256
1e63-
639
Os 48—
1175
1e98-
715
0. 63~
1084
0. 77~
606

0692
922

Figure 1.16,

ORANGE

TOTAL MONTHLY EVAPDRATION IN INCHES AND

MARCH

2,91~
O~
2,60
691
3.09%
990
3440~
1384
0.00
0
3,77~
1568
4405~
1670
4o 58%
1878
4e 01~
1895
3,28~
Q44
2.86%
1504
3o Th%
1394
2426~
1206
4a 10
1499
2,95~
963
4y t2~
15C1
419~
787
2425~
1067
3,79~
794

3.00
12C8

7

604
11.5

APRIL

4045=
Q-
3.97
636
5423
1473~
5437
1438
0.00
0
6470
1903
5.67
1505
5,32-
1385
Se21~
1980
6405
1283
5.27-
1702
5047~
1191
64 T1=
1454
5434
1690
5o bl
996
6020~
1250
4o B3~
1026
4483
1119
4a27-
583

4o Th
1244

8

10.0
11.8

MEAN
MEAN

Sample monthly data listing from evaporation

MAY

5409-
Q-
4998
346
5622~
1132
4alb-
625
3. T1-
1123
6460
1391
6012-
1039
Toll
1168
7-31
1500
604
883
5e51-
1035
65069
1026
6,16~
1075
6o 13~
1265
Te 86
515
5e80-
987
T 04~
1133
720
666
5e39-
701

7.02
978

&

1408
9.3

ANNUAL EVAPORATION

JUNE

%495~
0=
5,08
452
6+30-
888
4 98-
745
6491~
1035
6051~
1175
720~
1046
738~
860
8,20
1015
5093~
175
Te 04
1151
60 95—
676
6258
820
&a36
1132
6032~
477
5683~
653
Te33
789
5622-
537
6081~
646

6. 77
826

[

1463
Te9

JULy

Seb1-
[¢ 2
Se21
361
5e02-
302
bedl-
683
e 23~
1042
TaT78~
1132
Ta30-
1196
Ho 73~
860
Bs 36~
1318
Folé—
688
Te53
1261
6o 72-
591
Go46
777
7.02
842
6s11-
629
6o B9
641
5a27-
796
5650~
439
Te48-
572

658
841

13,9
8.0

ANNUAL WIND MDVEMENT

STATION ND.

WIND MOVEMENT IN MILES

AUGUST

4006
189
3633~
274
5016-

13.9
a7

SEPTEMBER OCTOBER

8.51-
269
2.79-
237
4,05~
690
4,99-
650
4401~
900
595~
1068
6o 5B~
1057
3,94~
648
5429~
891
4417
695
5067
831
471~
746
4499
554
5,48
650
4,58
815
5,15
774
4,71~
771
4,78
598
5.16-
480

4697
703

7

105
67

47259 INCHES
10542 MILES

1092~
328
2.17-
398
2690~
715
3457
825
3637~
916
3. R5
774
4598-
1272
359
552
2654
118%
2aB6~
192
3, 60%
1055
.3e29%
707
3662
437
4921
582
4019
829
4639
6286
2+ 80~
647
3,83~
673
3048~
344

3.76
124

NOVEMBER RECEMBER

lell-
364
le74~
552
1o 87~
1243
1.17-
365
2405~
1170
2o40
838
1.91
975
2261
707
2028
703
1.82~-
s67
2.67-
e17
2029~
a3
2053~
624
2,40
278
2e13-
1494
267~
608
2689~
75%
Z2e81
590
2e25
437

2439
793

7

file.

31-1677

s 63~
341
lo10-
492
0. 00

o
0. 00
0
133~
981
28 b4~
1225
Yo 78~
1310
lo42%
524
1.94
666
175~
1363
0.50~
990
1.00~
700
Qb5
924
1250~
489
Ge 78—
1306
Qe 99~-
443
1,32~
907
lo78~
515
1,16~
336

Qe84
711

4

ANNUAL

39435

1491
344324

5510
41le64

9737
40487

8145
33,95

38147
5766
15189
57,68
14778
53.03
12079
56487
14134
50635
10848
48620
14013
4G 81
11342
49,32
10662
50.02
11483
48,22
10447
49,79
16035
49,11

9931
46406

3003
47413

6621

% AVE

77

77
V44
120

115

94
85

63
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The command sequence

ACCESS
ELEMENT
STATION
PERIOD
LIST

produced the output shown in Figure 1.17.

EVAPTION

311677

1/1950 TO 12/1950
DAILY

Values in the table are daily evaporation amounts in inches and total
Amounts are

daily wind movement in miles.
qualified by the following special symbols:

*  amount accumulated;
E amount estimated,
Only one symbol is printed for one month, and the symbol is selected in the

above order.

Monthly totals are also printed.

44

Missing values are left blank.
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The command sequence

ACCESS

ELEMENT SNOWFALL
STATION 310977
LIST MONTHLY

produced the output shown in Figure 1,18, The addition of the word PARTIAL
would delete the last column,

Values in the table are total monthly snowfall amounts in inches. The
following special symbols are used to qualify the monthly amounts:

- missing values during month;

* accumulations during month;

E estimated values during month;

T trace total for month.
Only one symbol is printed for one month, and the symbol is selected in the
above order.

Months during the period of record which are blank are assumed to have
no snowfall. Monthly means are computed including these months, but exclud-
ing months marked with a minus sign. The mean annual snowfall is obtained
as the sum of the monthly means. Annual totals are obtained for all years,
but the ratio of the annual total to the annual mean is obtained only for
years with no missing values.

46




*9T13 TTejsous woxy BurisTT Biep ATyjuouw a7dueg °gQ1°T 2andTa

47

SIHINL 9°2¢ TIVAMONS TVANNY NV3IW

Sl 6°8 0°1 0°0 0°0 0°0 o*C 0*0 s°z 0°82 Al ¢4 Z*1Z NONNY
FEERNER]
il L1 81 0z 0¢ 02 4 61 51 71 94 Sl SHINDW
40 *ON
i°s 6°2 £°0 0°0 00 0°0 0°0 0°0 g§°0 1°6 6°9 6°9 NV IW
0°521 ~0*y1 -0°sE ~0%0 . ~0°51 ~0°s T4 8961
09y ~0°§ ~0*°0 -0°0 -0°0 0Ll -0°12 Ly6T
£°56 ~0°cE -0°11 : ] 0°9 -0°ei -€*62 9961
4°GE -2 8 -5%6 -0°61 5961
5°09 s°1 50 -0*L -G*Hg ~0°L1 %961
601 6°gg o1t s*L i 1 °c G°el 5*0 €961
96 ( £°v9 eyl 5ot i o°1 0°el 0°¢ nesl 2951
L1t ¥°8¢E 0°L 0°2 0°2 i 0°% €°€1 0°01 1961
00« §°L6 0°y 0°1 0z $°9¢ £°92 0°% 0951
L9 ceee el c*y 0°2Z g i 0°s 6561
291 *24 St i I 0°%1 5°Le 8L 4561
Y o'yl 0°g 0°1 1 1 6% 9°0 L6671
6 6°62 7°E g°1 8°8 0y 0°¢ 5°8 9561
€L 6°cd 82 0°1 i 1 L $*°0 o°¢ 5°91 6561
voDE L1 LoL 1°1 -0°0 1 -£°9 it 9°1 %561
[ 6°21 i 1 i 1 8°0 L°S %°9 €561
€g 0°Lz 1°¢ ZeL 1 L 1 (A 09 2°g zZsel
9g 0°82 5*g i v i L 0°% *2Z 0%6 1661
9Ll 6°% 0°6 -0%0 1 g2 1 066 (
£33 0%11 0°1 ads . 1 I 0*1 0°1 I 0°%g 6y61
21 0y 0°% 8v51

IAV & TVANNY 434W3030 YIOWIAON 23001020 ¥38wW3Ld3S  LSN9av  AINr ETYy AVH 1140y HOUVW  AYYNUEId  AUVANVE

SAHINI NI TIVAMONS AIHINGW W0l
£L60-1€ °ON NDIiVLS VONvLvYM INaDE
i 39vd




— v —— — —— — — — — m— W mm—— w— — - — —

The command sequence

ACCESS

ELEMENT SNOWFALL

STATION 310977

PERIOD 1/1964 TO 12/1964
LIST DAILY

produced the output shown in Figure 1.19.

Values in the table are daily snowfall amounts in inches, and snow
depth on ground at time of observation in inches. Values are qualified
by the following special symbols:

M  amount or depth missing;

* amount accumulated;

E  amount or depth estimated;

T trace amount or depth.

Combinations of the symbols may be printed as appropriate.

Monthly total snowfall amounts are also printed.

48
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6%

1964

O @ =~

PAGE 1
BOCNE ' WATAUGA 31-0977
DAILY SNOWFALL AND SNOW DEPTH ON GROUND IN INCHES
JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST . SEPTEMBER OCTYOBER NOVEMBER CECEMBER
840 8 M T 1.5 2
0.5 8 M é
L 3
M 4
M 4
M 3 1s0 M
M 2
M 2 -
M 1 3,0 3
240 2
0.5 1 045 3
5.0 5 M 2
2.0 ki Oe5 2
M 1
M [ 260 2
M 6 50 3
M 4 245 3
M 4 4e0 [
M 3 4.0 10
1.0 4 2.0 11 345 4
M 2 1.0 11
™ 1 M 11
L} g
M 8
2.0 9
M 6
M 5
5.0 12
3,5 4 005 1
17.0 34,5 T40 045 1«5

Figure 1.19. Sample daily data listing from snowfall file.
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The command sequence

ACCESS

ELEMENT EVENT

STATION 310301

PERIOD 1/1962 TO 12/1962
LIST DAILY

produced the output shown in Figure 1.20.

The table shows dates on which occurrences of various types of
weather phenomena were reported. A key identifying the letter codes
‘1g printed at the bottom of the table.

These dates were obtained from the National Weather Service '"Days
~ With'" data. Inasmuch as the regularity with which this information is
collected varies greatly for different observers, the data should be
used with caution.

50




TS

o PAGE 1
ASHEVILLE WB CITY BUNCOMBE 11-0301
CCCURRENCES
1562
JANUARY FEBRUARY  MARCH APRIL MAY JUNE Jury AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
1
2
3 s T T T
4 A T T
5 T T
6
i G TH ™
° T T
9 T
10
11 s T T T
12 T T
12 TH
14 T T ¥
15 1 T
16 T T
17 T T
18 s TH
19 $6 T T
20 .
21 s T T .
22 T
23 T T T
24 T 1 T 56
25 T 56
26
27 TH
28 s T
29
30 T ' T
31 T
KEY: B ~ BLOWING SNCW G - GLAZE R - TORNADD W -~ HIGH WIND
D - DUST, SANDSTORM H - HAIL _ S - SLEET Z - DRIZILE
F - FOG M ~ SMOKE, HAZE T - THUNDER

Figure 1.20. Sample daily listing from event file.




1.4.19. Contents of thé dam file

The command sequence

ACCESS

ELEMENT DAMS
ALTERNATE COE

LIST CONTENTS

produced the output shown in Figure 1,21,
The data for this listing, and the format of the listing, were fur-

nished by the Planning Section of the North Carolina Office of Water and
Air Resources.
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€S

. RESISTER OF DAMS

NAME/OWNER  ALAMANCE DAM SITE USACE
BASIN NO. 803 STATE PLANNING REGION
TYPE DATE CONSTRUCTED
GROSS ‘STORAGE 74,000  AC FT

NAME/OWNER ~ ALTAMAHAW DAM SITE USACE

BASIN NO. BO1 STATE PLANNING REGION
TYPE £ DATE CONSTRUCTED
GROSS STORAGE 1864000  AC FT

COMMENTS: SEVERAL SETS OF TECHNICAL DATA PROPOSED FOR

NAME /OWNER ANGLINS MILL DAM SITE "USACE

- BASIN NO. L02 STATE PLANNING REGIDN
TYPE DATE CONSTRUCYED
GROSS STORAGE 4,500 AC FT

NAME/OWNER AYCOCK SWAMP DAM  USACE
RASTN NO. IOV STATE PLANNING REGION
TYPE £ DATE CONSTRUCTED
GROSS STORAGE 1,000 AC FT

NAME / OWNER BAKERS MILL DAM SITE USACE

RASIN NO, 106
TYPE E
GROSS SYORAGE

STATE PLANNING REGION
DATE CONSTYRUCTED
36,000 AC FT

NAME /OWNER BEAVER CREEK DAM' USACE
BASIN NO. QO1 STATE PLANNING REGION

TYPE G DATE CONSTRUCTED
GROSS STORAGE 34300 AC FT
NAME /OWNER BEAVERDAM CREEK DAM SITE- USACE

BASIN NO. 105 STATE PLANNING REGION
TYPE E DATE CONSTRUCTED
GROSS STORAGE AC FT

NAME /OWNER BENAJA DAM SITE USACE

BASIN NO. BOL STATE PLANNING REGIDN
TYPE DATE CONSTRUCTED
GROSS STORAGE 50,000 AC FT

NAME 7 DWNER BEULAHTOWN DAM SITE USACE
BASIN NO. 106 STATE PLANNING REGION
TTYPE o E DATE CONSTRUCTED
GROSS STORAGE 81,000 AC FT

NAME/OWNER  BLACK CREEK DAM ~USACE
BASIN NO. 107 STATE PLANNING REGION
TYPE £ DATE CONSTRUCTED
TTTTTUTGROSS STORAGE 17,000  AC FT

Figure 1.21.

o

G

GEOGRAPHIC LOCATION BLOCK 3679-211-144
DRAINAGE ARER 78.3 . SQ Ml STATUS
LENGTH OF CREST FT HEIGHT
RESERYOIR ACREAGE AT MAXIMUM PQOCL

GEOGRAPHIC LOCATION BLOCK 3679-214-412
DRAINAGE AREA 191 SQ i STATUS
LENGTH OF CREST 24145 FT HEIGHT
RESERVOIR ACREAGE. AT MAXIMUM POCL

THIS SITE. :

GEOGRAPHIZ -LOCATION BLOCK 3679-322-232
DRAINAGE AREA 260 SQ Mi STATUS
LENGTH OF CREST 620 FT HEIGHY
RESERVDIR ACREAGE AT MAXKIMUM POOL

GEDGRAPHIC LOCATION BLOCK 3577-322-412
DRATINAGE AREA SQ M
LENGTH OF CREST -1+900 FT HEIGHT
RESERVOIR ACREAGE AT MAXIMUM POOL

GEOGRAPHEZ LOCATION BLOCK 3578-143-442
DRAINAGE -AREA = 261 SQ M1 STATUS
LENGTH OF CREST 4+400 FT HEIGHT
RESERVOIR ACREAGE AT MAXIMUM POOL

GEOGRAPHIC LOCATION BLOCK 3681-121-321
DRAINAGE AREA SQ MI STATUS
LENGTH OF CREST 400 FT HEIGHY
RESERVOTR "ACREAGE AT MAXIMUM PCOL

GEOGRAPHIZ LOCATION BLOCK 3578-142-232
DRAINAGE AREA 6.1 Sq M1 STATUS
LENGTH OF CRESTY 1,650 FT HEIGHT
RESERVOIR ACREAGE AT MAXIMUM POOL

GEOGRAPHIC LOCATION BLOCK 3579-242-216
DRAINAGE AREA 37.0 SQ MI STATUS
LENGTH OF CREST FT HEIGHT
RESERVDIR ACREAGE AT MAXIMUM POOL

GEDGRAPHIZ LOCATION BLOCK 3578-412-623
DRAINAGE AREA sQ M1 STATUS
LENGTH OF CREST 10,500 FT
RESERVOIR ACREAGE AT MAXIMUM POOL’

GEDGRAPHIC LOCATION BLOCK 3577-322-344
DRAINAGE AREA 40 SQ MI STATUS
LENGTH OF CREST 24600 FT HEIGHY
RESERVOIR- ACREAGE AT MAXIMUM POOL

Sample listing of contents of the dam file.

STATUS '

HEIGHT

0
24850

3,200

84
212

215
135

2+300

PAGE 1

STATION
PURPOSE
FT

STATION
PURPOSE
FT

STATIDN
PURPOSE
£t

STATION
PURPOSE
T

STATION
PURPOS E
FT

STAT 1ON
PURPOSE
FY

STATION
PURPOSE
Fr

STATIDN
PURPOSE
T

STATION
PURPOSE
FT

STATIDN
PURPOSE

FT

NG.

NO<

NO.

NOo

NO«

L1008

NO.

NO.

NO.

NO.

DM-ALALG

OM~-ALT1O
M

DM~ANGLO
M

OM-AYC12
M

DM-BAKL4
M

OM-BEASE
F

DM-BEASS
M

DM-BENZ22

DM-BEULO
M

DM-BLALO
M




1,5, Job Control Cards

Execution of the first example in this usevs’ zuide would require the
following card deck:

// {name JOB an,uname MSGLEVEL=L

//JOBLIB DD DSNAME= NCSQQA“%JEIQ? WISER,HISARS,DISP=SHR

// EXEC  PGM=MAIN,REGION=110K

//SYSPRINT DD SYSQUT=A

//RRAT - DD DSNAME=NCS .BAE .BE747 .WISER.RAINFALL ,DISP=SHR, DCB=BUFNO=1
//IRAI DD DSNAME=NCS . BAE.BE747 .WISER. INDXRATN, DISP=SHR, DCB=BUFNO=1
//SYSIN DB *

ACCESS

ELEMENT RAINFALL

LIST INDEX

/ *

//

It may be well to note that sll the data sets referred to by DD cards
above are stored on private magnetic disc packs. Since these packs must
be mounted before the program cen be run, turn-arcund time may be expected
to be relatively slow. Batching of jobs is desirsble.

Card formats for the job control language are specified by the system,
and must be followed rigorcusly. In particular, blanks are permitted only
at points that are clear in the example asbove, and not ctherwise.  The num-
ber of blanks at any point is arbitrary, however.

1.5.1. The JOB card

The three parameters on the JOB card, jname, an, and uname are the
standard job name {(arbitrary), account code and user's name required by
the system. In addicticn, a TIME pavameter may. be punched on the JOB card
if more than 30 seconds is required for execution.

1.5.2._The JOBLIB caxd
The JOBLIB card identifies the name of the program library, and should
be punched exactly as shown.

1.5.3. The EXEC card

The EXEC card didentifies the name of the program which 1s to be executed.
The REGION parameter specifies the amount of cere required to execute the
program, which will vary depending on the particular access facility used,
Experience indicates that 110K (110,000 bytes) is sufficlent for most jobs.,

When a.job has been executed, the output will show the user how -much
space was actually used. Since charged cests for computing are affected by
the core size requested, there is some incentive to request the smallest

(91
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size that will permit the job to be executed successfully. If insuffi-
cient space is requested, the job will fall with a System Completion
Code of 804 or 80A.

In Section l.4.1, suppresion of printing of the map on the heading
page is mentioned, This may be done with the following EXEC card:

!/ EXEC  PGM=MAIN,REGION=110K,PARM=TERMINAL

1.5.4, The SYSPRINT card

—— . a — — i o—— —— o . o e

The SYSPRINT card identifies the device on which output is to be
printed, and should be punched exactly as shown. If omitted, no results
will be printed.

1.5.5. The file identification cards

For each file which is tc be accessed, a pair of cards is required,
one card to identify the data file and one card toc identify the associ-
ated index file. Palrs are listed below for each file required:

Streamflow

//RSTR. DD DSNAME=NCS ,BAE.BE747 .,WISER.STREFLOW,DISP=SHR,DCB=BUFNO=1
//ISTR DD DSNAME=NCS ,BAE,BE747 .WISER,INDXSTRE,DISP=SHR,DCB=BUFNO=1
Rainfall

/ /RRAT DD DSNAME=NCS ,BAE.BE747 .WISER.RAINFALL ,DISP=SHR,DCB=RUFNO=1
//IRAI DD DSNAME=NCS ,BAE.BE747 .WLSER.,INDXRAIN,DISP=SHR,DCB=BUFNO=1
Temperature

//RTEM DD DSNAME=NCS .BAE .BE747 .WISER.TEMPTURE ,DISP=SHR,DCB=BUFNO=1
//ITEM DD DSNAME=NCS .BAE.BE747 ,WISER.INDXTEMP,DISP=SHR,DCB=BUFNO=1
Hydrograph

//RHYD DD DSNAME=NCS .BAE.BE747 .WISER .HYDGRAPH,DISP=SHR,DCB=BUFNO=1
//IHYD DD DSNAME=NCS .BAE .BE747 .WISER.INDXHYDG, DISP=SHR,DCB=BUFNO=1

Hourly rainfall

/ /RHOU DD DSNAME=NCS .BAE .BE747 .WISER .HOURRAIN,DISP=SHR,DCB=BUFNO=1
//THOU DD DSNAME=NCS .BAE .BE747 .WLSER,INDXHOUR,DISP=SHR,DCB=BUFNO=1
Evaporation

/ /REVA DD DSNAME=NCS ,BAE.BE747 .WISER,EVAPTION,DISP=SHR,DCB=RBUFNO=1
//IEVA DD DSNAME=NCS ,BAE.BE747 .WISER.INDXEVAP ,DISP=SHR,DCB=BUFNO=1
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Snowfall

//RSNO
/ /1SN0

Event

/ /REVE
//IEVE

Peak flow

/ /RPEA
//IPEA

Dams

/ /RDAM

bD
Db

DD
DD

DD
DD

DD

DSNAME=NCS .BAE.BE747 .WISER,SNOWFALL,DISP=SHR,DCB=BUFNO=1
DSNAME=NCS ,BAE.BE747 .WISER, INDXSNOW,DISP=SHR,DCB=BUFNO=1

DSNAME=NCS .BAE.BE747 .WISER.EVENTOCC,DISP=SHR,DCB=BUFNO=1
DSNAME=NCS.BAE.BE747 .WISER. INDXEVEN,DISP=SHR,DCB=BUFNO=1

DSNAME=NCS .BAE,BE747 .WISER.PEAKFLOW,DISP=SHR,DCB=BUFNO=1
DSNAME=NCS .BAE.BE747 .WISER, INDXPEAK,DISP=SHR ,DCB=BUFNO=1

DSNAME=NCS .BAE.RE747 .WISER.DAMCHARS ,DISP=SHR,DCB=BUFNO=1

Only the pair or pairs involving the particular files to be accessed
must be provided for any run.

1.5.6, The SYSIN card

The SYSIN card indicates that the HISARS command cards are to follow.
The HISARS cards are thus placed between this card and the /#* card.

1.5.7. The /* and // cards

The /% card indicates that the HISARS command cards have all been read.

While this card is sufficient to terminate the job, it is preferable to fol-

low it with a // card.




HISARS USERS' GUIDE:
THE PROCESSING FACILITIES

2,1. Introduction

The processing facilities of HISARS are designed to permit routine
types of analysis on data elements stored by the system, Thus the pros-
pective user need not become involved in the complexities of programming
and data manipulation in order to obtain the practical results he requires,

Processing is carried out on data identified by the preceding access
group. Acquaintance with the access facilities of HISARS is therefore pre-
requisite for use of the processing facilities (see the Users' Guide to the
Access Facilities).

The processing facilities are now essentially at a test and demonstra-
tion stage. Programs have been selected either to demonstrate the capability
of the system or in response to specific user requests. A large number of
additional programs are planned, and will be added as time becomes available
and specific needs are recognized. Present plans include the incorporation
of a number of catchment simulation programs into the system.

Several of the programs now in the system are revisions of the Wyoming
Surface Water System programs, and additional programs have been made avail-
able by the U. S. Geological Survey. Organization of the facilities owes
much to the developers of problem-oriented languages such as the HYDRO sys-
tem at Carnegie-~Mellon and HYMO at Texas A & M.

The following examples illustrate the combined use of the access and
processing facilities.

Ex. 1l: To obtain a statistical summary of daily rainfall for all rainfall
stations in location block 3576,

ACCESS :
ELEMENT RAINFALL -
LOCATION 3576
PROCESS

DAILY STATISTICS

Ex., 2: To make a computation of minimum flow for various periods, for sta-
tions 02,1130.00 and 02,1165.00 during the common periocd October
1931 to September 1960, with results converted to a unit area basis.

ACCESS

ELEMENT STREAMFLOW

STATION 02113000
02116500

PERIOD 10/1931 TO 9/1960

PROCESS

MINIMUM FLOW ANALYSIS
02113000 AREA = 121,  LENGTH = 7,30
02116500 AREA =2280,  LENGTH = 7,30
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The list of parameters for either case containsg the identifying name
and value for each parameter. Column 1 may not be used, but the only
other formatting requirement is that the name and value must each be .
punched without intervening spaces. The parameters may be punched in: any
order, and punctuation between parameters is optional, :

The list of parameters will normally be punched on a single card.
However, particularly when using the LENGTH or CLASS parameters, the
length of the list may be too long for a single card. In this case, the
list can be interrupted at any convenient point and continued on the
next card, subject to two conventions:

a) A numerical value cannot be split across two cards'r

b) The identification of the parameter being continued must be
repeated on the second and following cards, leaving Col. 1 blank.

An example of this usagé is shown in Section 2.3.10 below.

2.3. Processing Programs

Following is a listing of the processing programs now implemented in
HISARS., For each program, the following are given: '

a) NAME - the standardized name to be used on the Processing Request
card;

b) INPUT - the data files which can be used to provide data for the
program;

c) OUTPUT - identification of output results obtained from the program;

d) OPTIONS - optional features that are controlled by parameters.u
Standard default values are also gilven;

e) An example showing the complete set of HISARS cards requlred and con-
sequent output.

Several of the programs permit limiting the months for which the analy-
sis i1s carried out. Assuming the sequence January-December followed by
Annual, processing can begin with any month and terminate with the same
or any later month. The form of this parameter can best be illustrated by
examples:

a) ONLY APRIL TO JULY - will result in processing only of the months
April, May, June, July;

b) ONLY MARCH - will result in processing only for March;

c) ONLY ANNUAL - will result in processing only for the entire year
combined, i.e. separate monthly analyses will not.be obtained.
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NAME -~ DAILY STATISTICS or MONTHLY STATISTICS
INPUT ~ STREAMFLOW or RAINFALL '
OUTPUT - the following results are tabulated for each month;.
a) Number of observations
b) Proportion of zeros
c) Mean -
.d) Standard deviation
e) Variance
f) Third moment
g) Fourth moment
h) Serial correlation
OPTIONS - Processing period
Standard Defaults - ONLY JANUARY TO ANNUAL

Note: If DAILY STATISTICS is used, the analysis is made on daily values
from the input files. If MONTHLY STATISTICS is used, the analysis
is made on monthly totals, In the latter case, the serial correla-
tion is between months, and the number of pairs used for calculation
is also given.

Example: The command sequence

ACCESS

ELEMENT RAINFALL
STATION . 317400
PROCESS

MONTHLY STATISTICS

produced the output shown in Figure 2.1.
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MONTH

JANUARY
FEBRUARY
MARCH
APRIL
MaY

JUNE
JuLy
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

ANNUAL

ROCKY MOUNT 8 ESE

NUMBER
CFf 0BSe
36
36
E24]
37
37
37
37
37
38
38
>38
38

445

PROPDRTION
QF ZEROS
0s 0556
0.0556
0., 0278
0.CC00
0.00060
060270
0.0270
3. 0270
00000
0. 0000
040789
D.0263

0.C270

STATISTICAL ANALYSIS OF MONTHLY RAINFALL

MEAN

3.0478E+00
3.6C97£+00
3.5628E+¢00
3.1630E+00
3.2776E400
4¢5624E+00
516 76E+00
40 8935E+00
3. 7553E+400
2+ T6C3E+00
2¢5961FE+0D
3,2618E+00

3.6348E+400

EDGECOMBE

04/1917 TO 12/1968

STANDARD
DEVIATION
1.6396E+00
1.7398E+00
1.4566E +00
1.5028E+00
1.47C9E+00
2e4946E+00
2 T634E+GO
2.9152E +00
2+84C8F+00
2.4181E+00
14B336E+00
1.56C2E+00

2e2739E+00

VARTANCE

24 6882E+00
3.0271E+00
201217E+00
2.2583E+00
2. 1637E+00
642232E400
Te6364E400
8. 4985E+400
82 0TO4E+Q0
Se84T4FE+00
3,3619E+00
204342E+00

5417C8E+Q0

STATION NG.

THIRD
MOMENT
1.1952E400
~1.8826E+00
1414 71E+00
4e4TSTE+OO
-3,5815E~01
~8.0943E-01
2.4075E+01
2.0043E401
3.0506E+01
2.4191E+01
542258E400
1.2125E-01

143296E+01

FOURTH
MOMENT

2.0722E401

241210E+01
1. TL60E+01
2e4468E+01
9.2398E+00
6. T486E+01
3,2415E+02
?00150E+02
3,0182E+02
1.8848E+02
4,0454E401
1.4026E+01

1,3956E+02

Figure 2.,1. Sample output of statistical analysis of monthly rainfall data.

31-7400

SERIAL
CORRELATION

De1195
041909
0.4481

-041035

~0.2167

-0s1424

-0 0972

-0.0283
0.3108

-0,1152
0,0542

0e2364

(

{

36}
36}
36)
36}
27
37)
37)
37

27}
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NAME - DAILY FREQUENCY or MONTHLY FREQUENCY
INPUT - STREAMFLOW or RAINFALL
OUTPUT - Tabulation of standard statistics, including those given in the
statistical summary, as well as deciles and quartiles. A plot of
the cumulative frequency distribution is also printed. There is
separate output for each month, and also for the entire year.
OPTIONS =~ Processing period
RANGE - the limits of the frequency plot
Standard Defaults - ONLY JANUARY TO ANNUAL
Daily streamflow ~ RANGE 0 TO 1000
Monthly streamflow-RANGE O TO 10000
Daily rainfall - RANGE 0 TO 1
_ Monthly rainfall - RANGE O TO 10
Note: The values of the RANGE ‘parameter are the limits of the plot of
the cumulative frequency distribution. This does not affect
computation of the statistics.

Example: The command sequence

ACCESS
ELEMENT RAINFALL
STATION 317400
PROCESS
DAILY FREQUENCY
ONLY MAY RANGE 0 TO 0.5

produced the output shown in Figure 2,2,
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NAME - HIGHEST or MAXIMUM
INPUT ~ RAINFALL or TEMPERATURE
OUTPUT -~ Tabulation of the highest value for each month
OPTIONS - Processing period ,
Standard Default - ONLY JANUARY TO ANNUAL

Note: Choice of names is arbitrary. For'temperature files, the highest
values of the maximum and minimum temperatures are gilven.

Example: The command sequence

ACCESS

ELEMENT TEMPERATURE
STATION 310901
PROCESS

-MAXIMUM

produced the output shown in Figure 2.3.
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_ BLOWING ROCK WATAUGA STATION NO. 31-0901

HIGHEST DAILY MAXIMUM AND MINIMUM TEMPERATURES IN DEGREES F.

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER ANNUAL

1948 86 78 12 60 64 86
€3 62 54 56 52 63

1949 65 65 73 72~ 80 82 86 81 77 76 - 68 61 86
46 49 55 55 64 67 66 65 62 58 47 45 67

1950 69 57 69 77 78 81 78 78 75 74 53 81
52 48 57— 54 59- 65 65 60 55 46 38 65

1951 60 62 75 75 82 84 83 A1 76 60 84
36~ 45 55 60 69 64 65 62 58 48— 69

1952 52- . v 52
42~ 42

1953 54 76 84 82 86 85 84 86
32 58 65 62 62 64 62 65

1954 71- 75 , 75
51- 57 57

1956 52 31 83 78~ 71 69 92
67 66 &2 55 3] 52 67

1957 64 62 73 78 78 82 85 86 86— 68 68 57 86
49 45 43 54 59 64 65 64 63~ 54 54 42 65

1958 49 ot 56 79 76 84 85 86 80 76 70 54 86
32 42 37 52 57 68 65 63 61 52 58 43 68

1959 59 64 71 76 81 86 88 83 78 17 59 61 88
© 41 46 47 54 61 66 64 &5 64 61 1 46 66

1960 57 54 62 80 81 81 79 a3 82 74 62 64 83
47 39 47 60 59 62 63 64 62 52 50 45 64

1961 54 62 68 80 80 80 82 83 80 72 67 59~ 83
38 46 54 56 56 60 64 63 63 50 56 A 64

1962 59 63 63 70 83 81 83 82 80 75 58 64 83
46 51 47 54 60 59 &4 63 63 58 44 43 64

1963 57 59 73 78 79 85 81 8% 80 14 56 56 85
43 33 46 60 60 62 65 62 . 59 54 48 33 65

1964 56 51 64 T4 80 86 82 g2 79 70 67 57 86
42 30 45 55 58 63 62 65 61 56 52 45 65

1965 60 60 63 77 79 19 83 83 17 73 65 58 83
N 44 46 48 53 59 60 64 65 53 53 45 42 65
1966 57~ 52 68 70 76 a3 B6 80 70 10 62 55 86
47- 43— 46 52 57 62 66 64 61 55 48 49 66

1967 62 60 72 80 79 79 79 77 75 14 65 64 80
46 39 57 57 58 60 63 €2 56 53 43 48 63

1968 59 47 71 73 83 80 86 86 75 71 70 55 86
41 31 50 54 55 63 63 65 59 s7 51 37 65

Figure 2.3. Sample output of highest value of daily temperature data.




2.3.4, Lowest/minimum value
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NAME -~ LOWEST or MINIMUM
INPUT -~ TEMPERATURE
OUTPUT - Tabulation of the lowest value for each month,
OPTIONS - Processing period
Standard Default -~ ONLY JANUARY TO ANNUAL

Note: Choice of names is arbitrary. For temperature files, the lowest val~-
ues of the maximum and minimum temperatures are given.

“Example: The command sequence

ACCESS

- ELEMENT TEMPERATURE
STATION 310901
PROCESS

MINIMUM

produced the output shown in Figure 2.4,
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WATAUGA STATION NOs 31-090%

LOWEST DATLY MAXIMUM AND MINIMUM TEMPERATURES IN DEGREES F.

L9

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER ANNUAL
1948 &5 55 45 40 26 26
43 40 22 22 [ 0
1949 26 32 28 47- 55 65 67 57 59 52 29 32 26
15 13 8 24 34 44 58 47 33 32 19 11 8
1950 37 32 21 36 54 63 63 56 52 19 14 14
19 18 10~ 18 41~ 40 44 34 31 -7 -5 -7
1951 22 2% 42 48 60 67 68 61 58 24 22
9= 18 25 35 &7 43 42 34 30 -2= -2
1952 32~ 32
22~ 22
1953 3C 32 61 64 68 66 60 30
12 24 41 40 47 43 34 12
1954 44~ s1 44
16- 25 19
1956 68 65 49 49- 25 21 21
46 45 31 30- 12 16 12
1957 19 3¢ 35 40 54 57 70 65 LH6- 22 35 21 19
6 15 20 23 32 46 46 40 35~ 25 9 -6 -6
1558 17 i 27 40 45 60 10 67 60 45 34 23 1
2 -11 21 26 34 43 52 47 34 28 17 R ~11
1959 i5 24 30 33 54 62 71 67 54 39 17 18 15
-3 i0 18 24 32 41 48 50 44 28 8 n -3
1960 16 16 13 38 39 58 65 &6 55 4% 35 18 13
4 7 -3 19 32 45 49 52 41 25 16 =5 -5
1961 17 25 23 33 48 54 62 63 57 42 32 16— 16
-6 11 16 23 27 41 45 47 38 28 15 5 -6
1962 13 25 26 35 57 61 65 62 51 35 28 5 5
-3 4 12 21 42 47 44 48 36 17 19 -9 ~9
1963 ‘10 19 26 41 48 57 67 61 52 46 29 17 10
~16 -7 15 28 26 43 43 43 31 29 17 -1 -16
1964 20 24 22 41 47 63 64 54 60 44 32 24 20
2 8 6 17 40 44 46 44 41 27 13 s 2
1965 19 16 212 35 61 55 67 63 58 35 31 26 16
2 2 7 24 42 45 53 45 41 21 16 12 2
1966 19~ 19 22 40 52 59 63 &5 56 48 21 18 18
&~ T- 11 23 23 35 50 49 41 30 17 7 [
1967 27 7 28 43 48 45 61 62 46 45 29 22 -7
12 -11 7 29 35 38 44 47 31 28 15 11 ~11
1968 17 18 20 39 55 60 68 66 59 36 25 14 14
4 1 -] 29 31 43 49 40 39 26 16 8 1

Figure 2.4, Sample output of lowest value of daily temperature data.




2.3.5._Extreme values
NAME - EXTREME
INPUT - TEMPERATURE
OUTPUT -~ Tabulation of the extreme values for each month.
OPTIONS - Processing period
Standard Default - ONLY JANUARY TO ANNUAL

Example: The command sequence . ~
ACCESS

ELEMENT TEMPERATURE

STATION 310901 -
PROCESS

EXTREME

produced the output shown in Figure 2,5,

N
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BLOWING ROCK

JANUARY FEBRUARY MARCH

1548
1949 65 © 65 73
) 15 13 . 8
1950 69 57 69
19 18 16—
1551 . 60 £2
e 15
1952 : 52-
22-
1953 54
12
1554 . 71~
. 19~
1556
1957 64 62 73
. 6 15 20 .
1958 45 61 56
. 2 -11 21
1959 C 59 - 64 71
-3 10 . 18
1960 57 54 63
4 7 -3
1961 54 62 68
Y 11 16
1962 56 63 €3
-3 4 12
1963 57 59 73
-16 -7 15
1964 56 . 51 64
. 2 8 6
1965 60 60 63
2 2 7
1966 57— 52 68
6- T- 11
1967 62 60 .72
12 -11 7
1968 59 47 71
4 1 6

Figure 2.5. Sample output of extreme values of daily temperature data.

APRIL

72~

77
18

25

16
24
15
25

78
23
79
26
16
24
80
19
80
23
70
21
78
28

17
17
24
7C
23

29
T3
29

TEMPERATURE EXTREMES IN DEGREES Feo

MAY

80
78
41~

75
a5

B84
41

JUNE’

82

81
40
82
47

g2

WATAUGA -
JULY

86
58

84
43

86
T47

AUGUST SFPTEMBERVQCTOBERV NCVEMBER DECEMBER

78
40
77

STATION NO. 31-0901

72
22
76
32
75
31

76
30

60
22
&8

19

14
-7

ANNUAL

64 86
0 0
.61 - 86
11 ) R
53 - 81
5 -7
60 84
-2~ =2
52

22

86

12

75

1@

£9 92
16 12
57 © 86
-5 -6
54 36
-8 -1
&1 - A8
11 -2
64 83
-5 - -5
59— ) 83
5 -6
64 82

© -9 -9 .
56 85
~1 Lo-16
57 86
5 2
58 83
12 - : 2
55 86
7 . 6
64 80
11 -11
55 86
5 1
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NAME - RANK ORDER
INPUT - STREAMFLOW or RAINFALL or HOURLY RAINFALL
OUTPUT - Listing of the n largest amounts and their dates ranked from
largest to smallest, where n is five times the number of years.
OPTIONS - Processing period
Standard Default - ONLY JANUARY TO ANNUAL

Note: The default processing period is the entire period of record.

Example: The command sequence

ACCESS

ELEMENT STREAMFLOW
STATION 02082500
PROCESS

RANK ORDER

produced the output shown in Figure 2.6,

i~
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NAME ~ MONTHLY MASS ANALYSIS or MONTHLY MASS FLOW ANALYSIS
INPUT ~ STREAMFLOW or RAINFALL
OUTPUT - A plot through time of the accumulated total.
OPTIONS = SCALE = the units per inch of plot
INTERVAL - the number of time units per line of plot
RATE -~ a specified constant rate
Standard Defaults - INTERVAL = 1

RATE = 0
Monthly streamflow - SCALE = 100000

Monthly rainfall - SCALE = 10

Notes:

a) SCALE - the units are volume units equivalent to the data units,
The user is cautioned against selecting too small a value for
SCALE, since the axis labelling will repeat so often that the
plot will not be visible.

b) INTERVAL - This parameter may be used to reduce the length of
the graph, particularly for daily values, Corresponding detail
will be lost.

c) RATE - This parameter is designed primarily for streamflow analy-
sis . by the Rippl method, but it could also be used for other
purposes such as the effect of moving a rain gage. If the value
is 0, only the basic plot is produced. If the value is greater
than 0, the following additional output is produced:

i) Plots of a constant rate, extending across periods of
deficient accumulation;
ii) Values of the deficiencies, listed along the right margin
. in scientific notation.

d) The name MONTHLY MASS FLOW ANALYSIS applies only to the streamflow

file, The other name may be used with any file.

-Examples: The command sequence

ACCESS

ELEMENT - STREAMFLOW
STATION 02082500
PROCESS

MONTHLY MASS ANALYSIS
SCALE = 10000 RATE = 50

produced the output shown in Figure 2.7.
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Figure 2.7. Sample output of mass analysis of monthly streamflow data.
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2.3.8._Interstation correlation

NAME - CORRELATION

INPUT - RAINFALL

OUTPUT - Tabulations of cross-correlations between daily values for each
pair of up to 10 stations, with the number of pairs of days used
in the calculations. Results are listed separately for each month.

OPTIONS = PROCESSING PERIOD '
Standard Default - ONLY JANUARY TO ANNUAL

Example: The éommand sequence

ACCESS

ELEMENT RAINFALL
STATION 310650
B 312120
315921
316231
310301
PERIOD - 1/1951 TO 7/1970
PROCESS
CORRELATION
ONLY MAY

produced the output shown in Figure 2.8.
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QL

CORRELATION ANALYSIS OF DAILY RAINFALL - MAY
01/1951 TO 07/1970

STATIONS:
0650 31-065C BEETREE DAM TVA 268 BUNCOMBE
2120 31-2120 CRAGGY KNOB TVA 2698 BUNCOMBE
5921 31-5621 MOUNT MITCHELL TVA 233A YANCEY
6231 31-6231 NORTH FCRK TVA 271 BUNCOMBE
03201 31-0301 ASHEVILLE WB CITY TVA 267 BUNCUCMBE
0650 2120 5921 6231 0301
0650 1. 0000 048252 007328 066906 062767
620 589 620 620
2120 1.,0000 Oe 7346 0.7402 0.3331
589 620 620
5921 1.0000 0e 6482 0e 4339
589 589
6231 1. 0000 062789
620
0301 1. 0000

Figure 2.8, Sample output of interstation correlation of daily rainfall data.




2.3.9. Maximum/minimum flow analysis_

T ma mas e WD et ON  hmy  ROWN  Mrom Vegms  Sen e i v

NAME ~ MAXIMUM FLOW ANALYSIS or MINIMUM FLOW ANALYSIS

INPUT - STREAMFLOW v_ :

OUTPUT - A listing of the average maximum/minimum flows for each of up
to 10 period lengths in days for each year in the period of record.
Results are in cubic feet per second (cfs), unless an area is
given, in which case the results are converted to cubic feet per
second per square mile (cfsm). Statistics of the frequency dis-
tribution are also given, and the 1l0-year frequency discharge is
also listed.

OPTIONS - AREA - the catchment area, if results in cfsm are desired
LENGTH - lengths of periods required
Standard Defaults = AREA = ]

LENGTH =.7, 30, 60, 90, 120, 183, 274

Note: For maximum flow analysis, a water year (October-September) is
used. For minimum flow analysis, a climatic year (April-March

is used. Values are listed only for complete years.

Example: The command sequence

ACCESS

ELEMENT STREAMFLOW
STATION 02082500
PROCESS

MINIMUM FLOW ANALYSIS '
LENGTH = 1, 3, 7, 15, 30, 45, 60

produced the output shown in Figure 2.9.
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2.3.10. Flow duration table.

o — — v — P i wan an Pmem s e —

NAME - FLOW DURATION TABLE -
INPUT - STREAMFLOW
OUTPUT - A tabulation of the number of days that the flow was within
various class intervals for each complete water year, A
second table gives the frequency of discharges greater than
or equal to each class interval, Class intervals are listed
in cubic feet per second, in cubic feet per second per square
mile, and as a ratio to the mean daily discharge.
OPTIONS - CLASS - upper limits of class intervals -
Standard Defaults - CLASS = 1, 10, 100, 1000, 10000, 100000, 1000000
Notes:
a) A maximum of 32 class intervals may be specified -
b) The drainage area is obtained from the index entry for the station.
If no area is given in the index, the column of class intervals in
cubic feet per second per square mile will be omitted.
Example: The command sequence
ACCESS
ELEMENT STREAMFLOW
STATION 02082500
PROCESS
FLOW DURATION TABLE
CLASS 0.1 0.2 0,3 0.,50.712 35 o
CLASS 7 10 15 20 30 40 50 70 100 ' \
CLASS 150 200 250 300 400.500 700 1000 2000
- produced the output shown in Figure 2,10,
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NAME - FLOW DURATION CURVE
INPUT - STREAMFLOW
OUTPUT - A plot of the frequency of discharge greater than or equal to
given rates plotted in cubic feet per second, cubic feet per
second per square mile, and as a ratio to mean discharge.
OPTIONS - CLASS - upper limits of class intervals
Standard Defaults - CLASS = 1, 10, 100, 1000, 10000, 100000, 10000Q0

Notes: (same as for the flow duration table, 2.3.10) -

Example: The command sequence

ACCESS -
ELEMENT STREAMFLOW

STATION 02082500

PROCESS

FLOW DURATION CURVE
CLASS 0.1 0.2 0.3 0.50.71235
CLASS 7 10 15 20 30 40 50 70 100
CLASS 100 200 250 300 400 500 700 1000 2000

produced the output shown in Figure 2.11,
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2.4, Optional Features

A number of options are available that add to the flexibility of use
of the processing facilities. While they do not add any features not pre-
viously discussed, they do permit somewhat more freedom of use,

In section 2.2, the possibility of processing one set of data in sev-
eral ways was discussed. When this is done using several processing groups,
the user retains control of the ordering of the output,

It is also possible, under certain restrictions, to execute several
processing programs with a single processing group. This is done by list- *
ing more than one name on the Processing Request card, and putting all
parameters together on the Optional Parameter card.

The programs are assumed to fall into several natural categories, and
only programs which are in the same category may be used together. The

categories are:

a) General statistics

DAILY STATISTICS ) (DA TIS)
MONTHLY STATISTICS (MON TIS)
DAILY FREQUENCY (DA FRE)
MONTHLY FREQUENCY (MON FRE) o
HIGHEST or MAXIMUM (HIG or MAX) AN
LOWEST or MINIMUM (LOW or MIN)
RANK ORDER (RAN)
MONTHLY MASS ANALYSIS (MON MAS)
b) Flow analysis programs
MAXIMUM FLOW ANALYSIS (MAX FLO)
MINIMUM FLOW ANALYSIS (MIN FLO)
MONTHLY MASS FLOW ANALYSIS (MON MAS FLO)
FLOW DURATION TABLE (FLO DUR TAB)
FLOW DURATION CURVE (FLO DUR CUR)
c) Multiple-station programs
CORRELATION (COR)

The occurrence of a single identifiable name applies it to all pos-
sible programs on the card. Thus, if the Processing Request card contained

DAILY AND MONTHLY STATISTICS AND FREQUENCY -
four programs would be executed. Similarly, if the card contained
DAILY AND MONTHLY STATISTICS AND MASS ANALYSIS

expected results would be obtained, but a warning message would also be
printed that the daily mass analysis was not yet supported.
. . . 7N
Programs are executed in order as listed above regardless of order- -
ing on the Processing Requests card.
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2.4,2, Abbreviations

Since the entire words in the names as listed in Section 2.3 are not
required to determine the programs uniquely, only short groups of letters
are used to identify the programs. Consequently, it is possible for the
user to use these abbreviations if desired.

Abbreviations of the processing program names are given in paren-
theses in Section 2.4.1 above. Any occurrence of the letters in the
combinations shown will lead to execution of the corresponding program.
Thus, the Processing Request card

DAMONTIS FREMAXLOW RANMAS

would lead to execution of every program in the general statistics cate-
gory (assuming data appropriate to each program were available).

To separate the two distinct uses of the words MAXIMUM and MINIMUM,
the word FLO is searched for first. If it is found, only combinations
in the flow analysis category will be identified. Otherwise, combina-
tions in the other categories will be identified.

For the parameters also, only the first three letters need be
specified.

The use of different values for the parameters for different stations
was described in Section 2,2.2. Although the description implied that a
separate card is required for each station, this is not strictly true.

The system initially assigns default values and then reads the first
optional card. If the station number on the card matches the number of
the first station to be processed, the parameter values are modified accord-
ing to the values on the card and the data for the station are processed,.
Otherwise, processing is carried out with the default values. For addi-
tional stations, processing i1s executed using either values from the option
card (if the station numbers match), or values carried over from the pre-
vious station. Thus if a group of stations are to be processed using the
same parameter values, a card only needs to be given with the station num-
ber of the first station in the group.

2.5. Job Control Requirements at TUCC

Job control requirements for use of the processing facilities are
identical te those for use of the access facilities. The user is referred
to Section 1.5 of the Users' Guide teo the Access Facilities.
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HISARS USERS' GUIDE:
THE COPYING FACILITIES

3.1. Introduction

The COPY command is part of the access facility of HISARS. Those
records which have been accessed by the preceding group of instructions
‘'will be copied onto an external data set. As such, familiarity with
the access facilities as described in the Users' Guide to the Access
Facilities is prerequisite to application of material in this guide.

The main purpose of the COPY facility is to permit users with
programs in other languages to obtain copiles of the data for their
use, Sample applications are shown for FORTRAN, PL/C and CPS, since
users of these languages would not otherwise be able to access the
data files. The user can create a permanent file if he wishes to
repeatedly use the same data, or he can create a temporary file that
will be deleted at the end of the job.

There are two reasons for separating the guide to the copying facil-
ity from the rest of the access commands. In the first place, the user
is here assumed to have some competence in a programming language. Sec-
ondly, there are some additional job control language requirements. This
guide, then, presumes experience in computer use that was not requlsite
for the access guide.

Five operands are available for use with the COPY command:
INTEGER, INTEGER FORMATTED, REAL, REAL FORMATTED and DIRECT.

a) If the word INTEGER is used, each word in the output file will be
a full-word (4 byte) binary integer.

b) If the word REAL is used, each word in the output file will be a
single precision floating point number.

c) If the word FORMATTED is used, the output files will be written
with format (in the FORTRAN sense), Otherwise, the files will
be wriltten without format.

d) If either of the words INTEGER or REAL is used, output records
will be organized as described in Section 3.2. If the work DIRECT
1s used, output records will be organized exactly as the regular
data files are organized (see the Appendix of the HISARS Manual),
except that the indexed sequentilal access method is not used, the
records being organized sequentially. These records can be read
in other languages, and they contain all information from the
data files, but they are more difficult to use than the records
described in Section 3.2.  An example of use is given in Section
3.3.1 under retrieval in FORTRAN.
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3.2, Output Files

3.2.1. File formats

For some files - Streamflow, Rainfall and Hourly rainfall - a single
value is copied for each day. For other files - Temperature, Evaporation
and Snowfall - two values are copiled for each day. Therefore, two differ-
ent output file formats are used. For the single value format, each record.
contains 38 words, organized as follows:

Word 1 -~ Station identification number

Word 2 - Year

Word 3 - Month

Words 4, 5 - Codes

Word 6 - Number of days in month

Words 7-37 - Daily values

Word 38 - Monthly total

For the two-value format, each record contains 70 words. The first
six words are as above, Words 7-68 contain daily values, and Words 69, 70
contain monthly summaries. A pailr of words is used for each day, e.g.
Words 7, 8 for day 1, Words 9, 10 for day 2, etc, For each file, the
contents of each daily pair and the summary pair are:
Temperature -

Daily A - Dally maximum temperature

Daily B ~ Daily minimum temperature

Summary A - Monthly average maximum temperature

Summary B - Monthly average minimum temperature
Evaporation - '

Daily A ~ Daily total wind movement

Daily B - Daily total evaporation

Summary A - Monthly total wind movement

Summary B - Monthly total evaporation
Snowfall -

Daily A - Daily total snowfall

Daily B - Depth of snow on ground

Summary A - Monthly total snowfall:

Summary B - Blank

Scaling varies according to the file item and operand. The table
below shows the scaling used:

Operand
: INTEGER REAL

File item

Daily or monthly streamflow x100 -
Daily or monthly rainfall x100 -
Daily max or min temperature - -
Monthly max or min temperature x10 -
Hourly or daily rainfall x100 -
Daily or monthly wind movement - -
Daily or monthly evaporation x100 -
Daily or monthly snowfall x10 -
Daily snow depth - -
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On output, the records for each station are put in a separate file.
To aid in finding the output file, supplemental output is printed. This
consists of the station identification, a statement that the records have
been copied, and the name of the file on which the copy was made. Names
of files are discussed more fully in Section 3.4,

Files are copied in the order in which they are accessed. This is
determined first by the order of the. elements and second by the order of
the stations., In the example below, the streamflow file for station
02.3645,00 will be copied first, and the rainfall file for station 31-1645
second. This would be true even if the order of the station numbers was
reversed. However, 1f the order of the elements was reversed, the rain-
fall file would be written first,.

Example: Tec copy streamflow and rainfall records for stations 02.3645.00
and 31-1645 for the period 1941-1960. Output is to be in the
form of fullword floating point numbers.

ACCESS
ELEMENT STREAMFLOW
RAINFALL
STATION 02364500
311645
PERIOD 1/1941 TO 12/1960
COPY REAL

The output format of copied records has been designed to achieve
maximum compatibility for several languages., Unformatted records are
specified as variable length, blocked, with maximum record length 284
and maximum block length 3128, Formatted records are fixed length,
blocked, with record length 380 and block length 3040. Records copied
using the DIRECT operand will vary according to the individual file
characteristics. Blocking of such records is left to the user.

The following table shows the number of records per block and
records per track on two common magnetic disk packs.

Records Records
per block per track
2314 3330

Single value per day

Formatted 8 16 32

Unformatted 20 40 80
Two values per day

Formatted 8 16 32

Unformatted 11 22 b4
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3.3. Reading the Cgpied Records

After the records have been copied, they can be read by several
other languages. Although examples are given here for three languages
in common use at TUCC, it is expected that one or more of the formats
can be read with other common languages.

3.3.1. FORTRAN

—t et e

Files created by any of the five operands can be read in FORTRAN. ¢
A statement must define the storage format, the REWIND statement is
used to start reading from the beginning of the file,; and the appro-
priate READ statement given.

a) Operand: INTEGER
INTEGER DATA (38)
REWIND 6
READ (6) DATA
b) Operand: INTEGER FORMATTED
INTEGER DATA (38)
REWIND 6 ‘
15 FORMAT (38 I10)
READ(6, 15)DATA
c) Operand: REAL
REAL DATA (38)
REWIND 6 .
READ (6) DATA
d) Operand: REAL FORMATTED
REAL DATA (38)
REWIND 6
15 FORMAT (38 E10.0)
READ (6, 15) DATA
e) Operand: DIRECT
INTEGER*4 STATNO,CODE(4),YEAR
INTEGER*2 DUMB, STATE BLANK,MONTH DAILY(31) TOTAL
REWIND 6
15 FORMAT (2A2,2(A4,A2),4A4,32A2)
READ (6,15) DUMB,STATE, STATNO BLANK, YEAR MONTH, CODE,DAILY, TOTAL

Note: This example is specific to direct copies of the rainfall file.
Appropriate modifications will be required for other files.

Note: ' The examples in a) to d) above apply for the one value per day -
formats. For the two value formats, the following changes are
necessary.
In a) and b): INTEGER DATA (70)
In c¢) and d): REAL DATA (70)
In b): 15 FORMAT (6I10,6415)
In d):
Temperature: 15 FORMAT (6I110,64F5.1)
Evaporation: 15 FORMAT (6I110,32(I5,F5.2)) B
Snowfall: 15 FORMAT (6I110,32(F5.1,15)) -
Complete examples are given in Section 3.4.3, FORTRAN applications. ~
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PL/C is & subset of PL/1l developed at Cornell University. Since the
keyed attribute is not supported by the current release of PL/C, records
must be copied before use. Also, only fixed-length records are currently
supported; unformatted records cannot be used.

a) Operand: INTEGER FORMATTED (one-value)
DECLARE DATA (38) FIXED BINARY (31);
GET FILE (IN) EDIT (DATA) (38 F(10));
b) Operand: INTEGER FORMATTED (two-value)
DECLARE DATA (70) FIXED BINARY (31);
GET FILE (IN) EDIT (DATA) (6 F(10), 64 F(5));
c) Operand: REAL FORMATTED (one-value)
DECLARE .DATA (38) FLOAT BINARY (21);
GET FILE (IN) EDIT (DATA) (38 E(10,0,5));
d) Operand: REAL FORMATTED (temperature)
DECLARE DATA (70) FLOAT BINARY (21);
GET FILE (IN) EDIT (DATA) (6 F(10),64 F(5,1));
e) Operand: REAL FORMATTED (evaporation)
DECLARE DATA (70) FLOAT BINARY (21);
GET FILE (IN) EDIT (DATA) (6 F(10),32(F(5),F(5,2)));
f) Operand: REAL FORMATTED (snowfall)
DECLARE DATA (70) FLOAT BINARY (21);
GET FILE (IN) EDIT (DATA) (6 F(10),32(F(5,1),F(5)));
g) Operand: DIRECT (rainfall)
DECLARE 1 DATA,
(NDY,CODE) BIT(8),
STATION CHAR(6), 2 BLANK CHAR(2),
YEAR CHAR(4), 2 MONTH CHAR(2),
DCODE(16) BIT(8),
(RAIN(31), TOTAL) FIXED BINARY(1l5);
READ FILE {IN) INTO (DATA);'

DR N NN

Direct copies can be read from other data files by appropriate changes to.
the structure declaration of DATA. More complete examples are given in
Section 3.4.4, PL/C applications. '

3.3.3. CBS_

The Conversational Programming System (CPS) is a time sharing system
in use at TUCC. Since all words are stored in -fleating point by CPS, it
ig suggested that only the REAL operand should be used. . The following CPS
statements are required for the one-value formats.

"1 DECLARE F FILE ’

2 DECLARE DATA (20, 39) DEC(6)

3 OPEN FILE (F) TITLE ('filename')
4 READ FILE (F) INTO (DATA):

In this case, the "filename' 1s the name of the file and must be filled out.
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CPS use of files is confounded by the effect of blocking of data,
which is normally used to conserve space in the files. Each CPS READ
statement accesses a whole block of data, rather than a record. Thus,
the READ statement above for the single value format reads 20 consecu-
tive: months of data into DATA, one month in each row. (The 39th word
in each row is a control word used by the operating system to specify
record length, and is to be ignored) For the two-value format, the
corresponding statement ig. '

2 DECLARE DATA(11,71) DEC(6)
and 11 months are read at each execution of the READ statement,

It may be noted, in terms of the discussion in Section 3.4 below,
that CPS jobs cannot be executed as part of a multi-step job. This means

that copies made by HISARS for use by CPS must be stored on permanent
files.

3.4, Job Control Requirements at TUCC

Job control requirements for access have been described in Section 1.5.
Since output files are being created, additional Job Control Language (JCL)
cards must be supplied to define the output data sets. It is suggested
that these output file cards be inserted between the file identification
cards and the SYSIN card.

It is possible to create up to 26 output files in a single HISARS run.
The file names are OUTA, OUTB, ..., OUTZ, in that order. These must be
related to data set names by DD cards in the job control language. Examples
of the format of such cards are given below.

There are two types of output files than can.be created, permanent
and temporary. A permanent file may be kept after the end of the job for
as long as the user wishes., This requires that the user have a catalog
structure available, and that he be able to meet certain other conventions
established by his computing center. The prospective user should there-
fore discuss his requirements with his computing center.

A temporary file is automatically deleted at the end of a job.
Because of this, the user does not have to meet any of the computing
center conventions, and the facility is readily available.

Generally, a user who has a repeated need for the same data set will
choose to create a permanent file, Similarly, a user who is developing a
program and requires test data during debugging runs will wish to have a
permanent file., However, if a user has a program that will process any
set of data only once, a temporary data set will be preferable. Some com-
puting centers charge for files stored on their disc packs, so that a user
should check before creating extensive permanent files. There is, of course,
no charge for temporary files.




To 1llustrate the effect of comparative costs, some sample figures
will be cited using costs incurred at TUCC. Suppose that a 30-year stream-
flow record is to be processed using FORIRAN and the REAL operand will be
used. The table in Section 3.2.2 shows that 80 months will be stored on
a single 3330 disk track, so that 5 tracks will be required. The current
charge is about $0.013/track/day, so that permanent storage of the data
will cost 30.06/day. Since the cost of making the copy is approximately
$0.75, use of the copy as frequently as once every two weeks will justify’
keeping it. The cost of copying will not increase as rapidly as the cost
of storage for longer copies, so that longer permanent copies will be jus~-
tified only by more frequent use. It may be noted also that the use of
FORMATTED operands will more than double storage requlrements, although
copying cost is not notlceably affected

3.4.1. Permanent files
Output file cards requlred to create permanent files should be in the
following form:

//OUTA DD DSNAME=aaa.bbb.cceccc.dddd.eeee,UNIT=DISK,
/! VOLUME= SER=gggggg,SPACE—(TRK m) ,DISP=(NEW,CATLG)

1) File name OUTA must always be used for the first output file. If
additional output files are required, names must be OUTB, OUIC, ..., OUTZ,

2) The DSNAME is a five level qualified name similar to those given for
the file identification cards. The first four levels are a catalog structure
assigned by the computing center to the user, and the fifth level is an
identifier provided by the user. The fifth level identifier must be differ-
ent for each OUTA, OUTB, etc, and must be different from any identifier
previously used to store data.

3) The serial number of the VOLUME will be assigned by the computing
center.,

4) In the SPACE parameter, the number of tracks required must be pro-
vided as an integer. This may be calculated as described in Section 3.2.2.
For example, if 42 months will be stored per track, and 240 months are to
be copied, 5.7 tracks are required, rounded up to 6, so that SPACE=(TRK,6).

5) If desired, the parameter LABEL=EXPDT=yyddd may also be provided,
where yyddd is the year and date when the file may be deleted. Use of this
parameter should be checked with the computing center.

6) Although it is not recommended, a user may also store data sets on
tape. In this case, UNIT=TAPE, the SPACE parameter is left out, and the
VOLUME serial number is for a tape.

7) Since DCB information is provided by HISARS, no such parameter
should be given on the DD card, unless the DIRECT operand is used.

Output file cards required to create temporary files should be in
the following form:

//OUTA DD DSNAME=&OUTA,UNIT=DISK,SPACE=(TRK,m),DISP=(NEW,PASS)
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Note that in this case a temporary data set name is used, identified by

the leading ampersand.

The only variable information required is the

number of tracks in the space parameter, which is calculated as in

3.4.1, 4) above.

The user who wishes to create temporary files will be executing a

two-step job,
program which uses the file,

the first copying the file, and the second‘executing the

To illustrate use of HISARS with FORTRAN programs, two examples are

given below:

JCL cards, HISARS commands and FORTRAN statements.

These examples show the entire card deck required, including

The first example produces a listing of daily streamflow similar to

that given in Section 1.4.5.

As additional verification,

the HISARS com-

mand LIST DAILY has been included (it could be removed without affecting

FORTRAN results).

an ,uname ,MSGLEVEL=1
DSNAME—NCS BAE .BE747 ,WISER.,HISARS,DISP=8SHR
PGM=MAIN,REGION=110K

//jname © JOB

//JOBLIB DD

/1l EXEC

//SYSPRINT DD SYSOUT=A
//RSTR DD

//ISTR DD

//0UTA DD’

//SYSIN pp %

ACCESS

ELEMENT STREAMFLOW
STATION 02082500

PERIOD 1/1952 TO 12/1952
LIST DAILY

COPY INTEGER FORMATTED
/*
/]
//C.SYSIN

EXEC FORTRAN
DD *

REAL YEAR (12, 32)
INTEGER DATA (38)

REWIND 6
FORMAT (38 110)
DO 23 I=1,12

15

READ (6,15) DATA

DO 21 J=1,32
=J+6
21

23 CONTINUE

WRITE(3,17)YEAR
FORMAT (32(12F10.2/))

17
END
/*

YEAR (I,J) = lE-2*DATA(K)

//G.FT06F001 DD DSNAME=&OUTA,DISP=(0LD, DELETE)'

/!
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The second example is used to calculate and print monthly weighted
average rainfall computed from data for statioms 31-4772, 31-5283 and
31-7499 with weights of 0.3, 0.5, and 0.2 respectively.

//jname JOB . an,uname,MSGLEVEL=1
//JOBLIB DD DSNAME=NCS ,BAE.BE747 .WISER .HISARS,DISP=SHR
// EXEC PGM=MAIN,REGION=110K
//SYSPRINT DD SYSOUT=A
/ /RRAI DD DSNAME=NCS .BAE .BE747 .WISER.RAINFALL,DISP=SHR,DCB=BUFNO=1
//IRAT DD DSNAME=NCS . BAE ,BE747 .WISER.INDXRAIN,DISP=SHR,DCB=BUFNO=1
/ /OUTA DD DSNAME=&0UTA, UNIT=2314,SPACE=(TRK,2) ,DISP=(NEW,PASS)
//OUTB DD DSNAME=&OUTB,UNIT=2314 ,SPACE=(TRK,2) ,DISP=(NEW,PASS)
//OUTC DD DSNAME=&0UTC ,UNIT=2314,SPACE=(TRK,2) ,DISP=(NEW,PASS)
//SYSIN DD *
ACCESS
ELEMENT RAINFALL
STATION 314772
315283
317499
PERIOD 10/1951 TO 9/1956
COPY REAL
/:‘e
// EXEC FORTRAN
//C.SYSIN DD %
REAL DATAA(38),DATAB (38),DATAC(38)
REWIND 6 ;
REWIND 7 :
REWIND 8
DO 19 I=1,60

READ (6) DATAA

READ (7) DATAB

READ (8) DATAC

NYR=DATAA (2)

NMO=DATAA (3)

AVE=0, 3*DATAA (38)+0.5%DATAB (38)+0.2*DATAC(38)
19 WRITE (3,10) NYR,NMO,AVE
10  FORMAT (I6,I3,F8.2)

END
/*
//G.FTO6F001 DD DSNAME=&OUTA ,DISP=(OLD ,DELETE)
//G.FT07F001 DD DSNAME=&0UTB,DISP=(OLD,DELETE)
//G.FT08F001 DD DSNAME=&0UTC,DISP=(OLD ,DELETE)
/!
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3.4.4. PL/C applications 7
To illustrate use of HISARS with PL/C programs, the same two examples
are used as in Section 3.4.3 above. Since the first job step (the part
prior to the dotted line) is identical, it is not included in the listings
below, but is presumed to precede the cards listed.
For the first example:
(first job step)
¢ 4 8 e e s s 8 2 6 & & v & % 8 & 2 o+ &8 " s » e e s & & & s ¢ & e s 0 *
/! EXEC PLC
//IN DD DSNAME=&OUTA,DISP=(OLD,DELETE)
/ /SYSIN DD * \ .
*PL/C
LIST:PROCEDURE OPTIONS(MAIN);
DECLARE (DATA(38),YEAR(32,12)) FIXED BINARY(31l);
DO I=1 TO 12;
GET FILE(IN) EDIT(DATA) (38 F(10));
DO J=1 TO 32;
YEAR(J,I)=DATA(J+6); END; END;
PUT EDIT (YEAR) (32(SKIP,12 F(10,2,2,)));
END; '
/%
//
\ s
The second example requires minor changas in the first job step. The .
HISARS command card must be COPY REAL FORMATTED, and as a consequence, the )
space required for OUTA, OUTB and OUTC is increased to 4 tracks,
(first job step)
/! EXEC  PLC
//INA DD DSNAME=&0UTA,DISP=(OLD,DELETE)
//INB DD DSNAME=&0UTB,DISP=(OLD,DELETE)
//INC DD DSNAME=&0UTC,DISP=(OLD,DELETE)
{/SYSIN DD %
*PL/C
AVE: PROCEDURE OPTIONS(MAIN); .
DECLARE (DATAA,DATAB,DATAC) (38) FLOAT BINARY (21);
L:GET FILE (INA) EDIT (DATAA) (38 E(10,0,5)):
GET FILE (INB) EDIT (DATAB)(38 E(10,0,5));
GET FILE (INC) EDIT (DATAC) (38 E(10,0,5));
PUT EDIT (DATAA(2),DATAA(3), 0.3 * DATAA(38)+0.5*DATAB(38)+0.2%DATAC(38)) M
(SKIP,F(6),F(3),F(8,2));
GO TO L;
END;
/%
/1
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THE MANAGEMENT FACILITIES

4,1, Introduction

The purpose of the management facilities of HISARS is to permit
addition, modification and deletion of records in the data and index
files. ThlS is dome using the indexed sequential access method (ISAM)
to retrieve, replace and otherwise maintain the order of the records
in the file.

These facilities do not provide an efficient way to create files
or to make additions of large quantities of data to existing files.
Special system utility programs have been developed for these purposes,
and these programs are described in Chapter 6.

The principal uses of the management facilities are therefore to
correct errors in the files through modification and deletion of records,
for addition of small numbers of records, and for updating the index
files after changes to the data files.

The management facilities were assembled early in the development of
HISARS. More recent work on the utility programs for rainfall, hourly
rainfall and evaporation files has led to improved data formats for these
files. .Such changes have not yet been incorporated inte the management
programs,

4,2, The Command Language

The following commands constitute the management facility of HISARS:

MANAGE

ADD opl op2 op3 op4 op5 opb
MODIFY opl op2 op3 op4 op3 opb
DELETE opl op2 opd

UPDATE opl oph op3

The command word is punched starting in Column 1, operand opl starting in

Column 11, op2 starting in Column 21, op3 starting in Column 41, op4 start-

ing in Column 51, op5 starting in column 61, and opbé starting in Column 71.

a) opl is the 8-letter file name in which changes are to be made. These
names are given in the Appendix.

b) op2 is the key for the record which is to be changed, and consists of
the station identification number and date for data files, and station
identification number only for index files.

c) op3 is the form used to provide data which is to be included in the
file. Five forms are accepted: DATA, LIST, LISTALL, COPY and FORMAT.
Descriptions of these operands are given in Section 4.3.

d) op4 is the password. Different passwords are used for the various
commands.

e) op5 specifies restricted operations to be performed on certain files.
Details are given for the files.
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f)  op6 is used to indicate that the data being added are estimated.

The MANAGE command is reguired at the beginning of each set of man~-
agement commands., '

4,3, Input Formats

Addition or modification of records implies that data are to be
introduced into the system. The management facilities are limited to
card input, and the cards associated with a given command follow it
immediately. For example, suppose that rainfall data are to be added

for station number 31-6496 for May, June and July, 1948. The following
cards would be used:

MANAGE

ADD RAINFALL 316496194805 op3 oph
(data. for May 1948)

ADD RAINFALL 316496194806 op3 opd
(data for June 1948)

ADD RAINFALL 316496194807 op3 op4

(data for July 1948)

The data must be punched in one of the recognizable forms, which are
identified by the appropriate value of op3.

4.3.1., DATA

The data are punched in the form required by PL/1l data-directed I/0.
The operand op2 must contain the complete key (ID for index files or ID
and date for data files). Each term is punched in the form
Identifier = value, ‘ ,
terms are separated by commas and/or spaces, and the last term for the speci-
fied record is followed by a semi~colon. The identifier is the name
exactly as given in the description for the specific file below. If the
" value is a character string, it must be preceded and followed by apos-
trophes, while bit strings must be preceded by an apostrophe and followed
by ‘an apostrophe which is followed immediately by a B.

Suppose the station name, latitude, and drainage area are incorrect in
the index entry for statlon number 02.1463.00., They could be corrected by
‘the following:

MANAGE

MODIFY INDXSTRE 02146300 DATA password
STATION_NAME = '"IRWIN CREEK NEAR CHARLOTTE, N.C.',
LATITUDE = '351151', DRAINAGE AREA = '30.5';
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4.3.2. LIST or LISTALL

The data are punched in the form required by PL/1l list-directed 1/0.
The operand op2 must contain the complete key, Values are punched in
free-form, separated by one comma and/or blanks. The values are assigned
to variables according to the lists below, and the number of values must
agree with the number of variables in the list. The lists are different
for each file, and they are also different for LIST and LISTALL. Generally
LIST is intended to input data only, while LISTALL is used to fill the
complete record.

Suppose the data for station number 02.0968.50 for August 1968 are to
be added to the streamflow file. This could be done by the following:

MANAGE | |
ADD STREFLOW 02096850196808 LIST password
31 120 150 ° 120 140 570 390 200 140 110
100 150 120 100 100 100 110 83 75 91 130

140 53 41 36 36 36 36 36 41. 51 31

4.3.3._FORMAT
The format form has not yet been implemented, It is planned to permit
the user to specify his own input format.

4.3.4._COPY

The copy form permits records in a data file to be copied from one sta-
tion to another. This may only be done for the data files, and the records
for a specific month at a station are obtained only for the same month at
another station. Since such a procedure is assumed to be an estimation pro-
cedure, bits indicating that values are estimates are filled automatically.

The record to be created or modified is given by station, year and
month in op2. The station from which the record is to be copied is given
in op5. If the rainfall record for station 31-6496 for June 1964 is to be
copied from the record for station 31-3653 for the same month, use the
following: '

MANAGE ;
ADD 'RAINFALL 316496196406 COPY password: 313653

4.4. Password Protection

Password protection is provided to prevent unauthorized changes in
the index or data files. The passwords are included at compile time for
the system itself, and can therefore be changed only by recompilation of
the management control program.
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Three levels of password protection are provided., If the user sup-
plies the first level password, he is permitted to add records to any
file, and he may update the index file. If he supplies the second level
password, he may use the modify commands to change the contents of files.
The highest level password is required if the user wishes to delete records
from the files. The passwords are effective downward, so that the second
level password permits the ADD, MODIFY and UPDATE commands, while the third
level password permits any command to be executed.

The password levels are equivalent to the severity of effect of the
command on the file., Added records can always be deleted later. Records
which are modified incorrectly can often be corrected. However, records
which are deleted by mistake may require considerable effort to replace.
It is therefore expected that, while many users may be encouraged to add
records to the file through use of the ADD and UPDATE commands, and there-
fore be given the first level password few users will wish to use the
MODIFY and DELETE commands.

4,5, Management of the Index Files

Changes to the index files can be made using the ADD, MODIFY, DELETE
and UPDATE commands. Addition and modification of records may use either
the DATA or LIST forms, although DATA is intended more for making correc-—
tions and LIST for adding records.

4,5.1. ADD/MODIFY with the DATA form

Any or all of the following may be changed using the DATA form:

STATION NAME (80 characters)

STATION IDENTIFICATION NUMBER(8 characters)

GEOGRAPHIC LOCATION BLOCK(lO characters)

LATITUDE(? characters)

LONGITUDE (8 characters)

‘ELEVATION{8 characters) _

DRAINAGE AREA(7 characters) ‘ v é
BASIN NUMBER(9 characters)

REGION (4 characters)

MISCELLANEQOUS (14 characters)

Note that the underline character is used to connect words.

The STATION IDENTIFICATION NUMBER cannot be modified, since this is
the record 1dent1f1er, and changing it implies creation of a new record.
. If it is necessary to change this number, it would be necessary to use
the ADD command to.create a new record, and. then DELETE the old record,

‘If the alternate code and/or county name is required, these are included
in the 47th and 60th characters, and 6lst to 80th characters, respectively, o
in the STATION NAME. The BASIN NUMBER is stored as 3 groups of 3 characters,
and the REGION as 2 groups of 2 characters, without intervening punctuation.

98




Use of the LIST form requires that every item in the index file be
included in the correct order (see the Appendix for complete list and
order). TFor file creation, this has been replaced by the CRINDEX utility
program (Section 6.9.3).

When records for a station not previously indexed are added to the
data file, execution of the update program {Section 4.5.3) will create a
new index entry, containing the station number and periods of record.
The rest of the information can be supplied using the DATA form.

4.5.3. UPDATE

Changes to the data files do not automatically cause associated
changes in the index files. Therefore, addition or deletion or records
may lead to problems in accessing the new records. Such problems may
be prevented by use of the UPDATE command.

The UPDATE command can only be used for index files, so that opl

must be the name of an index file. The associated data file is scanned,

and 1ts contents compared with the information in the index file. There

are four possibilities:

a) The records for a station have not been changed. The index entry.
for the station will be unchanged.

b) Records have been added to or deleted from the station record. The
period of record in the index entry for the station will be corrected.

¢) Records have been added for a station which had not been in the file.
A new index entry is created for the station and added to the index
file. However, the new entry will contain only the station identifica-
tion number and period of record. A message is printed ''NEW INDEX
ENTRY FOR STATION" with the identification number.

d) All records for a station have been deleted. The index entry for the
station is deleted.

If,during the update process, stations are found with more than 100
periods of records, a list of the station identification numbers and exces-
sive periods i1s printed.

Since updating of the entire file requires actual reading of every
data record, the process may take a great deal of time. Although this
will be necessary when the file is first created, most management opera-
tions will affect only a few of the stations., An option is therefore
available which permits specification of the station numbers for which
index entries are to be updated.

If the entire file 1is to be updated, op5 of the UPDATE command card
is left blank. However, if updating is to be limited, the word INDIVIDUAL
should be punched in op5 (Cols. 61-70 of the command card). The station
numbers to be updated are punched one per card, starting in Col., 21, on
cards which are placed immediately following the UPDATE command.
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For example, suppose the entry in the index file RAINFALL is to be
updated for stations 31-6853, 31~0674 and 31-4456, The following command
cards would be required:

MANAGE

UPDATE RAINFALL - password INDIVIDUAL
316853
310674
314456

4,6, Management of the Data Files

Changes to the data files may be made using any of the commands. Addi-
tion and medification of records may use the DATA, LIST or COPY forms. In
general, the DATA form will be useful only for modifying one or two values
in a record, while the LIST form will be more generally useful in adding
or modifying complete records. Options such as LISTALL and use of op5
permit various amounts of data to be read. Details are given under the
individual files.

Maximum efficiency will be obtained if all operations to be performed
on a single data file are grouped. In this case, the first password given
should be the highest required by any operation in the group.

The importance of updating the associated index file following changes.
in the data file must be emphasized. When records have been modified, mno
changes in the index file will be necessary. However, if records are added,
they will be ignored by the system until the index is updated. If records
are deleted, more serious errors will result. If records are deleted from
the beginning or middle of a period of record, a read error will result and
processing will terminate. However, 1f records are deleted from the end of
a period of record, the system may search .for the next occurrence of the
old ending date, which may be for another station, and all values will be
interpreted as though they applied for the requested station.

4.6.1. ADD/MODIFY with the COPY form_

The COPY form is used to copy an existing record in the file for one
station into the record for another station. The record is simply read,
the station number is replaced by the specified station number, and the
record with its new identification is used to add to or modify existing
records. In addition, since such an operation normally amounts to an
estimation procedure, flag bits in the record are set to show that the
data are estimated,

4.6.2, ADD/MODIFY with the DATA or LIST forms

M e m— Ch eom wil rmm A maeh e ey e imA AR e e . e e

Use of these forms .depends on the specific file, so that details are
provided below separately for each file. Management of data files not
listed below is .not supported at this time.
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All variables in the lists given below are required for the LIST form,
but optional for the DATA form.

d) Streamflow data file (STREFLOW)

i)

ii)

iii)

DATA-

NDAY - the number of days in the record

CODE - a value equal to 10 times the USGS Code 1 plus the USGS Code 2
FLOW(I) - the daily mean discharge for the Ith day, multiplied by 100
LIST -

NDAY
FLOW(I), I

1, 2, ..., NDAY
LISTALL -
NDAY

CODE
FLOW(I), I =1, 2, ..., NDAY

b) Rainfall data file (RAINFALL)

1)

ii)

iid)

DATA -

NDAY - the number of days in the record
RAIN(I) - the daily rainfall for the Ith day, multiplied by 100
RAINCODE(I) - a code number for the Ith day, calculated as follows:
a) Start with a value of 0
b) If a trace was reported, add 1
c) If the amount is estimated, add 2
d) If the amount is .accumulated, add 4
e) If the amount is missing, add 8

LIST -

NDAY _
RAIN(I), I = 1, 2, ..., NDAY

If opb is ESTIMATED, all RAINCODE values are set equal to 2, i.e. daily
estimates :

LISTALL -

NDAY
RAIN(I)

RAINCODE '} given as a pair for I = 1, 2, ..., NDAY

c) Temperature data file (TEMPTURE)

i)

DATA -

NDAY - the number of days in the record
MAX(I) - the observed maximum temperature for the Ith day
MIN(I) - the observed minimum temperature for the Ith day
SET(I) - the temperature at the time of observation for the Ith day
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d)

i1)

iii)

iv)

v)

LIST with MAX in op5

NDAY
MAX(I), I =1, 2, ..., NDAY

LIST with MIN in op5

NDAY -
MIN(I), I =1, 2, ..., NDAY

LIST with SET in op5

NDAY -
SET(I), I=1,2, ..., NDAY

LISTALL

NDAY -

MAX(I)

MIN(I) given together for each I = 1, 2, ..., NDAY
SET(I)

NOTE: For any of the above, if opé is ESTIMATED the estimate bit will

be set for the month,

Evaporation data file (EVAPTION)

EY)

DATA -

NDAY =~ the number of days in the record H
EVAP(I) - the daily evaporation for the 1t day, multiplied by 100
EVAPCODE(I) - a code number for the Ith day, calculated as follows:

a) Start with a value of 0

b) If evaporation is accumulated, add 1

c) If evaporation value is missing, add 4

d) If evaporation value 1is estimated, add 8

' WIND(I) - the total daily wind movement for the Ith day

ii)

iii)

WINDCODE(I) = a code number for the Ith day, calculated as follows'
a) Start with a value of 0
b) If wind movement is accumulated, add 1
c) If the wind movement is missing, add &
d) If the wind movement is estimated, add 8

LIST with EVAP in op5

NDAY

EVAP(I), I =1, 2, ..., NDAY

If opb6b is ESTIMATED, all EVAPCODE values are set equal to 8
LIST with WIND in op53

NDAY

WIND(I), I =1, 2, ..., NDAY

If op6 is ESTIMATED, all WINDCODE values are set equal to 8
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iv) LISTALL -~

NDAY

EVAP (1)
EVAPCODE (1)
WIND(IL)
WINDCODE(I)

given together for each I = 1, 2, ..., NDAY

4,7. Error Processing

A variety of errors can occur as a result of cards out of order, mis-
punched cards, etc. In such cases, the system prints out a message and
recovers as much from what follows as possible. Since varying numbers of
data cards can follow each command card, this is not always easy, and in
general the system will ignore all data cards, listing them in the error
output, until it reaches the next command card.

Error output consists of a message of the form
DATA MANAGEMENT ERROR: CODE = nnn
followed by a listing of ignored cards. Since each successful operation
is followed by an output message, it should generally be possible to deter-
mine how many of the cards will have to be rerun.

The following error codes are used by the system:

1 - Invalid password

3 - Level of password too low for requested operation

5 - System cannot determine what operation is required
11 - Key error for streamflow data file

12 - Invalid form requested, streamflow management

19 - Key error for streamflow data file, copy form

21 - Key error for rainfall data file

22 - Invalid form requested, rainfall management

29 - Key error for rainfall data file, copy form

31 -~ Key error for temperature data file

32 ~ Invalid form requested, temperature management

39 - Key error for temperature data file, copy form

61 - Key error for evaporation data file

62 - Invalid form requested, evaporation management

69 - Key error for evaporation data file, copy form

91 - Invalid form requested for index management

92 - Unidentified file name given for Iindex management
93 -~ Key error for index file during read, index management
94 - Key error for index file during write, index management
200 - FORMAT form requested, not yet implemented
204 - Unidentified file name given for index update
205 - Key error for index file during update processing
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Key errors are most likely to occur in the system for the following

reasons:
i) The ADD command was used, but the record already exists;
ii) The MODIFY command was used, but no record exists;
'1ii) No space is available to add the record.

If a check of the file contents against the value of op2 on the command card
indicates that neither i) nor ii) has occurred, notify the individual
responsible for the system.

4.8, Job Control Language at TUCC

The system is designed so that the management facilities can be included
as an integral part., This would make possible mixing of access, process
and manage groups in a single execution.

Job control requirements for use of the management facilities are
identical to those for use of the access facilities. The user is referred
to Section 1,5 of the Users' Guide to the Access Facilities.
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PERSONAL EXPERIENCE WITH SYSTEM DESLGN

5.1. Historic Background

Computer processing of large quantities of hydrologic data at North

Carolina State University started in 1959. The first source of data was

the 1009 card deck of the Weather Bureau. It soon became obvious that
reading a million cards directly into a large computer was too inefficient
to be workable, and only a limited number of the cards were actually used.
The later availability of the FOSDIC equipment permitted direct conversion
from the Weather Bureau microfilm to magnetic tape, eliminating further
processing of the cards.

The .Geological Survey started processing of its data using punched

_ paper tape rather than cards. The punched tapes were made available to
.us, but although paper tape is much more efficient than cards, the problems

of handling several hundred rolls of tape were still excessive. Later,
the Survey furnished us their magnetic tape copies, and these formed the
streamflow data base.

Even with the data on magnetic tape, problems arose in trying to pro-
cess the data. Simultaneous processing of rainfall and streamflow data
required use of different tapes with different formats. A large number
of tapes were required to hold the climatological data, and processing of
data for several stations required careful manipulation of the tapes to
preserve a semblance of efficient operation. In ‘an effort to improve
performance for a number of stations that were being used heavily, a
packed format was developed that permitted all the stations to be recorded
on one reel, but this format was accessible only with machine language,
and the data were not available for use with general purpose languages.

The problems that we encountered might be summarized in two major
points: '

1) Retrieval of data from the tapes was so difficult that the user
had to learn a great deal of computer programming:

2) The user had to know exactly what he wanted, and on what tape it
was to be found. No type of search in a useful sense was possible,

In 1966, university computer facilities were drastically changed. In
place of separate installations at each of the three universities (Duke
University, North Carolina State University, and the University of North
Carolina), & single new organization was established as the Triangle
University Computation Center (TUCC) to serve all three campuses through
telecommunications, Existing computers on the campuses, including the
Univac 1105 at the University of North Caroclina which we had been using,
were replaced by IBM System/360 equipment, and a Model 75 was installed
as the central processor,

This change effectively terminated our then current (and rather unde-
sirable) mode of operation, and forced an appraisal of what the new system
might do for us. We had already been using the data for work at all three
campuses, ‘and the development of the Water Resources Research Institute
was a stimulant to increased interest in the availability of a data base,
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The telecommunication capability of the computer permitted widest pos- AT
sible access to the data,

It was therefore decided to develop a system that would provide a
systematic method of storage of data from the various sources as well
as a relatively convenient method of retrieving data for processing.
Three principal classes of users were visualized:

1) Experienced programmers, who could access the data directly for
processing;

2) Students and semi-skilled programmers, who require a particular .
set of data in a particular format for an analysis for which they
have written a program;

3) Information users, who have some use for information contained in
the data, but are either not interested in, or not capable of,
the programming required to obtain the information.

The system is in active use by users in the first and third categor-
ies, and appears to meet requirements for their purposes. There has been
less use in the second category, and system capabilities to satisfy this
need are being expanded.

5.2, File Organization by Element

We expect to store data representing a number of varied hydrologic
and climatological elements. One of the first issues to be resolved
was whether data for each element ghould be in a separate file or whether
certain combinations were possible,

The streamflow file of the Geological Survey contains only daily
streamflow records. On the other hand, the 1009 deck of the Weather
Service, and tape formats derived therefrom, contain daily precipita-
tion, temperature, snowfall and event ("'days with') data, together
with evaporation and wind movement measurements for evaporation statiens.
Since the measuring stations were completely different for the two sources
of data, there was no real consideration given to combining all into a
single file, nor does there appear any advantage in doing so. The question
was whether to leave all of the elements of the Weather Service file in a
single file or to separate them into a number of files.,

In our use on the Univac, we had left the climatological data in a
single file. Our heaviest use of that file was for a drought analysis
which required both precipitation and temperature records, and the con- -
venience of having them together for each day was clear. However, reading
across the snowfall and event information which was recorded but not used
appeared inefficient. Also, since the evaporation stations had additional
records, different formats were used and these stations had to be kept sep-
arate from the rest,

The decision was made to separate the files on HISARS, a single element
for each file. (This was not carried to extremes -~ the evaporation and wind
movement records which tended to be recorded together were left in a single /
file.) There were two major reasons for this decision:
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1) We anticipated that most use of the files would involve processing
of a single element, and this has generally held true., A file with
several elements would require more data to be read than necessary,
thus contributing to inefficiency and increased computing cost. We
estimate that processing a combined file rather than a separate pre-
cipitation file (our most commonly used element) would triple the
input costs.

2) Considerably less storage space 1s requlred.

The second point is important and deserves some emphasis. We found that
for all stations in North Carolina in the 1009 deck, precipitation was being
measured. This element uses 4 columns of the 1009 card. Temperature records
were available for less than half the station-years. Temperatures use 9
columns of the 1009 card. Thus, considering the space used for these two
elements alone, over one-third is blank. Separate recording of snowfall
and event records results in even more significant savings.

If we used our present packed formats with a combined file containing
precipitation, temperature, snowfall and event data, we would require 410
bytes per month, or approximately 48 million bytes for the records now
stored by the system. In the separate files as actually stored by the sys-
tem, which could use up to 530 bytes per month, only 14 million bytes of’
storage are required. The net saving by eliminating blanks is signlficant.,

We gain the advantage that precipitation and temperature data for the
evaporation stations are included with the rest of the stations. The dis-
advantage of separating the precipitation and temperature records can be
minimized either by recording the files on separate tapes or by use of
direct access storage devices.

5.3. Sequential Organization

Since. a number of records .are usually included in a block of data,
when a block is read several records are brought from storage into the
computer memory. To improve efficiency, we would like to use as many of .
these records as possible., Since retrieval may occur in different ways,
it is not possible to always get maximum use of the records in the block.
However, proper organization of the file will certainly help.

Geological Survey and Weather Service files are organized so that
records for each station are grouped together in natural sequence by
date. As a consequence, when a block is read the required record and
records preceding and.following it are brought into computer memory.

If an analysis is required involving processing through time for a single
location, this type of organization will be very efficient.

The Tennessee Valley Authority uses a different type of organization
for its daily rainfall data, In this file, records for each month are
grouped together, and the records for the various stations are arranged.
in some identifiable order. A block read from this file will include
the required record together with records for nearby stations for the
same time period. If an analysis is required involving processing through
space for a single time period this type of organization will be most
efficient.
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Unfortunately, these two types of organization are completely incom-
patible. Frocessing through space with a file organized by .station is
awkward and inefficient, as is processing through time with a file
organized by date. Efficiency could be improved somewhat if the records
for each station or date were stored on a separate tape, but considering
the large number of stations and dates this is hardly practical.

We decided that, for general purpose usage, organization by a station
would be mest suitable, and most work done on the system to.date has
- invelved processing through time. Because we are using direct access
storage rather than tape (discussed more fully below), processing through
space is practical though less efficient. The processing program for
interstation correlations requires this, and the description of the
program HISCORR in Section 7.4.10 describes a method for execution with
improved efficiency.

S.4. Indexing

Most information retrieval systems are developed on the basis that
each item of a stored record is of potential interest., Thus, whether
we wish to count the number of times the word '"thou'" is used in the King
James Version, tc find all the university students whose church preference
is Baptist, or to count the number of houses that have a television set
but no indeor plumbing, we require the ability te scan the data files for.
certain characteristics,

This is nct generally true for hydrologic data however. We are not
often interested in what the streamflow was on a certain date, or how
many days it rained 2.43 inches in the last 50 years. Of more interest
is how the data are varying through time (in technical terms, as a
stochastic variable). Thus, we may wish to calculate the lowest average
streamflow for a 10-day period, the total rainfall during a given month,
or the number of consecutive days that the temperature stayed above a cer-
tain level, '

While it would be technically possible .to store such statistics and
search them in a traditional sense, there are several disadvantages in
doing so. In the first place, there are a very large number of them,
and it would be difficult to obtain any kind of agreement on what might
be useful and what might not. In the second place, as time passes more
data beccome available and the statistics must be revised.

We conclude that, other than identifying a record by station and date
of observation, no further identification is necessary. The only way we
ever expect tc retrieve the record is by specifying station and date.

Although we have rejected search techniques as applied to the data.
themselves, there remain potential uses of indexing and search in the
system. For example, we might wish to identify records available by
county or river basin; for river basins in certain size ranges, or for
a common period of record at several locations.
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It would be possible to store the appropriate information in the data
files, and scan them as required. It is more efficient both for storage
requirements and for scanning speed, to set up separate index files, with
one record in the index file for each station for which records are stored.
in the corresponding data file.

In HISARS, then, we have a separate data file for each element, and an
index file associated with each data file. The index file has a record for
each station containing the standard information used for searches, as well
as the first and last dates in each period of record for the stationm.

There are exceptions to the correspondence of data and index files
described above. Some types of data are constant through time and do not
require a data file in the sense that we are using the term. Examples of"
such data are dam characteristics and well logs. By recording these data
in the format of the index files, they can be searched for in the same
manner as the regular data files. :

5.5, File Elements

The HISARS system now contains 10 data elements. The standardized
names of the files are:

" a) STREFLOW
b) RAINFALL
¢) TEMPTURE
d) HYDGRAPH
e) HOURRAIN
£) EVAPTION
g) SNOWFALL
h) EVENTOGC
1) PEAKFLOW
3) DAMCHARS

The STREFLOW file contains dally streamflow data obtained primarily
- from the U. S.. Geological Survey.

The RAINFALL file contains daily precipitation data collected by the
‘National Weather Service and other agencies.

The TEMPTURE file contains daily maximum and minimum temperature val=-
ues obtained from the National Weather Service.

The HYDRAPH file contains hydrographic-data recorded at irregular
intervals. Streamflow and precipitation data can be recorded in this
way, and both are included in the file. The times at which changes in
rate occur are reported, together with the associated discharge or pre-
cipitation accumulation.

The HOURRAIN file contains hourly precipitation data cbtained from..
the National Weather Service and the Tennessee Valley Authority.

111



The EVAPTION file contains evaporation data as well as associated wind
movement data obtained from the National Weather Service.

The SNOWFALL‘file contains data on snowfall amounts and snow depths
obtained from the National Weather Service.

The EVENTOCC file contains event information (''days with') collected
by the Naticnal Weather Service.

The PEAKFLOW file contains a series of peak discharge and stage values
obtained from the U, S. Geological Survey.

The DAMCHARS file contains information on dam characteristics that has
been assembled by the North Carolina Office of Water and Air Resources.

: File names -are restricted to a maximum length of 8 characters by the
Operating System and we have chosen names that are’ suggestive of the file
contents that f£ill the 8 characters, Strictly speaking, the names RAINFALL
and HOURRAIN are misleading, since the data include other types of precipi-
tation besides rainfall, but the names were convenient for our needs.

We expect to add other data files as the need demands. The system has
been designed to handle a wide variety of data elements, and the list of
elements now in. the system would seem to demonstrate our success in imple-
menting the design.

5.6, File Formats

We have identified some general requirements of the file formats. For
the data files, we must record the station identification and date with
each record, but since no additional information is to be searched, no
further format requirements are necessary.. On the other hand, the index
files are to be searched, so we can expect that a standard format will be
required for all elements. :

The freedom of formatting the data files is valuable in minimizing
storage requirements while retaining processing efficiency. The charac-
teristics of the data vary so greatly that none of our data files are

:didentical in format, although other possible.files would probably dupli-
cate some of the present formats.

The record is the smallest unit by which data can be retrieved. If
the record is too small, both storage space and retrieval are inefficient.
If the recerd is too large, although storage requirements are minimized,
retrieval becomes more awkward. All agencies that we know of which store
daily data use a record containing a month of data, and we also use this
size., Similarly, for hourly data we use a record containing one day's data.

There are two basic formats feor the date files:

1) Fixed length format;
2) Variable length format.
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For elements which are recorded fairly regularly, a fixed length format
is used. Thus, the daily streamflow file contains the station and date
identification, 31 daily flow values and the monthly total. The number
of days in the month is also recorded, and is used to control the num-
ber of days recorded or read. This format was used by the Geological
Survey. In retrospect, we have found that there would have been slight
advantages in recording the monthly total immediately after the date and
before the daily values, but the advantages are too slight to justify

. re-creating the files,

When the system was first developed, variable length formats were not
supported for the access method we .are using. Therefore, for daily data
. which are measured erratically such as snowfall and events, we made each
daily observation a separate record, which was actually more efficient
than storing the complete month., When the variable length formats became
supported, however, we changed the format for these elements. Now, only
for those days for which data were reported, the date and data values are
recorded.

For some elements, the choice is less clear cut. This 1is particularly
true of the precipitation files. We previously used a fixed length format
for these files, but now use a variable length format. (Both formats are
given in the Appendix). The major justification of the fixed length for-
mat appeared to be processing convenience, although the original choice of
the format may have been due instead to the initial unavailability of.
variable length support. The TVA uses a modified form of variable length
records, and even in a humid area like North Carolina a.storage reduction
of 35% can be achieved with a variable length format. . Careful programming
may approach the efficiency of fixed length records, and there is an added
advantage brought about by the increased number of records per block.

Another important concept in the design of the data files is that of
continuity. - For the streamflow files we expect a morith to be recorded if
data exist. If a month is not recorded it is assumed to be missing. This
information is used in the corresponding index file to identify separate
periods of record. Therefore, for any period of record listed in the index
file, there is a record for every month during that period in the data file.

Other data, such as snowfall and events, are reported less continuously.
In this case, rather than recording zero months, we have chosen to omit these
months and to assume that a month that is not recorded had no snowfall, no
events, etc, If the data were actually missing, a month having the missing
codes would have to be recorded. Hourly rainfall is also recorded in this
fashion, only the days having rain being recorded. The index file for these
elements shows only the first and last dates for the station and intermediate
records may or may not be recorded in the data file.

The data values themselves are stored in a variety of forms, as can be
seen by reviewing the individual format specificatlons in the Appendix. 1In-
general, we have chosen to store all values as scaled, non-negative integers.
Thus, values of streamflow that are reported in hundredths of cubic feet
per second (cfs) are effectively multiplied by 100 in storage. Similarly,
precipitation and evaporation values that are reported in hundredths of
inches are scaled by a .factor of 100. On the other hand, temperatures that
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