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A computerized tool for water resource planning has been developed for
the Arkansas Division of Soil and Water Resources by the Office of Water
Resources Research Center at the University of Arkansas. The system is known
as AWRMIS (Arkansas Water Resources Management Information System). The
system has been under development for several years. The first such system,
known as HISARS (Hydrologic Information Storage and Retrieval System), was
developed by E. H. Wiser, Department of Biological and Agricultural Engineering,
North Caroclina State University, and became operative in July 1969.

The system is running on the IBM System/370 model 1535 computer at the
University of Arkansas. By making use of an operating system feature known
as the indexed sequential access method together with the direct access
capabilities of the PL/1 language, AWRMIS can retrieve any ome of the hydrologic
or climatological records directly.

The following data are now stored by the system:

A) Streamflow;

B) Rainfall;

C) Temperature;

D) Evaporation;

E) Snowfall; and

F) Events (days with occurences of various types
of weather phenomena),



Operations in AWRMIS are divided into two divisions: Accessing and
Processing. The Accessing function serves to obtain required records for

listing or processing. The Processing function performs a number of routine
analyses (low flow, statistical, etc.) on the data.

This manual is prepared with the goal of serving as a guide to those
who wish to make use of the currently available features of AWRMIS. In it's
final form, the system will include the basic data and the means for:

A} Making estimates of projected water availability;

B) Making economic projections and translating these into projected
demands for water resources; and

C) Identifying problem areas and considering alternate solutions.

iv



ACKNOWLEDGMENT

This manual describes the procedure for accessing the AWRMIS system which
was developed for the Arkansas Division of Sc¢dll and Water Resources by the
Water Resources Research Center at the University of Arkansas. The project
was funded by contract with the Arkansas Division of Secil and Water Resources,
also the University of Arkansas contributed, by cost sharing, a portion of the
total project cost which is gratefully acknowledged, The support and continuing
interest of Mr. John P. Saxton, Director of ADSWR, and Dr. Robert E. Babcock,
Director of OWRRC, is gratefully acknowledged.

The system design is an outgrowth of the "Hydrologic Information Storage
and Retrieval System (HISARS)", developed by E. H. Wiser, Department of
Biological and Agricultural Engineering, North Carolina State University. The
cooperation and information furnished by Mr. Wiser is gratefully acknowledged.

Mr. Americ J. Bryniarski, Water Resources Engineering Supervisor, and Mr.
Albert Nyitrai, Water Resources Engineering Technician of the ADSWR staff have
been extremely helpful during the development of AWRMIS and in preparation of
this manual.

Appreciation is expressed to the U.S. Geclogical Survey, Naticonal Weather
Service, U.S. Army Corps of Engineers, Missouri Geological Survey and Water
Resources, and Arkansas Geological Commizsion for their cooperation in making

the data available.

- Abpfééiétibﬁ'is”ékﬁreéséd'fé'ﬁf}“jdﬁﬂ = Béiiéfd;me.”Déﬁid”F:“Byfd;“ﬁf:”m'"”m'"m

James A. Ferguson, Dr. Jim L. Gattis, Dr. Carl L. Griffis, Dr. Hugh M. Jeffus,
Dr. Harold C. MacDonald, Dr. Dee T. Mitchell, Dr, James W. Moore, Dr. David
G. Parker, Dr. Ronald W, Skeith, and Dr. Doy Zachry who all have contributed

to the development of AWRMIS.



Finally, appreciation is expressed to the fellow students, faculty and
staff of the Civil Engineering Department for their many suggestions and

contributions.

Vi



TABLE OF CONTENTS

Acknowledgements . . « - « & « + - 4 e ..
APSETACE & v o v o 5 o 4 & & s e s s s e s e .
Table of Contents . . . . « « « & o &« o ¢ &+ = + o
Tist of Figures . . & « = « » & o s = 4 o ¢ o s =

Chapter 1. Introduction to AWRMIS , . . . . . . . .
1.1. AWRMIS System , , . . + &« & o + o o o &
1.2, The User . . . . ..

- a . . . - -

Chapter 2. The Access Facilities

2.1. Introduction ., . . .

. . . . ] " . . . »

2.7. AWRMIS Command Language Specifications
for the Access Facilities

2.2.1. ACCESS |, ., . . . « + « « .
2.2.2, ELEMENT , , . . . . « + « « &
2.2.3. STATION , ., . . ..
2.2,4. LOCATION |, ., . . . . . . . .
2.2.5. BASIN , . . . . . . . ..
2.2.6. REGION , ., . . . . . . . .
2.2.7. COUNTY « « &+ o « « & o o s =
2.2.8., ELEVATION . + « + « « « o «
2.2.9., AREA . . . + « & 0 v s 4
2.2.10. ALTERNATE . « « + « « o s o«
2.2.11, PERIOD . « « + ¢ ¢ 5 « o +
2.2.12, LIST & o o v « o v s« o =& o
2.2.13. COPY & v « « v o & s o« v « »

2.3. Optional Features .« + + « « « « + &+ v o =«

2.3.1. Compliete File Option . . - .
2.3.2. AND/OR Option . « « .« - « -
2.3.3. Abbreviations . . . .

2.4, Standard System Defaults « « « « + + o «
2.5. Access Method + « « « + « ¢+ & « & o .«

2.5.1. Batch Access Method . . . .« .
2.5.2. Terminal Access Method . . .

2.6. Output Formats (examples) . » « . «

6.1, Output heading page - . » + »
6.2. Streamflow index e e e e s
6.3. Monthly streamflow . . . .
.6.4, Monthly streamflow (partlal)
6.5. Daily streamflow . . . . . .
6.6. Rainfall index . . . . .

6.7. Monthly rainfall . . . .

~

(W%

L oW v W



Page

2.6.8. Daily rainfall . + + + « ¢ ¢ « « « & « 4 & . 38
2.6.9. Monthly average maximum and
minimum temperatures « + « « « « « « + + + 40
2.6.10. Daily maximum and minimum ‘ '
Lemperatures . . + « + o« 0 4 v v a0 ow o o. . 42
246-11- Monthly Evaporation L I T T R S S . 44
2.6.12. Daily evaporation . « « « + & « « & o o o . 46
2.6.13. Monthly snowfall . . . . . « . .+ + v « . . . 48
2,6.14. Daily snowfall . . . . . . . . . ... .. . 50
2.6.15. Daily event . . + . + v v v v v v v o w ... B2
Chapter 3. The Processing Facilities . . . . . . . . . . . . . . 55
3.1. Introduction . . . . . v v v s e e e e e e e e R 1
3.2. AWRMIS Command Language Specifications for the
Processing Facilities ., . . . . . . . . v v v v v v v v ' . 55
3.2.1. Processing request card . . . + . +« + . . . 56
3.2,2. Parameter cards . . . . . . . . . . . -+ 56
3.3. Optional Features . . . . 4 & v v 4 4 v v v v s e e e .. 57
3.3.1. Multiple processing « . + « + + v « . . . 57
3.3.2, Abbreviatdions -« « « « + 4+ ¢ + v 4w 4 v . . . . . 58
3.4. Standard System Defaults . . + « « & o « « « « . . . 59
3.5. Access Method + « v v v v 4 4 4 4 e e e e e e e e e . BY
3.6. Processing Programs (examples) .+ + « « +v & « » v + 4 . . 59
3.6.1. Statistical analysis . . . « + v « v v « . . 62
3.6.2. Frequency analysis . . . . . . .+ . . . 64
3.6.3. Highest/Maximum value . . . . . . . 66
3.6.4. Lowest/Minimum value . . « .. . . . . . .. 68
3.6.5. Extreme values e e e e e e e e .. /0
3.6.6. Rank oxdering .+ + + v « v+ 4 4 0 . o4 . 72
3.6,7. Mass analysis - « 4« 4 4 4 e e e e 74
3.6.8., TInterstation correlation + + « + « « . . . ., . 78
3.6.9. Maximum/Minimum flow analysis . . . . . . . . 80
3.6.10, Flow duration table . . . + .« « « « « . . 82
3.6.11. Flow duration curve . « « « « + o + « . . 84
Appendix T.  Arkansas Division of Soil and Water Resources -~ River
Basin Map . ¢ v v v 4 h v e e v v e e e e e e e e .. 87
Appendix II. Arkansas Division of Soil and Water Resources —
Geographic Location System for Water Resources
Data « v v v v v v e e e e e e e e e e . 93
Appendix TII. Water Resources Council - Water Resources Planning
Areas (WRPAs) in Arkansas . . « « & « + « & . .97
Appendix IV. United States Geological Survey - Hydrologic Data
Stations Available Via AWRMIS . . . . . . . . 101
Appendix V. United States Geological Survey - Hydrologic Data
Station Location Map . . . . . . v . v « v . . . . . 107

viii .



Page

Appendix VI, National Weather Service - Weather Stations Available
Via AWRMIS + + v & o o & o 2 o o o o o s v o o o v oo O

Appendix VII. National Weather Service - Weather Station Location
=+ J R A

ix



No.

2.1,

2.2.a.

2.2.b.

2.2.¢C.

2.3.a.

2.3.b.

2.4,

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

2.15.

2.16,

2.17.

3.1.

3.3.

LIST OF FIGURES

Model grid for numbered degree quadrangles . .,

Job Control Language (JCL) requirements for AWRMIS

at the University of Arkansas, Fayetteville,
Graphical illustration of AWRMIS deck setup

A typical access request . . . .+ . . . . . .
Sample ocutput heading page . . .

Sample output heading page map . . . . . . . .

Sample listing from the streamflow index . .

Sample monthly data listing from the streamflow file

Sample partial monthly data listing from the
streamflow file . . . . . . . ¢ v « o o . . .

Sample daily data listing from the streamflow file

Sample listing from the rainfall index . . . .

.

Sample monthly data listing from the rainfall file

Sample monthly data listing from the temperature file

Sample daily data listing from the rainfall file

Sample daily data listing from the temperature fille.

Sample monthly data listing from the evaporation file

Sample daily data listing from the evaporation file.

Sample monthly data listing from the snowfall file

Sample daily data listing from the snowfall file

Sample daily data listing from the event file.

Sample output of statistical analysis on monthly

gtreamflow data. « + ¢ v ¢ v 4 4 4 e s 4 e e

Sample output of frequency analysis on daily rainfall

data . . . . . . . s e e e e e e e e e e

Sample output of highest/maximum value of the daily

temperature file . . . . . . . . . . . . . . .

X

N

-

+

16
18
19
23
24
27
29

31
33
35
37
39
41
43
45
47
49
51
53

63

65

67



3.4. Sample output of lowest/minimum value of the daily

temperature file . . . « . ¢ 4 . e e e e e e e e e e
3.5, Sample output of extreme values of the daily temperature
FLIL1E @ v o o o & o 8 6 s e w4 e e e a e s e e e e e
3.6. Sample output of rank ordering on daily streamflow data .
3.7. Sample output of mass analysis on monthly streamflow
dAEA o+ o s o & e « v 4 s s e 4w e s e e e e e e e
3.8. Sample output of interstation correlation of daily
rainfall data =« - « & 3 & & « + s a4 e s o 4w s s s
3.9. Sample output of minimum flow analysis on daily streamflow
dAta o« o o+ + & ¢ s 4 e e 4 e e e s s w s e e e e e .
3,10, Sample output of flow duration table for daily streamflow
data « « o + v 4 s 4 4 4 s 4 e v w s s e e e n e s
3.11, Sample output of flow duration curve for daily streamflow
data L3 - . L] L] . . L3 . . . . . L] L] L] - L] - * » - . - - - -

X1






Chapter 1

Introduction to AWRMIS

1.1. AWRMIS System

The Arkansas Water Resources Management Information System (AWRMIS) is
composed of selected data and associated methodologies for processing the
data. The data stored and the methodologies devised are designed to provide
decision makers with a computerized tool for water resource planning.

The system design is an outgrowth of the "Hydrologic Information Storage
and Retrieval System (HISARS)", developed by E. H. Wiser, Department of
Biological and Agricultural Engineering, North Carolina State University. The
components of the system are adjusted to reflect the conditions and requirements
ipherent in the water-related, administrative and operating organizations of
the State of Arkansas.

The system employs a geographical framework that provides for the storage
and retrieval of data assembled by political boundaries, appropriate river
basins, water resources planning areas (WRPAs), and geographic location blocks.
AWRMIS also provides mechanisms for statistical manipulations cof data.

The system is composed of several programs which are written in PL/I.

The PL/I language has both the capability of handling data files and of
statistical manipulation of data. The system provides for indexed sequential
or random access of data in any of the various files stored on computer disc.

As described in the sections which follow, AWRMIS is composed initially
of available data concerning hydrology and climatology. As the system evolves,
the data bank will be extended to include economiecs, groundwater, surface water
diversions, and other types of data essential for water resource planning. The
data files consist of an index file and a data file for streamflow, rainfall,

temperature, evaporation, snowfall, and events. The index file contains data



concerning the status of a recording station and the status of the data
recorded by the station. The file contains one record for each recording
station in the data bank. For each record in the index file, there is a
set of records in the data file. Data recorded at any recording statiom
that is stored in the data bank can be accessed utilizing any combination of
the distinguishing features contained in the index file.

In its final form, the system will include the basic data and the means
for:

A) Making estimates of projected water availability;

B) Making economic projections and translating these into projected

demands for water resources; and

C) Identifying problem areas and considering alternate solutions.

1.2. The User

Act 217, Arkansas Act of 1969, as amended by Act 584 of 1973, charged the
Arkansas Soill and Water Conservation Commission with the duty of "preparing,
developing, and formulating and engaging in a comprehensive program for the
orderly development and management of the state's water and related land
resources, to be referred to as the Arkansas Water Plan".

Pursuant to Act 217, the Division of Soil and Water Resources developed
AWRMIS., The Division will use this computerized tool as an aid in formulating
the State policy for the development of water and related land resources.

In addition to the Division of Soil and Water Resources, any individual,
company, city, éounty, state or Federal agency engaged in the development of
the State's water resources will be permitted controlled access to AWRMIS.
Therefore, all requests for access should be made to the Division of Soil and

Water Resources.



Chapter 2

The Access Facilities

2,1, Introduction

The access faciiifies of AWRMIS are designed to be user oriented., A
user need not be proficient in computer programming in order to obtain data
from the system. The access facilities permit ready access to data in many
ways which are hydrologically meaningful,

Execution of an AWRMIS program requires a fixed set of IBM JCL cards. See
section 2.5. for information regarding the deck setup required by AWRMIS.

Examples are given in section 2.6. which illustrate the various types of
access that are available, and the AWRMIS command cards necessary te execute

the request.

2.2. AWRMIS Command Language Specifications
| The AWRMIS command language consists of a set of English language words.
The command language is used to request the action or actions which are to be
performed by AWRMIS in order to get a desired output.
The following commands constitute the access facilities of AWRMIS:

ACCESS
ELEMENT
STATTON
LOCATION
BASIN
REGION
COUNTY
ELEVATION
AREA
ALTERNATE
PERLOD
LIST

COPY



With the exception of ACCESS, the command words may or may not be followed by
a character field called the operand. The command word must be punched
starting in column 1, followed by at least one blank before the operand (1f
any). The following is a partial listing of acceptable operands:

STREAMFLOW

RAINFALL

TEMPERATURE

INDEX

DATLY

MONTHLY

MINTMUM FLOW ANALYSIS
MONTHLY MASS FLOW ANALYSIS

Acceptable operands are listed for each command. For clarity, the operand
should be punched starting in column 11, but this is not a requirement.

Only one operand may be punched per card. Additional operands are punched
on consecutive cards as required. Repetition of the command word with each
additional operand is optional; but if only the operand is punched, column 1
must be blank. Thus, any card with column 1 blank is assumed to contain an
operand that is associated with the preceding command word.

An ACCESS request 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. Any number of access requests may be stacked for a single run and
is encouraged for efficiency. However, excessive stacking of access requests
will increase the total job time and could lend to possible job cutoffs. There
is also no limit to the number of command cards or operands included in a single
access request. Thus, a large number of stations, counties, river basins, etc.
could be accessed as a single request. However, the core storage required by
the job is 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.



2.2.1. AccrssY

The ACCESS command signals the beginning of a series of command cards
constituting a single access request. The ACCESS command must always be the
first card in the series. Any character(s) punched in the card following the

word ACCESS will be ignored.

2.2.2 ELEMENT

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

A) STREAMFLOW or STREFLOW
B) RAINFALL
C) TEMPERATURE or TEMPTURE
D} EVAPORATION or EVAPTION
E) SNOWFALL
F) EVENT
Where two forms are given, either form may be used. Any number of elements

can be given for a single access request.

2.2.3 STATION

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

The 8-digit code of the U.S. Geological Survey is used for the Streamflow
file. To access data for station 07.2570.00 the operand must be formatted as

07257000.

1/ Sections 2.2, 2.3, 3.2, and 3.3 are modifications of material contained in
the Hydrologic Information Storage and Retrieval System (HISARS) Reference
Manual, by Edward H. Wiser, Department of Biological and Agricultural
Engineering, North Carolina State University, Raleigh, N.C.



The 6-digit code of the National Weather Service is used for the Rainfall,
Temperature, Evaporation, Snowfall and Event files. To access data for station
03-0196 the operand must be formatted as 030196, Note that the two suffix
digits used by the National Weather Service to identify a climatologlcal division
are not permitted.

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 was specified for this case, nothing would be accessed,

2.2.4. LOCATION

The LOCATION command is used to request access for stations in a geographic
region called a geographic location block. The codes being used are specified
according to a system used by the Arkansas Division of Soil and Water Resources.
See Appendix II for a map showing the location system. The geographic location
system adopted by the Division of Soil and Water Resources was developed by the
North Carolina Department of Water and Air Resources. The key unit is the U.S.
Geological Survey 7.5-minute quadrangle, of which there are 916, more or less,
covering the land area of Arkansas. Approximately 70 percent of Arkansas is
covered by 7.5-minute quadrangles; the remainder is covered by 15-minute
quandrangles.

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 tﬁen be
divided into four 30-minute quadrangles numbered 1, 2, 3 and 4 taking in order
the SE, SW, NW and NE quadrants. FEach quadrangle thus obtained may in turn be
subdivided repeatedly until the desired accuracy.is obtained. AWRMIS uses a

ten-digit code to define locations in storage. This is sufficient to define

6



an area 60/64 minutes square, or approximately one square mile. Figure 2.1
illustrates the Model Grid for numbered degree quadrangles.

The operand for the LOCATION command may contain from one te ten digits,
referring to all stations which start with the same group of digits, 1If, for
example, a 7-digit location code 3694110 were used, all stations would be
accessed in the 15-minute quadrangle bounded on the south by 36° and on the
east by 94°. Similarly, a 1-digit code 3 would result in access to all stations
between 30° and 40° latitude, regardiess of longitude.

A standard 7.5-minute quadrangle sheet such as Fayetteville may be used
to illustrate the system in action. This quadrangle 3694112 is about 7 miles
long east and west, and 8.6 miles long north and south. It covers a total
area of about 60.2 square miles. All quadrangles in the state are approximately
the same size and, for all practical purposes, can be considered as identical.

The areas identified below are from the Tulsa quadrangle. The number
of digits in the location number defines the degree of precision used in locating
the area, for example:

36941 is sufficient to locate the northern 1/2 of Washington
County and the major part of Benton County.
3694112 adequately locates Fayetteville.
3694112422 adequately locates the University of Arkansas at
Fayettevillé. The Model Grid was applied to the
Fayetteville quadrangle and the number corresponding

to the campus location was determined.

2.2.5, BASTN

The BASIN command identifies requests by river basin. The codes being
used are specified by the Arkansas Division of Soil and Water Resources, and

consist of three characters, a letter for the river basin and two letters



LEGEND
330 340 430 440
3694 = One degree gquadrangle
300 400 3694 100 = 30 m%nute quadrangle
3694 110 = 15 minute gquadrangle
3694 112 = 7.5 minute quadrangle
320 310 420 410 3694 112 400 = 240/64 minutes square
3694 112 420 = 120/64 minutes sguare
3694 3694 112 422 6(/64 minutes square,
or
230 240 130 140 approx. % square mile
200 100
3 14
220 210 120 10
iz I \\\\\\\\\
13 14
1o
/,/’///’ 30 | 40 | 30 | 40
—300——400C—
20 | w0 | 20! 10
a2 11
30 | 40 | 30 | 40
~ =200 —— 100~
20 w | 20 | 10
3 ’ 41 3 j 4
30 40 [F—30—1—40—
2 | I '1
300 40G
3| 4| 3 ]4
20 0 |—20—1— 10—
2 |1 2 ]|
N2
30 40 30 40
200 100
20 0 20 10
Figure 2.1. MODEL GRID FOR NUMBERED OEGREE QUADRANGLES
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for the sub-basin. Appendix T shows the river basin map and codes for Arkansas.
Up to three codes may be used to identify a station with more than one basin.
The operand for the basin command may comtain from one to three characters.
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.

2.2.6. REGION

The REGION command identifies requests by Water Resources Planning Areas
(WRPAs) as delineated by the Water Resources Council (WRC). The seven WRPAs
and corresponding codes that are partly or entirély within Arkansas are delineated
in Appendix IIT. The AWRMIS code used is a two character code, although the

WRC uses up to three characters.

2.2,7. 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 beginning of
the county name, but can occur anywhere in the name. Thus, for example, for
the operand FR all statioms in Franklin and St. Francis counties would be
accessed.

A station may be indexed in two counties. This is most common for
streamflow stations and streams that form a county boundary. Stations located

in boxder states can not be accessed using the COUNTY command.

2.2.8. 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. TFor example, the

9



command card ELEVATION 400 to 500 will access all stations between 400 and 500
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
400,0 500.00 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 .

2.2.9. ARFA

The AREA command is used to access streamflow stations by dralnage 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 single limit is sufficient.

Blank values are more common 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.

2.2.10. ALTERNATE

The ALTERNATE command may be used to access stations which have alternate
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.

10



This facility provides considerable flexibility in providing an additional

free-form access technique.

2.2.11. PERIOD

The period for which records are included in the data files is recorded
in the associated 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. Fach period which is complete, but which is preceded and followed by
a missing month, is defined as a period of record, and is indexed by beginning
and ending dates and length in months. Up to 100 such periods can be accessed
for a single station; if there are more, only the last 100 are indexed and
accessible by the system.

For the Snowfall 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 of months is replaced by the number of records in the
file. There is no way to tell from the index whether the record is complete
during the period.

If an access group is given without a PERIOD command, the entire period
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 10/70 TO 9/71
would 1imit access to records in the water year October 1970 to September 1971.
The format requires the slash ('/') immediately preceded by month and followed

by year without intervening blanks. The same format is required for BEGIN and
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END but spacing and words in between are irrelevant.

For some purposes, a complete period of record may be required. TIf 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 records for a specific

period.

2.2.12. LIST

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

A) TNDEX
B) MONTHLY
C) DAILY

The INDEX operand indicates that a listing of the index is to be produced.
The MONTHLY operand indicates that data is to be listed for the specified
time periods.

Many of these listings are specific to certain files. A DATLY listing
can obviously not be obtained for the (MONTHLY) Rainfall file. Tf invalid
requests of this type are made, an error message is printed, and the system
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 ratio of the annual total to the annual average for each
year 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 PARTTAL may be added following the operand MONTHLY. Thus, the command
LIST MONTHLY PARTIAL will produce listings, complete except for ratios, at

noticeably less cost.

12



Detailed formats of output listings are giﬁen in Section 2.6,

2.2.13, COPY.

The COPY command is provided to permit users to copy records from the
AWRMIS data files to other formats, for use with other languages. Since
AWRMIS files are not accessible to FORTRAN, to PL/C, or to CPS, operands
provide for conversions appropriate to these languages. This feature is

available, but it has not been implemented to date.

2.3. Optional Features

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 command format.

2.3.1, The complete file option

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 obtained 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.

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 operationé are permitted. For example,
operands for the LIST command of INDEX and MONTHLY are permitted, but DAILY

is not.

2.3.2. The AND/OR option

The regular access facilities permit retrieval of records that satisfy

one or more criteria. For example, if the command cards
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BASTN APO
APJ
COUNTY LOGAN
are used, then all stations that are either in Basin APO or in Basin APJ
or in LOGAN county will be accessed. Note that the word OR is used in the
logical sense.

OR command cards could be inserted between the command cards above,
without changing the results. These cards are therefore without Ffunction
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 APO

APJ

COUNTY ILOGAN

AND

ELEVATION 400

AND

AREA O to 300
are used, all stations in Basin APO or in Basin APJ or in Leogan county and
having elevations over 400 feet and having drainage areas of less than 300
square miles will be accessed. Note that the word AND is used in the logical

sense also.

This option permits some additional flexibility in making access requests.

2.3.3. Opticnal abbreviation

Abreviation 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 abbreviated forms.

Abbreviation is possible because the system when reading the command
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cards reads only enough of each word to identify it uniquely. Thus, to
distinguish between the commands ELEMENT and ELEVAT1ON, only the first four
letters need be read., TFour letters are sufficient to uniquely identify all
other commands. The allowable abbreviations are:

A) Command words -~ the first four letters of the names
given in section 2.2.;

B) Element names — the first three letters of the names
given in section 2,2.2; and

C) List operands - the first two letters of the names
given in section 2.2.12.

2. 4. System Defaults

The various system defaults relevant to the access facilities are

described throughout chapter 2 where applicable,

2.5. Access Method

It may be well to note that all the data sets referred to by DD cards in
Figure 2.2.a. are stored on a private magnetic disc pack. Since this pack
must be mounted before the program can be run, turn-around time may be expected

to be relatively slow. Therefore, batching of jobs is desirable.

2.5,1. Batch Access Method

Card formats for the job control language (JCL) are specified by AWRMIS,
and must be followed rigorously. Specifically, blanks are permitted only at
points that are clear in Figure 2.2.a., énd not otherwise.

The JOB card indicates to the system at what point a job begins. The
name of the job is coded on the JOB card. This name is used to identify
messages to the operator and to identify the program output. By using the
parameters allowed on the JOB card, information can be provided for accounting,
class specification, CPU time, core requirements, and other parameters.

The JOBLIB card identifies the name of the program library, and should be

15



C Jos CARD

It CLASS=C,REGION=210KsMSGLEVEL=L,TIME=2,COUNT=Q
7/4JOBLIB DD UNIT=SYSDA,VOL=SER=ARIS,DSN=BMOD,DISP=SHR
f7 EXEC PGM=ARISGU,TIME=3Q

f/75YSPRINT DD 5YS0OUT=A

1HISTR
I/R5TR

F7IRAI
T/IRRAL

/1 ISND
//RSNU

11 1EVE
f/REVE

//1EVA
/TIREVA

1/1ITEM
{/RTEM

DD
LD

DD
0D

Do
DD

g0
bo

Do
bo

DD
Db

DSN=INDXSTRESUNIT=SYSOASDISP=SHR,VUL=SER=ARIS
DSN=5TREFLOWs VOL=SER=ARIS,DISP=SHR,UNIT=5YSDA

DSN=INDXRAINsVUL=SER=ARIS,UNIT=5YSDA»DISP=5HR
DSMN=RAIN,VOL=SER=ARIS,UNIT=SYSDA,DISP=5HR

DSN=INDXSNOW» VOL=SER=ARIS,UNIT=SYSDA»DGISP=SHR
DSN=SNOW»VOL=SER=ARIS,UNIT=SYSDA,D1ISP=5SHR

DSN=INDXEVEN,VUL=SER=ARIS,UNIT=SYSDA,DISP=SHR
DSN=EVEN,VOL=SER=ARIS,UNIT=5YSDA,DISP=SHR

DSN=INDXEVAP, VUL=SER=ARIS,UNIT=SYSDA,DISP=SHR
DSN=EYAP,» VOL=SER=ARIS,UNIT=SYSDA,DISP=5HR

DSN=INDXTEMP, VUL=SER=ARIS,»UNIT=SYSDA,DISP=SHR
DSN=TEMP» VOL=S5ER=ARIS,UNIT=SYSDA,DISP=SHR

7/53Y5IN DD *

C THE

1%
/i

Figure 2.2.a,

TAWRMIS DECK®™ SHOULD BE INSERTED HERE

Job Control Language (JCL) requirements for AWRMIS at the
University of Arkansas, Fayetteville.
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punched exactly as shown in Figure 2.2,a.

The EXEC card identifies the program which is to be executed. When a
job has been executed, the output will show the user how much CORE was actually
used. If insufficient space has been requested, the job will fail with a
System Completion Code of 804 or 80A, However, since costs charged for
computing are affected by the core size requested, there is some incentive to
request the smallest size that will permit the job to be executed successfully,

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,

A DD card identifies each data set and describes its attributes. For
each file which is to be accessed, a pair of cards is required, one card to
identify the data file and one éard to identify the associated index file.

The pairs are.listed in Figure 2.2.3. for each file. Only the pair or pairé
involving the particular files to be accessed must be provided for any run.

The SYSIN card indicates that the AWRMIS deck is to folloﬁ. The AWRMIS
deck is thus placed between this card and the delimiter card (/*). The AWRMIS
deck is made up of the command cards that are necessary to produce the desired
output., The examples in sections.2.6. and 3.6. show the AWRMIS deck used, and
the corresponding output.

The delimiter card (/%) and null card (//) are markers in an input stream.
The delimiter card indicates that the AWRMIS command cards have all been read.
The null card is used to mark the end of the job.

Figure 2.2.b. is a graphical illustration of the deck setup required by
AWRMIS. TFigure 2.2.c. is an example of a typical access request. The resulting
output from this request is the same as in Figures 2.5. and 3.8. As previously
mentioned, any number of access requests may be stacked for a single run and

is encouraged for efficiency.
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7
(/*

/ C THE "AWRMIS DECK"
(//srsw DD *

e
AL
—
P

/;/ DD -
(//SYSPRINT -
f// EXEC -+
(7/Jo8LiB -
/// CLASS -

C JOB CARD

Figure 7.7.b. GRAPHICAL ILLUSTRATION OF “"AWRMIS DECK" SETupP
18



t7RYQ40

i/ CLAS

450 JOB (O0CH692,EENGGATT,FFECBS3C»19,28.75181»YFBDX)» ' YOUNG

S=CoREGION=21CK,MSGLEVEL=1,TIME=2,CUUNT=L

/7JOBLIB DD UNIT=SYSDA,VOL=SER=ARIS,DSN=BMUD,DISP=31R

{1 EXEC
FISYSPR

fHISTR
FFR5TR

F11RAI
/IRRAIL

//SYSIN

ACCESS
ELEMENT
STATION
LISY

ACCESS
ELEMENT
STATION

PERIDD
PRUCESS

PGM=ARISGU»TIME=30
INT 0D SYSOUT=A

(1]0] DSN=tNDXSTRt;UNIT=SYSDA;DISP=SH8:VUL=SER=AR[S
DD OSN=STREFLCOW,VYOL=SER=ARIS,CISP=SHR,UNIT=SYSDA

DD DSN=INDXRAIN,VOL=SER=ARIS,UNIT=S5SYSDA,UISP=5HR
DD DSN=RAIN,VOL=5ER=ARIS,UNIT=5YS5DA»DISP=5HR

THVE

STREFLOW
0725700C
MONTHLY

RAINFALL
030178
03C460C
0308086
030936
031442
031632
0319862
032574
033235
036352
L/71963 T 7719379

CORRELATION
ONLY APRIL

12
/

Figure 2,.2.c. A typical access request.
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2.5.2. Terminal Access Method

The terminal access method has not been implemented to date.

2.6. Output Formats

This section contains examples of the output that may be produced by the
Access facilities of AWRMIS. The examples show the AWRMLS deck used, and the
. corresponding output.

The AWRMIS deck is made up of the command cards that are necessary to
produce the desired output. Section 2.5. illustrates the proper interlacing
sequence of job control language (JCL) cards with the AWRMIS deck.,

All listings that are now available are included. Other listings will

be implemented as the development of the system progresses.
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2.6,1. The Output Heading Page

At the beginning of the output associated with each access group, a
heading page is printed. This contains the system name, for whom the system
was developed, by whom the system was developed, version, date and time of
execution, and a list of access requests as recognized by the system. A map
showing station locations and or location blocks searched is included, except

when the action requested is LIST INDEX. The command sequence

ACCESS

ELEMENT RAINFALL
STREFLOW

LOCATION 3492

COUNTY POPE
CONWAY

produced the heading page and map shown in Figures 2.3.a. and 2.3.b. respectively.
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2.6.2, Streamflow Index

The command sequence
ACCESS

ELEMENT STREFLOW

COUNTY POPE
PULASKI

LIST INDEX

produced the output shown in Figure 2.4.

This form of the index is used for the United States Geological Survey
stream gaging stations. See section 2.3.1., if a listing of indexes for all
stations in the file is desired. A list of all USGS stream gaging stations

available in AWRMIS 1s given in Appendix IV. See Appendix V for a location map.
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2.6.3. Monthly Streamflow

The command sequence
ACCESS
ELEMENT STREFLOW
STATION 07257000
LIST MONTHLY
produced the output shown in Figure 2.5.

Values listed are monthly streamflow totals in cubic feet per second (cfs).
Means are computed for each month, and the number of months used in these
computations are also listed.

The mean annual discharge is computed by summing the monthly mean values.
For those annual totals which contain 12 months of data, the ratioc of the
annual total to mean annual is computed.

The mean daily discharge is computed and values are given in cubic feet

per second (cfs) and in cubic feet per second per square mile (cfsm).
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2.6.4. Monthly Streamflow (partial)

The command sequence
ACCESS
ELEMENT STREFLOW
STATION 02082500
LIST MONTHLY PARTIAL
produced the output shown in Figure 2.6,

The command "LIST MONTHLY PARTIAL" specifies that the ratio of the annual
total to mean annual is not computed. This form of output is more efficient
and requires less execution time at noticeably less cost than that of example
2.6.3. Therefore, this form of output is preferred unless the ratios are
required.

All other values listed are the same as those in figure 2.5., and the
computations are similar.

The word PARTTAL can also be used with examples 2.6.7., 2.6.9. , 2.6.11,,

and 2.6.13. Since the effect is similar to that given here, additional

examples using it are not given.
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2.6.5. Daily Stream Flow

The command seqguence

ACCESS
FLEMENT
STATION
PERIOD
LIST

STREFLOW
07257000

1/1970 to 9/1970
DAILY

produced the output shown in Figure 2.7,

Values listed are daily totals in cubic feet per second (cfs).

totals are also listed.
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2.6.6, Rainfall Index

The command sequence
ACCESS
ELEMENT RATINFALL
COUNTY POPE
BAXTER
LIST INDEX
produced the output shown in Figure 2.8.

This form of the index is used for the National Weather Service weather
stationg, The drainage area is omitted in this form. A list of all NWS
stations available in AWRMIS is given in Appendix VI. See Appendix VII for a
lecation map.

The index files for TEMPERATURE, EVAPORATION, SNOWFALL and EVENTS can be
accessed by specifying the desired element or elements on the ELEMENT command

card. Since the effect is similar to that given here, no further examples

using it are given.
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2.6.7. Monthly Rainfall

The command sequence

ACCESS

ELEMENT  RAINFALL

STATION 035036

LIST MONTHLY
produced the output shown in Figure 2.9. Specifying the word PARTIAL after
MONTHLY on the LIST command card would delete the last column. (See example
2.6.4.)

The following sﬁecial symbols are used to qualify the data:

-~ missing data during month;
* accumulations during month;

E estimated values during month.

Only one symbol may be printed for a 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 data nor accumulations.

Monthly means are computed excluding those months with missing data, and
the mean annual precipitation is the sum of the monthly means. Annual totals
are computed for all years, but the ratio of the annual total to the annual

mean is computed only for years with no missing data.
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2.6.8. Daily Rainfall

The command sequence

ACCESS

ELEMENT  RAINFALL

STATION 031962

PERIOD 1/1972 to 12/1972
LIST DATLY

produced the output shown in Figure 2.10.
The following special symbols are used to qualify the data:

- amount missing;

* amount accumulated;
E amount estimated;

T trace reported;
X

invalid code combination;

combinations of the symbols may be printed as appropriate.

38



16"9

08*0
ZE®Q

8zto
L A
82°0
40°0

PRl §
€L70
0s°0
01"0
s0°0
£6°0
011

¥39W3330

1

39vd

$0°11

s0*@

€2*1

oL %

Y3IEHIACON

2961-£0

ey

Le*0
»6°0
£0°0

4 Rl |

5%°1

£1°0

¥3€80130

i8°e

8Z°0

€0°¢C
¥E°0

W3gW3id3as 1SNanv

s A

0
50°0
00
§2°2

§0*0
s0°0

056°0

*STTI TTEFUTel °y3 woxy SuTISTT BIBP ATTep odmeg

g1*¢

10°0
0zZ*1

80*0

e0°0

€0°0

86°0

29°0

2070
&2°2

&Z°0

Aanr

5 Al

62°0
9070
15°0C

$9°0

10*Q
19°1

€Qt0
10°0

INOT

P4 the 4

050

%Z*0

16°C

8070

€2°C
0o¥*°L

AVN

80" 2

$9°0

24" 0

ZiL*0

€2°0

T1yudy

SIHINI NI NCILAVLIEJIIINd ATIvVQ

10931H2

12°e

80°1
98" 0
86°0

§2°0

5%°0

8Lt

€00

GL*0

sL°0
0Z2*2

HJYVYM

12°1

816

0E"Q
Z1*0

g0°¢

90°0

91°0

6% "8

OE"0
40
9L"0

€2°0

€0°0

60%0
1Z2°0

0E*Q
g2
oLz
SL°0

ANVN¥E3d  ANVANYP

IN € 110W¥3ad

WANAEINODPO=NMENDDS
ot o el ) o gk )

*0T°z °Ind1g

wiolL

B AR L -
AN DD

[~ ]
1 604 N

~N
P
<]
-

39




2.6.9. Monthly Average Maximum and Minimum Temperatures

The command sequence
ACCESS .
ELEMENT TEMPTURE
STATION 030460
LIST MONTHLY
produced the output shown in Figure 2.11. Specifying the word PARTIAL after
MONTHLY on the LIST command card would delete the last column. (See example
2.6.4.)

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 identified 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 computed using only the days for which data are available.

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

The annual average temperatures are computed using all the monthly averages,
and are therefore subject to the same source of unreliability cited above. How-
ever, the ratio of the annual average to the mean annual temperature is calcu-

lated only for years with complete data.
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2.6.10, Daily Maximum and Minimum Temperatures

The command sequence
ACCESS
ELEMENT TEMPERATURE
STATION 030936
PERIOD 1/1972 TO 12/1972
LIST DATLY
produced the output shown in Figure 2.12.

Days with missing data are left blank. For months with missing data,

the averages are computed using the available data.
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2.6.11. Monthly Evaporation

The command sequence

ACCESS

ELEMENT EVAPTION

STATION 036352

PERIOD 1/1963 TO 12/1972

LIST MONTHLY
produced the output shown in Figure 2.13. Specifying the word PARTIAL after
MONTHLY on the LIST command card would delete the last column. (See example
2.6.4.)

The following special symbols are used to qualify the data:

- migsing data during month;
* accumulations during month;

E estimated values during month,

Only one symbol may be printed for a 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 data nor accumulations.

Monthly means are computed excluding those months with missing data,
and the mean annual precipitation is obtained as the sum of the monthly means.
The number of months printed is the number of months with complete records.
Annual totals are computed for all years, but the ratio of the annual total

to the annual mean is obtained only for years with no missing data.
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2,6.12, Daily Evaporation

The command sequence

ACCESS
ELEMENT EVAPTIOR
STATION 036352
PERIOD 1/1972 TO 12/1972
LIST DAILY
produced the output shown in Figure 2.14,
Days with missing data are left blank. The following special symbols

are used to qualify the data:

* amount accumulated;

E amount estimated.

Only one symbol may be printed for a month, and the symbol is selected

in the above order.

Monthly tetals are also computed.
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2.6.13, Monthly Snowfall

The command sequence

ACCESS

ELEMENT SNOWFALL

STATTON 032443

LIST MONTHLY |
produced the output shown in Figure 2.15. Specifying the word PARTIAL after
MONTHLY on the LIST command card would delete the last column. (See example
2.6.4.)

The following special symbols are used to qualify the data:

- missing data during month;
* accumulations during month;
E estimated values during month;

T trace total for month.
Only one symbol may be printed for a month, and the symbol is selected in the
above order. Thus, if a minus sign appears, there may also be accumulatioms,
estimated values or trace values during the month, but if a T is printed, there
are neither missing data, accumulations nor estimated values.

Months during the period of record which are blank are assumed to have no
snowfall. Monthly means are computed including these months, but excluding
those months with missing data. The number of months printed is the number of
months with complete records. The mean annual snowfall is obtained as the
sum of the monthly means. Annual totals are computed for all years, but the
ratio of the annual total teo the annual mean is obtained only for years with no

missing data.
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2.6.14. Daily Snowfall

The command sequence

ACCESS

ELEMENT  SNOWFALL

STATION 032443

PERIOD 1/1970 TO 12/1970
LIST DAILY

produced the output shown in Figure 2.16.
The following special symbols are used to qualify the data:

M missing data}
* amount accumulated;
E estimated values;

T trace.

Combinations of the symbols may be printed as appropriate.
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2.6.15., Daily Event

The command sequence:
ACCESS
ELEMENT  EVENT
STATION 033165
PERIOD 1/1971 1O 12/1971
LIST DAILY
.produced the output shown in Figure 2.17.
Days with occurrences of wvarious types of weather phenomena are listed
in this table. Keys identifying the various letter codes are printed at the
bottom of the table.

Since the regularity with which this information is collected varies for

different observers, the data should be used with caution.
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Chapter 3

The Processing Facilities

3.1. Introduction

The processing facilities of AWRMIS are capable of performing routine types
of statistiéal analysis on the cataloged data stored by the system. Thus,

a user may obfain practical results without becoming involved in the complexities
of data manipulation and programming.

Processing is performed on data ldentified by the preceding access request.
Therefore, a user must be proficient in the use of the access facilities of
AWRMIS in order to utilize the processing facilities {(see Chapter 2).

The programs now in the system are revisions of the Hydrologic Information
Storage and Retrieval System (HISARS) programs, developed by E. H. Wiser, Depart-
ment of Biological and Agricultural Engineering, North Carolina State University.
Additional programs will be aaded as specific needs are recognized and as

added time and funding becomes available.

3.2. AWRMIS Command Language Specifications for the Processing Facilities

The AWRMIS command language specifications for the processing facilities
consist of a set of English language words. The command language is used to
request the action or actions which are to be performed by AWRMIS in order to
get a desired output.

The following commands constitute the processing facilities of AWRMIS:

PROCESS
(Processing Request Card)

(Optional Parameter Cards)
The command word PROCESS is punched starting in Column 1. Information in the
Processing Request card must start in Columnm 1, but information in the Optional

Parameter cards must start in Column 2 or later.
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A PROCESS card followed by a Processing Request card and Optional Parameter
card constitutes a single process request. Several process requests may follow
a single access request, in which case all processing is carried out on the

same data.

3.2.1. Processing Request Card

The Processing Request card must contain one or more names that identify
the types of processing requested. Permissible names are given with the
program specifications in Section 3.6, The only formatting restrictions are
that the first name must start in Columm 1, and not more than one card may
be used. Further information on multiple processing requests is given in

Section 3.3.1.

3.2.2. Parameter Cards

Some of the processing programs do not require any parameters for execution,
whereas others require one or more parameters. Parameter requirements are
given in the program specifications in Section 3.6. The specifications also
list default values that will be supplied automatically unless replaced by
the user. Thus, if no parameter cards are included in the access group, standard
system defaults will be used.
If the user wishes to provide parameter values, he needs to give only
those values which are not satisfactory by default. Two further optioms
exist:
A) The same parameter values are to be used in processing the data for
all stations. In this case, only one group of parameter cards is
used, and the list of parameters applies to all stations.
B) Different parameter values are to be used in processing the data for
all stations. In this case, one group of parameter cards is used for

each station, and the parameters apply to that stationm only. The
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station number ié punched first on the first card, starting in Column

2 or later, and the 1list of parameters follow. The parameter cards must
be ordered sc that the station numbers are in the same order as retrieved
by the access group.

The list of parameters for either case contains 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 bé punched on a single card. However,
particularly when using the LENGTH or CLASS parameters, the length of the 1list
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;

B) The identification of the parameter being continued ﬁust be repeated

~on the second and following cards, leaving Col., 1 blank.

An example of this usage is shown in example 3.6.10.

3.3. Optional Features

A number of options are available that add flexibility in the use of the
processing facilities. While the optional features do not add any features

not previously discussed, they do permit somewhat more freedom of use.

3.3.). Multiple Processing

In section 3.2., the possibility of processing one set of data in several
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 listing
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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)
DATLY FREQUENCY (DA FRE)
MONTHLY FREQUENCY {MON FRE)
HIGHEST or MAXIMUM (HIG or MAX)
LOWEST or MINIMUM (LOW or MIN)
RANK ORDER (RAN)
MONTHLY MASS ANALYSIS {(MON MAS)

B) Flow analysis programs
MAXTMUM FLOW ANALYSIS (MAX FLO)
MINIMUM FLOW ANALYSIS (MIN FLO)
MONTHLY MASS FLOW ANALYSIS (MON MAS FLO)
FLOW DURATION TABLE (FLO DUR TARB)
¥FL.OW DURATION CURVE (FLO DUR CUR)

C) Multiple-station programs
CORRELATION (COR)

The occurrence of a single identifiable name applies it to all possible
programs on the card. Thus, if the Processing Request card contained
DATLY AND MONTHLY STATISTICS AND FREQUENCY
four programs would be executed. Similarly, if the card contained
DATLY 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.
Programs are executed in order as listed above regardless of ordering

on the Processing Requests card.

3.3.2. Abbreviations

Since the entire words in the names as listed in Section 3.6. are not

required to determine the programs uniquely, only short groups of letters
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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 parentheses
in Section 3.3.1. above. Any occurrence of the letters in the combinations
shown will lead to execution of the corresponding program. Thué, the Processing
Reqdest card

DAMONTIS FREMAXLOW RANMAS
would lead to execution of every program in the general statisties category
(assuming data appropriate to each program were available).

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

Only the first three letters of the parameter(s) need be specified.

3.4. System Defaults

The various system defaults applicable to the processing facilities are

described in detail in section 3.6.

3.5. Access Method

The access method for use of the processing facilities is identical to

those for use of the access facilities. For details, refer to section 2.5.

3.6, Processing Programs

The following program specifications are given for each of the processing
programs now implemented in AWRMIS:

A) Name - The standardized name to be used on the Processing Request card:

B) Input file(s) - The data files which can be used to provide data for

the program;
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C) Output - Identification of output results obtained from the program;
D) Options - Optional features that are controlled by parametersj
E) Defaults - Standard system defaults are given;
F) Example - Showing the complete deck of AWRMIS cards required and
corresponding output.
The AWRMIS deck is made up of the command cards that are necessary to
produce the desired output. Section 2.5. illustrates the proper interlacing

sequence of job control language (JCL) cards with the AWRMIS deck.
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3.6.1. Statistical Analysis

Name - DAILY STATISTICS or MONTHLY STATISTICS*®
Input file(s) - STREAMFLOW or RAINFALL
Output -~ The following results are tabulated for each month:

A) Number of observatious;
B) Proportion of zeros;
C) Mean;
D) Standard deviation;
E)} Variance;
F) Third moment;
G) Fourth moment;
H) Serial correlation.
Options - Processing period
Defaults - ONLY JANUARY TO ANNUAL
Example - The command sequence
ACCESS
ELEMENT STREAMFLOW
STATION 07257000
PROCESS
MONTHLY STATISTICS
ONLY JANUARY TO ANNUAL

produced the output shown in Figure 3.1,

* 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 correlation is between months, and the

number of pairs used for calculation is also given,
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3.6.2, Frequency Analysis

Name - DAILY FREQUENCY or MONTHLY FREQUENCY
Input file(s) - STREAMFLOW or RAINFALL
Qutput ~ The standard statisticsg are listed in tabular form, including those
listed in the statistical summary, as well as deciles and quartiles,
A plot of the cumulative frequency distribution is alsc printed.
There is a separate output for each month, and alsc for the entire
year.
Options - Processing period
RANGE*
Defaults - ONLY JANUARY TO ANNUAL
Daily streamflow — RANGE O to 1000
Monthly streamflow — RANGE 0 to 10000
Daily rainfall - RANGE O to 1
Monthly rainfall - RANGE 0 to 10
Example -~ The command sequence
ACCESS
ELEMENT RAINFALL
STATION 033235
PROCESS
DATLY FREQUENCY

ONLY APRIL RANGE G to 0.75

Produced the output shown in Figure 3.2.

* The values of the RANGE parameter are the limits of the plot of the
cumulative frequency distribution, Varying the value of the RANGE paremeter

does not affect the statistical computations.
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3.6.3. Highest/Maximum Value

Name - HIGHEST or MAXIMUM
Input file(s} - RAINFALL or TEMPERATURE
Qutput - Tabulation of the highest daily maximum and minimum temperatures
for each month.
Options — Processing period
Defaults - ONLY JANUARY TO ANNUAL
Example - The command sequence
ACCESS
ELEMENT TEMPERATURE
STATION 036352
PROCESS
MAXIMUM

produced the output shown in Figure 3,3.
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3.6.4. Lowest/Minimum Value

Name - LOWEST or MINIMUM
Input file(s) - TEMPERATURE
Qutput - Tabulation of lowest daily maximum and minimum temperatures for
each month.
Options - Processing period
Defaults — ONLY JANUARY TO ANNUAL
Example — The command sequence
ACCESS
ELEMENT  TEMPERATURE
STATION 036352

PROCESS
MINTMUM

produced the output shown in Figure 3.4.
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3.6.5. Extreme Values

Name - EXTREME
Input file({s) - TEMPERATURE
Output — Tabulation of extreme values for each month
Options ~ Processing period
Defaults - ONLY JANUARY TO ANNUAL
Example - The command sequence
ACCESS
ELEMENT  TEMPERATURE
STATTION 036352

PROCESS
EXTREME

produced the output shown in Figure 3.5.
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3.6.6. Rank Ordering

Name - RANK ORDER
Input file(s) - STREAMFLOW or RATNFALL
Output - Listing of the n largest amounts and their dates ranked from largest
to smallest, where n is five times the number of years of record.
Options — Processing period
Defaults — ONLY JANUARY TO ANNUAL (for the historical record)
Example - The command sequence
ACCESS
ELEMENT  STREAMFLOW
STATION 07257000
PROCESS
RANK ORDER

produced the output shown in Figure 3.6.
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3.6.7. Mass Analysis

Name - MONTHLY MASS FLOW ANALYSIS or MONTHLY MASS ANALYSTS*®
Input file(s) - STREAMFLOW or RAINFALL
Output - A plot through time of the accumulated total
Options — SCALE**

— INTERVAL#*#%

— RATE##%#%

Defaults - Monthly streamflow, SCALE = 100000
- Monthly rainfall, SCALE = 10

INTERVAL = 1

RATE = 0

* The name MONTHLY MASS FLOW ANALYSIS applies only to.the streamflow file,
MONTHLY MASS ANALYSIS may be used with the rainfall file.
*% SCALE refers to units per inch of plot. The units are volume units
equivalent to the data units, Selection of too small a value for SCALE will
cause the axis to be labeled so often that the plot will not be visible.
#%% INTERVAL refers to the number of time units per line of plot. The length
of the graph, particularly for daily values, may be reduced by Varyiﬁg this
parameter. However, corresponding detail will be lost.
*%%% RATE is a specified constant rate. This paramefer is designed primarily
fér streamflow analysis by the Rippl method, but it can also be used for other
purposes such as the effect of moving a rain gage. If RATE = 0, only the basic
plot is produced (line formed by *). 1If RATE > 0, the following additional
output is produced:

A) Plots of a constant rate, extending across periods of deficient

accumulations (line formed By +) 3
B) Values of the deficiencies, listed along the right margin in scientific

notation.
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Examples - The command sequence

ACCESS |
ELEMENT  STREAMFLOW
STATION 07257000

PROCESS

MONTHLY MASS FLOW ANALYSIS

SCALE = 70000 RATE = 350

produced the output shown in Figure 3.7.
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3.6.8. Interstation Correlation

Name - CORRELATTON

Input file(s) -~ RAINFALL

Output - Cross—correlations between daily wvalues for each pair of‘up to 10
stations, with the number of pairs of days used in the calculations.
Results are listed in tabular form for each month.

Options — PROCESSING PERIOD

Defaults — ONLY JANUARY TO ANNUAL

Example - The command sequence

ACCESS

ELEMENT RAINFALL

STATION 030178
030460
030806
030936
031442
031632
031962
032574
033235
036352

PERIOD 1/1963 to 7/1970

PROCESS

CORRELATION

ONLY APRIL

produced the output shown in Figure 3.8.
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3.6.9. Maximum/Minimum Flow Analysis

Name - MAXIMUM FLOW ANALYSIS or MINIMUM FLOW ANALYSIS*
Input file(s) ~ STREAMFLOW
Output - A listing of the average maximum/minimum flows for each of up to 10
period lengths in days for each year for the period of record. Statistics
of the frequency distribution are given, and the 10-year frequency
discharge is also listed. 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).
Options - AREA - The drainage area, if results in cfsm are desired;
LENGTH - Length of periods required.
Defaults — AREA = 1
LENGTH = 7, 30, 60, 90, 120, 183, 274.
Example\— The command sequence
ACCESS
ELEMENT STREAMFLOW
STATION 07257000
PROCESS
MINIMUM FLOW ANALYSIS
Length = 1, 3, 7, 10, 15, 30, 45

produced the output shown in Figure 3.9.
* 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.
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3.6.310 Flow Duration Table

Name - FLOW DURATION TABLE
Input file(s) - STREAMFLOW
Output - The first table gives the number of days that the flow was within various
class intervals for each complete water year, The second table gives
the frequency of discharges greater tham or equal to each class interval.
Options - CLASS*
Defaults - CLASS = 1, 10, 100, 1000, 10000, 100000, 1000000
Example ~ The command sequence
ACCESS .
ELEMENT  STREAMFLOW
STATION 07257000
PROCESS
FLOW DURATION TABLE
CLASS 0.1 0.2 0.3 0.5 0.7 1 2 3 5
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 3.10.

* Refers to upper limits of class intervals. Class intervals are listed in
cubic feet per second (cfs), in cubic feet per second per square mile (cfsm),
and as a ratio to the mean daily discharge. A maximum of 32 class intervals
may be specified. The drainage area for the station is obtained from the
index file, the column of class intervals in cubic feet per second per square

mile (cfsm) is omitted.
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3.6.11. Flow Duration Curve

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 (cfs), cubic feet per second
per square mile (cfsm), and as a ratio to mean discharge.
Options - *
Defaults - *
Example - The command sequence
ACCESS
ELEMENT  STREAMFLOW
STATION 07257000
PROCESS
FLOW DURATION CURVE
CLASS 0.1 0.2 6.3 0.5 0.7 1 2 3 5

CLASS 7 10 15 20 30 40 50 70 100
CLABS 1150 200 250 300 400 500 700 1000 2000

produced the output shown in Figure 3.11.

* (same as for the flow duration table, 3.5.10.)
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ARKANSAS WATER RESOURCES MANAGEMENT INFORMATION SYSTEM

(AWRMIS)

USERS' MANUAL

APPENDIX I.

ARKANSAS DIVISION OF SOIL AND WATER RESOURCES

RIVER BASIN MAP
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AWRMLS RIVER BASINS AND SYMBOLS

Mississippi

Arkansas

White

Red

All Areas

Arkansas (Upper)
Poteau River
Petit Jean Creek

Fourche LaFave River

Cadron Creek
Arkansas (Lower)
Bayou Meto

White (Upper)
Buffalo River
North Fork River
Black River
Spring River
Strawberry River
Current River
Little Red River
Cache River

Bilg Creek
Eleven Point
White {Lower)

Red River

Little River
Mountain Fork
Sulphur River
Twelve Mile BRavou
Bayou Dorcheat
Bayou Bodcau

BASTN

90

M

AWRMIS

SUBBASIN

AAU
APO
APJ
ACA

ABM

NATL. W. S. ATIAS

SUBBASIN

B23
B24
B26
B25

Ta

a2
A3
A4
B4b
Adc
Ada
A5
fa
6b
Adb (1)
6

C

Clz2
Cl2a
Cl13
Cl4
Cl5a
Cl5a{(1)



Grand Neosho

Spavinaw Creek
Sugar Creek
Illinois River

Saint Francis

Cuachita

Saint Francis
Little River
L'Anguille River

Ouachita (Main Stem)
Little Missouri River
Saline River

Bayou Bartholomew
Cornie Bayou
Boeuf-Tensas-Macon

91

GSP
GSU
GIL

SSF
SLR
SLA

cou
OLM
OSA
OBB
oco
OBF

B20
B20c¢
B21

a
5b

12al

12al{a)
12al{b)
12al{c)
12al{d)
12al(e)






ARKANSAS WATER RESOURCES MANAGEMENT INFORMATION SYSTEM

(AWRMIS)

USERS' MANUAT

APPENDIX II.

ARKANSAS DIVISION OF SOIL AND WATER RESOURCES

GEOGRAPHIC LOCATION SYSTEM FOR WATER RESOURCES DATA
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ARKANSAS WATER RESOURCES MANAGEMENT INFORMATION SYSTEM

(AWRMIS)

USERS' MANUAL

APPENDIX III.

WATER RESOURCES COUNCIL

WATER RESOURCES PLANNING AREAS (WRPAs) IN ARKANSAS
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SYMBOL CONVERSIONS

WRC AWRMIS
2 02
3 03
5-A 5A
6 06
452 52
453 33
455 55
BENTON CARROLL BOCME MARION BAXTER FULTON RANDOLPH clay
T SHARP \\ GREENE
I MADISON S B = '
WASHINGTON == L LAWRENCE
NEWTON TS
SEARCY ;
[ [ MISSISSIPPI
STONE . CRAIGHEAD
4 5 3 INDFPENDENCE
CRAWFORD J L - S
POINSETT
ngRANKUN SOHNSON VAN BUREN CLEBURNE
N
N{f J\J CONWAY r WHITE L CROSS CRITTENDE
CPRASTIAN {OGAN FAULKNER WOODRUFE 3
/'L YELL 5T FRANCIS
! SCOTT 4 ! 5 2
7;(“ PRAIRIE l:a
MONROE 143
g T GARLAND
e MONTGOMERY o
= [ PHILLIPS
i—m«msns ) =
jr JEFFFRSON N
- m——— GRANT N
= e ) HOT SPRING B
|| HOWARD PIKE ]]
:1 = {
= Clapx _1 | )
SFVIER " : JJT N
DALIAS g s
S i LINE OLN
‘ 5 5 e CLEVFLAND
= .
SN
HEMPSTEAD r\ S-A DESHA
- S =) I
urnE aiver ¢ NEvADA OUACHITA DRFW 6
BRADLEY
[ 1=
MILLER & CHICOT
LAFAYETTE T
COLUMBIA \/) ASHIFY

WRC

WATER

99

RESOURCE PLANNING AREAS IN ARKANSAS






ARKANSAS WATER RESOURCES MANAGEMENT INFORMATTON SYSTEM

(AWRMIS)

USERS' MANUAL

APPENDIX 1IV.

UNITED STATES GEOLOGICAL SURVEY

HYDROLOGIC DATA STATIONS AVAILABLE VIA AWRMIS
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USERS' MANUAL
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UNITED STATES GEOLOGICAL SURVEY

HYDROLOGIC DATA STATION LOCATION MAP
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