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An Interactive, Computer-based Management System for

Hydrologic Data

ABSTRACT

An alitomated system has been developed to digitize
the continuous traces generated by strip chart record-
ers. The system is comprised of an electronic digi-
tizer, computer terminal, mainframe computer, and
customdesigned software. The digitizer is connected to
a computer terminal with a cassette tape operating in
local mode when a chart is being digitized. After
digitization is completed, an interactive processing
system consisting of a system controller and a series
of Fortran programs is accessed to perform various data
management, data error diagnostics, data reduction,

data summary, and graphics functions.
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INTRODUCTION

In 1967 Shanholtz and Burford (1967) presented a
series of programs for the analysis and reduction of
hydrologic data. The system includes programs for
manipulating precipitation, streamflow, temperature,
air movement, soil moisture, and land-use-related data.
The programs were successful in reducing the data into
the standard forms recommended by Hobbs and Crammatte
(1964) and more recently by Brakensiek et al. (1979) in
a routine manner. The original programs were developed
for use on an IBM 7040-1401 computer, accepted input
information from cards or magnetic tape, and had mag-
netic tape output. All processing of these programs
was in the batch mode.

With this system, however, visual data interpreta-
tion and data input were too laborious, and alternative
methods were developed. The first development was an
error diagnostic package which scanned basic data sets
for machine detectable errors (Carr et al., 1980).
This routine successfully eliminated the need for time
consuming manual scanning of data records. The second
major development was the use of digitizers to mechani-
cally record the line traces from strip charts. As a
consequence, additional software was written to make
the digitizer output compatible with required inputs of
the existing programs. The resulting program still
operated in a batch mode, but used the interactive Con-
versational Monitoring System (CMS) available on the
IBM/370 mainframe for input, previewing, and editing of

data sets.



Despite this progress, the task of converting line
traces on strip charts to completely processed data
(for example, rainfall amount and intensity) still
required considerable monitoring by skilled personnel.
The seemingly endless codes for site locations, gauge
types, gauge numbers, and chart types, and the complex-
ity of the column-oriented format caused numerous oper-
ator errors. Consequently, the design of a new set of
programs was undertaken to more fully use the power of
an interactive programming environment.

In the interactive mode, a program is executed on a
terminal where errors are displayed as they occur and
corrections may be made before processing continues.
As a result, errors can be detected and corrected in a
single run. Interactive programs normally use "Eng-
lish" or "user friendly" type commands to allow non-
programmers to submit programs and data without learn-
ing complex data base codes or detailed
computerprogramming techniques.

The system described herein was developed to aid in
the processing of strip charts used in the collection
of hydrologic data. It was designed to run in conjunc-
tion with the IBM CMS time-sharing package (Version 6)
available at the VPI&SU Computer Center and with Numon-
ics automated digitizing hardware (Model 1224). The
programs were written in FORTRAN IV and the CMS EXEC

language.



DIGITAL CONVERSION OF ANALOG DATA

Hardware

An electronic digitizer micro-processor [Numonics
1224 (Figure 1)] interfaced with a computer terminal
with dual cassettes [Texas Instruments, TI 733] was
used to convert line traces to digital format. Charac-
teristics of this system that affect the digitizing of
strip charts include operating mode, data conversion,
and transfer options. Characteristics of the system
configuration described herein are summarized below.
Additional details can be obtained from the Numonics

Users Manual (Numonics).

Operation Mode

The digitizer operates in a Cartesian coordinate
system and requires a reference X-Y axis. The digi-
tizer contains an option to allow rotation of the X-Y
axes to simplify chart placement. For example, if a
chart is placed as shown in Figure 2, the X and Y axes
would be referenced as indicated, eliminating the need

to align charts with pre-determined X-Y axes.

Data Conversion and Transfer Options

Data can be transferred to the TI terminal by the
digitizer in either the automatic or the manual mode.
In the manual mode, coordinates are sent to the termi-
nal by pressing the enter key [En] on the digitizer

keyboard or by depressing a foot pedal.
3
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Figure 1. Numonics 1224 electronic digitizer/micro-
processor interfaced with TI 733 computer
terminal with dual cassettes.
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Figure 2. AXIS rotation procedure.

The automatic data transfer mode uses two digitizer
options. The first is the OUTPUT IMAGE option, which

uses programmable non-volatile memory to control the
format of data written to the cassette tape. This
option also allows keys [1] through [6] on the digi-
tizer keyboard to be pre-programmed to enter values of
1111.0, 2222.0, 3333.0, 4444.0, 5555.0 and 6666.0,
respectively. This multiple key function provides a
method for entering data management and error codes
during chart digitizing. OUTPUT IMAGE is the default

option and is accessed when the digitizer is turned on.



The resolution of data selection is controlled by
the MAPPING INCREMENTAL OUTPUT option. The system
accuracy is limited to a 0.25 mm (0.01 in) change in
the X or Y coordinate, which is the accuracy increment
that 1is typically used. To implement this option,
desired resolutions are entered for both the X and Y
coordinates, which may be the same or different. As
the cursor is moved along the pen trace, the data are
sent automatically to the tape cassette at the selected
increments. Because the digitizer send rate can exceed
the terminal receive rate, the cursor must be moved at
a rate less than or equal to the receive rate to avoid
data loss.

The above hardware features and chart characteris-
tics are the basis for the procedures which were devel-
oped to properly convert and transfer data from strip
charts. These procedures are discussed in the follow-

ing sections.



Software

Transformation Functions

Many strip charts have curvilinear time scales.
Because the digitizer operates in a Cartesian system,
transformation functions are necessary to relate the
linear time coordinate of the digitizer to the corre-
sponding curvilinear time coordinate of the strip
chart. For example, Point A in Figure 3 would be
recorded by the digitizer as (Tz,y) while the actual
coordinate of Point A in strip chart time is (T3,y).
For the example shown in Figure 3, the time coordinate
must be corrected by an amount XC = T3—T2.

A general function to provide this correction was
developed from the geometry of Figure 4. The develop-
ment was simplified because the time axis of hydrologic
charts is normally the arc of a circle. Based on expe-
rience gained from digitizing charts, the chart time
arc was expanded to include the chart width so that the
chart edges could be used as a reference to define the
y-axis. This was accomplished by expanding the time
arc from the top recording line to the edge of the
chart paper, and expanding the arc an equivalent dis-
tance below the bottom chart line (Figure 5). Refer-
ring to Figure 4, the radius for the time arc is given
by

_ 2 2
R = (Sl +YCC1 )/ZS1 (1)
where:
R = the radius of the circle;
S = the distance from the chord YC, to

1 1
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Schematic used to determine radius (R) of arc.

Figure 4.



10

Figure 5. Schematic used to develop transformation

function for curvilinear strip charts.
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the arc at the midpoint of the
chord; and
YCC1 = 1/2 the chord length YCl.

The values of S1 and YCC1 were obtained from each
chart (e.g., see Figure 4).

A second equation, which used the geometry of Fig-
ure 5, was developed to calculate the correction for
each Y-coordinate obtained by the digitizer, using the
radius R obtained from Equation (1), the characteristic
chord length of the chart, and the coordinate obtained
by the digitizer. The magnitude of the correction, XC,
depends on the vertical distance from the edge of the

strip chart and is given by the relationship:

XC = —Y1+[R2—(YCC-YD)2]O'5 (2)
where:

XC = the amount of correction;

Y = R-S (S is the measured distance from

1
the mid-chord arc);

YCC = one half the chord length (YC); and
YD = the Y coordinate obtained by the

digitizer.
The X-coordinate (time) obtained by the digitizer,

XD, is corrected with the expression:

Xactual = £DHEC L4
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Management and Error Identification Codes

Management and error identification codes were
developed to aid digitizing and to provide flags for
pre-processing the digital output. The OUTPUT IMAGE

multiple keys, discussed previously, are used to enter

codes.

Management Codes -- The first management code is 1111.0
and is assigned to key [1]. This entry flags the
beginning of a chart. The second management code,

2222.0 (key [2]), is used to specify the beginning of
an event. The third management code, 3333.0 (key [3]),
is used to flag the end of a time span. This code is
entered when the right edge of a chart is reached. The
fourth management code, 4444.0 (key [4]), is used to
indicate recording-pen reversals. This code is entered
at the point where the pen trace reverses direction at
the top or bottom of the chart, and is explained more
fully in the section on vertical chart registration.
The last management code, 6666.0 (key [6]), is used to
flag the end of a line trace, which may wrap around a
chart more than once. Use of the codes is illustrated
in Figure 6.

Error Codes -- The error code is 5555.0 (key [5]) and
is used to flag data digitized incorrectly. The code
is entered when an error is made during digitizing. A
management code must immediately follow the error code
to specify the section of data in error. The data are
then corrected by restarting digitization at the point
specified by the management code. For example, if an
error is made while digitizing the chart shown in Fig-
ure 6 after the beginning of the 0110, 6/6/81 storm
event, then to correct the error the codes 5555.0 and

2222 .0 are entered, which would indicate that
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digitizing is to be restarted at the beginning of the
storm event 0110, 6/6/81. The management code, 2222.0,

is not re-entered during a restart.

Horizontal Chart Registration

Recording data on charts attached to rotating drums
often results in multiple pen traces. When the chart
is removed, a long continuous pen trace may appear as
multiple segments where a segment is actually one con-
tinuous time span ( see line A-C, Figure 7 ). The mul-
tiple pen traces must be converted to an equivalent
continuous pen trace. To achieve horizontal registra-
tion, a procedure was developed to accumulate the X-co-
ordinate by adding the sum of previous time spans to
the X-coordinate in the time span being digitized. The
OUTPUT IMAGE multiple key [3] (data management code
3333.0) is used to flag the end of a time span which
will continue from the left side of the chart (Point B,
Figure 7).

Vertical Chart Registration

Some strip chart data recorders are designed so
that the pen reverses its direction of travel at chord
end points (see A-B, Figure 4) to increase recording
range. Because coordinates obtained after a reversal
may be increasing or decreasing, a flag was necessary
to insure proper vertical registration of data. The
management code 4444.0 was assigned to flag reversals.
The code is entered with a OUTPUT IMAGE multiple key

[4] when reversals are encountered (see Figure 6).
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INTERACTIVE PROCESSING SYSTEM

The interactive processing system consists of a
system controller and a series of Fortran programs
designed to perform various data management, error
diagnostic, reduction, summary, and graphics functions.
The controller and programs are described briefly in

the following sections.

System Controller

Operation of the interactive system is maintained
by the Hydrologic Analysis System (HAS) controller |,
which was written in CMS EXEC language. The function
of HAS is to generate input/output FILE DEFINITIONS and
program control files, to access available Fortran pro-
grams, to scan error return codes and take appropriate
corrective action, to schedule and submit selected data
files to the printer and/or plotter, and to archive

data. The HAS program can be accessed by entering:

HAS [argl] [arg2]

Arguments argl and arg2 are used to specify the begin-
ning and ending programs that will be executed during a
given session. The CMS operating system will prompt
the user for the Filename (FN), Filetype (FT) and File-
mode (FM) of program input data files that are needed
by a specific program.

The HAS controller allows the user to specify mul-
tiple or single program execution. This option is con-

17
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trolled by arg2. When arg2 is given a legitimate pro-
gram name, execution proceeds from argl to arg2,
inclusively. To execute only the program given by argl
leave arg2 blank. All programs in a stack, beginning
with argl, will be executed if arg2 is set equal to
ALL. When argl is omitted, the user is prompted for
begin and end programs, or all available programs may
be displayed, and the user is prompted for the program
name.

Available routines include CASsette, DIGit, ERRor,
REDuce, TABles, GRAph, ARChive, VERify, RECall, RELoad,
ATLas and MERge (See Table 1 for hierachical order).
The CMS command

HAS CASsette REDuce
would access HAS and execute programs CASsette, DIGit,
ERRor and REDuce (Table 1).
The CMS command

HAS DIGit ALL
would access HAS and start executing programs with
DIGit and all subsequent routines in the program stack,
while the CMS command

HAS DIGit

would access HAS and execute only program DIGit.
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Table 1. Hierarchical order of programs maintained by
HAS.

Program Stacks

g?g;gt{e ATLas ARChive VERify RECall MERge GRAph RELoad
i
ERRor
REDuce
TABles

The CMS command HAS is used to address each program stack or
a program within the stack.

Program Constants

Two special data files are required for most pro-
grams to be executed by the HAS system. These files
contain constants for strip charts and the station, or
location, where the data were collected. Although pro-
gram constants for a given station could be included in
one file, the data were separated into two files for

ease of file management, maintenance, and display.

Chart Constants

Typical information in the chart data file is
stored in the CMS datafile CHARTPAR ATLAS (Table 2).
Each chart type must be included in this data file.

The data for line 2 of Table 2 were obtained graph-
ically from Chart No. 5-4002-B as illustrated in Figure
8. Column one, Table 2, represents the type of data
being recorded (See bottom of Table 1 for codes). The
chart type follows in columns 3-10. The time in hours
required for the chart to make one revolution is given
in columns 11-17. This number usually is stamped on

the chart-drum gear. The remaining data are obtained
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Table 2. Chart constants and record format for data
file CHARTPAR ATLAS.

patal Chart? Time per Chart Vertical Cord Mid-chord Edge of chart

type ype revolution length scale length to arc to chart zero
[1] [3-10] [11-17] (18 271 [28 361 [37-441 [45-531] (5@'62!3
hrs) (ins) (units/in) (ins) (ins) (ins)
P 5-4046-B 192.0 11.50 1.0000 6.36 0.66 0.18
P 5-4002-B 12.0 11.50 1.0000 6.36 0.66 0.18
P 5-4042-B 12.0 11.50 1.0000 6.36 0.66 0.18
P 5-4047-B 24.0 11.50 1.0000 6.36 0.66 0.18
P 1015-SSB 12.0 11.50 0.6667 5.97 0.88 311
Q 5-1940-A 24.0 14.40 0.2000 5.36 0.55 0.18
Q 5-1940-A 12.0 14.40 0.2000 5.36 0.55 0.18
Q 5-1940-X 6.0 14.40 0.1000 5.36 0.55 0.18
Q 5-1940-A 6.0 14.40 0.2000 5.36 0.55 0.18
Q 5-1941-A 192.0 14.40 0.2000 5.36 0.55 0.18
R 5-1941-A 192.0 14.40 0.2000 5.36 0.55 0.18
Q 5-1941-A 96.0 14.40 0.2000 5.36 0.55 0.18
T 5-207-WB 176.0 11.50 31.8741 3.80 0.35 0.39
T 5-209-KWB 176.0 11.50 31.8741 3.80 0.35 0.39
T 3102-KW#2 195.0 11.28 66.0377 2.64 0.15 0.26
T 3102-KW#3 195.0 11.28 66.0377 2.64 0.15 0.26
T 3102-KW#1l 195.0 11.28 33.0189 2.64 0.15 0.26
H 5-207-HWB 176.0 11.50 63.2911 2.30 0.10 0.41
H 5-209-KB 176.0 11.50 63.2911 2.30 0.10 0.41
S 5-1050-A 192.0 14.40 1.0000 4.09 0.29 0.57
B 5-1068-B 192.0 11.54 1.0033 3.90 0.29 0.45
E 5-1941-A 192.0 14.40 1.2000 5.36 0.55 0.18
T #C31GH 168.0 11.48 33.8462 4.02 0.38 0.4%
H #C314KW 168.0 11.48 31.7460 3.89 0.35 0.41

1pata type codes are as follows:

- Precipitation

- Streamflow

- Retention structure (Pond)

- Temperature

- Humidity

- Solar radiation
- Barometric pressure
Evapora‘hon

i
?u txon of data storage.

D.’!"\WV’I‘*ZD‘B

wnN
-
ol

(]
—

from Figure 8 as follows: the chart length is given by
line F-G; the vertical chart scale is given by the ver-
tical chart length (YSl, inches) divided by the corre-
sponding recording range [ 15.76 centimeters (6 inches)
for this example]; the chart chord length is YC; the
perpendicular distance from the center of chord YC to
its arc is S; the distance from the bottom edge of the
recording surface to the edge of the chart is YZ. For
this example, the chart constants are P, 5-4002-B,
12.00, 11.50, 1.00, 6.36, 0.66 and 0.18, respectively.

Note that a data record is formatted as shown in Table
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2. Data entry into the CHARTPAR ATLAS can be accom-
plished interactively by entering the CMS command

HAS ATLas

which provides appropriate prompts.
Graphical procedures for obtaining data for other

chart types are given in appendix A.

Station Constants

Typical information in the station constants data
file is stored in the CMS data file STATION ATLAS, and
is displayed in Table 3. This data file includes site
code, watershed code, location identification, type of
strip chart and number of hours per revolution (for
cross-referencing with the data stored in CHARTPAR
ATLAS), the gauge datum elevation, pondage and rate
conversion data (only for runoff), and CMS data file-
names and filetypes for the rating and pondage tables.
The station constants corresponding to the example
given in the previous section on chart constants are
found in Table 3, line 3. Note that a data record is
formatted as shown in Table 3. Data entry can be

accomplished interactively by entering the CMS command

HAS ATLas

which provides appropriate prompts.
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Figure 8. Chart No. 5-4002-B. Variables for data file
CHARTPAR ATLAS.




- .
viva MM¥d90b viva MMYdo0b T0£4%2£000°0 $0810000°0 2°0- 0°'%2 V-0%1-9 900 “VANIIYI INYOHL 90£T 901
Viva MMIAITD viva  MMYAITD z98.100°0 £2660000°0 2°0- 0°%2 V-0%61-S TID °"VACHONVYE NNY_AMO0¥ TIST T1Id
ViVO0 MMdOTD viva MMEdOTd 615.9000°0 609£2000°0 2°0- 0°'H2 V-0%61-9 OTd “VAXIFY) SNNIM 3ITLLIT OIST OId
viva MM¥deod viva MM¥d60d 216HH500°0 662.20£000°0 2°0- 0°H2 V-0%1-5 600 "VA“XN33YI S7173MOd 60£T 60D
viva MMYdS0d viva  MMudgod _ ZSOTIT00°0 649%2000°0 2°0- 0°'H2 V-0%1-S 80D "VA“NIFYI HSNYE 80¢T 801
ViY3 MMYASTD viva MMYJSTD 102.256000°0 1250000°0 2°0- 0°H2 V-0%1-9 STO VACHONVYE INNLSIHI STET SIb
ViVG MM¥dH1d viva  MMYdHID 66%28%5200°0 £2995000°0  2°0- 0°'%2 V-0b61-S HID "VANIIYD SYILS04d HIST  HId
VivV3 MMid2TD viva MHYdZ2TO $5H0TLTS00°0 T099599000°0 2°'0- 0°'H2 V-0H61-9 2TD “VAHONVYE NIVINNOW ANOd 2I£I 2Id
Viva MMYdEId viva MMY<ETY £206%000°0 $2.20000°0 2°0- 092 V-0%61-9 £ID "VA‘NNY 8NHD £IST £Id

Viva 14SHNT14H  9HT.LHBECT 0 2°0- 0°%2 V-0%1-5 SO0b ‘VAM‘Q13I43¥00W S099 SOb

viva 14SHN14H 0160269S1°0 2°0- 0°H2 V-0b61-9 H0D "VAM‘QT13I43¥00W $099 H0d

viva 14SHN14H 820068T0T°0 2°0- 0°H%2 V-0b61-9 200 ‘VAM‘Q13I43400W 2099 200

viva 14SHNT4H  2T0099STIT1°0 2°0- 0°%2 V-0%1-S 100 "VAM‘Q13I43¥00W T099 T0b

viva N14¥d1d0 viva N14¥dIID  $£9.2£00°0 21620000°0 2°0- 0°%2 V-0%61-S TO-9NNJ "0J GYVMA3 3IONIYd 6TIET TIO

0°'9.1 8M-L02-S HWL “VA “AT70H INNOW VOIA VWL

19°158 92°0- 0°261 V-0S01-9 XXS ‘VANOLXVY T2£T XXS

LL°82 0°261 890T-9  0d€ ‘VA‘QUNGSHIVIE-MY04 S30I¥d 00£T 0Od9

0°0 0°26T V-TH61-9 4V3 "VA‘QUNESMIVIE-NY04 S3JI¥d 00€T 4v3

0°'0 0°9LT €M-L02-5 AUH VACQUNESIIVIG-HY04d S3IIT¥d 00ET JuH

0°02- 0°9/T 8M-202-G M4Vl ‘VA‘OUNESHIVIE-MH04 S3OIdd 00T M4Vl

0°0T 0°9.T 8M-£02-S5  d4V1 "VA‘9UNESHIVIE-M404 S30I¥d 00T 4Vl

0°0T- 0°S6T 2#M-201% 491 “VA‘QUNESMIVIE-MY04d SIJI¥d 00ST 491

viva L14EWNT4H £86T1S20.50°0 2°0- 0°26T V-0b6T-9 TISO 'VAM‘AITII3G -3LIS NVAITINS 9099 3IISH

2L8.508°L2 2°0- 0°26T V-TH6I-9 9SO "VAM‘A3I1NI39 -3LIS NVAITINS 9099 9Sb

Viva NISWNT4H 196618222 2'0- 0°9 V-096T-S TSV "VAM‘A3TINI39 -3L1IS NVAITINS 9099 1ISd

viva 14S2N74H 2825998H1°0 2°0- 0°%2 V-0561-9 TVO "V9 ‘SN3HLV 0bI Ivo

0°'H2  9-LH0%-9 T°0T HL "SSIW “0¥04X0 TOTL TWd

0°26T 9-9%0H-9 Tdd "VA ‘NOLYON VANN3d 02£T T1dd

2°'0- 0°H2  V-0b6T1-5 490 "VA‘QUNESHIVIE-NY04 S3OIdd SO0ET 490

2°0- 0°%H2 V-05%61-5 49D "VA“9¥NESHIVIE-MY04 S3IJI¥d H0ST 45D

2°0- 0°%2 V-0b61-9 450 "VACUNESNIVIE-HY04d S3IJI¥d £O0ET 450

0°21 €9-2005-9 L5d "VA‘HONVYE INNIS3IHI SIST LSd

0°21T 9-200%-9 9¢d "VA‘HONVYE INNLIS3IHI STET 9%d

0°21  9-200%-9 bgd "VAIIIYD SYILS04 HIST bHed

0°21  €-200%-9 2gd "VA‘NMY GNHD £T£T 2%£d

0°21 9-200%-9 Tg€d VANNY 8NHID £IST T1gd

0°21 9-200%-9 62d "VA “HONV¥E NIVINNOW ANOd 2ISI 62d

0°21 €9-2005-9 22d "YACHONVYE NNY AMO0Y TIST Z2d

0°2T  €-200%-S §2d "VA‘X¥3I3YI NNIM S31LLI7 OT£T S2d

0°21 8-2009%-9 $2d "VAOIIIYI NNIM S3ITLLIT OLST H2d

0°21 €9-2009-9 22d VA“)334) S113MOd 60£T 22d

0°2T g9-2009-9 02d "VA)33¥I HSNYE 80T 02d

0°21 9-200%-9 10d "VAM‘013I43¥00W 1099 10d

0°21 €9-200%-9 80d ‘VA“)NIIYI 9VYI 80T 80d

b 0°2T  9-200%-S5 Zdd "VA ‘NOLYON VAMN3d 0251 Zdd

viva MMXdZOD viva MMYdZObD 00SZT92100°0 000T0Z0000°0 2°0- 0°%2 V-0%61-9 L0 "VA “H33YI 9v¥d LOET ZOd
[T£1-911] £1T1-861 mwoumwu [28-14] [89-%9] [09-H5] [1S-HH] [0H-TT] [6-9] [%-1]
adA| aweuaTTy {1 oweuaTty 138y ebepuod com¥m>0mw uoT}nToARy adA) UOT}EDT4TIUIPT apo) opo)
a1qe) Buryey o1qe} obepucd  J0j $40}OBJ UOTSJDAUO)  wNjeq abneg Jad swr] 3jdey) uot}edo poysJajeM 831S

"SYILV NOILVIS ®TTJ B3EpP I0J 3euIOj PIodsd pue S3UB3SUOD BIEBP UOT3e}S '€ 9Tdel



24

Software Packages

CASsette

The function of this routine is to up-load data
from a tape cassette to on-line disk, scan data sets

for errors in data management codes, and delete data

encoded with code 5555.0.

DIGit

The function of this routine is to translate the
output from CASsette into proper units. For example,
the coordinate points from a rainfall chart would be
translated from a length measure to time (X-coordi-
nate), and accumulated rainfall (Y-coordinate).
Because the translation of the data can be the source
of many common errors, DIGit was designed as an inter-
active procedure. In the design of the interface
between user and computer, operator efficiency was
given a higher priority over computer efficiency. Con-
sequently, the inputs are given in "English Style" com-
mands with non-formatted alphanumeric inputs. A diary
of the current session also is created by DIGit. This
diary aids tracing problems in the data base (i.e.
missing date, number of storms for a given chart, etc.)-

The interactive section of DIGit consists of two
basic prompts. The first prompt relates to chart
information while the second relates to storm informa-
tion.

Chart Information -- The first prompt by DIGit is for

chart information. This information pertains to the
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whole chart and is answered before storm events can be
processed. All responses must be typed on a single
line and separated by at least one blank. The respon-
ses are discussed below in the order that they must be
given.

Station Information -- The station code of the chart is

the first entry. The code must be a unique set of one
to four characters. The first character is used to
identify the data type (see Table 2). For example, if
the letter Q signifies runoff and the numerial 07 sig-
nifies the Crab Creek watershed, then the station code
for a runoff station on Crab Creek Watershed would be

entered as

Q07

The site code (QO07) is used to locate the appropriate
chart and station constants in Tables 2 and 3, respec-
tively.

The second entry 1is a sequential number which is
used to identify the number of charts that have been
placed consecutively and removed on the same day. This

value is usually a 1 and appears as

007 1

The third thru sixth entries are placement date,
placement time, removal date, and removal time for the
chart, respectively. The date and time are entered as
integer wvalues. A placement date and time of May 5,
1981 at 2:00 pm would be entered as:

050581 1400
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A removal date and time of May 12, 1981 10:00 am would

be entered as:

051281 1000

The combined station code, chart placement and removal

code, and the placement and removal dates and times

would appear as:

Q07 1 050581 1400 051281 1000

The seventh entry is the time =zone. Legitimate
entries are Daylight (daylight savings time) or Stan-
dard (standard time). Minimum truncation is D or S.

The previous example now appears as:

Q07 1 050581 1400 051281 1000 D

The eighth entry is the X-coordinate corresponding
to the chart placement time (starting X-coordinate).
The starting X-coordinate is recorded manually on the
chart during the digital conversion step and entered
during the DIGit step. This value is used to determine
if chart information corresponds to the chart being
processed. Assuming a starting X-coordinate of 3.2,

the example now appears as:
Q07 1 050581 1400 051281 1000 D 3.2
The ninth entry contains optional chart parameters

or is left blank for no options. The following options

may be entered:
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+ /- (Flow direction : + for rising hydrograph
and - for recession hydrograph)

+/-XXX (Time adjustment factor in minutes)

Q10 (Station Code Modification =-- A suffix is
added to the station to signify an incom-
plete chart record, a winter temperature
chart and a summer temperature chart, or
missing, and a nearby station (Q1l0A) will
be used for missing record.)

+/-xxx.X (Depth correction)

The options can be entered in any order. The delimiter

is a space. The example (in brackets)

Q07 1 050581 1400 051281 1000 D 3.2 [- =10 Q20
2.57]

specifies that stage readings are decreasing (-), a
time adjustment is required (-10), the chart being pro-
cessed 1is different from the chart specified in the
chart information record (Q20), and the stage or depth
readings must be corrected (2.57).

After the above options are entered, the user is
prompted for chart notes or a null line to continue. A
maximum of 10 lines with up to 79 characters may be

entered. These records are listed in the diary.

Storm Information -- The second prompt by DIGit is for

storm information. This prompt will be asked for each
storm (2222.0 data management code) encountered on a
chart. All responses required by this question must be
typed on a single line. The delimiter for responses is
a blank.
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The first response is the beginning date and time
for the storm. The purpose of this response 1is to
locate the time span occupied by the storm event. A
single time span is defined as the chart length. This
option 1is necessary when charts have multiple 1line
traces (cover several time spans) to avoid transferring
zero response periods. The start date and time are
entered following the same procedure outlined for the
chart information respcnse. Any time within the time
span is allowable since date and time are used only to
index the event location. A storm start date of May 7,
1981 at 9:00 am would be typed as:

050781 0900

The second entry contains optional storm parame-
ters, or is left blank for no options. Legitimate

options are:

KEX < XXX (Starting gauge height)

EStimated or ERror (Minimum truncation is ES or ER)
SNow or Hail or SLeet or MR&S or MRS&S or MR&H
(Minimum truncations are SN,H,SL, MR&S,MRS&S,MR&H)

The options (in brackets)
050781 0900 [3.4 ER SNow]

would specify a starting gauge height of 3.4, data have
errors, and snow occurred.

After the storm information has been entered, the
user is prompted for storm notes or a null line to con-

tinue. A maximum of 10 lines with up to 79 characters
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each may be entered. After the storm notes request is
satisfied, all coordinate points are transformed using
Equation (1) and corrected as specified in chart
options. Redundant coordinate points also are removed.
The process is repeated for all storms on the chart.

The completed data base for the previous example

would be identified as

QO07BAS81 J125132 Al

and filed on disk. The CMS naming convention for data
sets (FN, FT, FM) is used. To facilitate user identi-
fication, the FN includes the station code (Q07), basic
data (BAS) and the year (81). The FT includes J
(Julian date), placement Julian date (125) and ending
Julian date (132). The FM is A, which signifies that
data storage is on the A disk.

Program control is returned to HAS.

ERRor

The purpose of the ERRor program is to scan data
files generated by DIGit for identifiable errors.
Because many errors are common to all data types and
basic formats are identical, this routine is used for
all data types (Carr and Shanholtz, 1978). Types of
error diagnostics are summarized by Carr et al. (1980).
When error diagnostics have been completed, control is
returned to HAS and the status of the ERRor step is
displayed at the terminal. If no errors are detected,
HAS will pass control to REDuce. When unrecoverable

errors are detected, execution is terminated.



30

REDuce

The function of this program is to process the data
files generated by DIGit into formats similar to those
suggested by Shanholtz and Burford (1967). Using a
previous example from DIGit, the completed data file is

identified as

QO7RED81 J125132 Al

and stored on disk. To facilitate user identification
the FN includes the station code (Q07), reduced data
(RED), and the year (81). The filetype and filemode

are as previously defined in DIGit.

TABles

The purpose of this program is to generate tabular
listings and a daily summary file from the data gener-
ated by REDuce. Two listing types are generated. The
first type 1is a daily summary of the information
recorded on the chart (e.g. daily rainfall or runoff).
The second type 1is a year-to-date daily summary that
includes accumulated monthly and yearly daily events;
maximum and minimum daily, monthly and yearly events;
and long-term averages for the station or a near-by
station. The daily summary file was designed for ease
of graphing daily events and/or statistical comparisons
between stations. This file is placed in permanent
storage by ARChive.
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GRAph

The function of this routine is to generate graphi-
cal displays. For example runoff hydrographs, hyeto-
graphs, mass diagrams, double mass plots, etc, can be

routinely obtained.

ARChive

The purpose of this program is to archive output
data files generated by DIGit, REDuce and TABles. The
filenames assigned to each CMS data file are concaten-
ated into a CMS file for use by VERify. The archiving
step is executed in batch mode. A file of the file-
names stored on tape or disk also is returned to CMS
for use by VERify.

VERify

The function of this routine is to compare the
filenames sent by ARChive with the filenames returned
by ARChive to determine files successfully stored. The

CMS file is erased when archiving is verified.

RECall

The purpose of this program is to retrieve data
files from magnetic tape or disk and return as a CMS
reader file. The user is prompted for the station code

and the inclusive dates.
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RELoad

The function of this routine is to dump CMS reader
files to CMS disk.

MERge

The function of this routine is to merge the output
files generated by DIGit and REDuce into continuous
station record files. The maximum time span covered by

a data file is one year.

ATLas

The purpose of this routine is to interactively
build and/or modify data files of chart and station

constants.



SUMMARY

A procedure was developed to automate the process
of extracting data from strip charts. Data are cap-
tured from strip charts with a digitizer and stored on
a cassette tape. During the next step, which can be
during the current session or at a later time, the data
are up-loaded to a CMS data file, processed and
archived on magnetic tape. Output includes, for each
event, a listing of analysis by break-point for each
strip chart, a daily summary by strip chart, accumu-
lated monthly and annual summary with statistics, and
selected graphical displays.

The interactive computer system reduces the time
required to manually tabulate and batch process and
archive data by approximately 75 percent. With this
system, outdated strip chart recorders are a viable

alternative method for data collection.
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Appendix A

Selected charts illustrating the determination of
chart constants for data file CHARTPAR ATLAS.
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Figure Al. Chart No. 5-1940-AB. Variables for data file
CHARTPAR ATLAS.
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Virginia’s Agricultural Experiment Stations

1 —— Blacksburg
Virginia Tech
Main Station

2 —— Steeles Tavern

Shenandoah Valley Research Station
Beef, Sheep, Fruit, Forages, Insects

3 —— Orange
Piedmont Research Station
Small Grains, Corn, Alfalfa, Crops

4 —— Winchester
Winchester Fruit Research Laboratory
Fruit, Insect Control

5 —— Middleburg
Virginia Forage Research Station
Forages, Beef

6 —— Warsaw
Eastern Virginia Research Station
Field Crops

7 —— Suffolk

Tidewater Research and Continuing Education Center
Peanuts, Swine, Soybeans, Corn, Small Grains

8 —— Blackstone
Southern Piedmont Research and Continuing Education Center
Tobacco, Horticulture Crops, Turfgrass, Small Grains, Forages

9 —— Critz
Reynolds Homestead Research Center
Forestry, Wildlife

10 —— Glade Spring
Southwest Virginia Research Station
Burley Tobacco, Beef, Sheep

~
Winchester

11 —— Hampton
Seafood Processing Research
and Extension Unit
Seafood

{
Middieburg
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