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¥.  INTRODUCTION

The success of much current hydrological research depends on the
availability of continuous sequences of accurate runoff, rainfa]? and
potential evaporation data for defined catchment areas. Using the
advantages of high computation speed and compact storage of modern
digital computers, it is possible to handle long sequences of such
data. Thus there is a tendency for analysis to be based on short
time intervals; hourly data might be used where previously daily
values were adequate. This appetite for data in such analyses as
conceptual modelling, makes considerable demands on the data collec-
tion and'processing facilities. It is no longer efficient or even
practicable to prepare the data by hand., nor is it possible by
traditional methods to ensure that the improved accuracy of field
measurement is carried through to the resulting processed data. The
need. for a comﬁuter-based data processing system is obvious and it

is also clear that any system must contain an adequate method of
quality contro] to maintain the accuracy of the data.

Anyone familiar with the collection of hydrological data will be aware
of the diverse character both of the instrumentation and of the net-
works of measuring points used to sample the rainfall and meteorolog-
ical variables. In addition, rainfall is often measured over
different time intervals by different instruments in the same catchment
area. Some variables are not measured directly; streamflow is
usually inferred from a measurement of water level or stage while
evaporation is usually estimated from various combinations of measure-
ments of meteorological variables. No two situations are going to

be identical although the analyst who will use the processed data
requires that it should be in a consistent form which will enable

him to apply the methods of analysis uniformly to different catchment
areas.

Desirable as it might be, it is impossible to deve]bp a processing
system which will satisfy the demands of all users. From the
beginning this system was developed principally for those studies
which require as input the three major variables, streamflow, rainfall
and potential evaporation, each with consistent units and with un1f0rm
time: 1nterva1 These are the requirements for water balance and
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- mathematical model studies. Nevertheless it should be possible with
the minimum of further'processing to use the data for a wide range of
studies on one or more of the variables. The requirements of the
overall system can be stated simply: '
_  early transfer of data to punched cards or magnetic tape
- standard form of input data
- adequate labelling of input data
- facility for editing input data
- quality control scheme
- compact, permanent storage of input data
- - adequate description of operational ins trument networks,
units and frequency of observation
- versatile main processing scheme for computing areal
estimates .
- compact, permanent storage of processed data
- facility for graphical display and summary listings
- standard data retrieval facilities |

In addition to these particular requirements the system should be

- flexible to facilitate adaptation and improvement

- simple to operate

- internally consistent

- easily sdapted to different computers and data storage

systems

Although some of these requirements may seem to be in conflict,

for example versatility is not always consistent with simplicity or
flexibility, this list does suggest a broad framework within which
the system can develop. This framework is shown as a flow diagram
in Figure 1, and the main sequence of steps can be described as

- ANNOTATION

- PREPROCESSING

- QUALITY CONTROL

- MAIN PROCESSING
- DISPLAY
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ANNOTATION covers all those office procedures invelved in labelling
and collating the data, providing the control information necessary
to describe the instrument network and the frequency of ohservation,
and the transfer of data to some computer storage medium such as
punched cards or magnetic tape.  Because Of the variety of data
collection and collation procedures in use, only that part of the
ANNOTATION stage which is concerned with the form in which the data
is input to the computer and the form of the control data is described
in this report. Once the form of input is established it is desir-
able to adjust the office procedures so that the field records can be
transferred to the computer with the minimum effort. '

PREPROCESSING is that stage which is necessary when it is desirable
to use the computer to translate the data into a form acceptable to
the program system. No matter how comprehensive a system of programs
might seem to be, there are always some circumstances where an extra

step or process is required.

QUALITY CONTROL is self defining. It is also the stage in the
processing of data which is most easily overlooked. This might be
due to the difficulty in defining tests which draw a useful balance
between not letting through discrepancies and yet minimising the time
which must be spent in checking the error diagnosis. This stage can
be continuously refined by experience. Also discussion of the
results with field staff collecting the records may lead to improve-
ment in field techniques.

THE MAIN PROCESSING stage is that in which the raw data are trans formed
to the desired output. For example, river levels are transformed to
flows; point rainfalls are combined to give areal rainfall estimates.
In general this process should be straightforward provided the
ANNOTATION and QUALITY CONTROL have been carried out properly.

The final DISPLAY stage has been added to assist in the further
analysis. It is expected that full numerical analysis will take the
final output from the MAIN PROCESSING stage. Nevertheless there is
always a need for graphical display and summary listings which help to
define the approach to be taken in the full analysis.




Section 2 of this report describes more fully the approach that has
been taken in each of the stages defined briefly here. The sections
following describe these stages in detail for each variable for the
benefit of a user of the system., Section 6 describes the operation
of the system on an ICL 1900 series computer. In due course it will

" be possible to add to this when the system is adapted to run on other

computers.

Similarly, it is expected that future experience will enable other
sections of this report to be updated as more powerful techniques

are introduced, both in terms of the hydrological and the computational
methods employed. For example, the experience gained so far should
enable some simple statistical tests to be introduced in the quality
control stages especially in those areas where some variables are not
adequately checked.

However the main purpose of this report is to set out some of the
principles which should be followed in processing raw hydrological
data. Many valuable sets of data exist in the U.K. but their use in
advanced research is limited both by the unsuitable form in which
they are stored and by uncertainty of their quality. Sooner or
later a data bank must be developed; the authors believe that the
system described here is a useful starting point for the processing
of consistent sets of catchment data comprising the three major
variables.







SECTION 2

OUTLINE OF THE SYSTEM

2.1 Introduction

2.2 Data and data storage

2.3 Preprocessing

2.4 Quality control

2.5 Calibration and network tables
2.6 Main processing |

2.7 Display

A11 program listings will be found in Appendix A
which is published separately.
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2.1  INTRODUCTION

The previous section has served as an adequate introduction to tﬁe
outline of the system. Nevertheless it is desirable at this point
to describe some of the nomenclature which will be foliowed in this

report.

" The choice of programming language and technique is an important

consideration when developing programs for continued use over a long
period and when the programs are required to be easily adaptable to

a range of computers. Fortran is the generally accepted high-level
language for scientific brogramming. However there are several
versions of the basic Fortran system and as far as possible the
standard ASA Fortran has been used throughout the development of these
programs. ' '

Nevertheless there are certain computer-specific problems which arise,

particularly those concerning the handling of data within the computer
configuration being used. These are discussed in Section 6. All

other routines should be acceptable unchanged to the appropriate Q
compiler on many of the widely used computers,

Throughout the report all variables, parameters and other character-
istics have been given the name used in the Fortran programs. In
addition, tables giving the nomenclature used in the programs are given
in each section so that the user can refer to the program listings in
Appendix A and carry out any amendments that are necessary.

Also in the report reference will be made to punched cards even when
it is obvious that the data are stored on disc file or magnetic tape.
When these programs were first developed it was found to be easier to
input all data on punched cards and to carry out the editing during
the quality control stages also on cards. Although other methods are
now used {described in section 6) it is convenient to retain the
nomenclature and to describe formats in terms of the 80 column punched
card.
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Similarly, the principal media for data storage will be referred to
as magnetic tapes'even though alternative media such as discs are
used when appropriate. The most suitable form of storage depends to -
a large extent on the computer configuration and software available
particularly when carrying out editing procedures.

2.2  DATA AND DATA STORAGE

There are three major aspects of the data handling system which need
to be defined before the processing system can be built up. These
are:

- the time base of the data
- the control and labelling system
- the form in which the data are to be assembled

The time base of the data, that is the frequency of the stored records,
must be governed both by the frequency of field observation and the
requirement of the subsequent analysis. Although it was iﬁpossible to
envisage all the possible analytical requirements, a maximum frequency
of observation of once every 15 minutes was chosen. This figure is
consistent with the frequency required to give an acceptable error
level on the volume under a flood hydrograph for a small catchment area
(Herbertson et al, 1971) and is consistent with the level of time
synchronisation which can be expected in 2 well instrumented experiment
on a catchment scale. However, this high frequency of observation is
uncommon and the system must allow for much lower frequencies of obser-
vation which, for rainfall and meteorological observations, could be
once per day.

Thus the system is designed to accept a range of data input frequencies,
the frequency being defined by a single index, IFREQ, which is defined
by Table 2.2.1. The interpretation of this index as described in the
Table is carried out in the various programs by SUBROUTINE MEFREQ.

It should be noted that the programs allow for modification of the data
frequency within the processing program in those cases where a high
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input frequency is necessary to give accuracy at a Tower frequency.
An example of this is streamflow where more accurate values of hourly
flow are obtained from an integration of the 15 minute flows. Thus
there is an independent output frequency index, JFREQ.

The control and labelling system is governed by the following require-

ments:

- all the information necessary to carry out the quality
control and main processing stages must be stored with

the data

- a full description of the instrument network should also
be stored

- the labelling should allow for easy access and identification
for checking purposes

- the labelling should enable the computer to know in advance
what information it should expect |

To satisfy these requirements a format based on calendar months and
days was chosen. This tends to follow existing office procedures and
thus minimises the time required to annotate and transfer the fieid
observations to punched cards or tape. The data are then stored in
separate, defined monthly batches with additional labelling by days.

The general form of a monthly batch of data cards is shown in Table
2.2.2. The LEAD CARD which precedes each monthly batch defines only

the variable (streamflow, rainfall or evaporation) and the month and
year of the batch. This card allows the computer to read the next card,
the CONTROL CARD, in the format appropriate to the variable. The value
9 in column 61 of the LEAD CARD indicates that this card is the first
card of a monthly batch and to avoid ambiguity and to speed up
subsequent search procedures, this column is blank on all other cards.

lThe format is given in Table 2.2.3.

The CONTROL CARD contains all the indices and information on catchment

13



characteristics which are required to ensure correct processing of the
data. Table 2.2.2 defines the information which is common to all
CONTROL CARDS; other information specific to each variable is given in
the following sections of this report where complete format statements
are given. In some cases additional CONTROL CARDS are required fin
order to specify completely the instrument network for those variables
such as rainfall which require sampling in space. As will be seen in
the detailed program descriptions there. is adequate information on the
main CONTROL CARD to allow the other cards to be read correctly.

The data are entered on daily DATA CARDS; where the frequency of obser-
vation makes it necessary there may be several cards per day. The first
60 columns of the cards are reserved for data, the remailning cojumns

are used for labelling information and, in the case of rainfall data,
for additional control information. The general labelling information
common to all DATA CARDS is given in Table 2.2.2., Complete format
statements for each variable are given in subsequent sections of the

report.

A consequence of the choice of the calendar month as the batch size is
that within a month's batch all the characteristics of the instrumenta-
tion and networks and the frequency of records must be constant. For
example, it is not permissible to change the units of the observations
during a month. If such a change is made in the field, a consistent
data set must be prepared by hand if necessary, and the units index
then changed at the beginning of the following month,

The standard formats used in coding and punching the data on cards or
paper tape impose a pattern on the listed display of the data which {is
of considerable help to the office staff who must follow up the error
checks resulting from the QUALITY CONTROL stage. Most punching errors
can be detected readily.

The batching of the data by calendar months which are internally consistent
allows flexibility in storing the data. Month]y batches may be stored

in any order of dates or variable or catchment although obviously it is
usually more convenient to arrange the batches in date order and to

store the data from each catchment on a separate tape.

14
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One of the aims of the system is to provide a permanent, safe and compre-
hensive stored record of all the basic input data. As described above |
the data are assembled in a systematic and comprehensive way. Fo]lowing
QUALITY CONTROL these data are stored permanently on magnetic tape which
can be copied several times for additional safety. Following the MAIN
PROCESSING stage the output to magnetic tape or disc is also stored
permanently. Clearly the assembly of the basic data and the careful
presentation of the background information in the CONTROL CARD scheme
described here is fundamental to any further work. If it is carried out
thoroughly and the QUALITY CONTROL scheme contains many tests which
ensure that it is, then there is often little need subsequently to

refer to the field books. Some streamflow data processing schemes
advocate the transfer of observers' comments to punched cards along with
the data. 1In our view this has two drawbacks. The more important is
that subsequent analysis is generally numerical and thus there js 1ittle
value in having taped comments which cannot be heeded by the computer.
Secondly, the comments are often an excuse for not carrying out obvious
corrections to the field data before they are presented for coding.

15



TABLE

IFREQ
JFREQ

Any combination of IFREQ and JFREQ are admissible except;

2

1.

2.

1 DATA AND DATA STORAGE

Input and Output Frequency Indices

Input data frequency index
OQutput data frequency index

Index value

Frequency
i tems /day

[oo REL N TR = . B & o SR 2 N

96
48
24
12

- N & ®

Cases where JFREQ < IFREQ

The case where IFREQ = 4 and JFREQ =5
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TABLE 2.2.2 DATA AND DATA STORAGE

General form of a months data batch

LEAD CARD

LEAD CARD defines only data types,
catchment number, month and year,

CONTROL CARD

CONTROL CARD defines catchment area,
data type, input and output frequencies,
units used, catchment number, number of
days in the month, month and year
together with information specific to
the variable being processed.

ADDITIONAL CONTROL CARD(S)

ADDITIONAL CONTROL CARD(S) carry any
further information specific to the
variable which is required in the
processing.

DAY 1
DATA CARD CARD 1

DAY 1

DATA CARD  ion's

etc

DAY 2
DATA CARD CARD T

DAY 2

etc

Last Day
DATA CARD CARD n-]

Last Day

DATA CARD CARD n

The DATA CARDS are numbered 1 to n for
gach day, there being as many cards as
are required to accommodate the data.

On each DATA CARD the label contains
the data type, card number, catchment

number, day of month, month and year

together with some control information
when necessary to describe the data
adequately (for example rainfall}.

Datails of the format statements
relevant to each variable are given

in the appropriate Tables in sections 3
to 5. _
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TABLE 2.2.3 DATA AND DATA STORAGE
' ' Lead Card Format
Item Symbal Format Columns Units of Remarks
Lead card symbol NINE n 61 always 9
l Data type LTYPE o 62 1 = streamflow
2 = rainfall
3 = evaporation
l Catchment number | LSITE 13 72-74
Month and year LMONTH I4 77-80
| 1




2.3 PREPROCESSING

At present the main function of the preprocessing stage is the digitisation
of information held on charts. Many of the instruments used to record
water level or rainfall have a chart output and there is a considerable
saving in office time by automating the data abstraction process. A
comprehensive program has been written to take the output from a chart
digitising machine {usually punched paper tape) and to produce an output
on magnetic tape in a form suitable for further processing by the system
describead in this report. As this procedure is complicated it forms the
subject of a separate'report (Douglas, 1972).

From:time to time it is necessary to write ad hoe translation programs
so that data assembledby other organisations may be run through this
data processing system for further analysis. A1l such programs come
under the general heading of PREPROCESSING. Clearly it is not helpful
to attempt to describe all such programs here. The output format is
always the same and it is a simple matter to write a suitable program
although incompatibility of some computer peripherals does- sometimes
add. to the effort involved in making data transfers. Experience also
suggests that data transfers are made more difficult than they should be
by the poor quality of data sets, particularly in terms of missing data.
There might often be some justification for carrying out some quality
control at source following the prihcip1es described in this report.

2.4 QUALITY CONTROL

Within the system this is the only stage at which error control is
exercised. The checking system should therefore be as comprehensive'
as possible. All possible errors can be classified under the
headings |

- errors in the field records
- punching errors

- errors in assembling the data cards

Of these, the last is by far the easiest to check because of the
comprehensive labelling system. Each card that is read is tested by
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SUBROUTINE TYPEST for consistency of catchment number, data type, month
and year; the LEAD CARD being used as the master for comparison.

kithin the QUALITY CONTROL routines the day and, where there is more than
1 card per day, the card numbers are checked. Thus it is highly
improbable that the final data batches contain an incorrect number of
cards or that the cards are in the wrong order. Clearly punching errors
in card labels are detected by inspection during these basic tests.

Errors in the field records and punching errors in the data require
more sophisticated forms of checking. Possible forms of quality control
could include

- statistical tests based on the expected variability of
the data ' 3

- tests based on trends

- tests involving comparison of totals from the field books
and those computed from the data input to the computer

At present only limited use is made of statistical and trend tests. In
principle it is not difficult to include such tests but in practice some
experience is required before suitable error levels can be defined.

As this experience is built up, it is expected that improved tests will be

incorporated. The structure of the programs enables additional
subroutines to be incorporated without difficulty.

At present much reliance is placed on the comparison of totals from
field books with those computed from the data input to the computer.
Sometimes it is possible to compute sets of totals in two ways from

the same batch of data. Taking rainfall data for example, it is
possib1é to obtain the total of all observations fof each day and

also the total at each raingauge site for all days of the month. Thus
any singlie discrepancy would appear in two totals which enables the

of fice staff to locate the error quickly. Naturally this procedure does
not detect errors in the original field observations or booking;
however, it does ensure that almost all punching errors are detected.
The actual tests performed are described in detail in the later sections.

20



The general procedure is the same for each variable. The data are run
with the quality control program, a diagnostic list of possible errors

is produced, these possible errors are checked and the data corrected
where necessary. The quality control program is re-run and the procedure
is repeated until the data are deemed to be consistent. They are then
stored on mhgnetic tape, copies are made for safe keeping and the data
are ready for the MAIN PROCESSING stage.

It is sometimes the case that with so many cross checks on the order and
labelling of cards, a single error will give rise to a string of
diagnostics. When cards are missing or there are too many, it is
unTikely that the program will adjust to the situation, and a string of
diagnostics will follow from the point of error. In these casea built-in
error count is exceeded and the quality contrel of that particular |
months batch of data is curtailed. SUBROUTINE FAIL is cailed which
initiates.a search trhough the data file for the LEAD CARD of the

- following month's batch. The diagnostic QUALITY CONTROL FOR MONTH

ABANDONED is written on the line printer output.

One serious kind of error which has been encountered occasionally is

the non-synchronisation of rainfall and runoff events. Often the
discrepancy is exactly 24 hours indicating an error in the date on the
original charts or in the field books. Such errors are usually discovered
during further analysis, that is, after the main processing and display
stages have been completed. Although it is a simple matter to correct
the basic data tapes and then to repéat the quality control, main
processing and display stages for that month, there is much wasted

time. Thus it is desirable to try to check such errors as part of the
quality control stage. One method would be to display in graphical
form, rainfall and flow data on the same time base. A visual check
cou]d.then be made for non-synchronisation of storm events. The program
for this additional display stage wiil be published as an appendix to
this report.

Examples of the output from the QUALITY CONTROL routines are shown
in the sections of this repokt which describe in detail the tests on
each variable. In general the QUALITY CONTROL stage is not considered
complete until the output contains the message DATA CONSISTENT. However
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it is possible that certain apparentiy erroneous values are indicated
when checking shows them to be accurate and realistic. Thus the QUALITY
CONTROL stage may be considered completed when only these values are
indicated on the output.

2.5 CALIBRATION AND NETWORK TABLES

Some aspects of the MAIN PROCESSING require information which is additional
to that included on the CONTROL CARDS. This may be required for :
calibration of an instrument such as a gauging weir in a river, or a

more complete description of a network such as might be required to
determine which operational recording gauge is nearest to a given standard
raingauge. It is most convenient to present this information numerically
in the form of tables and as changés accur anly occasionally, it is
wasteful of storage space to include it with each month's data. Thus
these tables are stored at the beginning of the magnetic tapes which

hold the final processed data and they are identified by variable and
catchment number only.

For the calibration of weirs and flumes, special programs have been
written which. compute the discharge for every millimetre increment of
water level. The table is then used as a 'look up' table without

any further interpolation. These programs are described in Section 3.5.

The tables which define instrument networks are at present necessary
only in the case of rainfall. These tables are prepared manually
and the procedure is described in Section 4.5.

When changes in either the calibration or network tables are necessary
there is a procedure for storing the new tables on the processed data
tape and this is described in Section 6.

2.6 MAIN PROCESSING

The aim of the processing system as a whole is to produce estimates
of the variables integrated over the defined catchment area. Of

the three major variables only streamflow is obtained from continuous
water level measurement as an areally-integrated value. Measurements
of other variables are necessarily point samples which must be
conbined in some fashion. The MAIN PROCESSING programs, one for each
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variable, carry out this function. The hydrological problems involved

in these procedures are diverse and are better left for a full _
description in the later sections of the report. However, it is pertinent
at this point to discuss some of the general aspects of the programs.

Inevitably different catchments pose different problems for processing.
For example, the network of raingauges may be different in the sense

that one catchment may have daily-read gauges together with continuously
recording gauges, whereas another catchment may have monthly-read gauges
with a number of recording gauges. As another example, the instrumentation.
at different meteorological sites might necessitate the estimation of
incoming solar radiation by any one of several different methods.

Clearly having a different program for each eventuality would lead to
needless duplication of the common aspects of each method and would
certainly lead to confusion in operating the programs. The labelling

and control information described in Section 2.3 and elsewhere has
enabled the instrument and network systems to be completely defined.

Thus a sensible approach is to make the MAIN PROCESSING programs
sufficiently flexible to deal with all the expected variations. Although
this may seem to make the programs complicated, the use of consistent
symbols and nomenclature ensures that they are reasonably easy to '

follow.

Superimposed on this flexibility of method is the requirement that they
should deal with different frequencies of input and output data and
with data in a range of different units. However the units of the
output data are standare, chosen to be millimetres depth of water over
the catchment area.

The output from the MAIN PROCESSING programs is stored on the processed
data tape. This is the data tape for further analysis and for input

to the DISPLAY programs. The CONTROL information is carried through

to this tape. The only variation in format on this tape is in the
frequency of the data, that is the number of items per day. The output
frequency index on the CONTROL CARD defines this frequency and thus
allows the tape to be read using a standard reading routine.

As the processed data tape can be regenerated easily and efficiently,
its safety is not as important as in the case of the basic data tape.
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Nevertheless it is prudent to make copies of this tape. Users of the
processed data may well find it an advantage to make further tapes to
suit their particular needs for specialised analysis; for example, they.
may require only one variable as in- certain time series analysis, or

they may require all variables standardised to a common frequency but
merged in some special way perhaps for modelling or catchment response

to rainfall, It is not within the scope of this report to list such
programs which are best developed on an ad hoe basis. However experience
does suggest that the processed data tape should be regérded as the

basic reference tape for most analyses. Some analyses which may require
data not carried through to the final tape, such as water level or
temperature, will need to refer to the basic data tape. Naturally this
will be a more complicated procedure although it should be more efficient
than repunching and validating the particular data set required.

2.7 DISPLAY

Although most analyses are now carried out numerically, there is always a
need to refer to graphical display and summary tables both to obtain a
general appreciation of the data and to identify events which require
particular emphasis in a study.

To help satisfy these requirements, three forms of DISPLAY have been
developed. The first is a graphical display, the three variables flow,
rain and evaporation being plotted on a common time-scale. Since the
graph is not intended to be used for measurement it is not necessary to
use a very large format and the hard copy output from a microfilm plotter
js ideal for this purpose, especially as -a continupus time-scale can be
obtained. . The microfilm can be used directly if suitable microfilm
readers are available.

The second form of display which has been found to be useful is a monthly
summary sheet giving monthly and daily totals of the three variables
together with the CONTROL CARD information. For long data sequences it
is a simple matter to make a yearly summary by hand.

The final display form is a complete 1isting of selected parts of the
processed data tape. Occasionally this form of listing is required for
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detailed study of selected events such as storms. A similar facility
for the basic data tape is not necessary as a complete listing is made
for reference whenever new data are added to it.

Unfortunately the programming for graphical displays is usually specific
to the computer system avaiiable. Consequent]y it is not possible to
present a program for universal application. The program presented in
this report has been developed specifically to be run on the Science
Research Council's 1906A computer with the Stromberg-Carison 4020 plotter.
The Fortran program is listed in Appendix A and the operating instructions
are given in section 6.7 of this report together with examples of the

output.

The program has a limited amount of flexibility. Normally the processed
data tape contains data with a'l hour time interval (except evaporation
data which is normally one value per day). If for any reason the time

interval is longer, the data are adjusted before plotting to give the

equivalent of hourly values.

Although this may give a stepped appearance to the hydrograph the result
is acceptable for the purposes of appraisal.

For further information concerning the SC4020 plotter and its uses, the
reader is referred to the Atias Computer Laboratory report “1900 FORTRAN

SYSTEM FOR THE SC4020".
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SECTION 3

STREAMFLOW

3.1 Introduction

3.2 Input data

3.3 Control information
3.4 Preprocessing

3,5 Calibration tables
3.6 Quality control

3.7 Main processing

A1l program listings will be found in Appendix A
which is published separately.
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3.1 INTRODUCTICN

Only rarely is streamflow measured directly on a continuous basis.
Usually the data are of river stage (water level) from which stream-
flow data are obtained using a calibration curve or table relating
streamflow to stage. Such calibrations can be constructed from
direct flow measurement (by current meter traverse or chemical
dilution methods) or from theoretical considerations in situations
where there is a gauging structure at the site.

Stage is recorded in a bewildering variety of ways which can be
classified as manual records, chart records and punched paper tape
records. Of these, only chart records are strictly continuous. In
assembling data from these sources it was found desirable to separate
the rather detailed and specialised procedure involved in bringing

the data to a common format on magnetic tape and to form a PREPROCESSING
package. This is described in full in a separate report, (Douglas,
1972), which covers the procedures for annotation of the basic data,

for automatic chart reading and for transformation of the data to a
standard format. It is in this annotation stage that all field checks
are noted and when a complete visual check for gross anomalies is carried
out. Timing errors in the recorder are the most serious kind of error
which is corrected at this time.

The QUALITY CONTROL and MAIN PROCESSING of the stage data are described
in this report together with the computation of calibration tables for
gauging structures of the Crump weir and flume types. Figure 2
illustrates the overall sequence of the streamflow processing and it

is self-explanatory.
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3.2 INPUT DATA

Flow can vary rapidly on the smaller catchment areas commonly used
in research projects and the main prdb]ems in achieving precise
estimates of volume of flow over a specified time interval is in
integrating this fluctuating flow. Either one can take measurements
from a continuous record of flow (more commonly of water level) at
short time intervals and use a simple linearmethod of integration

or one can take less freguent measurements and adopt a more sobhisti:
cated form of integration involving a cubic or higher powered inter-.
polation between observed points. The development of techniques for
abstracting data from charts automatically has made it practicable
to adopt the first alternative which in principle gives better
precision. The programs will accept data with time intervals as
short as 15 minutes and as long as 1 day. This frequency is defined
by IFREQ on the CONTROL CARD as defined in Table 2.2.1. |

For a given time interval and using simple linear integration it

is most convenient if the data refer to the time at mid-interval,
.. ) . «

Thus the total flow in interval t -~ t +. 4t will be at Qt+ At)2

adjusted by an appropriate factor to account for units and calibration.
If readings are taken on the time interval, that is at time t and t + 4t
then the volume will be the average of the 2 readings mu]tipTied by

At. The first method is slightly more efficient and it also avoids
having to carry over the last reading of one month to the following
month. However, although the automatic chart reading systemfié set

up to give mid-interval readings, manually abstracted data are common 1y
abstracted on the time intervai. In the processing system both are
acceptable and they are distinguished by the interpolation index,
INTERP, on the CONTROL CARD. |

The stage or flow data are input, in card format, with 12 readings

ner card, there being up to 8 cards per day. The format is given in
Table 3.2.1. The readings are punched without decimal points in a
field width of 5; the units index, INDEX, indicates both the unit

of measurement and the number of decimal places. Any unit is unaccept-
able provided that the field width is not exceeded. Units other than
those listed in Table 3.3.1 will require a new value for INDEX and
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the insertion of an appropriate factor in the MAIN PROCESSING program.

- Table 3.2.2 shows a month's data assembled and ready for the quality
control stage. There are 96 values per day, read at mid-interval,
8 cards per day and a total of nearly 250 cards per month.

TABLE 3.2.1 FLOW - INPUT DATA
Data card format

[tem Symbol | Format 601ﬁmns Units and Remarks

12 Stages (discharges) S 12F5.0 1-60 | no decimal points
and right-justified

Data type ITYPE I 62 | always !

Card number ICARD I1 68 {1 to n cards per
day

Catchment number ISITE 13 72-74

Day of month IDAY 12 75-76

Month and year IMONTH 14 77-80
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3.3 CONTROL INFORMATION

The format of the CONTROL CARD is given by Table 3.3.1 which also
defines the purpose of most of the items shown. However, the.
following require some further explanation.

The zero correction, ZERD, is a quantity which will be subtracted
from the stage values before the stages are converted to discharge
using the calibration tables. The tables are constructed in such

a way that zero discharge is associated with zero stage, that is,

----- the stage datum is the true hydraulic datum for the structure. Thus
the ZERO correction has two main uses. Firstly it allows for the
situation where stages have been recorded relative to Ordnance
Datum which is invariably different from the hydraulic datum.
Secondly, it allows a correction (always a mean correction for

the month) to be made for any error in the datum of the stage record-
er. These recorder datum errors are usually measured by Tevelling
and a hydraulic levelling technique is recommended for accurate

work .

The highest stage, SMAX, should be found by visual examination of the
recorder charts or punched paper tapes. In some applications such

as data on magnetic tape or punched paper tapes of the kind produced
by the Ott recorder, it will be necessary to list the data. This

may appear to be tedious but it is considered that every effort be
made to ensure the precision of peak stageé and hence of peak
discharges. '

The interpolation index, INTERP, allows for readings taken on the
time interval or at mid-interval. This is related to the method of
interpolation used to compute the runoff during the time interval.
It is convenient in the MAIN PROCESSINC routine to use mid-interval
data; thus the PREPROCESSING routine produces data at mid-interval.
However, most historic data will probably have been abstracted on

the interval. In this case it is necessary, in a monthly batch,
to have one more reading than there are time intervals. This
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reading is taken as thé 09.00 hrs reading for the first day of the
month and is entered on the INITIAL DATA CARD whose format is given
by Table 3.3.2. This card follows the CONTROL CARD.

The input frequency index, IFREQ, which is chosen depends on the’
discrimination of the recorder and on the method of data abstraction
in the case of a chart record. Chart speed and thickness of trace
must obviously be considered. The use of a chart digitiser such as
the d-mac equipment described elsewhere (Douglas, 1972) allows any
time interval to be used because there is an efficient interpolation
scheme incorporated in the PREPROCESSING program. As a general rule
it is desirable to abstract the maximum amount of information from
the field data at this stage in the processing sequence as this will
lead to a reduction in the errors of integraticn over longer time
intervals in the MAIN PROCESSING program. The index IFREQ takes the
values, 1 = 9 for data time intervals of 15 minutes - 24 hours as
defined in Table 2.2.1. '

The output frequency index,JFREQ, should be used to apply hydrological
judgement concerning the time interval which is consistent with the
accuracy of the recorder and the time base of the most detailed further
analysis which is contemplated. Clearly the output frequency cannot
exceed the input frequency; otherwise all combinations of IFREQ and
JFREQ are admissible except the case, IFREQ = 4, JFREQ = 5.

Several alternative units can be used with the existing progréms.
It is a simple matter to insert further options when necessary in

the MAIN PROCESSING program.
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TABLE 3.3.1 FLOW - CONTROL INFORMATION

Control card format

. _ _ _ : \ .. — . : _ N . _
e S GR BE W S A NN R S B N vk n O e e W e

Item Symbol Format Columns ~ Units and remarks
Catchment area _ AREA F10.1 1-10 hectares
Zero correction ZERO F5.0 11-15
Highest stage . SMAX F5.0 1€-20 highest stage (dis-
(discharge) ' charge) for the month.

Month extends from

0900 hours on first
day to 0900 hours on
first day of follow-

ing month.
Data type ITYPE I §2 always 1
Interpolation index INTER?P 12 64-65 1 = readings on the
interva)l
2 = readings mid-
interval
Input frequency IFREO 12 66-67 )
Output freguency JFRED | 12 co-go | ) See Table 2.2.1.
-3
Unit index INDEX | 12 0-71 | 1= stage x 107 ¢
2 = stage mm
= flow_ ins/hour
X IO- . 2
4 = stage x 10 ft
Catchment number - ISITE I3 72-74
Number of days in
month - IDAYS Iz 75-76
Month and year IMONTH 4 77-80
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TABLE 3.3.2 FLOW - CONTROL INFORMATION
Initial data card format

- = o :

Item SymbolfFormat| Columns| Unit and Remarks
Initial stage (discharge} 5 F5.0 1-5 0900 hour reading
on first day of
month
Data type ITYPE |I1 62 |always 1
Catchment number ISITE |13 72-74
Month and year IMONTH| 14 77-80
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3.4 PREPROCESSING

The special suite of programs which cover the abstraction of data from
chart records is described in full in a separate report, (Douglas, 1972).

The programs are written to take advantage of the facilities offered
by the d-mac chart reader. This reader produces a punched paper tape
output corresponding to the cartesian coordinates of the position of

a target on the chart table. Thus when a chart is placed on the table
and the trace followed by the target, a sequence of coordinates is
produced on tape.

Procedures have been developed for annotation and calibration so that
each paper tape is prefaced by all the information required for check-
ing and for further processing up to the stage when the output is written
on to the basic data tape. The prdgram which analyses the punched

paper tape includes some quality control which checks that correct
procedures have been followed and that a sufficient length of chart

has been covered. '

The machine-based cartesian coordinates are translated into chart
coordinates and if necessary, allowance is made for curvature of

chart scales. It is convenient to abstract data at points chosen

by considering only the rate of change of the trace, provided sufficient
points are taken off in total. A cubic interpolation routine then
recons tructs the trace and values are determined by interpolation at

the time intervals required for further processing.  The output to

the basic data tape is then in a form consistent with the data

format given in Table 3.2.1.
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3.5 CALIBRATION TABLES

Streamflow is usually estimated from measurements of water level.
As far as data processing is concerned, the form of the relation-
ship between flow and water level or stage is not directly rele-
vant. Mowever, in the catchment areas used in research programmes
it is desirable to achieve a relatively high accuracy in the esti-
mation of flow. The catchment areas, and therefore the flows, tend
to be relatively small and it is possible to achieve good accuracy
by building a control structure such as a weir or flume at the
gauging station. This ensures a consistent relationship between
flow and stage; a relationship which can be derived from theoreti-
cal considerations.

This section describes a program which has been written to construct
calibration tables for the more common types of control structure,

particularly the Crump weir and the critical depth flume. It is not
intended here to describe the derivation of the theoretical equations

used in the program; they are fully described in the literature cited.

For those structures or rated river sections for which this program
is inapplicable, it will be necessary to write an ad hoc program to
construct the calibration table.

The final form of the calibration table is a list of flows with the
unit of cubic metres per second corresponding to a specified range
of stages in increments of 1 mm. The datum of the stage range must
correspond to the true hydraulic datum of the structure or river
section, that is, a zero stage must imply zero flow. The way in
which this table is written onto to processed data tape is described
later in Section 6.

A short main routine, MASTER FLUME CALIBRATION, reads the input data
comprising station or catchment number, range of stage, type of
structure and details of its geometry. The appropriate subroutine
performs the calibration computations. A1l input data concerning the
geometry of the structure must be in metric units with 1ength measure-
ments in metres. Tables 3.5.1, 3.5.2 and 3.5.3 give the format of

the input data cards. Of these, the first is obligatory together
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with one only of the others.

SUBROUTINE CALIBW applies a standard calibration technique (British
Standard 3680) to weirs of triangular section (Crump weirs}. It
allows for compound1ng up to 3 crests at different levels. It also
allows for variable upstream bed levels by allowing 3 conditions of

flow as defined below;

a. “low flow" below a stage HL1 when upstream bed levels are
constant and weir heights P1, P2 and P3 are applicable.
b. "medium flow" between stages HL1 and HLZ when the upstream

bed level varies with discharge. It is assumed that the.
ratic HA/P is constant for each weir of the compound
structure and, as ST is approximately equal to HA, it is
assumed for ease of computation that ST/P is a constant
given by CK.

c.  “"high flow" above a stage HLZ when the bed level is again
constant (due to aprons being swept clean, for example} when
the weir heights P4, P5 and P6 are applicable.

The cross-section of a Crump weir is i1lustrated in Figure 3 and
this defines the nomenclature used to describe its geometry. Table
3.5.4 gives the nomenclature used in the subroutine CALIBW which
is not described on the cross-section or in the data card format.

Table 3.5.5 describes the computation sequence which is followed for
each increment of stage, ST. The current version of the routine does
not allow for the non-modular or drowned fiow condition.

SUBROUTINE CALIBF applies critical depth therory (Ackers and Harrison,
1963; Hydraulics Research Station, 1966) to a general flume cross-
section illustrated in Figure 4. Clearly the choice of zero values
for certain dimensions will allow rectanguiar, triangular or
trapezoidal flumes to be calibrated with this routine.

The nomenclature used in the routine is defined in Table 3.5.6
excluding that already defined by the cross-section and longitudinal
profile shawa in Figure 4. The sequence of computation is described
in Table 3.5.7.
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Figure 4 Flume cross-section and longitudinal profile
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Notes:

I. 1fTC BBC + 2.SC. DC {max), the calibration wili refer to a trapezoidal flume.

2. 1 SC = 0, the calibration will refer to a rectangular flume.

3. 1 BBC = O, the calibration will refer to a flume of triangular section at the base.
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The calculation of the friction head loss, HF, can take two forms;
the choice is made by setting INDEX. When INDEX = 1, & value of CF
must be included on the appropriate data card and the calculation

follows the method described by Ackers and Harrison. When INDEX = 2,

the subroutine uses the value DELTA which refers to the boundary
layer thickness and the calculation follows the method described
in the Hydraulics Research Station report cited above. Of the

two methods the latter is preferred.

TABLE 3.5.1 FLOW - CALIBRATION TABLES

Main data card format

Item Symbol | Format | Columns | Units and remarks

Station number NUM I3 1-3 usually the same as

catchment number
Type of structure | ITYPE 13 4-6 1 = Flume

2 = Crump weir
Minimum stage IMIN 16 7-12 mm, always 1
Maximum stage IMAX 16 13-18 mm
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TABLE 3.5.2 FLOW - CALIBRATION TABLES
Weir data card format

Items Symbol|Format|Columns
Crest width - crest 1 {lowest) ' BB1 F5.3 1-5
" - crest 2 BB2 F5.3 6-10
- crest 3 {(highest) BB3 F5.3 | 11-15
Height difference - between crests 1 and 2 Y2 F5.3 | 16-20
- between crests 1 and 3 Y3 F5.3 | 21-25
Weir heights above the approach invert at '
- crest 1 P1 F5.3 | 26-30
- crest 2 P2 F5.3 | 31-35
- crest 3 P3 F5.3 | 36-40
Weir heights above the approach invert at
"high flows" - crest | ' P4 F5.3 | 41-45
- crest 2 P F5.3 | 46-50
_ - crest 3 ' P6 F5.3 | 51-55
Stage defining upper limit of "low flow"
condition HL1 F5.3 ] 56-60
Stage defining lower Timit of “high flow"
condition HL2 F5.3 | 61-65
| Stage/weir height ratio for "medium flows" CX F5.3 | 66-70
Velocity head coefficient, approach section ALPHA] F5.3 ] 71-75

Index giving tapping point position ITAP I3 76-78

Notes. The tapping point index, ITAP, indicates the position of the
effective point of measurement of water level re1ative to a
weir crest.
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TABLE 3.5.3 FLOW - CALIBRATION TABLES
' Flume data card format

Item SymbolfFormat]Columns
Bed width - throat section BBC F6.3 1-6
- approach section BBA | F6.3 7-12
Side slope - throat section SC F6.3 | 13-18
- approach section SA F6.3 | 19-24
Distance between vertical side walls
- throat section TC F6.3 | 25-30
- approach section TA F6.3 § 31-36
Step height (positive when throat invert
higher than approach invert) HS F6.3 | 37-42
tength of throat section XC F6.3 | 43-48
.Method of computation of friction head loss
(see text) INDEX ¢ 12 439-50
Friction coefficient (see text) CF F9.6 | 51-59
Boundary layer thickness (see text) DELTA| F9.6 | 60-68
Velocity head coefficient, approach section ALPHA | F5.3 | 69-73

Note: Side slope is entered in the form 1 (vertical): SC'(horizonta1)_

ATl units in metres.
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TABLE 3.5.4 FLOW - CALIBRATION TABLES

Nomenclature used in subroutine CALIBW

ST

HVA
HA
QQ, Q
HANEW
RESID
ACC
Ci

stage

total area of flow in approach section

velocity head in approach section

total head in approach section

discharge

revised value of HA in iterative calculation of discharge
residual error in iterative calculation

precision of final HA value

weir constant

See also Tables 3.5.71 and 3.5.2
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TABLE 3.5.5 FLOW - CALIBRATION TABLES

Sequence of subroutine CALIBW

For each increment of 1 mm stage ST,

1.

compute the weir heights according to the flow condition defined
in the text, say P1, P2 and P3 apply.

compute the area of flow in the approach section in which the
tapping point is situated.-

when ITAP = 1 AR = BB1 (ST + P1)
=2 AA = BB2 (ST + P2 - Y2)
= 3 AA = BB3 (ST + P3 - Y3)

compute the discharge by successive approximation as follows,

a. choose HA = ST

b, 00 = CH.BB1.HAYZ + ou.BB2 (WA - ¥2)3/2 & cu.BB2 (WA - ¥3)3/2
where either of the last 2 terms are neglected when HA is Jess
than Y2 or Y3 respectively.

c. the approach velocity and the velocity head are obtained from
VA = QQ/AA and HVA = ALPHA.VA%/26
where G is the gravitational constant

d. The next estimate of HA is ST + HVA and the computation is
repeated until the difference between successive estimates
of total head is less than 1 part in 100,000.
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TABLE 3.5.6 FLOW - CALIBRATION TABLES
Nomenclature used in subroutine CALIBF
DC, DA depth of flow
BSC, BSA | surface width of flow
AC, AA area of cross section of flow
PC wetted perimeter of flow in throat section
VC, VA velocity of flow
HC, HA total head
HF friction head loss
HVA velocity head in approach section
DANEW revised value of DA in iterative calculation of discharge
RESID residual error in iterative calculation
ACC precision of final DA value
QC, QA flow in critical or approach section respectively

See also Tables 3.5.1 and 3.5.2.

Subscripts C and A indicate throat or approach section

DJC, DJA, AJC, AJA and PJC are the values of DC, DA, AC, AA and PC

when the flow is such that the trapezoidal or triangular section

of the flume is just full.
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TABLE 3.5.7 FLOW - CALIBRATION TABLES
Sequence of subroutine CALIBF

For each increment of water depth in the throat section, DC:

1.  compute the discharge, QC, and the total head, HC, in the
critical section

2. compute the friction head loss, HF, between the approach section

and the critical section, see text

3. compute the discharge, QA, and the total head, HA, in the
approach section allowing for the step height, HS

4. compute the depth of flow in the approach section, DA, by
sqccessive approximation such that, DA + HVA = HA

5. interpolate for discharges, Q, corresponding to integer values
of stage, ST. '
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3.6 QUALITY CONTROL

Of the three major variables, river stage or flow can be most easily
checked for consistency because it is possible to take advantage of
the continuous form of the stage hydrograph. Figure 5 shows a fairly
typical set of discrete stage values taken from a continuous chart
record with a short time interval between values. If for example
points 9 and 20 are displaced significantly as shown in the Fioure
then the nearly smooth form of the sequence is disrupted. |

These 'discontinuities' are obvious from visual inspection. However
it is possible to search for them automatically by examining the
trend of each sequence of four stage values. The use of four values
rather than three allows peaks to be checked as real when the down-

~ward trend after the peak is confirmed by the following reading.

Clearly the success of this trend test is better the closer the
stage values are in time and this is one of the reasons why the
PREPROCESSING stage of the system produces an output of 96 values
per day. :

The trend test is applied successively to each sequence of four stage
values, that is, points 1 to 4, 2 to 5, 3 to 6 etc. until the end of

the month. When several batches of FLOW data are processed sequentially,
the last three points of month n are carried over to month n + 1 to
enable the trend test to continue without a break, otherwise it would

be necessary to check manually the first three and last three stage
values of a month. '

A1l possible combinations of four successive stage values are shown

in Figure 6 together with the action taken in each case. When the
first three values indicate a continuous trend (cases 1 and 23) no
further action is taken and the routine steps to the next set of

values. When a stage value is ‘queried' a diagnostic appears on the
QUALITY CONTROL printout indicating that manual inspection is necessary.

Some water level recbrds, usually of the punched tape kihd, hunt when
there are small variations in water levei. This pfoduces a step
pattern in the record and it can be seen from Figure 6 that if the
step is longer than one time interval many values would be queried

by the routine. To avoid many diagnostics concerned with this trivial

49




Figure 5 A typical set of stage values indicating poss_i_big_errors
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Figure 6 FLOW - QUALITY CONTROL

Action taken in the trend test
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case, a maximum acceptable error has been introduced into the routine.
When the step or other spurious departure from the trend is less than
NDIFF, it is ignored.

The most important individual stage values are those defining peaks

in the hydrograph. An error due to punching or misreading of the

chart, which led to a gross overestimate of the peak stage, could not

be detected by the trend test as the trend would not be altered by

the error. Thus an additional test has been included. The maximum
stage of the month is determined manually and entered on the CONTROL
CARD. A1l stages for that month are checked to ensure that they lie
between zerc and this maximum value. The test is not foolproof although
it does go a considerable way towards ensuring accuracy in the monthly

peak stages.

The sequence of checks in the fu11 QUALITY CONTROL routine is given

by Table 3.6.1 and the nomenclature used in the routines is given

by Table 3.6.2. Finally an example of an output listing is shown by
Table 3.6.3. This shows most of the diagnostics which can be produced

by the routine. 'In practice the output also contains a full listing of_

the input data to facilitate manual checking of the suspect points.




TABLE 3.6.1  FLOW QUALITY CONTROL
Sequence of the quality control checks

Read number of months and error tolerance

Read CONTROL CARD

Display control information and error tolerance

Test CONTROL CARD label

Test compatibility of input/output frequencies

Read INITIAL DATA CARD if appropriate

Test INITIAL DATA CARD Tabel

For each day of the month

a. Read the stage values, 12 per card |

b. Test DATA CARD label(s) including card number

c. Test that all stages are less than the maximum
for month, SMAX

d. Test that all stages are greater than zero

e. Test the continuity of stage values (trend test)

9. Is the data consistent for the month?

oo~ Ot s W N

TABLE 3.6.2  FLOW-QUALITY CONTROL

Subroutine

MASTER
FLQCT
FLQCI
TYPEST
FLQCI
FLQCI

. TYPEST

FLQCH
TYPEST

MAXS
MAXS
STAGE
FLQCY

Nomenclature used in the quality control routine

NDIFF -~ error tolerance on stage values

. ABB absolute difference between successive stage values

; S, SN or S1  stage

see also Table 3.3.1 for the list of FLOW CONTROL CARD symbols.
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3.7 MAIN PROCESSING

This program takes as input the quality-controlled data from the basic
data tape. The purpose of the program is threefold:

- conversion of the data to metric units

- conversion of stage to discharge

- integration of discrete discharge data to total runoff
expressed as a depth over the catchment area.

The output to the processed data tape is in a standard format where
the only variation allowed is in the time interval of the runoff
values. This is controlled by the index, JFREQ, on the CONTROL CARD.

The sequence of steps in the program is listed in Table 3.7.1 and
the nomenclature used is defined in Table 3.7.2. The change of
units is carried out by muitiplying the data values by a factor,
UNIT, which corresponds to the INDEX on the CONTROL CARD. These
values are also listed in Table 3.7.2.

The appropriate calibration table is read from the beginning of the
processed data tape (as described in section 6) before the program
is initiated. Conversion from stage to discharge is then a simple
matter of taking from store the nth discharge value when n is the
stage in mm,

Details of the output to processed data tape and the manner in which
data are held in storage is largely a function of the computer
hardware and these points are covered in section 6.
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TABLE 3,7.1. FLOW - MAIN PROCESSING

Sequence of operations

Subroutine
1.  Read the number of months to be processed MASTER
2., Read the CONTROL CARD(S) FLOW
3. Write the CONTROL CARD{S) onto processed data tape FLOW
4, For each day of the month:
a. vread ME stage values, 12 values per card - FLOMW
b. apply the ZERO correction FLOW
c. interpolate for mid-interval values if
necessary : : FLOW
d. convert data to metric units (mm) FLOW
e. convert stages to discharges if necessary FLOW
f. integrate the discharges over the time
interval and divide by the catchment area
to give runoff as a depth over the catchment FLOW
g. combine runoff values as necessary to give
correct output frequency (MF values/day) ' FLOW
h., write runoff data to processed data tape FLOW
36



TAoLE 3.7.2  FLOW - MAIN PROCESSING

Nomenclature and values of UNIT used in subroutine FLOW

S “ stage

Q - discharye (volume/unit time}

RUN - runoff (depth over catchment area)

UNIT - conversion constant for change of units {see below)
ME - number of values per day input

MF - number of values per day output

HRAT - the ratio ME/MF

ZERO - the zero correction to the stage data

See also Table 3.3.1 for the list of FLOW CONTROL CARD symbols.

INDEX Units of original data UNIT
1 feet x 107° 0.3048
2 nm ' 1
3 in3/hour x 10°° special case*
4 feet x 1072 3.048

in this case the oriyinal data have units of discharge

*
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SECTION 4
RAINFALL

4.7 Introduction

4,2 Input data

4,3 Control information
4.4 Preprocessing

4.5 Network tables

4.6 Quality control'
4.7 Main processing

A1l program Tistings will be found in Appendix A
which is published separately.

59






4.1  INTRODUCTION

The purpose of this rainfall data processing scheme is to estimate
average basin rainfall over the shortest time intervals consistent
with the accuracy of the instrumentation and the requirements of
the subsequent analysis. Of necessity, rainfall must be sampled
at a network of points in the catchment and, since it is not
usually practicable to locate automatic recording gauges at all
sites, it is usual to collect data which refer to various time

intervals.

Thus the difficulties in defining the processing scheme are iwo-
fold. There must be a flexible method of combining point measure-
ments into a basin average which allows for missing data and changes
in network. Also the method must be flexible enough to deal with
records taken at time intervals from say one hour to a month or more.

In practice it is the latter criterion which has governed the form
of the rainfall processing programs as it was considered desirable
to have only one program which could deal with all situations rather
than several programs, one for each situation. This should greatly
simplify subsequent operation. o

The first step is to classify the raingauges according to their data
time interval. Three categories are sufficient:

PERIOD gauges
DAILY gauges
RECORDING gauges

The DAILY gauges are read at 09.00 GMT {or the equivalent local time)
gach day and this has led to the definition of the start of a day as
09.00 GMT within the processing system as a whole. PERIOD gauges
should also be read at 09.00 GMT but their data refer to a pericd

of any length. In practice the time intervals tend to be 7 or 14
days or a calendar month. RECORDING gauges are defined as any
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gauges which can indicate sub-daily rainfalls to a maximum fregquency

of 96 readings per day.

For all networks comprising one or more of these types of gauges many
of the computations are common. Thus the overall scheme for both
QUALITY CONTROL and PROCESSING can be built up as a composite program

of the following form:

MASTER ROUTINE

£ NN

NETWORK ROUTINES

REAR.

SEGMENT ROUTINES

The MASTER ROUTINE will read the CONTROL information and select the
appropriate NETWORK ROUTINE which will call those SEGMENT ROUTINES
required for the particular network. This break-down is described
in detail in the following sections.

One further problem should be mentioned at this stage. Instrument
failure tends to be most common with RECORDING gauges. Clearly it
is difficult to distribute in time a bulked record from a PERIOD
gauge if the RECORDING gauge record is incomplete. Also there could
well be a significant loss of information if all incomplete records
were scrapped and only complete records from fewer RECORDING gauges
were used to govern the time distribution. The logical approach
would seem to be through a PREPROCESSING program designed to produce
a synthetic RECORDING gauge record which was derived from all the
information available, both incomplete and complete records. However,
such a program is not yet included in the system.

An overall sequence diagram for the processing scheme is shown in

Figure 7.




4.2 INPUT DATA

The main problem encountered in devising a system for the arrangement
of rainfall data was that of continually describing the operational
network. There are two reasons for this. Firstly a computer must

be told in advance what it is to read so that predetermined DATA

CARD formats can be used. Secondly it is inefficient to include

DATA CARDS which do not contribute additional information to the
system. This is particularly relevant when dealing with RECORDING
gauge data when for long periods there may be no recorded rainfall.

If a simple symbol or index can indicate zero rain for the day, the
number of cards required can be considerably reduced.

The system is further complicated by the need to deal with a mixed
set of data from the combination of PERIOD, DAILY and RECORDING
gauges. In practice it is inefficient in computer storage to

read a whole month's data into core before processing can beqgin.
It is much more desirable to be able to process the data for one -
day before reading the data for the next. Thus all the required
information should be presented sequentially, the data from each
type of gauge being merged as appropriate.

In the resulting system each data card carries two symbols designated
ISYM and KSYM on PERIOD or DAILY gauge data cards and JSYM and LSYM
on RECORDING gauge data cards. The use of these symbols depends

to some extent on the network and the specific rules attached to
each symbol is described in detail below. However, before dealing
with that it is necessary to describe the format of the data cards

themselves.

In general the data are always entered in the order PERIOD data,
DAILY data, RECORDING data, that is, from the longest to the
shortest time interval of the data. The PERIOD or DAILY data

cards have the format shown in Table 4.2.1. The data on each card,
or set of up to three cards, depending on the number of gauges,
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refer to a round of observations at all gauges at the same time. The
data can be entered in any order in terms of the gaugé numbers but
this order must subsequently be strictly maintained through the month
and it is defined on the AREA cards described in section 4.3. Each
card carried the usual label and a card number when more than one

card is necessary to complete the data set.

The RECORDING gauge cards have the format shown in Table 4.2.2 but
in this case the data comprising a set refer to a single gauge, there
being up to 96 observations per day depending on the input frequency.
When there is more than one RECORDING gauge, the data sets are
assembled in order following the PERIOD or DAILY gauge data cards.
Again each card carries the usual label information together with

a card number which refers only to the set of cards for that gauge,
not for all gauges for a day. '

The DAILY or PERIOD gauges are numbered in an arithmetic sequence;

a limiting dimension of 30 has been written into the programs. It

is unlikely that this will be exceeded in the usual scale of catch-

ment experiments. If it is, however, some adjustment of the program

is necessary. The RECORDING gauges are numbered in a geometric sequence
1, 2, 4, 8 etc. so that the sum of the gauge numbers completely describ-
ed the network of operational RECORDING gauges. For example a sum of

10 would indicate that gauges 2 and 8 were operating as no other
combination can sum to 10,

This Teads directly to the use of the symbol system. JSYM on the
RECORDING gauge data card is always the RECORDING gauge number. The
sum of the JSYM values for the gauges operational on a given day'is
entered as ISYM on the DAILY gauge data card, Consequently when the
DAILY gauge data card is read, it is possible to define exactly how
many RECORDING gauge data cards follow. Where there are no DAILY
gauge data cards the value ISYM on the PERIOD gauge data card is

the sum of all the JSYM values for the whole period before the next
PERIOD gauge is read. If in either case ISYM = 0, this indicates that
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there is no rain in the day or period and all RECORDING gauge data
cards are omitted. If ISYM - 1, this indicates that all recording
gauges were out of service and that the rainfall must be distributed .
in time in some other way, such as an average over fhe day or period;

When there are no DAILY gauges a further symbol is required on the
RECORDING gqauge cards to determine the number of cards which need to
be read in each day of the period. Thus the symbol LSYM fulfils the
purpose of ISYM on the DAILY cards. It is the sum of RECORDING gauge
symbols (JSYM) for the day and it is entered on the first card of

the day only. This symbol can take the value 0 or -1 with the same
meaning as for ISYM on the DAILY gauge data cards.

The final symbol KSYM is used on PERIOD gauge data cards only and
indicates the number of days in the period, or the number of days

in the period before the end of the mdnth, whichever is the shorter.
When a period extends into the following month, the PERIOD gauge

data card is repeated verbatim as the first data card of the new
month except the KSYM is adjusted to indicate the number of days
remaining in the period. In the rare case when the period completely
spans a month and includes parts of the mpnth on either side then
KSYM would be the number of days in the month on the data card for
the middle month. |

To make the interpretation of the rules governing the symbol system
as ‘clear as possible, Table 4.2.3 and 4.2.4 show examples for both
the network situations for which the QUALITY CONTROL and MAIN PRO-
CESSING programs have been written. Sample Tistings of a month's
batch of data for networks comprising PERIOD and RECORDING gauges.,
and DAILY and RECORDING gauges are shown in Tables 4.2.5 and

4.2.6 respectively.
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TABLE 4.2.1 RAIN - INPUT DATA
Data card format for PERIOD or DAILY gauges

Ttem Symbol| Format|Columns | Units and remarks
Period or dafly gauge PR | ¥5.0 | 1-60 [12 values per card
data or DR _ _
Data type ITYPE I 62 lalways 2
Symbol 1 KSYM 13 63-65 |see notes on symbols
in text
Card number ICARD I3 66-68
Symbol 2 ISYM 13 69-71
| Catchment number ISITE | I3 | 72-74
Day of month IDAY 12 75-76
Month and year IMONTH| 14 77-80

‘Notes: when there are more than 12 gauges, further DATA cards are
These should be in the same format. ICARD is
used to ensure the correct sequence of DATA cards.

required.

The units of the data are defined by INDEX on the CONTROL
CARD, see section 4.3,
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TABLE 4.2.2 RAIN - INPUT DATA

Data card format for RECORDING gauges

Item Symbol| Format [Columns | Units and remarks
Recording gauge data R F5.0 1-60 |12 values per card
_ ME values per day
Data type ITYPE | I 62 (always 2
Symbol 3 LSYM 13 63-65 |see notes on symbols
in text
Card number ICARD | 13 66-68
Symbol 4 JSYM 13 69-71
Catchment number ISITE | I3 72-74
Day of month IDAY 12 75-76
Month and year IMONTH 14 77-80

Notes: When there are more than 12 readings per day, further DATA
cards are required. These should be in the same format.
ICARD is used to ensure the correct sequence of DATA cards.

The units of the data are defined by INDEX on the CONTROL
CARD, see section 4.3.
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TABLE 4.2.3 RAIN - INPUT DATA

Example of symbol system for a network comprising
DAILY and RECORDING gauges

For the 6 days shown in this example:

a. there was rain on all days except day 3

b. there are potentially 3 recording gauges numbered 1, 2 and 4
¢. no recording gauges operate on day 5.

OPERATIONAL RECORDING CARD
DAY GAUGES SEQUENCE ISYM JSYM

1 1, 2 and & D 7
R1

R2
R4

o DD =

2 1 and 2 ' D 3
| R

R2 ' 2

—

3 1 and 4 D 0

4 4 B 4
: R4 4

5 none D -1

6 2 and 4 D 6
R2
R4

£

‘Note that D and R1 etc. represent a set of data cards where either
the number of DAILY gauges or the number of time intervals per day

require more than one card.

A1l cards carrying no useful information are omitted from the sequence.
It would not be permissible, for example, to enter RECORDING gauge

data cards on day 3.

Both KSYM and LSYM are not required and should be left blank.
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TABLE 4.2.4  RAIN - INPUT DATA

Example of symbol system for a network comorising
PERIOD and RECORDING gauges

For the 7 days shown in this example:

a. a period starts on day 1, day 7 and 17

b. there are potentially 3 recording gauges numbered 1, 2 and 4
c. there is rain on all days except day 3

OPERATIONAL RECORDING CARD |
DAY CAUGES SEGUENCE | ISYM | KSYM | JsYM LSYM
1 }1,2and 4 P 22 6
- R1 1 7
R2 2
R4 3
2 |1 and 2 - R1 | 3
R2 2
3 [1and 4 R1 1 0
4 |4 | R4 4 4
5 none R1 1 0
6 | 2and 4 OR2 2 6
| R4 4
7 | 2and 4 p 10
_ . R2 2 6
R4 4

Note that P and R1, etc., represent a set of data cards where either
the number of period gauges or the number of time intervals per day
require more than one card.

A1l cards carrying no useful information are omitted from the sequence.
It would not be permissible to enter card R4 on day 3 for example.

In this case {in contrast to the previous example) it is not possible

to say from the data presented whether it rained on day 5. Unless

there is evidence to the contrary it must be_assumed that no rain fell

and day 5 takes the same form as day 3. -
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4.3  CONTROL INFORMATION

For rainfall data, the contro] system is complicated by the need to
describe adequately the characteristics of the gauge network. The
control data to be specified can be classified as follows:

1. Normal catchment information, data type and frequency
and units indices, network index and data label.

2. Details of the numbers of possible and operational
gauges. |

3. Details of the CHECK gauges (defined below) when RECORDING
gauges are present in the network.

4.  Weighting factors for basin rainfall estimates.
Order in which the data are punched on the PERIOD or
DAILY data cards. _

6. Other day to day information on operational recording
gauges. ' -

The items 1 to 3 above appear on the main CONTROL CARD and its format

is given in Table 4.3.1. Items 4 and 5 above appear on cards immediately
following the main CONTROL card. These cards, termed AREA cards

because the weighting factors are expressed in terms of the area

which a gauge may be considered to represent, have a format given by
Table 4.3.2. The information must be punched in the same order during
processing. The information concerning day to day operation, item 6

above, must be on the DATA cards and this has been described fully

in the previous section.

The network index, INET, follows from the classification of the
instrument network discussed in the introduction to this section.
With three types of gauge, there must be 7 alternative network
routines. However, it is convenient to use this index to allow
for the situation where gauges are not read at the proper time
for some reason. Thus the final list defined in Table 4.3.3

has 8 possible networks. The case of PERIOD gauges only has been
deleted as it is a trivial case in the research context. Table
4.3.3 also shows which NETWORK routines are used in processing
data from the various networks. .
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Consistency in the order of the data on the DATA cards and the order
of the weighting factors on the AREA cards are of critical impoktance.

The accuracy of the resu1tihg processed data depends on the correct
order being kept. No automatic checks are possible. DAILY and
PERIOD gauges are jdentified by numbers in an arithmetic sequence
normally starting at 1 and these numbers are entered on the AREA
cards with the weighting factors in the same order as the data

are entered on the DATA cards.

It is good field practice to site a storage type gauge, which may

be a DAILY or a PERIOD gauge, next to each RECORDING gauge. This
gauge is termed a CHECK gauge and aliows a check on the overall total
catch in the RECORDING gauge which might be over-exposed, inaccurate
or unreliable in operation. To allow suitable automatic checking in
the QUALITY CONTROL routine, the CHECK gauge numbers corresponding
to the RECORDING gauge numbers are entered on the CONTROL card.

The frequency of input data, IFREQ, refers to the data time interval
of the RECORDING gauges. The index is defined in Table 2.2.1. The
output frequency, JFREQ, could be the same as the input frequency
although if timing errors are significant, this can be allowed for
by setting a more realistic level for the output frequency.

The ground level factor, GLF, allows adjustment to be made for the
he1ght of raingauges above ground level, if it is found that gauges
mounted at a standard height of say 1 foot are consistently under-
estimating the true ground level catch. Necessarily this index must

be fixed by preliminary analysis.
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TABLE 4.3.1 RAIN - CONTROL INFORMATION
Control card Format
ITEM SYMBOL FORMAT COLUMN UNITS AND REMARKS

Catchment area AREA F10.1 1-10 hectares
Possible number NRG 1?2 11-12

of recording

gauges
Recording gauge IRG(I) 13

symbol- up to 6 pairs

_ of values can

C:ﬁggegauge NRGG{I) I3 13-48 he entered
Ground level GLF F4.2 49-52

factor
Possible number IPOSP 12 53-54 IPOSP and IPQSD
of period should be the
gauges maximum values

Af - for which the

Aggu;;r?ggber IACTP 12 55-56 network table is
gauges prepared
Possibie nunmber IPOSD I2 57-58

of daily gauges

Actual number IACTD I2 59-60

of daily gauges

Data type ITYPE 62 always 2
Network Index INET 12 64-65 See table 4.3.3
Input frequency IFREQ I2 66-67

Qutput frequency JFREQ 12 68-69

Units Index INDEX | 12 70-71 | 1=inches x 1072

| 2=mm x 107

Catchment number ISITE I3 72-74

No. of days in IDAYS 12 75-76

month

Month and year IMONTH 14 77-80
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TABLE 4.3.2 RAIN - CONTROL INFORMATION
Area card format

UNITS AND REMARKS

SYMBOL | FORMAT| COLUMNS
PERIOD or DAILY gauge IPG Up to 6 pairs of
number or IDG| 13 values per card,
Areal weighting PAREA | F7.1 Areal weightings
or have the unit
DAREA hectares. Gauges
must be in the same
order as on the
data cards.
Data type ITYPE | 11 62 always 2
Card number ICARD | I3 66-68
Catchment number ISITE | I3 72-74
Month and year IMONTH_ 14 77-80

If thére are more than 6'gauges, further AREA cards are required.

These should be in the same format.
correct sequence of AREA cards.

A

ICARD is used to ensure the
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TABLE 4.3.3 RAIN - CONTROL INFORMATION

Definition of the Network Index

Types of «<auvqe|present 1n]the network Appropriate

INET RECORDING DAILY PERIOD NETHORK
' routine

1 v

2 / / RAIN2

3 / /o RAINZ

4 / / RAIN3

5 y /o

6 /o Y /

, " y

8 / /

* indicates that correction must be made during PROCESSING for
readings not taken at the standard time on some days of the month

Where & NETWORK routine is not indicated above, an appropriate
routine is not yet included in the system availabie.

75



4.4 PREPROCESSING

The output from RECORDING gauges is often in the form of a cumulative

trace on a strip chart. The abstraction of data from such charts can
be automated by using the equipment described in Sections 2.3 and 3.4.

The program referred to in that section has been extended to produce’
as output the RECORDING gauge data in the format acceptable to this
processing program. Reference should be made to the detailed report
(Douglas, 1972) for full details of the procedure.
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4.5 NETWORK TABLES

The processing program calculates average areal rainfall in a given
time interval from data from a neiwork of gauges comprising RECORDING
and DAILY or PERIOD gauges. The procedure followed is described in
section 4.7 where it is explained that it is necessary to know which
RECORDING gauge is nearest to any DAILY or PERIOD gauge for any
operational pattern of RECORDING gauges.

‘It will be remembered that the operational network of RECORDING gauges

can be described by a single number, the sum of the gauge symbols
{section 4.2). Thus a two-dimensional matrix can be defined which
will give the symbol of the nearest RECORDING gauge given the sum

of all RECORDING gauge symbols (ISYM on a DAILY gauge card, LSYM

on a PERIOD gauge card) and the DAILY or PERIOD gauge number. Table
4.5.1 shows an example of the matrix. The matrix is devised by hand
from a map of the catchment and it should allow for all possible
combinations of RECORDING gauges operating. It is then stored at the
beginning of the processed data tape.

The formats of the data cards which make up the matrix are given in
Tables 4.5.2 and 4.5.3. The first card defines the dimensions of the
matrix. Subsequent cards, one for each of the daily or period gauges
in order starting from 1, give.a 1ist of the nearest operational
recording gauge for all possible values of the sum of recording

gauge symbols, again starting from 1. The Tables 4.5.2 and 4.5.3
show examples of the data cards that would be appropriate to the
network shown in Table 4.5.1.

As the programs are written, the matrix, M(I,ISYM), has maximum
dimensions of (30, 63). That is, up to 30 DAILY or PERIOD gauges
and up to 6 RECORDING gauges are allowed. The matrix is used in
SEGEMENT routine SUMAR.
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TABLE 4.5.1  RAIN - NETWORK TABLES

An example of the MATRIX table for the network
jllustrated on the catchment map shown below.

Sum of RECORDING DAILY or PERIOD gauge number
gauge symbols 1 2 3 4 5
1 1 1 1 1 1
2 2 2 2 2 2
3 1 2 2 2 2
4 4 4 4 4 4
5 1 1 4 1 4
6 2 2 2 2 4
7 1 2 2 2 4

Note: the number in the table is the symbol of the nearest recording
| gauge given the network defined by the sum of recording gauge
symbols.

@ RECORDING gauge

o DAILY or PERIOD
gauge
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TABLE 4.5.2 RAIN - NETWORK TABLES

Main data card format

Remarks

gauge symbols

Item Symbotl | Format | Columns
Ccatchment Number ISITE 10 - Free format
Possible number of Daily NY 10 - ‘
or Period gauges
sum of all recording
NX 10 - "

Note: For the network illustrated in Table 4.5.1, this data card

would be:

ISITE 5 7




TABLE 4.5.3 RAIN - NETWORK TABLES
Network data card format
Item Symbo1] Format|Columns Remarks
List of nearest Free format.
operational RECORDING| M I0 - New card for each daily

gauges

or period gauge

NOTES: There must be as many cards (or sets of cards if the sum
of RECORDING gauge symbols exceeds 8) as the number of the
highest numbered DAILY or PERIOD gauge.

These cards (or sets of cards) must be entered in order

starting from 1.

For the example illustrated in Table 4.5.1, the data cards

would be:
1 2
1 2
1 2
1 2
1 2
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4.6  QUALITY CONTROL

Rainfall can be highly variable in both time and space especially
over short periods. This makes quality control in the sense of
determining individual erroneous gauge readings extremely difficult.
Recent studies in the field of surface fitting {Mandeville and Rodda,
1970) suggest that some progress will be made in the future towards
identifying gauge errors. Meanwhile, the quality control program
described here is used to test for data consistency and completeness
and for errors of transcription from original records. There can be
no automatic checks against mistakes such as the wrong identification
of a gauge in the field or records entered under the wrohg date in
the field. Such mistakes often come to light following subsequent
analysis and it is clear that further safeguards are necessary at

an early stage in the quality control in order to avoid time consum-
ing retrospective corrections.

The sequence of operations in the QUALITY CONTROL program is shown
in Table 4.6.1 and the nomenclature used in the routines is defined
in Table 4.6.2,

Most of the tests are self-evident and follow from the gauge numbering
and symbol system described in the previous sections. In Table 4.6.1
and in the description of the MAIN PROCESSING program it is convenient
to refer to DAILY and PERIOD gauges as STANDARD gauges, as the programm-
ing of the routines to read these data and apply the quality control
tests is the same. The important difference lies in the frequency in
which the STANDARD gauge subroutine must be called and this is controll-
ed by the network routines RFQCI, RFQC2 etc, acting on the index INET

and the symbol indicating the number of days between PERIOD gauge
readings. '

The main checks for transcription errors use the displayed cumulative
totals. For STANDARD gauges, the total in all gauges for each day
and the total for each gauge for the month is displayed, enabling

an easy check for error against the totals entered on the field
sheets. Similarly the recording gauge totals for the month
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should be checked against the original record., This is particularly
easy for those gauges which exhibit a cumulative trace on a chart.

An example of the output from the QUALITY CONTROL program is shown
in Table 4.6.3.

|
1
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TABLE 4.6.1 RAIN - QUALITY CONTROL
Sequence of the quality control checks

13. Display cumulative totals for each standard gauge RFQCT, RFQC2
4. Display totals of standard gauge amounts for each day RFQC1, RFQC2
15, Display monthly total for each recording gauge RFQC1, RFQC2

i
|
l _ _ Subrnutine
1. Read number of months to be controlled MASTER
' 2. Read and check LEAD CARD MASTER
- 3. Read CONTROL CARD RAINQC
- 4. Display control information RAINQC
™ l 5.  Test CONTROL CARD label RAINQC
6. Read AREA CARD{S) RAINQC
l 7. Test AREA CARD label(s) RAINQC
8. Test that all AREA CARDS have been read RAINQC
w' 9. Test that sum of areas is equal to catchment area RAINGC
10. Transfer control to appropriate network routine which
' calls the segment routines for the following tests
) in the correct order.
11. For each day of the month:
l a Read the standard gauge amounts SGRQGC
b Test the label on the standard gauge cards SGRQC
. ‘ c. Test for zero rainfall SGRQC
d. Test standard gauge card symbol SGRQC
l e Test order of standard gauge cards SGRQC
f Test that all standard gauge cards have been read SGRQC
. g Compute cumulative totals of all gauges for the
day  SGRQC
h. Compute cumulative total for each gauge SGRQC
__l . Test whether recording gauges operating RFQC1, RFQC2
| J. Read recording gauge amounts RGRQC
l k. Test the label on the recording gauge cards RGRQC
1. Test the recording gauge symbol RFRQC
I m.  Compute recording gauge daily total RFRQC
- n. Check this against the check gauge total RFRQC
o. Test that correct number of recording gauge RGRQC
' cards have been read
12. Test for the end of the month RFQCT, RFQCZ
|
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TABLE 4.6.2

RAIN - QUALITY CONTROL
Nomenclature used in the routines

RGM
SYR
SHR
IS

LS

1SS
DRE
PRE
SRR

Monthly cumulative total in recording gauge

Monthly cumulative total in daily or period gauge
Day's total in all daily or period gauges

Running total of recording raingauge symboils

Running total of number of recording raingauges read
Running total of ISYM values

Daily rainfall in extended array

Period rainfall in extended array'

Cumulative total in recording gauge over period

See also Tables 4.2.1, 4.2.2, 4.3.1, 4,3.2

84

f



t
|

—vm S e e ee B e ww

GATUHAMENT NO. 4

AREA 18%4,1

NGO, OF RECORDING GAUGES X
SYMBOL OF RECORDING GAUGE 1
SYMBODYL OF RECOADING GAUGE 2
EYWAD|, OF RECORDING GAVSBE &
GAOUND LEVEL FACTOR g,.00
POSSEBLE KO, OF PENIOD SAUQES
ACTUAL NO, OF FPERIOD GAURES O
POSSIALE WO, OF DALLY GAUGES 2%
ACTUAL NO, OF BalLY GAUGES 16
BATA TYPE 2

WETWORE INpEX 2

INPUT FREQUENCY 3

GUTPUT FREQUENCY %

UNITS INDEX 4

DAYS 1IN MONTH 31

NO, NP RECORDING CNECK dAUGE 23
NG, OF RECORBING CKECK QAVGE 14
O, OF RECORDING CHELK QAUGK 2

&

MOWTH AWD YEAR 1043

S$UM OF
21043
27043
81043

131043

1513083

1461063
191663
3ID1063
3043
IL063

01043

QUALLTY

AREAS NOT gQUAL TO TOTAL AREA AS PUNCKED ON THE CONTROL CARD
CHECK SYMBOLS ON STANDARD SAUGE CARDS

RECOROING GAUGE CARD NO, 2 READY 1 CHECK ORDER
*4¢ 3 = CATGNMENT NO, INOUYLE BE 2

weeléi063 = GATE SHOULD BF 131083

see1$1163 « DATE SHOULD NE 151063

e+s161073 » DATE SHOULD SE 181063

TOTAL RAIN 10, 1N RECOADING QAUGE 1
ses 1 = DATA TYPE SHOULD BE 2 _
CHECK §YMBOLS ON RECORDING GAUGE CARDS

TCTAL WAIN 7. 1N REZOMNDING gaver 2

TOTAL OF SYMBOLS ON RECORDING CARDS NOT EQUAL TO SvmpiL OK STANEARD CARD

CONTROL FOR THE MONTH apanDONER

NOT RQUAL TO TOTAL RAIN

NOT [QUAL TO TOTAL RAIM

1.

1?!

IN STAMDARD dAUGE 2%

1% STANDARD GAUGE 44




4.7  MAIN PROCESSING

The processing program has two main functions; firstly it must
compute an average basin rainfall from the point rainfall data and
secondly, it must distribute this rainfall in time according to the
distribution given by the recording gauges.

There is no perfect method for obtaining the mean basin rainfall,
Technigques such as simple averaging or the Thiessen polygon method
are widely used but are based on assumptions which are not always
Justifiable in practice. More sophisticated methods whﬁch involve
the fitting of polynomial surfaces to the data points, are being
developed though, as yet, their value is limited to the study of
monthly or annual rainfalls. Clearly the choice of the best

method in each catchment area must take account of the density

of the gauge network and its distribution with respect to alti-

tude or other significant characteristics of the catchment, In

this program it has been assumed that each gauge can represent a
characteristic area of the catchment and this area becnmes the
weighting factor for the gauge. C]ear1y these areas can be taken to
be equal for each gauge (equivalent to simple averaging) or to be the
Thiessen areas, or to be any other form of weighting which can be
determined a priort .

Unfortunately the time distribution problem is even more arbitrary.

It is not easy to demonstrate whether it is better to distribute the
rainfall in time for each standard gauge (by reference to the nearest
recording gauge) before computing the average basin rainfall or whether
the distribution should be carried out on the average basin rainfall
according to some average time distribution given by all recording
gauges. This program follows the first of these alternative metheds,
time distribution being carried out before areal integration.

Although a singTe program, RAIN, has been written to accept any
network situation through the arrangement of MASTER, NETWORK and
SEGMENT routines (described in section 4.1), the program is best
described separately for each NETWORK routine, through the use of
sequence tables. The following tables describe the function of the
routines currently in operation:
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Table 4.7.1 MASTER routine RAIN
4.7.2 NETWORK routine RAINZ
4.7.3 NETWORK routine RAIN3
4.7.4 SEGMENT routine SGRAIN
4.7.5 SEGMENT routine RGRAIN
4.7.6  SEGMENT routine SUMAR

These Tables should be read in conjunction with the program listings
in Appendix A for a full explanation of the computational procedure.

- NETWORK routine RAIN3 is a special case of RAINZ in that it allows
for the situation where through negligence or because of difficulty
of access, the DAILY gauges are not read at 09.00 hours each day.
The method of calculation is illustrated by an example shown in
Table 4.7.7, which shows a 6-hourly record from the RECORDING gauge.
However, in the period of three days the CHECK gauge and a remote
STANDARD gauge (both nominally DAILY gauges) are read early by
6 hours on day two and late by the same amount on day three.

Tihe RECORDING gauge record is transformed by division by the CHECK
gauge reading in the usual way except that this CHECK gauge reading
allows for the carry over of any rainfall not distributed in the
previous day. Thus on day two the corrected CHECK gauge total

is 110, i.e. 125 minus 15; in this case the 'carry over' is negative.
In the same way the STANDARD gauge rainfall total to be distributed
between 6-hour periods is corrected by any amount of carry over
from the previous day. The procedure continues until the DAILY
gauges are again read at 09.00 hours when the 'carry over' will

be zero. '

If there is 'carry over' at the end of the month, computation will
continue correctly provided the next month's data are processed

in the same run and provided there has not been any change in the
DAILY gauge network. In the case where there is a change, the
errors introduced will be small if the network change is relatively
minor. In order to remove spurious 'carry over' amounts following
network changes, the 'segment' routine TESTER will put all

‘carry over' values, ER(I}, to zero if all CHECK GAUGE carry over
values, ER{(NRGC(L}), are zero.

| |
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TABLE 4.7.1 RAIN - MAIN PROCESSING
Sequénce of MASTER routine RAIN

1. Read the CONTROL CARD.

(Stop if INET is not in range for which routines are available).

2. Read the ARER CARD(S).

3.  Write the COUTROL and AREA CARDS to the processed data tape.
Convert rainfall units to mm if necessary by applying a factor
to the areas, DAREA or PAREA.

5. Interpret input frequency index, IFREQ, to give ME values per
day. _ _

6. Call the appropriate NETWORK routine, RAINZ or RAIN3.

Note: In some cases a CHECK gauge will have an areal weighting of -
zero. Although this is permissible the value is changed to
0.0001, a negligible quantity, to avoid possible exponent
overflow during computing. o

1
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TABLE 4.7.2 RAIN ~ MAIN PROCESSING

Sequence of Network routine RAIN2

1. For each day of the wonth:

a.

Call SEGMENT routine SGRAIN to read DAILY rainfall at each

gauge. _

Set the areal rainfall store for each of ME time intervals

to zero.

If there is no rain (ISYM = 0)}; go to h.

If there is rain in a daily gauge but not in a recording

gauge (ISYM = - 1), distribute the rainfall between time

intervals arbitrarily, using SEGMENT routine DIURNC

Set the cumulative count for RECORDING gauges to zero (JJSYM)

For each recording gdauge;

i. call SEGMENT routine RGRAIN to read the rainfall in
each time interval at the RECORDING gauge and calculate
the proportion of the days total at that gauge which
fell in each time interval.

ii. call SEGMENT routine SUMAR to identify which DAILY
gauge totals should be distributed in time according
to this RECORDING gauge record; calculate the
increment to the areal total for each time interval
and add to cumulative stores. The areal weighting
is carried out at this time.

iii. Test that all RECORDING gauges have been réad by
comparing the sum of the JSYM values to the ISYM
value. ' '

Divide the results by the total catchment area (AREA).

Write result to the processed data tape. |

i : B . a H H I . N
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Note: The use of SEGMENT routine TESTER at the end of this NETWORK
routine is described in the text for the special case when
INET = 3.
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TABLE 4.7.3 RAIN - MAIN PROCESSING

Sequence of NETWORK routine RAIN3

Set the day count (ICOUNT) to 1.

Call SEGMENT routine SGRAIN to read the PERIOD rainfall at each

gauge.

If there is no rain in the period (ISYM = 0), write the

result to the processed data tape for each time interval of

each day of the period.

For each day of the period (KSYM days):

a. Set the cumulative count for RECORDING gauges to zero.

b. Set the areal rainfall stores for each of ME time intervals
to zero.

c¢. For each RECORDING gauge:

i. ca]T SEGMENT routine RGRAIN to read the rainfall in
each time interval at the RECORDING gauge, and
calculate the proportion of the total for the period
which falls in each time interval.

ii. if there is no rain in the RECORDING gauges for this
day (indicated by LSYM = 0 on first and only RECORDING
rainfall data card), set the areal rainfall to zero
for each time interval of that day and return to 4
above. |

§ii. call SEGMENT routine SUMAR to identify which PERIOD
gauge totals should be distributed in time according
to this RECORDING gauge record; calculate the
increment to the areal total for each time interval
and add to the cumulative stores. The areal weighting
is carried out at this time. | |

jv. test that all RECORDING gauges have been read by
comparing the sum of the JSYM values with the LSYM
value.

d. Divide the results by the total catchment area (AREA)}
e. Write results to the processed data tape.
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Sequence of SEGMENT routine SGRAIN

. TABLE 4.7.4 RAINFALL - MAIN PROCESSING

l 1. Set the extended array stores to zero.

l 2. Read the STANDARD gauge data for one day, also ISYM and KSYM
from the first DATA CARD.

'_i 3. If there is no rain indicated by ISYM = 0, return to the appropriate
NETWORK routine.

4. Apply the areal weighting factors, that is, multiply each rainfall
by the appropriate areal weighting factor for that gauge.

5. Put the weighted rainfall values in an extended array, that is,
transfer the data from storage Jocations defined by their posi-
tion on the DATA CARD to locations defined only by their gauge
numbers, using SEGMENT routine PLACEZ.

6. If INET = 3, add any weighted rainfall carried over from the
previous day. {see text for notes on this special case when INET =

3)

7.  Return to the appropriate NETWORK routine.
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TABLE 4.7.5 RAIN - MAIN PROCESSING

Sequence of SEGMENT routine RGRAIN

Read the RECORDING gauge data for one gauge together with JSYM
and, on the first DATA CARD only, LSYM.

If INET = 4 and there is no rain on that day in any RECORDING
gauge indicated by LSYM = 0, return to the appropriate
NETWORK routine.

If INET = 2 or 3 and there is no rain in that gauge indicated
by JSYM = 0, return to the appropriate NETWORK routine.
Normally such zero DATA CARDS should not be included in the

sequence.

Determine the number of the DAILY or PERIOD gauge which is the
CHECK gauge for this RECORDING gauge.

Transform the RECORDING gauge readings by dividing by the CHECK
gauge rainfall. The data now indicates the ‘proportion of the

- DAILY or PERIOD rainfall which occurred in each of the time
intervals during the day.

Return to the appropriate NETWORK routine.
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TABLE 4.7.6 RAINFALL-- MAIN PROCESSING
Sequence of SEGMENT routine SUMAR

1. For a given RECORDING gauge, determine through the rainfall
MATRIX table which STANDARD gauges have their totals distributed

in time by this gauge.

2. For each time interval of the day calculate the increment to-
the areal total from each STANDARD gauge distributed by this

RECORDING gauge.

3. If INET = 3 calculate the total rainfall to be carried over to
the next day. See text for notes on this special case when
INET = 3.

4. Return to the appropriate NETWORK routine.
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SECTION 5

EVAPORATION

5.1 Introduction

5.2 Input data

5.3 Control information
5.4 Preprocessing

5.5 Network Tables

5.6 Quality Control

5.6 Main processing

A1l program listings will be found in Appendix A
which is published separately.
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5.1 INTRODUCTIGN

Although evaporation, or more precisely open water evaporation, can be
measured directly using'an evaporation pan, the small size of the pan
and its inconsistency with its surroundings usually mean that the
measurement is not strictly representative of the evaporation that
would occur from a large water surface under the same meteorological
conditions. Consequently analytical methods are usually employed to
estimate evaporation from the meteorological data available. These
methods can be firmly based on the physics of the evaporation process
and, as evaporation from an open water surface is dependent principally
on the meteorological factors alone, it is a more simple starting

point than to consider also the biological and soil moisture constraints
that apply to the transpiration from vegetation.

The Penman equation (Penman, 1948) is generally accepted as being well
founded when appiied to conditions where the supply of water is not
limited and the aerodynamic conditions are eguivalent to those over
open water or a short grass cover. Thus it has been adopted as the
basis for the processing program described here. More recent theoretical
advances, for example Monteith (1965), are leading to equations which
can take account of the aerodynamic effect of different crops through
the aerodynamic resistance parameter and of the constraint imposed by
the vegetation itself through its stomatal resistance. The latter is
responsive'to, among other things, shortage of water and the rate at
which the vegetation can draw water from the soil. It is expected that
in time such an equation will supercede the standard Penman equation

currently in use,

It should be noted here that use of the Penman eguation in areas where
the supply of water for evaporation is Timited or for areas where there
is significant advected energy, will lead to exaggerated estimates of
open water evaporation. This is because the method assumes that the

r

meteorological variables, particularly temperature and humidity, are
consistent with a freely evaporating surface. This is very nearly

o0 SN Of BN Gm N G mE ME G S5 NS BS G5 AN AN Sy SE o= w SO
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true in northern temperate latitudes and in those tropical areas where
rainfall is adequate. However, in arid or seasonally arid areas care
is necessary in interpreting the results.
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5.2  INPUT DATA

Most meteorological data are from stations operated manually; usually

a single round of readings at a standard time each morning. In temperate
Jatitudes this has been found to be satisfactory though in the tropics

it is usual to include a second set of readings of temperature in the
afternoon. This practice leads to improved estimates of mean temperature
through the day.

More recently the development of automatic weather stations which record
directly onto magnetic tape has allowed measurements to be taken much
more frequently. Time intervals of the order of a few minutes are

easily achieved. Although one of the major advantages of these stations
is that they can be sited in remote areas where continuous manual records
would be difficult to obtain, the frequency of gbservation does allow
improved methods of estimation of evaporation to be applied, particularly
when short period estimates are required.

Programs for the PREPROCESSING, QUALITY CONTROL and MAIN PROCESSING of the
data from the automatic stations are being developed in a manner consistent
with this general processing system. Meanwhile, this section is restricted
to the processing of data from manually-operated stations. There are a

few minor items in the programs which are inciuded at this stage to allow
for further routines to be added in future. Thus all reference to the
indices IMET, IAWS and JAWS should be ignored for the time being, except
that their values should all be set to 1. '

The format of the input data cards and of the control system must be
sufficiently comprehensive to allow for considerable variety both in
terms df instrumentation and in the units of measurement. Much of this
variety occurs in the measurement of solar radiation, which is of prime
impbrtance in the estimation of evaporation.

The DATA CARD format is shown in Table 5.2.1. The MAIN PROCESSING
program assumes that all the data on temperature and wind run are
available except for afternoon readings of wet and dry bulb temperature.
A minimum of one radiation measurement is required; there is provision
for three alternative data sets and all three should be entered if
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they are available, The preferential use of these data in the different
parts of the program are described in the section on MAIN PROCESSING.

Whenever some of the data are in the form of cumulative totals which can
happen in the case of wind run or radiation, it is necessary to enter
the value for the Jast day of the previous month so that the true value
for the first day of the month can be obtained by difference. In these
cases an INITIAL DATA CARD is used having a format given by Table 5,2.2.
This card which follows the CONTROL CARD, is omitted when none of the
data are cumulative.

As usual in this processing system the data are punched right Justified
and without decimal points. The format indicates the number of decimal
places required by the program.  However for the evaporation data there
is one exception. When either total or net radjation has the units of
counts (IRAD or INET = &) which are integer values, they should be
entered as such; the programs take account of this. |

An example of a monthly batch of data is shown in Table 5.2.3.
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TABLE 5.2.1 EVAP - INPUT

DATA

Data card format for a manually read station

1tem Symbol|Format! Colums! Units and Remarks
Temperature mngmum TMAX F6.1 1-6
Elié?ﬁﬁ dry ToM' i 1%-}% % ﬁg;liieg values
morning wet | TWM F6.1 19.24 | )
Wind run u2 F6.0 25.30
Sunshine N F6.1 31-36
Total radiation RC F6.1 37-42
Net radiation NC F6.1 43-48
Temperature afternoon dry TDA F6.1 49-54
afternoon wet| TWA ro.1 55-60
| Data type ITYPE | I 62 always 3
Source index IMET I2 63-64 | ) always 1
Number of sources JAKWS 12 65-66 | ) (see text)
Catchment number ISITE | 13 72-74 |
| Day of month IDAY | 12 75-76
Month and year IMONTH| 14 77-80

e —— e — -

Note: When data are not available the relevant columns
on the card are left blank.
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TABLE 6.2.2 EVAP - INPUT DATA

Injtial data card format

Item | Symbol | Format | Columns | Units and Remarks

g
|
|
Initial anemometer reading | UP F6.0 1-6 | .
initia) radiation reading | RCP F6.1 7-12 | '
Initial net radiation -
reading NCP F6.1 13-18 |
Data type - ITYPE - 62 always 3 l
Catchment number ISITE I3 72-74
Month and year TMONTH i4 77-80 '
|
|

Notes: This card, placed directly after the CONTROL card(s) is used
only when there is cumulative data for eijther wind run or
total radiation or net radiation. Otherwise the card is
omitted. Similarly any piece of data may be omitted when

irrelevant.

In all cases these initial readings will generally be the
readings taken at 0900 hours on the first day of the month.
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5.3 CONTROL INFORMATION

The information required by the processing programs may be classified as
follows: '

1. Normal catchment information, data type and frequency, units -
~ indices, and label.
¢. Latitude and altitude of the station to determine potential
radiation and the values of various altitude-dependent physical
" cons tants. |
Comprehensive information concerning the kinds of data available.
4. Calibration constants for certain instruments.

A1l these items appear on the CONTROL CARD whose format is given by TabTe
5.3.1. The usual catchment information, data type and label are described
in the general section on control information, section 2.3. However

IFREQ takes the value 1 when there is only 1 set of temperature data per day
and the value of 2 when afterncon temperatures are available in addition.
JFREQ, the output frequency takes the value 8 indicating one value per day.

The MAIN PROCESSING program demands that all values of the four temperatures
shall be available although only one value of sunshine hours or total radiation
is required. When the radiation data have units of counts it is assumed

that the data are cumulative. However for wind run data this is not
necessarily true and a double index is used, IW, to indicate both units

and whether the data are cumulative. This index is defined in Table 5.3.1.

The requirement for calibration constants is defined by the indices for -
radiation in an order of preference defined by the MAIN PROCESSING program.
In detail, the order is as follows: ' '

B O SN O OGN O G B 6N Ay MW Bs S8 Ox SN OO

1. If INET = 4 that is net radiation has the unit of counts
then A and B take values appropriate to the calibration
equation,

NC (cal) = A + B * NC {counts)

I

2. If IRAD = 4 that is the total radiation has the unit of counts
then A and B take values appropriate to the calibration
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equation,
RC {(cal) = A + B * RC (counts)

3. If IRAD = 3 that is total radiation is measured by Gunn-Bellani
radiometer with the unit mL, then A and B take values appropriate
to the calibration equation,

RC {cal) = A + B * RC (mL)

4. If INET # 4 and IRAD # 4 but ISUN = 1 then A and B take values
appropriate to the Angstrom equation,

RC/RA = A + B * N/NN
as described under MAIN PROCESSING.

5, If none of these requirements are met the constants A, B and C
are not used.

In general these constants will be available from field calibration of the
instrument although in case 4 above some general values have been quoted
for various climatic zones by Glover and McCulioch (1958), and by Linacre
(1967).

5.4  PREPROCESSING
5.5  NETWORK TABLES

At the present time the data from manually read meteorological stations
do not require any PREPROCESSING or NETWORK TABLES.

The data from automatic weather stations will require PREPROCESSING in
order to carry out the initial checks on comp]eteness of the data and
to estimate, for example, hourly mean values of the variables. Also
there is some indication that in future there will be several stations
in each catchment so that some areal integration will be necessary
involving the use of some network information.
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TABLE 5.3.1 EYAP - CONTROL INFORMATION
' - control card format

symol | Format | Columns | Units and Remarks

104

l Catchment area AREA F10.1 1-10 hectares
: Latitude LAT F6.1 11-16 degrees (+ = N
: - = §)
' Altitude ALT F5.0 17-21 metres
- Regression constants A F7.2 22-28 ) multipurpose
_ B F7.2 29-35 } constants
l ¢ F5.2 36-40 } see text
_ Albedo ALB F5.2 41-45
l TJemperature index IT. 12 46-47 1 = degs F
_ : 2 = degs C
' Wind index 1 IW t 13 48-50 see below
: Ht. of anemometer | ANEMON F4.1 57-54 metres
' Sun index ISUN 12 55-56 0 = no data 1 = hours
Total radiation index IRAD 12 57-58 0 = no data 1 = cals
ll' 2 = MWH 3 =ml
: 4 = counts
Net radiation index INET I2 59-60 0 =no data 1 = cals
. 2 = MWH 4 = counts
61
S Data type _ ITYPE I _ 62 always 3
l Source index IMET 12 63-64 Yo
| Number of sources IS | 12 65-66 | ) A1ways 1, see text
1 Input frequency . IFREQ | 12 67-68 )
l Output frequency JFREQ | 12 69-70 | ) °%¢ et
| - _ 7
l Catchment number 1 ISITE 13 72-74
' No. of days in month IDAYS 12 75~76
l Month and year IMONTH 14 77-80
l Notes:
' | 1. Wind index IW as follows 1 miles )
l 2 km ) not cumulative
3 knots }
11 miles )
' 12 km ) cumulative
13 knots }




5.6  QUALITY .CONTROL

The full sequence of tests is listed in Table 5.6.1. As far as possible
the program checks that the CONTROL CARD is internally conistent and that
the regressioh cons tants and the INITIAL DATA CARD are included when

required.

When daily values of wind run or any of the radiation inputs are determined
by difference from cumulative values, the program tests for erroneous
negative values. Otherwise the data are checked for punching errors by
computing the monthly totals for each variable and the daily totals of

all variables. These totals are then checked against the corresponding

totals on the booking forms.

Some straightforward tests on the validity of the data can be made for
temperature. There are clearly defined inequalities which must hold if

the data are valid.

Unfortunately the most serious forms of error in meteorological measurement
cannot be adequately checked without tests based on some knowledge of the
ekpected value of each variable for each month. These errors are usually
associated'with calibration drift, deteriorating exposure, or poor
maintenance of mechanical equipment such as anemometers. Field errors in
jndividual readings are rare and it is unlikely that suitable tests could
be developed which would pin-point such errors without calling for a
great deal of inspection of data which are only marginally outside some
predetermined range. On balance itwould seem more desirabie to. carry out
the checks in the field on a routine basis so that cases of calibration
drift never become serious enough to cause significantly greater errors
than are usual in the estimation of evaporation. In this context it is
clearly important to determine the relative importance of each variable
in the estimates produced.

An example of the output from the QUALITY CONTROL program is shown in
Table 5.6.2.
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TABLE 5.6.1. EVAP - QUALITY CONTROL

10.
il

12.
13.

=+ B I = A B & o I - R PN B A
« § # & = &  x »

- Sequence of the quality control checks

Read number of months to be checked

Read and check LEAD CARD -

Read CONTROL CARD

Display control information

Test CONTROL CARD label

Test IFREQ, JFREQ in acceptable range

Test INET, IRAD in acceptable range

If INET = 4 or INET # 4, IRAD = 3 or 4, test
regression coefficients A and B # 0

If any input variables are cumulative, read

INITIAL DATA CARD

Test INITIAL DATA CARD label
For each day of the month:
a) ~ Read a DATA CARD

b) Test the DATA CARD Tabel

¢) Compute daily totals from an cumulative data
d) Test for negative values from (c) above

e} Compute cumulative totals for each variable

and of all variable for each day
f) Test the temperatﬁre: max > min
' wet bulb < dry bulb
dry bulb < max
_ dry bulb > min
q) Repeat'(f) if afternoon temperatures included
h) Test morning dry bulb temperature < previous
day's maximum
Display totals of all variables by days
Display totals and averages for each variable

log

Subroutine

MASTER
MASTER
EVQC]
EVQCT
EVOC]
EVQCT
EVOCT

REGTES
EVOCT
EVQCT
EVQCT
CUMTES

CUMTES

EVOC]
EVQCT

EvocH

EVQCT
EVQC]
EVQCT



CATLHNENT nd. 2

AREA 14564.1

LATLT0E 1.9

ALTLTDE o7
REGRESSION A .oy
CREOGRESSION B .30
RGRESSTION O [0 YR

A dsln J.23

TEFVERAYUNE TNDEX 1

WIND |WDEX 1

HeTuHT JF ANEMOME (ER 2.4
5wk INDEX

TLTAL RADIATION TAREK 4
NeY RADiATEON INDEX @
PATA TYPE 3

SGLRLE INDEX 1

HuPgER UE SOURCES 1 M
inPLT FREQUENCY ¢

BLTFUT FREQUENEY A

N FHER UF DAYS [N MONTH 39
MCKTH AND YEAR 1043

1. AT MA¥, LESS THAN MIN

1.16% MORNING DY GREATER THAN MaX

2.143 MORWING Pu¥ GREATER THAN pREVINUS NAX

L8.43 NOaNING HeT GREATER THaW mMOSANING pRY

22.'AY MOENING Duy GREATER THAN MAX

21 16% MOIRNING DY GHEATZR THAN PREVIOUS MaX

©311 53 MORNING DAY GREATER THAMN Mak

DATE TaTAL NATE TOTAL pATE TaTAL BATE
' 3ps. 50 2 3158, %0 3 458,00 4
¢ 361.10 a 451 .3, 9 546,10 10
13 497.80 Vh L1h.5) 15 1.6 16
1] 7410 20 3an .1, 21 5.0 F+4
24 351.70 26 458.3y 27 39s.To 28
LR 306,00
STHAK STHEIN SToM STUM 2
TotaL 176Y . 4 1343.8 1404 § 1534.8 2874,
HERN 57.1% 83,35 &1 74 fL N 1) 92.8

TataL nard
84140 5
443 &0 1"
362 %0 47
510.30 23
317._40 b1
w sac
8.9 LY1T | ]
2.5 131.90

TOTAL

348 80

500 _an
42v.50
&11.90
?2.40

L1 11
u.d
.90

DATE

12

24

n
sTha
2.0

&.an

TOTAL

17500
872,00
515,64
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5.7  MAIN PROCESSING

The Penman equation forms the basis of this processing program. Use of the
equation is widespread and it is uncommon to find situations where there are
insufficient meteorological data for its application.

Althougn the basic equation itself is straightforward, the choice of values

of some of the constants and also the method of calculation of some of the
variébles. notably back radiation, is open to debate. However, this is not an
appropriate place to discuss the physics of the problem. The method of
application used here is described in some detail so that other workers in

this field can modify the program to suit their judgement.

The basic Equation

In terms of the nomenclature used in the program as defined in Table 5.7.2,
the basic equation may be written;

€0 = CECTR + CAR [:RC("ALB) - “%] ' UEtT%EEH%IHHI (EAT)

The first term represents the difference between net incoming shortwave and
net outgoing longwave radiation; the second term is a bulk aerodynamic
term. The factors involving DELTA and GAMMA, which are temperature and
altitude dependent, are considefed as weighting factors related to the
efficiency by which the incoming heat may be used in the vapourisation of
water. In practice the back radiation term and the aerodynamic term are

of the same order numerically which means that the term involving net
incoming radiation is predominant in determining potential evaporation.
This emphasises the need for accurate measurement of solar radiation.

DELTA is the slope of the saturation vapour pressure curve at mean air
temperature TD, and is given by Berry (1964) as; |

DELTA = 1.59488.107° TD* - 8.72748.107° TD? + 7.92168.107 D
- 3.4111.107°
when TD » 32°F

and DELTA = 9.936.10"° TD® + 1.6256.10"° TD + 5.352.107

when TD < 32°F Units: mm Hg, OF
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GAMMA is the constant in the psychrometer equation and is given by:

GAMMA = 2.727.107" (1013.0 - 0.1 ALT)
| Units: mm Hg,m

This simplification is possible by ignoring the effect of temperature
on the ratio of the specific heat of dry air at constant pressure to
the latent heat of vapourisation. From the Smithsonian tables, the
variation in GAMMA following this assumption can be shown to be Jess
than 1% over a wide range of temperature,

§9}ar Radiation

RC is the incoming solar radiation which is obtained directly from the
input data when IRAD # 0. The program is written with the unit of
calories so a correction for other units is made depending on the value
of INDEX. When a direct measurement of solar radiation is not available,
IRAD = 0, the Angstrom equation is used to derive radiation from hours
of sunshine.

RC = RA (A. COSPHI + B.N/NN)

N is the observed value of hours of sunshine, NN is the potential value
and RA s the radiation received at the upper limit of the earth's
atmosphere. A and B are the regression constants referred to in Section
5.3 and suitable values can be found by experiment or from collected
regional data (Glover and McCulloch, 1958; Linacre, 1967).

Both RA and NN are computed in SUBROUTINE RANN by the method described by
Berry (1964). This routine requires the day number counting from
1 January and this is computed in SUBROUTINE DAYNUM.

COSPHI is the cosine of the station latitude which is required in
McCulloch's modification of the Angstrom equation. When using regression
constants proposed by Linacre it is necessary to adjust the value A to .
allow for muitiplication by COSPHI in the program.

Albedo and Net Radiation

When calculating E0O1, the open water or potential evaporation, the program

109




assumes a value for albedo, ALB, of 0.05. The value input via the
CONTROL CARD refers  to the calculation of potential transpiration, ET3,
from the local vegetation.

However if there ére values of net radiation, INET # 0, then these data
will be used preferentially and will replace the whole term, RC(1-ALB)-RB.
This refers only to the calculation of ET3; net radiation is not used in
the calculation of EQ1, since net radiation is not usually measured over
a water surface, |

Back Radiation

RB, the back radiation (the net loss of longwave radiation) is calculated
by the following equation (Brunt 1934):

RB = SIGMA.TA4 (0.56 - 0.092 vED ) . (0.10 + 0.90.N/NN)

SIGMA is Stefan's constant which is 1.9847.10™", from Smithsonian tables;
TA4 is the fourth power of the absolute temperature in %; ED is the
saturation vapour pressure at the dew point as described below; N and NN
take the same values as described in the previous paragraphs.

When there is no measurement of hours of sunshine, a value is inferred from
incoming solar radiation, RC, by using the Angstrom equation in reverse.

Aerodynamic Term

The bulk aerodynamic term, EAT in the basic equation is a function of wind
speed, U2, at a height of 2m, and of the saturation vapour pressure at mean
air temperature, EA, and the saturation vapour pressure at dew point, ED,
which is the actual vapour pressure of the air.

EAT = 0.35 (1 + U2/100) (EA-ED) (1 + ALT/20000)

Units: mm/day, miles/day, mm Hg,m.

When vapour pressure is expressed in mb the constant takes the value 0.26.

The calculation of vapour pressure makes use of a polynomial fitted to the
vapour pressure curve. The equations used here are taken from Berry (1964)
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* When TW > 32°F

EA = 3.98647 x 1077 TD* - 2.90916 x 10°° TD® + 3.96084 X 107 TD?
3.4111 x 1072 TD + 2.1565

2.90916 x 10”5 TW® + 3.96084 x 10™°
3.4177 x 107% TW + 2.1565 -0,3 (TD - TW)

ED = 3.98647 x 10”7 W

and when TW < 32°F, the ice-bulb condition:

3.312 x 10°% TD? + 8.128 x 10‘ TD? + 5.352 x 1072 TD + 9.479 x 10'1
3.312 x 107% TW2 + 8.128 x 10°" TW? +5.352 x 1072 TW + 9.479 x 10

- 0.3 (TD - TW)

EA
ED

‘In a later paper, (Penman, 1965), the wind term in the expression for EAT

was changed to:

(0.5 + U2/100)

~following evidence from the Lake Hefner studies. An alternative value for -

open water evaporation, EO3, is calculated using this modification. The
potential transpiration value, £T3, is however calculated using the original
wind term,

The three estimates, two of open water evaporation and one of potential
transpiration, are output to magnetic tape in the order EOT, EO3, ET3. - They
refer to a time period of one day and for any application requiring a
shorter timer interval, it is necessary to assume an appropriate diurnal
variation, |

The following Tables 5.7.1 and 5.7.2 show respectively the sequence of
operations in the main processing praogram and the nomenclature used in
the program. '
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TABLE 5.7.1 EVAP - MAIN PROCESSING

O S A
. . - *

L

sequence of operations

Read the number of months to be processed

Read the CONTROL CARD(S)

Write the CONTROL CARD(S) onto processed data tape
Determine the values of altitude and latitude
dependent constants

Read the INITIAL DATA CARD if appropriate

For each day of the month:

- M0 O O
. . . -

read a day's data

determine the average dry and wet bulb temperatures
if appropriate

determine the back radiation

convert temperatures to OF if necessary

test for ice-bulb conditions

calculate the saturation vapour pressure and actual
vapour pressure at mean air temperature

vetermine the day number

determine the Angstrom radiation and the potential
hours of sunshine

convert all radiation values to calories/cm? if
necessary

vetermine the radiation value to be used (see
text for use of alternatives)

convert the wind speed to miles/day at a height
of 2 mif necessary

calculate the bulk aerodynamic term(s)

calculate the energy term{s)

calculate the 2 values of evaporation

and 1 value of transpiration

write the results to the processed data tape
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Subroutine

MASTER
EVAP
EVAP

EVAP

EVAP

EVAP
EVAP

EVAP
EVAP
EVAP
EVAP
DAYNUM

|

RANN
EVAP
EVAP
EVAP
EYAP

EVAP
EVAP

i

EVAP



TABLE 5.7.2 EVAP - MAIN PROCESSING

Nomenclature used in the routines

PI 3.1415%

SIGMA 1.9847.107° Stefan's constant

GAMMA constant in the psychrometer equation

DELTA weighting factor (see text)

PHI station latitude in radians

SIN50 correction for refraction and Sun's semi-diameter in hour
angle calculation |

Jo 1.94 Joule'’s constant
latent heat of vapourisation (60.74 - 0.0314.TW)

D day number from 1 January

RA radiation at the upper edge of the atmosphere

NN potential hours of sunshine '

TD mean daily air temperature

W mean daily wet bulb temperature

T average of maximum and minimum temperature

TA4 absolute value of T raised to 4th power

EA saturation vapour pressure at mean air temperature

£EA] saturation vapour pressure at wet bulb temperature

ED actual vapour pressure at mean air temperature

EAT,EAD pulk aerodynamic term
GEAT,GEA0 GAMMA * bulk aerodynamic term
SUM DELTA + GAMMA

HOZ,HT3 energy term in basic equation

See also Tables 5.2.1, 5.2.2 and 5.3.1 for the nomenclature used on the data
and control cards. |
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SECTION 6

RUNNING THE ROUTINE ON AN ICL 1900
SERIES COMPUTER UNDER THE GEORGE
3 OPERATING SYSTEM

6.1 Introduction

6.2 Methods of storing information in the
19045

6.3 Quality control routines

6.4 Correcting the data files

6.5 Storing the data files

6.6 Processing routines

6.7 Display routines

A1l program listings will be found in Appendix A
which is published separately.
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b.1  INTRODUCTION

- fo run the wuality Control, Main Processing and Lineprinter Display
routines, the followiny hardware and software must be available:

20K core

a card reader

a lineprinter

2 magnetic tape decks
a Foktran compiler

The routines have been developed on an ICL 1904S configuration at the
Hydraulics Research Station; it is a multi-programming system
controlled by the GEORGE 3 operating system.

The Graph Plotting routines have been developed on the $C4020 graph
plotter in conjunction with the ICL. 1906A at the Atlas Labordtory[
of the Science Research Council. This machine is operated under the
GEORGE 4 system.

The GEORGE operating system uses a filestore which resides in the
direct access storage devices., Information in the filestore is held
in files. These are device-independent and can be referred to by
the name, s0 that the users do not have to be aware of the physical
position of the files. The filestore enables users to store all the
information necessary for running a job within the system. Also,
the filestore enables a program to have more than one input/output
stream of the same peripheral type, even when the configuration has
only one of each of the relevant peripherais.

Directories

Before a user can create entrants or refer to them he must be
introduced to the system and given a place in the filestore hierarchy.
The user is given a directory which he refers to by his "USER NAME".
Information about entrants created by the user is stored in files

in his directory. |
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F1ilenames

The operating system, GEORGE 3, Tocates files in the area of the
filestore allocated to the user by reference to a filename comprising
of a maximum of 12 alpha-numeric characters of which the first must
be an alphabetic character, and a generation number which refers to
the version of the file being used. It is convenient to choose
filenames which help the user to identify the contents of the file.

Macros

A macro is a series of GEORGE 3 commands designed to carry out a
frequently required sequence of operations. The macro is stored in
the filestore. System macros are stored in files under the directory
nanie : MACROS and are available to all users in EXECUTE mode. They
may be used simp1y by issuing the name of the macro as a command.

User macros are stored in the user's directory and they are calied

in a similar manner. A complete description of the use and derivation
of macros is given in the appropriate ICL manual.

6.2  METHOD OF STORING INFORMATION ON THE 7904S

0f the methods of storage availabie, two have been adopted; both require

magnetic tapes.

Peripheral Type Files

Initially all source routines, object routines and basic data are in
card format and are held in basic peripheral type files in the
filestore.

For the data files, the following constraints are used:

One catchment per file

One data type per file

One to six months of data per file (if there is
more than one month in a file they must be
sequential and of the same half year).
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The filename consists of ten alpha-numeric characters, and can be

identified as follows:

cectmmnnyy (y)
where cee = first three letters of the catchment name
' t = data type: streamflow = F
rainfall =R
evaporation = £
mm = first month in the file
nn- = last month in the file {omitted if only one
month) '
yy = year in the file
g = generation number

e.g. Evaporation data from Grendon Underwocd for the months of January -
June 1906 would be found in the file named

GREEQ10666(1) _
and streamflow data from the Cam for July - December 1968 would b

found in the file named
CAMF071268(1)

Files which are correct are copied onto named magnetic tapes as
subfiles of those tapes by the system macro HCOPYOUT. This and
other system macros might be changed from time to time and the user
should refer to the relevant user notices. Once a file is safely
copied onto a magnetic tape it can be erased from the filestore
thus releasing filestore space for other uses. If the subfile is
required at a later date it is simply copied back into the filestore
by the macro HCOPYIN, used and erased, the correct version still
being held on the magnetic tape. The chances of losing a subfile
is much reduced if a copy is made on another tape. The name and
order of the subfiles on the magnetic tape can be listed by the
macra LISTTAPE. Subfiles can be erased from the tape by the macro

EDITTAPE.
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Source and object routines are stored on the magnetic tapes labelled
AHSOURCEMT generations 0, 1 and 2. The basic data files are copied
out to magnetic tape verbatim without alteration of the filename,
Successive files are appended to the existing subfiles on the tape,
The data files for each catchment are held on separate magnetic tapes
of generation zero. Copies of these magnetic tapes are made on tapes
of the same name but generation one. The tapes are jdentified by
eight alpha~numeric characters as follows:

cccDATAN{g)
where cee = Tfirst three letters of the catchment name
n = sequence number of the data tapes, ‘initiaily one.

When the first tape is full a second tape is
used hence h = 2
g = generation number

e.g. The Grendon Underwood catchment data files are held as subfiles

on magnetic tape

GREDATA1(0)
A copy of this data is on GREDATAI(1).

On-line Magnetic Tape Files

The named magnetic tape contains input to or output from a Fortran
program. The way the tape is used is contralled by the program.
Information can be formatted or unformatted records, the processed
data tapes are unformatted since this leads to economy of tape.

The identification of the processed data tapes 1s similar to the
basic data tapes '

cccRESULTN(g)

where ccc = first three letters of the catchment name
n = sequence number of the result tape
g = generation number

e.g. GRERESULT1(1) holds the processed results of data from Grendon
Underwoad. -

There are three generations of each tape to facilitate up-dating

as new data are available. The way in which these tapes are used
120

!

- em e




1
-

" is described in section 6.6 below.

6.3 QUALITY CONTROL ROUTINES

A system diagram for running the quality controi routines is shown '

in Figure 8.

The quality control routines QCF) for streamflow, QCR1 for rainfall
and QCE] for evaporation are stored separately on the magnetic tapes
and labelled AHSOURCEMT. A Tlist of the source and object subfiles
is given in Table 6.3.1.

Input

There are two input streams.

Stream 1 reads the data to be quality controlled from card reader zero
(CRO). Explanation of the data formats is given in sections 3, 4 and
5.

Stream 3 reads the RUN CARD from card reader one (CR1}. The RUN CARD.
indicates the number of menths to be quality controlled
NMONTH and, in the case of streamflow, gives the error
tolerance, NDIFF. Its format is given in Table 6.3.2 and
the use of NDIFF is described in section 3.6.

‘ Output

There is only one output stream, number 2, which 1ists the CONTROL CARD
and possible errors in the data. Examples of the output are given in
the previous sections. '

Running the routines

To run the routines the followiny files are required in the filestore:

Object file
Data file
Run control file

The output file is assigned during the run.
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The data files can be input directly from a deck of cards of the yiven

format or indirectly from another source via a program which outputs
the data to a card punch file in the correct format. For example,
most of the streamflow data is input indirectly through the program,
FLOW PREPROC, which preprocesses data from autographic records.

Direct input is carried out by the following GEORGE instructions:

INPUT :CATCH,GRERO10671(1)
data cards containing Grendon Underwood rainfall
records for January to June inclusive of 1971

*Xkk

Note that this is yeneration 1 of the card file.

The data files must always end with **** and these must bé
included in the file.

A typical set of GEORGE instructions to quality control six months rainfall
data from the Grendon Underwood catchment would be:

INPUT :CATCh,GRER0 T10671(n}
data

*kkdk

INPUT :CATCH,QCTEST
6
ek e
JOB AHYC, :CATCH
HCOPYIN (x),T2272
JCRIBIN
777
LOAD QCRIBIN
ASSIGN *CRO,GRERO 10671(n)
ASSIGN *CR1,QCTEST
CREATE !
ASSIGN *LPO,:
ENTER
LISTFILE !,*LP
ERASE !
LISTFILE GRERQIUG71{n)NU,*LP
ERASE (CRIBIN X {s the number of the
ERASE QCTEST magnetic tape AHSOURCEMT used
ENDJOB n is the current generation of
*kkk the data file.
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FRPRINT

TABLE 6.3.1 SUBFILES CONTAINING ROUTINES
Routine Source Object

Streamflow Quality Control QCM QCF1BIN
Rainfall Quality Control QCR1 QCR1BIN
Evaporation Quality Control QCE1 QCE1BIN
Flume/Weir Calibration FLUMWE IR FLUMWEIRBIN
Rainguage Matrix RMATRIX RMATRIXBIN
Streamflow Processing PLOW FLOWBIN
Rainfall Processing RAIN RAINBIN
Evaporation Processing EVAP EVAPBIN
Processing PROCESS PROCESSBIN
Patching PATCH PATCHBIN
Inserting INSERT INSERTBIN
Table Listing TABLIST TABLISTBIN
Matrix Listing MATRIXLIST MATLISTBIN
Display All DISPLAY DISPLAYBIN
Display Summary Only DISPDAILY DISPDAILYBIN
Print Flow Results FLOWPRT FLOWPRTBIN
Print Rain RAINPRT RAINPRTBIN
Print Flow and Rain Results FRPRINTBIN
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TABLE 6.3.2  QUALITY CONTROL

Run card format

Item Symbol | Format | Columms Remarks

Number of months in
the data file NMONTH I5 1-5

Stage error tolerance | NDIFF - 15 6-10 Only used in
' streamf]ow
quality control
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6.4 CORRECTING THE DATA FILES

There are two methods used to correct data files, corresponding to
the two methods used to input the file,

When the input is from a card deck, it is easier to correct the card
deck and re-enter it incrementing the generation number. The GEORGE
instruction to re-enter the data file would be:

INPUT :CATCH,GRERO10671(2)

corrected data
kiR

- Once the revised version of the data file is in the filestore the
previous generation of it can be erased in any job run under the same
Username by the instruction:

ERASE GRER010671(1)

When the data are input indirectly from another source, there is not
a card deck of the information {n the data f{le and any errors

in files created in this way have to be corrected in a job,

using the editing facility, EDITOR. This can be made easier by
obtaining a line number listing of the file to be corrected.

The following instruction would do this:

LISTFILE GREFOT0671(1),NU,*LP
The GEQORGE instructions for editing are:
EDIT GREFO10671

instructions to change contents of current generation
and transfer the corrected contents to generation
plus one. See editing instructions in the GEORGE 3
operation system manual.

ERASE GREF010671(-1)
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6.5 STORING DATA FILES

When a data file is correct, it is copied out of the filestore onto
a magnetic tape, then erased from the filestore. A new listing is
made of the subfile names on the magnettc tape. A typical set of
instructions to store data files on a magnetic tape which already
contains other subfiles would be:

RETRIEVE :CATCH,GRER010671(n),:CATCH.GREFO10671(n)
JOB AHCLEAR, :CATCH

HCOPYOUT (x),T?22?

END

GREF010671(n) ,GREFO10671

GRERO10671(n) ,GREROI0671

7777

LISTTAPE (x),*LP

ENDJOB

ik

It is safer to checkR that the data file has been copied ott, by checking |
with the listing of the subfiles on the magnetic tape, before erasing
the file from the filestore.

6.6 MAIN PROCESSING ROUTINES

The following routines are involved: FLUMWEIR, RMATRIX, FLOW, RAIN, EVAP,
PROCESS, PATCH and INSERT.

Arrangement of Data on the Processed Tape

The information is written on to the magnetic tape in unformatted mode,
with the stage/discharge table and/or the raingauge distribution matrix,

if required, before the processed data. The data are in batches of half
years, January to June, and July to December. The data types can be in _
any order within each batch but the dates of each type must be in sequential
order along the tape}_ A diagram of the order of the information is shown

in Table 6.6.1.
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The results of one data type for one month are held as a set on the
magnetic tape. Each set is identified by the initial record in the
set, which is a RECORD KEY, consisting of three integer variables:

KTYPE, KSITE, KDATE

where
KTYPE = 1 indicates runoff results
= 2 indicates rainfall results
= 3 indicates evaporation results
KSITE = catchment number
KDATE = 0 if the following records are a table of KTYPE or the

month and year if the following records are results of KiYPE.

The following are examples of the five different sets of records which
can appear on the PROCESSED TAPE. '

1. stage/discharge table
KTYPE = 1, KSITE = 2, KDATE = 0
1st record is the RECORD KEY as ahove
2nd record is KNUM,{Q(I),I=1,KNUM) when KNUM is the maximum
stage in millimeters and ¢ is the discharges corresponding
to stage increments of 1 mm.

2. raingauge matrix
KTYPE = 2, KSITE = 2, KDATE = 0
1st record is the RECORD KEY as above
2nd record is NY,NX.(M{I,J),d=1,NX),I=1,NY)
where NY is the possible number of daily or period
gauges in the catchment and NX is the sum of all
the recording gauge symbols.

3. runoff data
KTYPE = 1, KSITE = 2, KDATE = 1063
Ist record is the RECORD KEY as above
end record, variables of the CONTROL CARD
3rd record, runoff at intervals, defined by JFREQ, for the
first day of the month, October 1963
33rd record, runoff at intervails, defines by JFREQ, for the
Jast day of the month. (n = IDAYS + 2)

. 1 H \ : : 1
G TR O O A O B e
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4, rainfall data

KTYPE = 2, KSITE = 2, KDATE = 0264

1st record is the RECORD KEY as above

2nd record, variables of the CONTROL CARD

3rd record, variables of the AREA CARD(S)

4th record, rainfall at intervals, defined by JFREQ, for the
first day of the month, February 1964

31st record, rainfall at intervals, defined by JFREQ, for
the last day of the month. (n = IDAYS + 3)

5. evaporation data

KTYPE = 3, KSITE = 2, KDATE = 0565

1st record is the RECORD KEY as above

2nd record, variables of the CONTROL CARD

3rd record, evaporation values for the first day

of the month, May 1965
33rd record, evaporation values of the last day of
" the month. (n = IDAYS + 2)

Running the Processing Routines

A system diagram for running the prdcessing routines is shown in Figure 9.
The routines are stored separately on the magnetic tapes labelled
AHSOURCEMT, see Table 6.3.1.

Input

Stream 1 reads the data from the data file assigned to card reader zero
(CRO), for the flume/weir calibration, the ratnguage matrix or
the catchment data to be processed, depending on the routine
being run. Formats are given in sections 3, 4 and 5.

Stream 3 reads the RUN CARD from card reader 1 (CR1). The format for the
RUN CARD is given in Table 6.6.2. The variable K is used in the
subroutine TCHECK(K) to initiate the input tape on Stream 4
and/or output tape on Stream 5.

129




START

FLUME/ WEIR
DATA FILE

RUN CARD ]

*___4___J

FLUME/ WEIR
CALIBRATION

.

RESULT
gen't

v

RAINMATRIX
DATA FILE

| -

RUN CARD 1

s

RAINMATRIX

DISTRIBUTION

RESULT
gen 2
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1 The magnetic tape whose name and generation are
held in variables MFILE1 and MG1 respectively is
opened for reading from input stream 4 by the ICL
subroutine FILE.

K =2 The magnetic tape whose name and generation are
held in variables MFILEZ and MG2 respectively is
opened for writing to an output stream 5 by the
ICL subroutine FILE.

K =3 Both the above actions are carried out.

NSETS1 controls how many sets of information are transferred

from the input tape to the output tape, by the
subroutine TRANS, before the input tape is rewound
and released.

NSETS2 controls the number of sets of data to be processed
and appended to the output tape.

The numeric value assigned to NSETS1 can be obtained
from the listing of the log of the tape used for input.

Qutput

Stream 2 is assigned to lineprinter zero (LPO), which lists the log of

the output tape. An example of the log is shown in
Table 6.6.3.

Running the routines

There are three generations of the processed data tapes for each catch-

ment which are used in rotation for back up purposes. The tape
containing the most recent records is used as input and the one
containing the least recent records is used for output, leaving the
third tape as back-up in case of any failure while using the other
tapes.

The following files are required in the filestore to run any of the
routines:

Object file

Data file

Run Control File

The output file and the magnetic tapes are asigned during the run.
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Before any processing of the data files can commence the stage/
‘discharge table and/or the raingauge distribution matrix for the
catchment have to be written onto the appropriate output magnetic
tape. The derivation of these tables is described in section |
3.3 and 4.3 respectively.

For the stage/discharge table the foliowing files must be in the
filestore, using Grendon Underwood as an example:

FLUMWEIRBIN Object routine to create the stage/discharge
table _

RUN CARD file if this is the first set of information to
be stored on the magnetic tape, K = 2
MFILE2 = GRERESULTII

MGT = )

NSETST = 1
. MFILEZ2 = GRERESULTT
‘ MG = 2

NSETS2 = 1

Data file

If a raingauge matrix is reguired, the following files must be in
the filestore, again using Grendon Underwood as an example:

RMATRIXBIN object routine to create the matrix

RUN CARD file if this is the second set of information to
be stored on the magnetic tape; K=3
MFILE1 = GRERESULT

MG1 =

NSETS) =1

MFILE2 = GRERESULT1
MG2 = 2 :
NSETS2 = 1

Data file

Processing of the catchment data files can be run in two ways. If
there is only one data file to be processed the appropriate object
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routine FLOWBIN, RAINBIN, or EVAPBIN, can be used. If there is
more than one data file, the routine PROCESSBIN must be used and
all the data files to be processed must finish with ****, since
the instruction which reads the LEAD CARD will initiate a pause

if the end-of-file marker is read. This a110ws'another data file
to be assigned to the routine and the run continued.

Example of a job to run on a single data file.

INPUT :CATCH,RUNGREN
3GRERESULT 1AAAAAAAAAZAAAAZGRERE SULT1AAAAAAAAASAAAAS
& %k ’
JOB AHGREN,:CATCH
HCOPYIN (x)},T////
FLOWBIN

111/

HCOPYIN (x),T////
GREF101263

/117

LOAD FLOWBIN

ASSIGN *CRO,GREF101263
ASSIGN *CR1,RUNGREN
CREATE !

ASSIGN *LPO,.

ENTER

LISTFILE ., *LP

ERASE !

ERASE GREF101263

ERASE AHGREN

ERASE FLOWBIN

ENDJOB

#dedek

This job would transfer two sets of information from magnetic tape
GRERESULT1(2) to GRERESULT1{3) and then append three months of
flow results to the second tape.

When more than one data file is to be processed the following
GEORGE instructions are used, assuming the necessary files are
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in the filestore:

INPUT :CATCH,AHGREN
3JGRERESULT 1222405580308 805GRERESULT1AAMAASAANT 28446
Rk

JOB AHGRENRUN,:CATCH
LOAD PROCESSBIN
ASSIGN *CRO,GRER101263
ASSIGN *CR1,AHGREN
CREATE !

ASSIGN *LPO,!

ENTER

IF NOT HAL{1007),G0 1END
ERASE GRER101263 -
ASSIGN *CRO,GREET01263
RESUME |

IF NOT DEL({DO),G0 TEND
ERASE GREE101263

ERASE PROCESSBIN

ERASE AHGREN

1END

LISTFILE :,*LP

ERASE !

ENDJOB

ik
Note the routine will pause 1007 when it reads **** at the end of the
data file.

Additional routines

In practice it was found that delays can occur in processing one or
other of the types of data. To avoid holding up the processing of
the other data types, the routine PROCESS was modified to allow sets
of results to be inserted. This modified routine is called INSERT.
The subroutine TRANS has been replaced by PRANS, which does not rewind
or release the input magnetic tape. The routine assumes there will
be both input and output magnetic tapes, so TCHECK(K) has been ex-
tracted and the ICL subroutine FILE called in the main routine. The
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only change involved in the input file is extra RUN CARDS. The
format of these is given in Table 6.6.4.

K is always 3

NSETS1  indicates the number of sets of information
to be transferred from the input tape to
the output tape before extra sets have to be
inserted (processed). :

NSETS? indicates the number of sets to be inserted
before transferring more from the input tape.

The routine will terminate when NSETS2 is zero.

1t has also been found that some data required reprocessing because
of errors slipping through the quality control. The routine INSERT
has been modified into PATCH with the addition of subroutine RSKIP.
In this routine NSETS2 indicates the number of sets to be patched
and hence skipped on the inout tape.

The running of these two routines is very similar and is illustrated
by the following gxamplie: '

INPUT :CATCH,RUNCARD
3MAGTAPE1aanaaaanaaalaaaaZMAGTAPE1aanaannaa&aZaaﬁa1
AdAAAAAAAT '
AAAAZAALAD

dedeiew

JOB AHPATCH,:CATCH

LOAD PATCHBIN

ASSIGN *CRO,DATAY

ASSIGN *CR1,RUNCARD

CREATE !

ASSIGN !, *LPO

ENTER

IF NOT HAL{1001), GO 1END

ERASE DATAT

ASSIGN *CRO,DATAZ2

RE SUME

IF NOT DEL{00},G0 1END

ERASE DATAZ
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ERASE PATCHBIN
ERASE RUNCARD

TEND

LISTFILE 1 ,*LP
ERASE !

ENDJOB

ek

In this case magnetic tape, MAGTAPE] of generationl, contains 10
sets of results and has errors in sets 3 and 8. The data files
are corrected and the corrected data are held in DATA1 and DATAZ
respectively. The object program PATCHBIN is in the filestore.
The corrected results are written onto MAGTAPE] of generation 2.
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TABLE 6.6.7 ARRANGEMENT OF DATA ON THE PROCESSED DATA TAPE

IMAX{Q{I),I=1,IMAX} Grendon Underwood Discharge Table l

~ KTYPE ,KSITE ,KDATE Record Key KTYPE = 1, KSITE = 2, KDATE = 0

KTYPE ,KSITE ,KDATE i Record Key KTYPE = 2, KSITE = 2, KDATE = 0

NY, NX,({(M(I,J),0=1,NX},I=1,NY} Grendon Underwood Raingauge matrix

KTYPE ,KSITE ,KDATE Record Key KIYPE = 1, KSITE = 2, KDATE = 1063

CONTROL CARD : ' Grendon Underwood Streamflow October 1963

RUN(K) ,K=1,MF Runoff for 01 October 1963

RUN (K) 4K=1,MF | Runoff for 31 October 1963 '
Runoff for November and December 1963 . I :

KTYPE ,KSITE ,KDATE Record Key KTYPE = 2, KSITE = 2, KDATE = 1063 '

CONTROL. CARD Grendon YUnderwood Rainfall October 1963

AREA CARD{(S)

AR(L),L=1,ME Rainfall for 01 October 1963

AR(L),L=1,ME Rainfall for 31 October 1963

Rainfall for November and December 1963

KTYPE ,KSITE ,KDATE Record Key KTYPE = 3, KSITE = 2, KDATE = 1063

CONTROL CARD Grendon Underwood Evaporation October 1963

Evaporation for 31 October 1963

Evaporation for November and December
1963 ' '
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TABLE 6.6.2 MAIN PROCESSING

Run card format

Item Symbo1 Format Columns Remarks
Tapes used K I 1
Filename of magnetic

; ; Max of 12
tape used for input MFILE] 2A8 2-17 characters jeft

justified
| Generation number | - | | |
of input tape - M&) 14 18-21 Range 1-3
Number of sets to
be transferred from
the input tape to
the output tape NSETS1 15 22-26
Filename of magnetic
tape used for output MFILE2 2A8 27-42 As for MFILE]
Generation number of
output tape MG2 14 43-46 As for MG
Number of Sets to
be appended to the
| output tape NSETSZ I5 47-51
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MAG TAPE + KI4RESULTA _.
GENERATION ¢ 2
DATE 1 D35ru9/73 l
KYYPE  KSUTE  KDATE _
¢ 14 U TRANSFERRED l
9 14 158 TRANSFEQRER
3 14 258  TRANSFEQRED I
| 4 358 TRANSFERRED
| 14 4L58 TRANSFERRED
y 14 558 TRANSFFRRED l
i 14 458 TRANSFERRED
2 14 158 TRANSFERRED
2 14 258 TRANSFERRED
¢ 14 358 TRANSFRERRED '
2 14 458 TRANSFERRFN
2 1 i 85538 TRANSFERRED
2 14 458 TRANSKERRED l
3 15 158  PATCHED
5 15 25%  PATCHERM
5 15 358  DATCHED
3 15 458  PATCHED l
3 5 558  PATCHED
3 1Y 458  DATCHED
i 14 758 TRANSFERRED '
! 14 A58 THANSFERRED
1 “d 958 TRANSFERPEND
} 14 1058 TRANSFERKED "
; 4 1153 TRANSFERRED l
i 14 1258 TRANSFERRRED
2 164 758  TRANSFERRFD :
2 14 A58 TRANSFERRED .
2 14 Q58 TRANSFERRED
2 14 iNSB  TRANSFERRED
£ 14 1158 TRANSFERRED l
Z 14 P58  TURANSEERRFED
3 15 758  PATCHES®
3 15 A58  PATCHED
3 15 953 PATCHED .
5 15 iNS8  DATCHED Y
3 15 1458  PATCHED
3 45 1258  PATCHED .
. 14 159 TRANSFERRED
1 14 259 TRANSFERRED
i 14 59 TRANSFERRED
. a4 L59 TRANSERRRED '
g 14 559 TRANSFERRED ik
| 14 659 TRANSEERRED
2 14 159 TRANSFERRED l
2 14 259 TRANSFERRED
14 350 TRANSFERRFD
459 TRANSFFERRED '
"D ANSFERREN
caen




F

1

TABLE 6.6.4 MAIN PROCESSING
Additional run card format

Item Symbol Format | Columns Remarks

Number of sets to
be transferred from
input tape to
output tape NSETS] I5 1-5

Number of sets to
be inserted or
patched and skipped NSETS2 I5 6-10
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6.7 DISPLAY ROUTINES

Line printer displays

The routines involved are named:

TABLIST

MATRIXLIST

DISPLAY

DISPDAILY

FLOWPRY

RAINPRT

Input

Tists any flow calibration table held on the
processed data tape. An example is given in
Table 6.7.1.

lists any raingauge distribution matrix held on
the processed data tape. An example is given in
Table 6.7.2.

1ists the contents of the control cards and daily
totals of flow rainfall and evaporation data for
any month held on the Processed data tape. An:
example is given in Tables 6.7.3a, b, ¢, d. |

lists the summary sheet only of the above
Table 6.7.3d.

lists the actual flow values, at a frequency
indicated by JFREQ on the control card, for every
day of ahy month held on the processed data tape.
An example is given in Table 6.7.4.

lists the actual rainfall values, at a frequency
indicated by JEFREQ on the control card, for
every day of any month held on the processed
data tape. An example is given in Table 6.7.5.

Stream 3 reads the RUN CARDS from card reader zero (CRB). The initial
RUN CARD assigns the appropriate magnetic tape to input stream 4 by
the ICL subroutine FILE. The format of the run card is given in
Table 6.7.6. Further RUN CARDS control the choice of tables or
months of data to be listed. The formats are given in Tables 6.7.7

or 6.7.8 respectively.
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Qutput

Stream 2 is assigned to lineprinter zero (LPR)
Stream } is assigned to lineprinter one (LP1) only in DISPLAY.

Running the routines

To run any of the display routine the foliowing files are required in
the filestore: '

Object file

Run Control file
The output file(s) and magnetic tape are assigned during the run.

Table 6.7.9 shows the instructions required to 1ist the information
used as examples in this section of the report.

Graphical Dispiays

Since the data are processed and stored on a 1904S computer and a
soft-ware package for the plotter is available on the 1906A computer,
it is necessary first to transfer the data between computer systems.
This is achieved by using the following GEORGE instructions to
transfer the data onto a pre-labelled magnetic tape.

JOB job name,:CATCH,T?227

TRAPGO magnetic tape name, WRITE

LOAD :LIB.PROGRAM XRMM

ONLINE *MT@{READ}, (processed data tape number, processed tape name(g))

ONLINE *MT1(WRITE),{magnetic tape number, magnet1c tape name)
ONLINE *CR@

CREATE :.

ASSIGN *LPP,.

LISTFILE :,*LP

ERASE !

ENTER 1

INP {processed data tape number: processed data tape name)
OUT (magnetic tape number: magnetic tape name}

*hkk%

2277
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The second stage of the procedure is to run the routine GRAPHIC held
in a file on the 1906A called :VEHYP3.IHDISPLAY with the pre-labelled
magnetic tape'és input. In addition a pair of data cards whose format
is given in Table 6.7.10, are necessary for each data batch (of up to
6 months) being plotted. These define the number of months in each
batch together with the input and output frequencies.

A typical job would require the following GEQORGE instructions:

JOB jobname,:VEHYD3
INPUT GRAPHS,T??77

data cards (see table 6.7.10)

7727 .
MEDIA TAPE7,2,{magnetic tape number)
JOBTIME 3@ SECS [ allow 5 secs per month_7

OBEY :SC4@2@.FORSCA@20,PARAM({READGRAPHS ,LOADDISPBIN, -

#77(DISPLAY 2,TAPE magnetic tape number IS IN POS. tape storage location),-
477 (ONLINE *MT@,(magnetic tape number)},-

TIME 392 SECS)

ENDJOB |

*khk

An example of the graphical display js shown in Figure 10

BN G G G G SN G B BE SN OR G5 W WO BN SR BN S
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TABLE 6.7.6  DISPLAY

Run €ard Format

[tem Symbo1 Format | Columns Remarks
Filename of magnetic tape MFILEY 2A8 1-16 Max. of 12
characters left
Justified
Generation Number MG 12 17-18 Range 1-3
TABLE 6.7.7  TABLIST AND MATRIXLIST
Additional run card format
Item Symbo1 Format | Columns Remarks
Version of table
to be listed NUM I5 1-5 If more than one
table is to be
Tisted, the cards
must be - in order
of the tables on
the tape
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TABLE 6.7.8 DISPLAY, DISPDAILY, FLOWPRT and RAINPRT
Additional run card formats

CARD 1
Item 1 Symbol | Format ] Columns Remarks
Number of months to | NUM 12 1-2 Range 1-6
be displayed 0 = end of run
Catchment Number NSITE 13 3-5
CARD 2
Item | Symbol } Format { Columns Remarks
Months to be displayed | MONTH 616 1-36 Max of & months
in date order

"




TABLE 6.7.9  EXAMPLE OF GEORGE INSTRUCTIONS FOR DISPLAY ROUTINES

JOB DISPLAYS,:CATCH
INPUT GRETAPE(1),T////
GRERESULTTAAAAAAA]
ABAAT -

AAAAD

11

INPYT GRETAPE(2),T////
GRERESULT1aaAAAAN]Y
&1AAZ

AAT063

AQAAD

17/

LOAD TABLISTBIN
ASSIGN*CRO,GRETAPE (1)
ASSIGN *LPO,TABLISTOUT
ENTER _

LISTFILE TABLISTOUT,*LP
ERASE TABLISTOUT

ERASE TABLISTBIN

LOAD MATLISTBIN l
ASSIGN *CRO,GRETAPE(1)

ASSIGN *LPO MATLISTOUT '
ENTER | o
LISTFILE MATLISTOUT,*LP o
ERASE MATLISTOUT

ERASE MATLISTBIN | .
ERASE GRETAPE(1) -

LOAD DISPLAYBIN

ASSIGN *CRO,GRETAPE(2)
ASSIGN *LPO,DISPLAYOUTO -
ASSIGN *LP1,DISPLAYOUTY
ENTER

LISTFILE DISPLAYQUTQ,*LP
ERASE DISPLAYQUTO
LISTFILE DISPLAYGUTI,*LP
ERASE DISPLAYOUT?

ERASE DISPLAYBIN

LOAD FLOWPRTBIN

ASSIGN *CRO,.GRETAPE(2)
ASSIGN *LPO,FLOWPRTOUT
ENTER

LISTFILE FLOWPRTOUT,*LP
ERASE FLOWPRTOUT

ERASE FLOWPRTBIN

LLOAD RAINPRTBIN
ASSIGN *CRO,GRETAPE(2) | -
ASSIGN *LPO,RAINPRTOUT
ENTER -
LISTFILE RAINPRTOUT,*LP
ERASE RAINPRTOUT

ERASE RAINPRTBIN

ERASE GRETAPE(2)

ENDJOB

*wrkk




TABLE 6.7.10 GRAPH PLOTTING
Run Card Formats
Item Symbo1l
CARD A No. of months in batch NUM
Flow frequency MEV
RAIN freguency MER
CARD B | Month numbers in MONTHS (1) | 1216 1-6
batch on CARD A 7-12
eg. 000167 = Jan 1967 etc

|
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