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Abstract

A description of the processes involved in
converting and combining data from a range o
of ficld records to give estimates of o
hydrological variables. - These processes v
include quality control, editing and data

storage. Special emphasis is given to data

recorded on cassettes by a Micredata logger.
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1. INTRODUCTION

The advent of more detailed and varied hydrological investigations has
led to the demand for frequent records of & wide range of variables.
These inciude rainfall,; runoff, :and evaporation estimates for hydro-
logical modelling and water resources studies, soil moisture for detailed
sub-surface water movement studies, and the meteoro]ogical variables

such as solar radiation, temperature, humidity, and wind run for the

estimation of evaporation rates.

| R . ; . - Measurements are collected from several types of instruments in a .
: . _ . vorioty of ways ranging from manual xeauinge ior soil moisture, the
? ‘ | meteorological variables, and period rainfall: to recording on cassette;
5 . 1 - tape in the case of automatic weather stations, wvater level recorders, .
K o and rainfall recorders. 1In some instances, measurements from a point o
‘source are sufficient but quite often areal estimates of variables
are needed; these require networks of instruments and much data
nanipulation. Often the measured variable has to be converted into a
more commonly used form before it can be used in hydrological investiga-

tions.

, Because of the increasing amount of data being collected and the number
.of manipulations required, it was recognised several years ago that
lwthere was a real, requirement for an efficient and speedy computer-based
- data processing isystem at the Institute of Hydrology. Several systems
were set up, soqe as yet unpublished, each dealing with specific types
of data. Most of these systems include some form of quality control
to minimise error due to instrument failure or observer error.

Plinston"and'Hill (1974) describe a system for processing streamflow,
" , I 8 ' rainfall and evaporation data which has been used successfully at the
; Lo - Institute for several years for both British and overseas catchments.

The system includes a comprehensive quality control of the "raw" data

. (stage values, rainfall, and the meteorclogical variables) and routines

for calculating areal estimates of runoff, rainfall and evaporation for
pre-determined frequencies. These areal éstimates are held on a "processed"

data tape whilst the "raw" data are held in temporary disc files for -
subsequent transfer to a "raw" data tape. Routines are available to

‘produce summary listings of the "processed" data and to produce a disc . .., . °
or tape fiIe suitable for modelling purposes. Some pre-processing is n
required to ensure that the dota‘are in a form suitable for quality’

control and subsequent proce551ng Evaporation estimates are calculated

using data from manually-read meteorological stations only and there

| eh is no facility to handle data recorded by the new logger and cassette o
o o B | tape facllltles - R ‘ ‘ . o

o - P )
o el b

s : i L ' z ” - :
- ’ 3 N Roberts (1972) describes a system for the qu;]itv control’ and proce551ng
N of 5011 ,moisture data collected using a manuallh read. neutron probe.
‘ £ \ The "raw" data are quality—controlled and . é&prgused as water contents
B B B | o through the soil profile. Routines have been wkitten to provide, summary
listings and graphic displays of the derived values. When the data
have been deemed to be "corrcct" they are hrmttcu o me“err/ ;iles for
subsequent transfer to permanent storage on magnetic tape.” &

!“ , L,# Y
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Smith and Wikramaratna (1978) deccribe a system for processing data
collected in groundwater studies (water levels, water chemistry, pumping
tests). In this system, the data are held on direct access files, the
location of data values being determined by means of a station index
file. Several application programs to analyse, model and output the data

in tabular form hawe been written.

Althoughithe Systems'described briefly above are excellent in dgéling
with tueruuia for which they were designed, it was felt that a few system .

was necessary:

(i) To process all the data being'cdllected at the Institute
- ufing one system thus ensuring a common level of quality
~control and user access. '

(ii) To make use of the data being recorded by the new logging
devices (Strangeways, 1972; Strangeways and Templeman, 1974).

(iii) To introduce more refined techuiques of quality control and
editing and to provide more flexibility to the user when
accessing the final data values. - -

Much of this report deals specifically with processing data from the new
logging devices although the conventional recording systems (Plinston and
Hill, 1974)yplay an important part in providing back-up facilities in the
case of instrument maifunction. Also, much of the software, especially
that dealing with quality control, used in the old systems was transferred
with little or no modification to this new system, the main changes being
in the input and output parts. ‘ '

Some important refinements have been introduced into this data processing
system. One such refinement is that of data labelling whereby each

data value has an assoniated quality index, the value of this index
'being set as a result of tests carried out in the quality control
routines. But labelling is ‘used only for those ddta which are

~recorded at sufficient frequency and for which the quality control
routines are suificiently sophisticated for such a scheme to be
effective. If data conversions or the summation or averaging.of data |
values are necessary, ‘the quality indices of"the original data values
are passed on to the new calculated values. ” Y

Another gonceptluséd in this data‘processing-system is that of
automatic data ccrrection. fThis is useful when.correcting spurious

values in an otherwise steady trend and it minimises the amount of T
manual data editing that has to be carried out. o L

The use of the new logging ‘devices means that frequent observations

of the va:iouﬁ recorded values are available. In particular, the
‘automatic weather” stations’provide records, of the meteorological
variables at a frequency of five minutes thus making it possible to
calculate improved estimates. of open water evaporation and evapotranspira-
tion than was possible using data collected only from manually-read
stations. B , SR e '

{ i

In order to make the data freely available to the wvarious users, it

was decided to design a disc-based data proces:ing system where the
"processed" data are stored in direct access files. This means that

any records may be accessed directly without the need to read through
consecutive records until the required data are found. Where |
necessary, areal estimates are calculated and these are stored together

with the data from individual sites/instruments. All the file matipulations
are done within the software to simplify the accessing of data files, and all
that is required of the user is to specify the data rerords required.

The system has been written in standarq ASCII FORTRAN for a UNIVAC 1108.
For transfer to a different computer syvstem, it is likely that some
modification, particularly to the input and output routines, will be

necessary. _
‘ ' o ' (]
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2., SYSTEM DESCRIPTION

2.1 Introduction

One naJor problem in de51gning a data processing system for hydrological
purposes is the variety of instrumentation used, Some, such as rain
gauges, record one single variable; others such as weather stations record
several different variables. Some record on a set time basis while others
are read manually at wvariable time intervals. Some instruments, such as .
neutron probes, record several values of the same. variable at the same
location, In some cases, instruments that measure the same variable
record on diffeirent media, and different pre-processing routines are
‘required to bring the data to a common fbrmat. It is clear, therefore, ..
that there must be some means of specifying not only the type of N
instrumtnt, but also the recorder type, its'recording freguency, and the

type of, vaiiable 1t measures.

Another problem is that of storage and. accessing of data. The volume. of
data is suchi“that there has to be some means.sf indicating where ‘on tho -
computer the data from the various instruments are sLoredf- '

Most of the quality control and conversion rnutines reqaire standard .
“values, derived for each individual inscrument., Tnese values must be
‘readily accessibie on’ the computer in order that Lhose routines may

be carried out,

T

T
.All of these problems are solved by setting up a sife direcfory whichﬂ
is a computer file containing all of the relevant information for all
of the instruments currently being used. Before the data from any
instrument can be processed u51nc this system, an entry for that

particular instrument must C%lb“}ﬁﬂ the site diiectory. The information
stored for each instiument *1 tne slte directory is described in the

next section. ) L o

S e R
O e

.The rest of the data proceSSLng system consists of a number of well
‘defined procedures, most of which require access to the site directory.
Some of the procedures also require access to various calibration and
network tables; this is done automatically using pointers from the site
directory A generallsed _____ fiowchart of the new data processing system

- . is given in Figure 2.1, oy ’
urh of the data currently being used at the Institute are collected from-:

.”oin ruments connected to a Microdata logger and recorded automatically -
o c=ssette tapea. These instrunents 1nclude ‘weather stations, well lavel

'*-recorders, and rainfall gauges.

-

it

5“3FTLe proceSSing of those data recorded on causornntape are carried out in

- a sinilar manner for all instrument types. A flow char* showing the

- various: stages of this proce551ng is given in Figure i

1
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INPUT # 1. This signifies the editing of data written to a named

A suite of computer programs has been written to process the data once
they have been transferred to the UNIVAC. 1In the main routine, a number
of options are available, these options being determined by the value
of INPUT, an integer specified by the user. INPUT can take the values

INPUT = 1, This signifies the quality control of data in logger steps
transferred to a file on the UNIVAC via a seven-track tape.
Normally several cassette lengths are processed at the same

i time. Accompanying each cassette- length is an information

B record on punched cards; this contains data identifiers and
field data form .

quality control aids abstracted from the
(Section 2.3). Prior to quality control, the data are

translated into real units usiag facturs in the .site

directory {Section 2.2) and on the information record.
The data are quality controlled and depending on the
results, two options are available. : S "

(i) If the data are 'error free and no manual intprvention
is necessary, the data are stored on magnetic tape,
converted into their required units and stored on direct -

2. ; access files.

(ii) If errors are found which cannot be corrected auto-
matically, the data ard written to A named temporary file

for malddl editing.

Lemporary file following a quality control run. Editing of
the information record or of the individual data values may
be carried out. Following this the data may be re-sub 'itted
to the quality control routines or may bhe assumed to be'

‘correct, and converted into the required units and stored. v

This is controlled by the value of INPUT. e

The various stages in the processxng Wlll be describtd nore fully in. the -

relevant sections.

2.2 Site.directdt?ﬁ

The site directory is contained in .a-direct access file .on the computer °

system. It consists of a number of records, each of which contains
information for one individual instrument/site. The information held
in each record may be split into two parts: control information and

standard/conversion values.

Contro) information

-
Ll

\ T R . . Al .
the eastiwest grid reference of the site SRS
0

IGRDEW -

IGRDNS ~ -the north south grid reference of the site
IALT - the altitude of the site A
BSITE - thé local site name Ny -

ICYC - not used at present - i Co .
“INST ~ the instrument type .

v . ,,2‘) Ly
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When visiting sites having automatic recorders, it is sometimes possible
to carry out manual measurements of the variables being recorded. This
is extremely useful for quality control purposes and is most often
carried out at the beginning and end of a period during which the
automatic irstrument was recording. In the case of rainfall measurement,
the catch in the check gauge is the only certain quality control check

of the total rainfall recorded by an automatic raingauge. Field date
forms have been designed sc that the data identification and any quality
control aids may be noted. For those wvarious data recorded using the '
microdata loggers, a single form is used, as shown in Figure 2.3.

KREC - the recorder type
IFREQ - the recording frequency
JFREQ - the required output frequency
\ ICHANN -~ the number of .ariables recorded by the instrument,
o ‘ - except in the cuse of the neutron probe
ISTART - the starting date of data from the site
JSTART - the finish date of data from the site.

Standa:d/Conversion values

Each variable recorded by the instrument has the following:

For those data recorded manually, forms have been designed in such a way
that no further re-coding is necessary before the data are transferred
into a computer compatxble medium. These various forms will be described
in the relcvant sections. The field Zata form:i;j," together with any. '
recorded data, are sent to Wallingford for further processing.

ITYPE . ‘the variable/data type _
CHAN(J.Z) ~ up to 12 standard/conversion values, except .m the
case of the neutron probe.

When referencing data from any particular sice, whether it be for
qua‘ity control, data storage or retrieval purposes, it is necesrary
oo f to sgecify the local site name. This locadl site name will be tested:
consecutively aqaznst those appearing in the site dire:tory. 1if no
"such site name is found, an error message will be output and process: ug
discontinued. - However, on finding the correct site ‘name, the required
control information and standard/conversion values may be accessed.

2.4 Office procedures, pre-processing

It is very unusual if the hvdrological data recorded in the field can
be fed directly into a computer system without the need for pre-processing.
But there are so many different means of recording data in use that it

is necessary to have many pre-processing procedures, their complexity
depending on the recording medium and on the input perinherals of the'
computer system.,

" The nuuber of the record containing the correct site name is used |
" to identify the names of data files associated with the site. If,
for instance, record number 52 in the site directory contains the
required local site name, then 0052 is known as the internal site
number of the site and the 1977 processed data« for this site will be
held in a file whose filename is 005277000000, This is also useful. in
' B Co accessing temporary data files during the quallty control stage; fcr
| example, data from the site with internal site number 0004, beginnxng
on 4.1.79 will be held in a temporary file called 000404017901 . This
data will be held in this temporary file until it has been quality ,
‘fcontrolled, ccnve*ted into useable units, and stored in 000479000000, -
at which point flle_000404017901 will be deleted. All file asslgnmeﬂts
- and deletions are carried out within the FORTRAN prograis. This is-
. particularly useful vthen dealing with data from a numbex:of different
sites/instruments be*ause file names need not be specified. -

S N // . H : . i SR Sk

2.3 Dpata:colleciion - _ S

Data recorded on cassette tape are converted via a Microdatu cassette

tape reader and a suite of computer programs into computer compatible
form. They are then input, together writh any data identification and .
quality control aids punched on computer cards, inte the comput}_» ""‘f‘-‘i‘i’-- A
'system.. At the same time a Microdata * logger and tape faults" Form is
initiated fcr each cassette tape (Figure 2.4!. On this form ape v
noted any errors detected in the data during the various stages of
‘processing Data recorded manually are usually transferred to punched
computer cards prior to input to the computer system. '

2.5 Input to the computer sys'tem

1E

.. The UNIVAC 1108 at Rutherford is equipped with a card" reader and beven-— ,
“and nine-track magnetic tape decks. Bevcause of the largr amounts of
data generated from automatic recorders, these data are r;enerally
handled by magnetic tape. This is done by using the Jn,t,Lz.tutcz ppps
“computer which has a Microdata cassette tape reader and'a seven-track”
tape deck. The sequence of events is: input to the PLPY, wvia the
cassette tape redder, output to seven—track tape, trunsfer of Llpf' Lu
.the UNIVAC as input to the gquality control and processing system (see
Figure 2. 2)

.. One of the major facet-é\." of data collection, that of ‘sj'ite/in's;_trmneut .
 identification has already been discussed. The other major requirement
of data idéntification is that of time and date at which” the vanableq

w0 wt 07 were measured. . S T

’ IL

Ahofe e In the case of a single measurement, a single time ana date is requ;red
- for automatic reccrders, the start and finish time \and date are requ*red
so that the time and date of “individual records may ‘be calculated usmg
the recording frequency found in the site directory. The fin:.sh tlme
and date is used to verlfy the quantity of data measured by the .
recorder. - -

2. 6 guality control . o P N R RIS "
Many of the- quali.ty control routines used in this new system are updated
vers:l.ons of those used previously (Pllnston and Hill, 1974; Roberts, 19 12) .<

L. s l i : B . - . :.1 B
Wl '*-__{,'j,‘-l.: e N . - P - . . s . . BEEVEE cd e e
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~ However , for those data recorded by new instrumentation such as automatic
weather stations, it has been necessary to write new quality control
routines which will be described later.

Two new concepts have been introduced in this new system, those of

data labelling and automatic correction. Data labelling is used to
denote the quality of data values. Each data value has a quality index
assoclated with it; this index has the value 3 (good), 2 (suspect) or

! (bad) «  These quality indices are set as a result of the quality

control  tests applied to the data. Once the quality indices have been
set, they are stored together with the data values in the processed data
files. Any values that are calculated from a number of individual data
values will also have Quality indices associated with them, these being
set iccording to the quality indices of the individual data values.

'I‘his applies beth tc totals and average values and to different variables
.caltulated from the original measured variables, for example, specific

- humidities from wet bulb depressions. This data labelling is used only
on these data which are measured at sufficient frequency so that such

a quality contrel scheme is feasible.

§ Automati.c correction can be carried out during periods of "bad" data
. for those . variables such as river stage, which show a marked trend.

It isonly used when a smooth, slowly-changing trend is expected.

Any data valies synthesised in this way will automatically be given a

quality 1ndex of 2 (suspect)

Although great efforts have been made to reduce the amount of manual
editing to a mipimum by the use of automatic correction procedures and
the care£ul se’ w,tlon of acceptable limits in the quality control stage,
it is inevitable‘that some manual intervention will be necessary. In
these ases. ac_:ompt;ehensi.re error messages are output.

When the data have been: deemed "correct" they are converted into their
final processed form, written to the relevant file, and any temporary
files’that have been created to hold the data during the quality control

stage automatically deleted.

)

"—"2 7 Editi‘ng

'I‘he means  of editing will depend oh the type of data. for thoue data
inp1“ into the computer on cards, the simplest way is to edit the

card(s) .and ;re-sumit. the data for. quality control. 1In the case of -
those data from automatic recorders which were input intoc the computer
. en magnetic  tape, the data will be output to an automatically created
,temporary” file which may be edited using a number of alternative

- routines. 'I‘here are several options available for editing the data:
Eixed amounts may be added or subtracted from data values, the quality
~ indices associated with data ‘points-may be changed, the "timing" of the
data msy e cnanged by changing the time and date of the start of the
data. The. data records required to. carry- out this ed:.tn.ng are norma1ly

punchnd on to computer cards.

.;‘-;:;/,

2.8 Data conversion, summary printouts and data retained

Many of the hydrological variables recorded are not those used for
mcdelling purposes. Streamfiow is generally measured as a river level
but it is the river flow which is of interest to the hydrologist. The
meteorclogical variables are recorded primarily so that estimates of
evapcration rates may be made. Routines are therefore needed to
convert the measured variables into the normally used variables.
Conversion factors and tables are necessary to carry out these
procedures; the factors are generally accessed via the cite directory
whilst the tables are stored in named files which are automatically
accessed in the FORTRAN programs. During these data conversions any
data quality indices are transmitted to the calculated variables.
Quite often the recorded data frequency is greater than the required
storage freguency.. ln this case averages or sums, depending on the
variable, over the required frequency must be calculated. Again
quality indices are calculated for the sums/averages where necessary.
On completion of the data conversions, summazy printouts are produced;
these will be described in the relevant chapters.

The amount and nature:of data stored on the direct access "processed"
files depends on the type of instrument., Because of the finite nature
and cost of permanent storage on computer discs, it is highly desirable '
to limit the amount of data stored to a minimum. This is, generally
achieved by storing only those values that cannot be generated by other
stored variables and by limiting the storage frequency. In theory, to
minimize the space used on the disc, only the measured variables need

be stored. However, in some cases, such as the calculation of
evaporation rates, it is found that calculating derived values from the
measured variables is so time consumlng and therefore expensive that it

'is not economic to store only the measured variables.

[

Consideration must also be giver to the 'user"s requirements and, where
possible, it is the variables normally used for hydrological studies
which are stored. In some studies, the requirement is for data from
a point source, in others areal estimites are required; these must be
calculated and stored in the compute:. AV :tem.

t, - ' "
. C . e . e
lnn’- i‘r

2. 9 Areal estimates g’r

For those variables such as rainfall which exnhibit appreciahle variation

- over relatively small distances and for which areal estimates are

required, records from zndlmdual sites within the area are combined in

A% .such @ way so as ‘to produce mean areal estimates. These are produced
© .. as routine for all catchments under consideration using all the available
J.nstrumentswithin the catchment and suitable weighting factors for ecach

ins trument.,,-‘“I‘hese catchment estimates are stored together with the

"deta from tne individual instruzrents in the computer system

!:J .1\, . . "\'

There is'also pro*r151on for individual users to calculated“alternative
ar.cal estimates using any combination of instruments thh appmprlate
---weighting fa'*rors however calculated ! . '
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stored is specified as ITYPE in the site directory (Section 2. 2)f
; :-Although programs have been written to display the data in a wide variety"

11

2.10 Data storage on disc and tape, rztrieval and gisplay

The final data values J.?and, where relevant, quality indices are stored

in direct access files, each file containing the data from one site/
instrument for one year. ‘The means of identifying these files in tne
FORTRAN programs via the site directory has already been described in
Section 2.2. For those data which are recorded at sub-daily intervals,
the direct access files consist of 366 records, each record representing
one day (midnight to midnight) of the year. The size of each record
depends on the type of site/instrument and on how much data per day
needs' to be stored. This is control]od by factors in the site dlrectory

DATA. COLLECTION

]

OFFICE PROCEDURES - PREPROCESSING f

INPUT TO THE COMPUTER

QUALITY CONTROL—(—I |

EDITING

For those data’ which are recorded manually at variable time intervals,
.the situation. is rather more complicated because the number of data
occurrences per Year and the time and date of recording is so variable,
- In these cases, a variable length direct access file is ur4d, records
- being created when they are required. An array, occupying the first
five records in the direct access file, specifies which records in the
direct access file contain the data measured at any particular day (if
- no data were measured for one day, then no record ex:sts for that day).
_ Again, the size of the reccords depends on the instrument type and is

speclfied in the site dlrectory ARE .]:JATA 0K ? .
. : No

As ‘the name implies, one of the benefits of using direct access files .
for data storage is the ability to access the data from individual Yes
records, and hence for particular days, without the necessity of reading

through the data from preceding days.

DATA CONVERSION AND SUMMARY RATION TABLES
PRINTOUTS = CAL =S

!

For those data recorded on cassette tape, a facility exists for storing
the raw or measured data on 9-track magnetic tape. This is used as a
back-up facility in case of data loss and as a starting point for da'ta
re-processing if, for example, data conversion factors or tables are

: SITE | b
‘upddted. . L i

DIRECTORY

Routines have been written to access and display data from the various .
sites/instruments (Figure Z.5). For instruments which record several

- variables, the order in.which the variables are recorded and subsequently

DATA STORAGE ON DISC AND TAPE
P S c : e

I3

~AREAL ESTIMATES <o NETWORK TABLES

of ways, it is hoped that individual users will write their own routlnes
for their own particular needs,

DATA RETRIEVAL AND DISPLAY R

A

’I N .
1 Al R
PR B : S : / o g
. .

FIGURE 2.1 Flbwqh&rt show:l.ng'l the genéral data processing framework
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FIGURE 2.2  Processing of the data recorded by Microdata logger
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3. WEATHER STATIONS

3.1 Introduction

Much of the meteorological data collected to date at the Institute

has been f£rom manually-read stations. These are visited once,

or scmetimes twice a day at standard times. As well as providing
information of interest to meteorologists, these data can also be used
to estimate evaporation using the Penman equation (Fenman, 1948). The
procedures used for processing these data have heen described (Plinston
and Hil1l, 1974) and it is sufficient to say here that these data are,
used occasionally as infill for those periods when no data from the
automatic stations are available. The advantages ¢of using an automatic
system (Strangeways, 1972) for measuring the meteorological variables
are obvious; (i) for those sites where a daily visit would be expensive,
time consuming and, in some cases, impossible and (ii)} to provide
frequent. normally 5 min, observations, thus enabling more accurate
estimates of evaporation rates to be made. The variables normally
measured by automatic weather stations are solar radiation, net radia-
tion, wet bulb depression, dry bulb temperature, wind run, wind direc-
tion, and wrainfall. These are recorded on cassette tape in logger step
units., In addition a scan mark is recorded; this is a measurement of a
reference voltage within the logger. If the value of this scan mark is
different from that expected, then all the recorded values are adjusted

. accordingly. ! '
The processing of thuse data recorded by automatic weather stations
consists of translation, quality control, editing, data conversion,

and storage procedures (Fig 2.2).
concept into data processing; that of data indexing which is used Lo
differentiate between "good", "suspect", or "had" data. in common

with - 'all the data being processed on this system, an entry must exist

in the site directory for the particular instrument before data processing

" can be carried out.

3.2 8Site directory

The format of the entries in the site directory has already been
described in Section 2.2. For automatic weather stations the number of
variables normally recorded is seven, each variable having up to twelve
standard/conversion values. These are tabulated in Table 3.1.

The control information used for automatic weather stations is similar
to that used for other instrumentation. The values unique to automatic

weather stations are:

BSITE - is ~of the form AWS XXXXX..... where XXXXX..... is the local
' ' SltG name of the weather station,

INST - 1. ,

KREC 1.

ICHANN - 7. a

34 Office proceé]ures; prelégrocessinj

'The quality conirol introduces a new

e — o ——— e e e =

An example of an automatic weather statiorientry in the site directory

is given in Figure 3.1,

3.3 Data collection

Automatic weather sta+’ recording seven variables and a scan mark at
five minute interv~> - . in theory, be visited and serviced at
monthly intérval‘s .4 the maximum possible period in terms of

cassette tape capa;h;, ;.{battery charge. However, in order to reduce
data loss’ through logaer‘ battery, or sensor failure, it is now
Institute pol:.cy to vizit these stations every two weeks. During
these visits,. the.logger, battery, and cassette are chaiiged and

checks made on the various sensors. ic simplify the procedure

and to ensure that the correct informatlon accompanies the data to
Wallingford, a field data form is used; this is shown in Figure 2.3,
This form contains the name of the site, the period during which the
data are collected, and has space for noting logger number, cassette
number, battery number, etc. Tﬁere are also reminders to carry out
such procedures as checking the water reservoir for the wet bulb
thermometer, checking the cups on the anemometer, etc. Although very
little-'of what is noted on these field forms is actually required for
processing the data recorded on the cassette tape, nevertheless the _
information noted down is invaluable for (i) pinpointing faulty logygaers,
batteries, etc, and (ii) in ensuring that thec correct sensor checks are

.carried out. - .

o

B A | .

‘ when the'tapes arrive at the Institute they are passed to the catchment

office where a record is kept on site record cards of theur.km o~;‘
arrival and period of data contained on the cassettes. At‘the aamc
time a Microdata "logger and tape faults" form is 1n1t1ated (Fiqure
2.4). On this form are noted any data errors caused by logger, tape,
battery, etc. malfunctions which are detected during the various stages
of the processing (Sections 3.5-3.8). When instrument malfunctions are
suspected the information is passed to the Instrument Section for fault
rectification. 1In this way, it is hoped to minimize data loss. The
cassettes are then passed on for processing on the computer system..

3.5 Inpu't to the computer system

Because of the unique way in which data are rccordoed on Microduta

cassette tapes, the input of these data into tho o domputer system
presents problems and necessitates the use uf indireet time-consumineg
procedures. The sequence of events usad at the Institule is:
(1) (2) (3)
Cassette tape - PDP8 - DEC tape -+ 7-track tape . . .
| ) L y v (4) ‘
| R UNIVAC

P
cedl
ey
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Stages (1) and (2) have been fvlly documented and carry out a transla- %\1
jon and a coarse guality contrcl function. The types of malfunctlons :
3 ikely to be picked up at this staue have been described (Templeman,
1978) and, should they occur, are noted on the "foults" form described
reviously. The DEC tapes produced are purely for datd’s4orage
Purposes, cassette data to be processed are written on to 7-track tape
for subsequent transfer on to fixed disc on the UNIVAC. Normally the
data from sewreral cassette tapes are written to one 7-track tape.

.6 Quality control

“T"he quality control routines are applied to the data contained in the
Fjile produced as described above. Each cassette length must have an
agsociated information record on a punched card, the values on this
x-ecord being abstracted from the field data form (Section 3.3). 1In
& ddition to the local site name and time and date of start and end of
atdy the information record associated with an automatic weather

= -:;at:ien contains:

ISEN, INET which are pre-determined (Templeman, 1978) solar and
ne+t radiation conversion factors.

IRAIN, JRAIN, KRAfN which are the amounts of rain in the two
check gauges plus the check total.

Before quality control can be carrjed out, the data are translated into
<4l units us ing conversion factors found in the information record and
1-Iie site directory. At the same time, each data record is given a

v £1ag", its wvalue being determined by the results of the data transla-
- ion (Templeman; 1978). If the record is acceptable, the flag is given
the value of O; if not, flag = 1, and all the values in the record will
e dssumed to bhe :anorrect at the quallty control stage.

T:Lme checks are applied to the data by calculatmg the apparent noon
e 2¢h day as the mid-point between apparent sunrise and sunset. The time
< £ apparent noon is tested to be within * 1% hours of true noon. The

,,apparent day length (given as the difference between apparent sunset

arngdsunrise) is tested to be within % 2 hours of true day lingth, For

each cassette a timing summary printout (Figure 3.2) is produted show:ng

+ dimes and deviation S from noon, sunset, sunrise, and day length. From"
this it is possib)_. 'to ascertain whether the loggers are mal.ntalnlnq a

good time synchromsatlon.

T rdgividual data values are quality controlled using “he routines
desgceribed in detail later in. this section. As a r”c'sult of this yuality
control each data value is allocated a quality index which will be

e talned during subsequent processing. ! Comprehensive error messages

& e cutput wherxe necessary and, in general, any "1nc_orrect" data are

1a sted to aid editing. | 0

Many of the erxors detected in the data from individual sensors are as "
a  result of comparisons with data from other seasors. The variables
recorded by automatic weather stations are particularly suitable for

[‘r

Vol
A

"% "groduced.
" have been detected in the data, the complete cassette file is written

-l

inter-comparisons, for example, sclar and net radiation, wet bulb
depression and dry bulb temperature, wind run and wind direction. For

.this reason, the variables except for rainfall . are considered in pairs

for quality control purposes. The quality control is. applied to five
minute data one day at a time. The data values are assumed to be
correct prior to quality control and *he quality indices set to 3.

Shculd the data from a partzcular cassette-‘be deemed "correct", they
are written to a 9-track tape for storage purposes, the values required
for further processing calculated, and these values stored in the
appropriate direct access file. Listings of the stored values are

If, however, 'errors' which have to be manually inspected

out to a temporary file (the name being. determined as indicated in
Section 2.2) for manual editing. v : 4 :

A detailed description of the quality control routines follows. 0
y ‘

3.6.1 Sclar and net radiation

As an aid to quality control, the maximum expected radiatmon,_R,
expected under clear skies is calculated "'or each hour of the day. It
is expressed as a quadratic function of the' solar altitude, a, as shown

below: =~
R = - 128,5227 + 23:~05a - 0.118755a>
where

sin(a) = sin(éi) sin(8) + cos(@) cos(é) cos(h) | E,_J

@
S
h

latitude of station

declination y

hour angle:

The declination, §, is a function of the day number, D,

(D - 80) 21)

8 = 23.4 sin( 376

v

and the hour angle, h, varies through the day as
h = ABS (11.5 - H) . 180:0/12.0 ’

where

[

'H is the hour (12,0 = 12 noon) | | WL

N ‘."’,‘k

For values of solar altltude of less than 5 , R = 42 Wm "2 for the flrst
hour, R = 20 Wm T2 for the hour with the next lower solar alt:.tude, and

R=51Wm?® for night time hours.

pLis
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Befora being guality control;e\ “.he solar rmﬁatlon data are corrected
for voltage offset by: 5ubtract1ng the nurximmn»alue that occurs during
the periods 0000-0200 hours and 2200~2400 houm;from all the values for
that day. This procedure is carrzed out for every complete day of data
for correction factors € 4p Wm. 2; the factor that has been applied is
listed out on_ghe timing summary sheet (Fiqure 3.2). 1f the factor
exceeds 40 Wm °, the data are printed out. for manual inspection; ofter:
this: nappens when the timing is completely wrong. If, by carrying cut
this" -frrection, any solar radia*xon value becomes negatlve, then it is

re-set to zero.
The ay-rage solar radzat;on value for . the day,meglectxng those indivi-
dual values below 0.1 Wm 2 and those: having scan flags not equal to @,

is calculated. This is also printed on the timing surmary sheet (Figurel

3.2).

iwo types of quality control checks are applicd; those concerning thé

- data: for the day as a whole {including the time checks), and those

concerning individual values (including solar/net checks). The cherks
involving the data for the day as a whole are outlined in Table 3.2.

Time checks are now carried out provided:

(i) a whole day's data is being dealt with, that is, it is not
the first or last day of the cassette, and

{il) the checks already carried out on the solar radiation data
(Table 3.2) were successful. ’

- These timing checks involve the comparison of true (as derived from the

Smithsonian Meteorological tables) and apparent(as indicated by the

- solar radiation data) noon and day length. The true (actual) valuos

are calculated as indicated in Table 3.3 whxlstthe apparent valuns aroc
derived as shown in Table 3.4. : e P |

The absolute difference between true and apparmﬂ.noon iq ca]cnlatnd '
If\this ‘ie greater than 1% hours an error. message. together with the
solar radiation for the day is outpiit, and ‘the timing checks are deemed

to be unsuccessful. Similarly the absolute difference between the true

an: apparent day length is calculated. 1f this is greater than 2 hours
an error message together with the solar radiation data for the day is
output, and the timing checks are deemed to be unsuccessful.

For those days when it was possible to apply the timing checks the
calculated true and apparent values and the differences between them
argﬂoupgnt on the timing summary sheet (Figure 3.2).

Following the tlming checks, further quality cmﬂxol tests are carried
out on individual data values. These include comparisons between solar
and net radiation values and are outlined in Table 3.5. ..

Ll . 1

Should individual values o* sciar or net radiation fail any of the

quality control tests, the outcome is generally a revaluation of the
quality index assc¢™iated with the data value to either 2 (doubtful)

or 1 (bad). However, should any
data, includingthe timing checks, fail then the solar radiation and net

radiation data are printed together with an errcr message. This also
means that all of the data from the cassette will be written to a

temporary file for editing purposes.

3.6.2 Dry bulb temperature and wet bulb depression

Before any quality control can be carried out, two further values, wet
bulb temperature and specific humidity deficit, are calculated using
the recorded values of wet bulb depression and dry bulb temperature as

shown below:

= Dry bulb temperature, T - Wet bulb depres-

Wet bull temperature, T
W D
sion ,

Specific humidity deficit==qu - qwm K(TD-;w)

where Lip = saturated specific humidity at dry bulb temperature, TD
0.62197/(P/(1.0045 x SVPTD) + 0.62197 - 1.0).

saturated specific humidity at wet bulb temperature, Tw

q =

WT = 0.62197/(P/(1.0045 x SVP_) + 0.62197 - 1.0).

SVPM“"érsaénrated vapour pressure at dry bulb temperature, TD
‘D=17044+xnx(5497+xDx<o756+xDxcooea+x

x 0.003))) | g ‘

SVP,, = saturated vapour pressure at wet bulb temperature, Tw
W = 17.044 + xw % (5.487 + Xy ¥ (0.766 + Xy % (0.063 + Xy
: x 0.003}))

XD = TD/S - 3

xW TW/S -3 H?n“& )
=1 Oc‘i

X the psychrometric constanc = 5 x 10" kg.kg

P atmospheric pressure = 1012 x (1 - (0.0065 x IALT/288)

IALT = altitude of statis:.

control tests are applied to values.of dry and wet bulb

The quality
These

temperature, wet bull” ‘depression or specific humidity deficit.
involve checks on individual data values and comparisons: between data
values, These tests.and their outcome are tabulated in Table 3.6.
Errors found in individial data values usually result'in a revaluation
of the quality indices of the particular values. For temperatures and
depression these revaluations will also affect the quality indices of
the generated humidities. The failure of any of the tests-involvaiyg”

A N

«F. the tests involving the whole day's.

.)5-2553
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JE"JThe quality cot. ...rol tests applied t'c wind speed and dlrettion are

5 6 4 Rainfall

. i g e g ey el - i At b B g n 4 o AT op———— e s v i % ARyt el re——_

*tne data for the 'wholn day means that the dara from the whole cassette
are written out to a tempora’y file fox future editing. ' : "

3 6 3 Wind sgeed and dz.rection

'tabulated in Table.3.7. The outcome of these tests is to #ljust the
values of individual guality indices; no manual editing of wind speed

or wind direction is carried out.

Ve,y little quality control of ramfall data from j.ndlvldual gauges is
pOSBibie. It r-onsists of: L ,

(i) A comparizon of tlie total as recorded by the gauge and
the total collected i.n the check gauge and entered in the
information reCord. - If the totals do not agree to within -
+ 10%, an error mes:acs 'will be output and all the data
from the cassette written out to a temporary file for

manua’. l:npect:.on.
(ii) If any S-minute recorded ramfall total is greater than‘
1o mm, the quality index’ is set to 1. |
(iii) If thu, durrent or prevzous ‘scan flag # 0, the quality

index = 1. (The rainfall in any time perlod is calculated
from the present and previous recorded values.) -

Further quality control tests inVolving comparicons of rainfall totals -
at different sites are applied when computing areal estimates of xa..nfall -

(eection 5.9). °

3.6.5 Quality control summary sheet R

after the completion of the guality control a lme pnnt=r listxng is
produced (Figure 3.3) giving the tcotal number of each type of quality
index attributed to each variable. This is to aid the monitoxing of

station and sensor performance. . = S

3.7 Editing

As indicated in Section 2.1 the editing of 'incorrect' data is carried
out by the same suite of programs used for the initial quality control.
Different types of editing facilities are available, the options used .,
being determined by the value of INPUT; this value also determines -
whether the data need be quallxy controlled followmg the editinq.

Two types of ed:.t may be carrled out, those affectzng the informatlon
record and those affecting individual data and quality LndlCPS.

T
et .
s
Y
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(1) The information record | Co
all the values stored in the imformation record may be
edited.  In some instances, such as changing solar and net
radiation calibration factors, it is advisable to re-submit
the data for quality control following the edit. This also
applies to editinc tte startzng time as this will affect the
timing oontrols.
(11) pata valuesnAnd‘éualityalﬁdices k
An individual or a consecutive series of data values, -may be
edited b{-
(a) replating with a fixed value,
lb) 'replacipg'with variable values, or
Ae) adding or subtracting a fixed amount. For those data _
tyses which cannot he rieqative, any generated nega lVe_’
- values are re-set to zero. :
- The quality indices of edited data values are automatically re—set to
f2 thus indicatinq that the values are fiot &s recorded _
Similarly, the quality indices associated witli an individual or a
consecutive series of data values may be changed.
The timing of the data values for any particular day may be adjusted
by up to six hours. This is particularly useful to overcome such
problems as missing data etc. o
Examples of the printouts which are produced to aid editing are'given
in Figures 3.4 and 3.6; check listing of other variables for comparison
with the suspect data are automatically produced, Figure 3.5. - - AW

% -r'\l

3.8 Data conversion, summary printouts and data retained

‘Once the data have been deemed ‘error free', they are converted into
-.those values that are to be stored on the approPriate direct access file.
These consist of hourly and daily sums or averages of all the recorded

data types plus hourly and daily estimates of humiditics and various
evaporation rates. A list of all the stored values and the approprlate

units is given in 'I'able 3. 8._

Vi

All . the calculated values are given quality indices, their values
dependtng on. those of the data:tizad in their calculation. These guality
indices are stored together with t__he calculated and recorded values.

A.daily summary printout of all the recorded and calculated variables is
output on the line printer (Figure 3.,7). The data to be retained are
storsc 4n a direct access file, the name of which is obtained as out-
lir™ .__ ,.u'” ection 2.2. Each record i the direct access file holds one

dﬂy* i Qd ¢y
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There now follows a detailed description of the calculation of the
various evaporation estimates. |

3.8.1 The basic Penman egquation

The basic Penman equation is written in the form:
A' (Radiation) +'Mpcp {EA)

where the various terms are defined in Table 3.9. The b'as:Lc and
mocdi £ied forms of this equation are fully described in Thom and Oliver

(L977),

A dlmensional analysis of the Penman eouatior is given below te holp
clarify the use of SI units as applied to this equation.

| o - o ) )
AEin ‘_g-1m-z . .C 1(J s ‘m 2) + M kg'm Jd kg ~19 C l‘(ms" 1).
i -1 0.1
°C 1, N J kg . C
_sitm? + M3 s m?
1 + N 2

As ;E.ndicated in Table 3.8, evaporation estimates are made using the
basic Penman equation (above) plus the modified forms, Penman-Monteith
an@ Thom-Penman, of this equation. These calculations will be described

in_ detall in Sections 3.8.2 to 3.8.4.

Evaporation estimates are made for three surfaces; grass, forest and
Water. This means that net radiation values measured over one surface
mst be converted into equivalent values over alternative surfaces
before any estimates can be made. Also, if necessary, net radiation
my e calculated using solar radiation and albedo. fThe equations used
to carry out these transformations are shown in Table 3.10.

3.8.2 calculations using the basic Penman equation

Estimates of daily and daylight open water and evapotfanspiration are

‘made. If net radiation is not available, solar radiation is used
o instead and only a daily value of evapotranspi;;ﬁé’dion calculated.

The steps involved in carrying out these calculations are as follows:

if

e (1) In calculating‘ open water evaporation use equations .'l3)
(surface v} for each hour.
In calculating evap_oLianspiration when net radiation is
~not available use equation (5) 'in Table 3.10 to obtain
x"? net radiation for each hour.

Evaporation, AE = TN : (Lo

and (4) in Table 3.10 to obtain net radiation over water

)
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"annual averages and may be changed as knowledge about more appropriate
: values increases. -

/,"
; : : ’ [
{
/
(i1) Sum the hourly net radiations to obtam dajly or daylight,
where appropriate, totals in MIm 2,
(iii) Calculate the mean net radiation in Jm 2s .
(iv) Use the dailg or daylight mean wind speed and humidity
deficit x 10  (ie in units of kg kg ') to calculate the |
daily or daylight, where appropriate, aerodynamic factor. o
(v} = Use eguation {1} to obtain the mean evaporation in g
Js 'm 2.
(vi). Multiply by the appropriate number of hours to obtain
either daily or daylight total evaporation in MIm -,
{vii) Multiply by .105 tc obtain results rﬂm of water.
3.8.3 Calculations using the Thom modification to the Penman equation ,
Estimates of daily and dayli'.'t evaporation totals are made if net
radiation is available. If not available, solar radiation is used and
a daily value only of evaporation calculated. The steps involved in
these calculations are: |
(i) If net radiation is not available, calculate net radiation
values using equation (5) in Table 3.10 and carry out the
following steps for a daily total only. o
(ii) For each hour, use the hourly value of deficit x 10 ?
and windspeed to obtain an aerodynamic factor.
{1i11) Use the hourly value of net radiation with the aerodynamic
factor for the hour to obtain hourly mean rate of evapora-~
tion in J s "1 m 2, Continue for each hour. S | i‘
(iv) Sum the hourly mean evaporation values to obtain daily and-" |
daylight totals in M J m 2,
{v) Multiply by 0.405 to obtain totals in mm water.
The Thom-Penman equation is also used to calculate daily totals using
24 hour average meteorological data following similar procedures to
those used for the basic Penman equation. :
Information on the M and N values used for a particular site are stored o

in the site directory. The values used at present are prxovisional

For weather stations mounted above a forest, in-a forest clearing or at o
a forest. edge, the'i{ and N values appropriate to the forest are used. =

N
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-different stations:within a given catchment or area.

- e L - . - - o -
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3.8.4 Calculations using the Monteith-Penman ‘evaporation equation

This rigorous evaporation equation takes into account hour by hour
variations in aerodynamic and surface resistances (Monteith, 1965;
Thom and Oliver, 1977). The equation is written in the. form:

g A' A + pc (q_w - q)/r ;
E : = p2) ,TD a -1 -2
vaporetion flux E X (cp/M 1+ rs/ra) J s "m

where the constants and variables are as defined in ;able 3.9, with
the exception of the aerodynamic resistance, r , and the surface resist-
ance, X which are defined below: a

’I‘he current system uses the following simplified relatlonshlp for
aexodynamic resistance:

_ 39 2
{loge (-:—-é)]

o : 2
rY = where —
VA

[
a ¥%a 500 for water

It

5 for fores t P SEimE
. k = 0 41 . o “J . :I.*‘\ o _.,:,.. TR ’

'u = mean hourly wind.speed j.n‘lf ms
o SR Y

z-d, .. . . o
The (—2—‘) values are stcred in the site directory so that they can be
changed if required. ;
_ P :

For surface resistance, the followin7 e._.)pﬁ'oximations are used:

. ".fi

QO for..iater gl

O for all surfaves when wet (SHD < 1 g k_g“1 contihuously
smce last raln) .

r
S

40 50, 70 sm ! at 0800, 1200, 1600 for grass (fitted curve)

|

= B8O, 100, 140 sm “1oat 0800, 1200, 1600 for forest (fitted
curve)

The values of the noon surface resistance for the particular crops in

the site directory can be varied from 50 and 100 if required but at
present a diurnal curve of the same shape is always fitted.

3.9 Areal estimates

Areal estimates can be made of all the retained, variables using
Each station is’

given a weighting factor, these factors adqu up to 100% for all the
stations.

loo for grass R S

A direct access file will be cxeated to accommcdate the areal estimates
in exactly the same fashion as those for individual stations. Quality
control indices will be given to the estimated areal values, their

values depending on ‘the qua]\lty indices of the data from the individual

stations.

3.10 Data storage on disc ang tape, retrieval and display

3.10.1 Introduction

Two forms of storage of data from automatic weather stations are carried
out: the storage of 'processed' or finalised data on direct access files
has already been described, the other is the storage of the recorded
values, in real units, on nine-track magnetic tape. This is carried out
immediately the data is deemed 'error free', the data from each cassette
occupying one file on the magnetic tape. At the end of a quality control
or editing 'run' a listing is produced on the line printer showing the
names, dates and the space taken by each file on the current tape being
used for storage purposes. Also output is the total'number of f£iles and
space taken; it is policy to use an alternative tape nnce the current

one is more than 60% full. L

‘‘‘‘

If it is decided that processed data on a dlrect access file are
incorrect, there are two ways in which they or the quality indices may

be changed.

() Editing the data/quality indices on the file using sub-
routines written for that specific purpose. These
subroutines are similar in nature to those used for
editing the recorded values as described in Section 3.7.

(1i) Extracting stored data from a nine-track magnetic storage
tape, editing the data or conversion factors, and running
the data through the conversion routines!! The new
processed values will overwrite those already on ‘,,t\he file.

There is also a facility of substituting values from manually=-read
weather stations during those periods when data from automatic weather
stations were unavailable. A general computer program has been written
to display the stored data in a number of ways depending on what

options are used.

3.10.2 printout options

1. Calculated net radiation for water, grass and forest using solar
and net, solar only, or back radiation (hourly, 24 hour and daylight

values, 1 day/page). -

EO and ET Penman.

. -
(b) Thom=-Penman from hourly and daily data.

>
(c) ET Penman and ‘Thom-Penman at 0900 using 0900 deficit and

average max/min 5 minute temperature for A

2. (a)

. cd my ol -
i B R )

v i . o . N
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(d) ET Penman and Thom=-Penman at 0900 using 0900 specific
humidity and average max/min 5 min temperature for A and
- saturated specific humidity.

(e) True mean daily temperature.

(f) Average max/min 5 min temperature.

{g) True mean deficit, 0900 deficit and deficit using
saturated specific humidity calculations from max/min
temperature and 0900 specific humidity. (24 hour and
daylight values, 1 day/page.)

3. Penman-Monteith evaporation for water, grass and forest (hourly
and daylight values, 1 day/page’.

if

4. General listing:

AWS wvalues and humidities (24 hour values).

Penman-Monteith evaporation for water, grass and forest
(daylight values).

Penman EO and ET and Thom-Penman evaporation (24 hour
values).

Several days/page.

Options 5 onward allow selection of any combination of data
types and evaporations.

5. Selected AWS values, humidities and Penman-Monteith evaporations,
listing hourly, 24 hour, dayllght and max/min 5 minute values. 1 day/
page.

6. As option 5 plus 24 hour Penman EO and ET, and. Thom-Penman
evaporations. 1 day/page. :

7. Selected 24 hour data types (several days/page).

8. Selected daylight data types (several days/page) .

|
The data types are given in Table 3,8 plus the ﬁenman—Monteith values

for water, grass and forest. i
- 1

3.10.3 Site comparison package i

)
This compares the data from two given sites usiné_{ only data of a pre-
specified quality. The differences, the standard deviations and the
number of days used for the sites are listed (Figure 3.8). ~
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TABLE 3.1 STANDARD/CONVERSION VALUES USED FOR THE VARIABLES RECORDED
BY AUTOMATIC WEATHER STATIONS

DATA TYPE 2. SOLAR RADIATION

1. Lower limit of radiation at dawn/sunset.

2. Upper limit of solar radiation.

3. Constant A used when calculating true day lenqgth.

4. Cons tant B used when calculating true day lenqgth. '
5 Constant C used when calculating true day length,

6. Longitude of station.

7. Latitude of station. |

8. 'Dummy' l-Albedo value (1.d). | )

9. Cover index (1 = grass, 2 = forest, 3 = clearihé).

12, Automatic weather station type code (1 = cld type, 2 = Didcot type).

DATA TYPE 3. NET RADIATION o ) Co

1. Lower limit at dawn/sunset.

2. Upper linit of net radiation.

3. Upper limit 1 of net/solar ratio.
4. Upper limit 2 of net/solar ratio.
5. Lower limit 1 of net/solar ratio.
6. Lower limit 2 of net/solas ratio.
8. l-Albedo value.

DATA TYPE 4. WET BULB DEPRESSION

1. Lower limit of wet bulb temperature,

2. Upper limit of wet bulb temperature. : _
3. Lower limit of wet bulb temperature var: ‘bility._
5. Lower limit of wet bulb temperature juﬂn; o
6. Wet bulb temnerature "Jump' factoz |

7. Upper limit of specific humidity at dﬁ&h;g4 

11. Number of logger steps equivalent & 0°C. .

l2. Temperature sensitivity j_cf%ggger step). L - 9,
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TABLE 3.2 SOLAR AND NET RADIATION QUALITY CONTROL CHECKS FOR WHOLE

TABLE 3.1 Continued
DAY'S DATA

DATA TYPE 5. DRY BULB TEMPERATURE . _
1. Lower limit of dry bulb temperature. QUALITY CONTROL CHECK QUTCOME
2. Upper limit of dry bulb temperature.
3, Lower 1imit of dry bulb temperature variabi . (1) More than 11 solar radiation Print error message and solar
: Y P riability values greater than 1400 Wm 2 radiation values. No time
5. Limit of dry bulb temperature jump. checks carried out.
6. Dry bulb temperature '4Jump' factor. |

(i) All solar radiation values Set the quality indices of all

12, Wet bulb depression factor.
less than a lower limit of the solar radiation values equal

10 Wm 2 to 1. Print error message and
solar radiation values. No
time checks carried out.
Abandon the quality control for:
solar radiation for the day.

DATA TYPE 6. WIND RUN

1, Upper limit of wind run in recording time period.
2. Lower limit of wind run in recording time period.

12. -Maximum number of logger steps allowed.
{iii) All net radiation values less

than a lower limit. The out- ' )
come depends on the lower

f‘ljjlw i

DATA TYPE 7. WIND DIRECTION AND EVAPORATION CONSTANTS

} limit.
1, Upper limit of wind direction.
_ - o ‘ o
3, Annual precipitation in metres. LIMIT = =50 Wm Set the qua}ltg indices of all
the net radiation values equal
4.) to 1. Print error message and
5.; Constants used in the Thom-Penman estimates. net radiation va-;};es-.
| 6.y LIMIT = 9 Wm 2 “Set the quality indices of all
7.  Water ) the net raltdlatlon values equal
" ) to 2. Print error message and
8. Grass ) Roughness factors used in Penman-Monteith estimates. net radiation wvalues. '
9. Forest)

y 10. Grass ) '
) 1200 GMT surface resistances for Penman-Monteith estimates.
11, Forest)

v

DATA TYPE 8. HAINFALL

1. Upper limit of rainfall total in recording time period.

12, Tipping bucket capacity.

ceol

b




TABLE 3.3 CALCULATION OF THE TRUE (ACTUAL) WVALUES REQUIRED FOR THE
TIMING CHECKS

(1) . True day length or possible number of sunshine hours, JDUR, is
. given by

JDUR = 24 x H/II

where H = ACOS (SIN50 - SIN(PHI) x SIND/(COS(PHI) x COSD))

ACOS

trigonometric cusine

SIN50 = SIN (-5.0 x li /(6.0 x 180.0 )

PHI

N

Latitude x I /180.0

SIND = 0.00678 + 0.397%2 x COS {THETA) - 0.00513 X

SIN (THETA) - 0.00661 3 ° NS .THETA x 2) - 0.00l59 x

SIN (THETA x 2)° - ._i‘,ﬂl,";,_..\_.: L

COSD

SQRT (1 ~ SIND x SIND)

THETA 2.0 x Il x (D~172)/365

B

D = day number

(11)  True noon, JNOON, is given by 1200 hours:corrected for the: .
| equation of time by a factor, CORR, and the longitude of the
station, LONG.

JNOON

1200} CORR + (LONG x 4)

where CORR .= 7.0 x SIN(D x 0.0172) + (10.0 x SIN((D,+ 10)

0. 344}))

4
f\-.._ .

iii) True dawn, JDAWN = JNOON - JDUR/2

" INOON + JDUR/2

(iv) =~ True sunset, JSUN

(iii) Apparent noon, INOON = (ISUN + IDAWN) /2. -

TABLE 3.4 CALCULATION OF THE APPARENT VALUEJ RFQUIR:D FDR THE 'TIMING
CHECKS ‘ s

e

(1) Apparent-dawn, IDAWN, is found as that point in time between
midnight and mid-day when the solar radiation value is greater
than 10 Wm 2 and when Jo out of the following 12 data points
are also greater than 10 Wm "2, If no such, point is found, an
error riessage together with the solar radiation data for the
day is printed, and the timing checks are deemed to be unsuccess-
ful and are abandoned.

(ii) = Apparent sunset, ISUN, is found as that point in time between
~mid-day and midnight at which the solar radiation value is less
than 10. Wm * and when 10 out of the following 12 data points are:
also less than lo wm 2. If no such point is found, an error
message together with the solar radiation for the day is printed,
and the timing checks .are deemed to be unsuccessful and are

abandoned.

(iv) Apparent day length, IDUR ='ISUN - IDAWN.




TABLE 3.5 Continued

L TABLE 3.5 QUALITY CONTROL CHECKS FOR INDIVIDUAL SOLAR AND NET =

RADIATION VALUES
QUALITY CONTROL CHECK OUTCOME

(vii) Used only when the hourly solar
radiation value is 3 30 Wm 2
and for data recorded within
two hours of noon.

(i) For both solar and net radia- Set quality index = 1
tion, scan flag # o Net < 15% solar for grass Cet net quality index = 1,
_ Net < 25% solar for forest Set net quality index = 1,
(i) - If data value greater than an Set quality index =1 Net < 45% solar for grass Set net quality index = 2.
: Net < 55% solar for forest Set net quality index = 2,

upper limit
9 :
(viii) Used only when the houvrly solar

radiation value is < 30 Wm 2
If solar < pand net.”> 1.2 x solar Set net quality index = L.

SOLAR ‘UPPER LIMIT = 1400 Wm_
NET UPPER LIMIT = 12€0 Wm 2 .

LR P I
- P

|}

~
0
[ 2% ]

QUALITY CONTROL CHECK ' OUTCOME '

(131)1-‘01: both sblar and net, if Set quality index
data value is less than If solar < 0 and net > solar_ Set net quality index
-120 Wm 2 . - S - If solar = o and net > 20Wm ~ Set net quality index = 1.
| | | . | ) [ | If solar = poand net > O Set net quality index = 2,
{iv) Compare the radiation values
radiation, R, in the same
hour. Only carried out if “ | l
- timing checks were successful \:[/‘
- and only for data values in ' .
; pericd DAWN + 2 hours to : S '
SUNSET ~ 2 hours.
. SOLAR RADIATION > 1.4 x R Set quality index = 2
SOLAR RADIATION > 1.7 x R Set quality index = 1 I
NET RADIATION > 1. xR Set quality index = 2 ,
NET RADIATION > 1.36 x R fet quality index =1 : -
LAV Any net radiation values Set the quality indices of all . v
' ‘between 0000 and 0300 hours the net radiation values during
>0, - the day equal'to 2. '
 Net/Solar radiation ratio checks ! T e a L \ ’
These are applied only to 'correct' hourly solar and net radiation ™ } ' \ff Wy .“_ ¥
values and only when temperatures are above freezing. The net/solar- . .| f R P
ratio is calculated and tested against standard values found in the . BT
site directory. The standard values most commonly used and the outcome a1
cf the';i.’sts are shown below. ‘ - o
o i (vi) Used only when the hourly i . W v
solar radiation value is L L AR R
b ! iM f .
i A ' J : ‘ECJ-LJ}) o -

. v e .
L . ey < o * - |
) o et L

] Net 3 100% solar for forest Set nut quility index =
Net 2 B0% solar for grass ) Set n'et\_,quali.]_}i,ty“ index
' Net > 95% solar for forest Set net quality index =

e . . I ) L AU . . oy
v T )

NN

with the maximum expected '

. 3 30 Wm ;
B ‘Net 3 -85% solar for grass ° Set net clnu“tylndex =1 | I
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MESLE 3.6 QUALITY CONTROL TESTS FOR DRY BULB TEMPERATURE, WET BULB
TEMPERATURE AND SPECIFIC HUMIDITY DEFICIT

QUALITY CONTROL CHECK OUTCOME
{1y Scan flag # @ for both dry and Set quality index = 1.

wet bulb temperature

% > For dtry and wet bulb temperature, Set the quality indices of all
deviation from tne mean dail the data values for the day

temperature is less than 0.3°C equal to 1, Print error
message and data values. No

dry/wet bulb temperature
compariscn carried out.

i

¥ (ii.:i.)“ For dry and wet bulb gemperature. Set the quality index = 2,
‘ values less than -9.9 C |
“{lv)  For dry and wet bulb temgerature. Set the quality index = 2.
values greater than 29.9°C
(v) A comparison of the trends in the dry and wet bulb temperature

values is carried out.. If a 'step' of greater than 2 C occurs

in the dry bu.b temperature, an associated 'step' of greater

than 1 °C in the same direction is sought in the wet bulb tempera-
ture. Similarly, an associated 'step' of over'2 C in dry bulb
temperature is sought for every 'step' cof over 1°C in wet bulb
temperature. If no such associated 'step' is found, the quality
index of the data point is modified according to the size of the

'step!

i) - Only carried out if (a) time Print error message and dry.
checks for the day were 'correct', and wet bulb temperatures for,
and (b) dry and wet LUin, t.e,mpera- the day.
ture at dawn arci. correct' . e
Specific,urnidity deficit at, dawn
ls qren‘ter thdn 3 9 h") R
1'r ,“u"*' y .~ A - : _
(Vii. ‘Only carrxed out if (a) dry bulb tempex.arure at dawn > Zoc.,
‘_J”' ' (b} the difference between the nigximum dry bulb temperature for
' o .f;;‘f"“f““ L the day. and that at dawn is® qro.itcr than 30('." {z) the tie
T ‘checks . for the day wm-e correct, and (d) no min during the day
Up to one hour past ‘the time of maximum: t-omrwmtun--

"’ K T - . '-f,;, IR
L i et o A

' ,tIf - pres -'temg. p ¢ duwn

T e maR. te"np- - daWn temp. ..

< Qi

o i ggw dhYQUALITY CONTROL CHECE o ourr‘omn

g H LTI §

oL
;\

v L
”(,itii.a.) If the wet bulb depressxon is c“ode thc quality indices of -
1ess than 0 2. fo; the whole | dry and wet bulb temperature
SS9 for the who]e day = 1. -

. - o - il s e . o (R A P - i - . - . . . . . ) ) 4
. . - - . - . i - : . : : .

(1)

(iii)

(iv)

{(v)

{vi)

(vii)

(viii)

TABLE 3.7 QUALITY CONTROL TESTS FOR WIND SPEED AND DIRECTION

QUALITY CONTROL CHECK

For both wind speed and direction
scan flag # O ...

Wind speed greater than 20 ms °

Direction greater than 360°

Direction equal to o°

wind speed less than 0.25 ms !

Wind speed is less than 0.03
ms !, Not carried out when
the wind rxrun is zero all day

Wind- speed is zero all day, but
the wind direction varies by
more than 5°

If the directci)on i s constant
to within + 5  all day, but
the wind speed is not zero all
day.

OUTCOME

Set quality index = 1.

Set quality index = 1.
Set quality. index = _1.
Set guality index = 1.
Set quality indéx = 2.

Set guality index of wind
direction = 2. .,

it . R T j
i ! T L : e
; i o T

Set quality i‘ﬁa}ices'lbf wind o ;
speed all day = 1. ’

Set quality indices of diréc-
tion all day = 1.

e i *‘1’

(LA VR Tae)
i '3‘5 '!( 7



TABLE 3.8 STORED AT ITOMIC EMIEER ST TION SRR _AND CALCULATED
VALUES |

Recorded values . "

Hourly, Gaylicht am<X 2{’hour sws”avexram.ges plus the Tnaximn ang
minimum £ive minute wvaluves of all the zx=ecorded vitla>les are stored.

" The units in which tbeg{e variibless axe  -~expressed it shown below,

i,
1
[N

Solar radiation Hc:a.‘.:.:rly"{j.}oules pe=c

lme 'tres'pfds'lm—':‘”) v 1Js--1 = 1 Watt

” g 16
DaZ_ 1y 'Sumof (“hourlz "‘;éé’-es 32 09—) in megajoules

=
metre “,

1

T2
)

| Net radiation Hozzxly loulsse=c ‘me==res 25 1

P il 6
Rourly viéll,l—eix““*—s OQ) in mega joules

Dazi 1y Sumof

lattre 2.

Wet bulb Hoxrx=xly degress cCcentig=ade (OC)
depressicn B
Dai Ay awrge in degmess centiftaQe

_ Dry bulb ‘ Howa=xcly degrees entiggr=rade (OC)
Ty temperature :

Dai Ry aweneixn deg=—ees contifie

o

wind speed Howxly nmetres pex seca>nd (ms ')

Dai Ty aveneil metx—es per 5o

Wing direcéion Howux—ly degr"e"éHsOf angX_e )

5 ai Xy mmalcwilatecE by vector idedition of hourly
valug la=s is  SHone to get louaxrly values from

5 min val waes )

Rainfall Howx—1ly m mxled)

Dai 2y totalln Tmam (a3 0 0900-090 Total in mm).

The hourly recorded -<>ralues are‘:_useci to mlfulate howr Ly and thence daily - | =:--:.;;;r--}';-.
values of humidities  .and evaprticon., EO

et S

[
[y

TABLE 3.8 Continued

Calculated values

Hourly, daylight and 24 hour averages plus the maximum and minimum five
minute values of:

Specific humidity Hourly grams kg-' (kg J-cg“l x 10%) (calculateéd as
shown in section 3.6.2).

Daily average of hourly values in g kg !

specific humidity Hourly grams kg-l (kg kg-l x 10%) (calculated as
deficit shown in section 3.6.2)

Daily average of hourly values in g kg-l

Hou;ly and daylight totals of Penman-Monteith evapo;:a.t_:i'on estimates for
water, grass and forest. Hourly wvalues in joules sec ! metre 2, daily
values in megajoules metre ¢ and in mm.

Pally and daylight totals of Penman FC, Penman ET, and Thom-Penman
.avaporation estimates in megajoules metre 2 and in mm.

Data_ type key

Key .- Data type

Solar radiation

Net radiation
Temperature depression
| Dry bulb temperature
wind speed

Wind direction
Rainfall

O O -3 6 »m b oW N

Specific humidity oy | | o

.10 Specific humidity deficit “ R N
11 Penman-Monteith evapcration for water . ‘» e

"Penméan;Jntei th -evaporation for .grass # u i “ E
H  Penman-Monteith evaporation for forest' 0
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TABLE 3.9 DEFINITIONS OF CONSTANTS USED IN PENMAN TYPE CALCULATIONS ‘ TABLE 3.10 RADIATION VALUES FOR ESTIMATING EVAPORATION
Radiation = net radiation in s Im 7 (1 Js ! = 1 watt) (i) If net radiation values are available.
(EA) = the aerodynamic factor which _i_? a function of deficit . The hourly net radiation, RNy' over a surface y with albedo uy
{no units) and wind speed (ms °) _ L.
= o. 004(qw-q) (140. 54u) can be calculatgd from the net radiation, RNx' over the measured
. surface x with albedo ax and the solar value ST by:
qw = specific humidity at saturation %
q = specific humidity at dry bulb temperature . Ry = Spy (1 - OLYJ - S, (1-o) +Re | (3)
u = wind speed o
X = slope of saturated spec:LfJ.C humidity again?t t?mperature ' . : (ii) If net radiation values are not available for any surface and
= rature in kg Xk C i -
' (dqw/dT) at dry bulb temperatu g %9 : : o _ 1,,:maximum_ possible solar value for the hour, S, ./ # 5@ Wm “:.
£ = density of air (v 1.20 kg m ?) (Table 3.11) . o |
c = specific heat of air at constant pressure {(= 1.01 x 10° [ Ry, = So. (1 -a) - 10 .S.I’_‘__ (4)
p Jkg %" (Table 3.11) S B ‘; Y v ™AX ‘
A = the latent heat (Vv 2.47 x 10° Jkg "1y (Table 3.11) L Lh
S , l R, =S_ (lL=~a) =100 0—— S | (5)
o Yy o =g/ * | T L Soex |
_ | Ea ' where O = 0.05, O, _ =1, a =0.2.
. T v ':41"';'*“ water forest grass
" For standard Penman M = 1, NTavad ‘ . - _
: H o ) - ) i ‘-_,_:)' . BRYS l- ' H'_u‘ v
v For Thm““pm_"mar. . Bo= [‘log (z/z )/log (z/2 )J ' | ‘, (1ii) If net radiation values are not available and S, .. < ‘an;
e ' W_ " E "I‘ i e o o ‘ i ‘ ' | A J,!| R ‘ T-' Lt ‘ S
L - where: ZO = actual roughness of surface ! N i 7;«2':‘ - 4
' ; : ) ‘_ v N : I. ' st - 2 h" \ "J . : !l::
SRL A g = R = = 40 rerage ht lue)
! | | 2z =1.4 mm ' RNy R‘Nx 0 Wm © (average night value) o
o _ op . , N . EEG ' R y
: ” B ' & the measus:ment height (2 m) 1 | e
n .o ' R W ! IR ¥
2 - Q\ l > ' : ) : | i'{‘i;fn ﬁ_; ey ot
mn 7Y N =y + Rt . o " ‘ l[“l ,:,\ r "
“ R o o : o o= the me:—:&""‘}‘u"lo of the surface resistance to ' | , ‘ |
AT ’ ' '. 1'}0nynam1c resistance {Thom and Oliver, ‘ Lo o e
E | . \ ‘ i " LA ; ) | l B . ” & ‘ IR T *
wofl bl o , " A e T . ‘ ' i
; ]! ,‘.H!}?t‘h A . ' AR . | ' ‘J;‘”.-\' 5 1 i l‘ i o ;_’\.‘\._‘,r- i
II ‘:"1-‘{" 3 ik : . v : l‘.“\f-'.
EAR X i e . L oo e 1..\;;‘.«\-3- P u”' §
§ i Ri 4}‘!‘ - vy v,: ) ! . ' § ' Lo R g il ? .g i ‘ ' fhp. }
.(.] ; i} i ' - & w1 . : i . ' " “( ““.{‘_;)“ . li!l"'?-}r_,- " .
. L , : ) o ' ‘o ﬁ oy (,'r,
0 i . ” v l 0y ¢ e NG
LY i ! e ‘ Do e ; , "=f'f;:}‘." ; i | l J | B, ; Ui ;ﬂ ! :
S o S 1 R H‘-_?":‘ " SRL ! at v N : . : | bt ::‘ ; f:;ﬂ
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- TABLE 3.11 EXACT-..VALUESL OF THE 'CONSTANTS' USED IN AWS PROCESSING

(i)

(ii)

(114)

(iv)

S LTk
o Lt

Densitg

The density of air varies with temperature and pressure (and
therefore altitude). Its variation with water wvapour content is

only 4 and can be ignored in this application. A mean value

is 1.20kg m 3,

1.293

. - P -3
The relationship used is: p = (l " .00367T) . 1013) kg m

where T is the temperature in degrees C and P is the _pressure

in mb.
S : - B.25F
(Pressure, P, in mb at z metres = 1012 x (1 - ﬂ;g;&)

Speci!fic heat

'cl;hé? can be considered as a constant of value 1,01 x 10° J I-cg'-1
o1 _

Latent heat

mformauon .becomes available, .5 will continue to be used.

by : . I - ) S gy IR

This varles by a few per cent over the full meteorological -
temperature range. A suitable mean value is 2.47 x 10°% J kg l.

The relationship used is: A = (2.5 - 2.38 x 10°r) x 10%° J kg !

where T 1s the temperature in degrees C.

Psychrometric constant

The 'psychrometric constant' is known to vary with aspiration
and only becomes constant at high aspiration rates. The valuc
employed is appropriate to a Stevenson screen (0.5 for um.ts of
C ariulg kg 'y,  The assumptions, that the two types of AWS
screen in use offer the same aspiration to the wet bulb as that
in a Stevenson screen, and that the aspiration in any of the
screens is constant, are somewhat dubious; but until better.

Jfr = \
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i
FIGURE 3.1 Automatic weather station entry in the site directory . o k3
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Automatic weather station timing summary listing
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4. RUNOFF RECORDERS

1

4.1 Introduction g

A system for the guality control and‘prccessing”of_records from
chart and punched tape recorders has been fully documented (Plinston
and Hill, 1974), and has been in use at IH for the past decade.

However, these recorders, while still used as back-up, have been super-

seded on 2ll the Institute's catchment experiments by automatic river

.level rensors whose output is logges on cassette tape.

The logger records river level every 5 minutes-giving 288 data points
per day, three times the amount of data normally abstracted from the
best chart recorders. Furthermore the data are not open to visual
inspection until the cassette tapes are translated. Thus greater
emphasis must be placed on the numerical guaiity centrol and there is
a good case for automatic correction procedures, where these can, be
used reliably, to minimise the amount of manual editing during the
quality control stage. This section of the report describes the new
routines developed to process data from the new instruments.

The river level sensor, described by Strangeways and Templeman (1974),
is fiocat operated but instead of actuating a pen the float pulley is
directly linked to two fine potentiometers. A change of river level
of 30 cm causes one rotation of the pulley and of the potentiometers
whose outputs are divided into 200 logger steps. Thus the
discrimination is 1.5 mm over an effectively unlimited range of river
level. Each potentiometer has a'ﬁmall ‘blind spot' whege the
windings terminate but as the potentiometers are set 180 out of
phase, one is at mid-range when the other reaches its 'blind spot’.
Most of the time there are two valid readings and comparison of these
during tape translation provides a useful initial stage of quality
control. A third potentiometer geared to rotate -once over the full:
range of river level provides a check on the number of complete '

yotations of the fine potentiometers. In addition a scan mark, a

reference level of the voltage of the logger, is recorded.

The cassettes are changed every two weeks at which time the operatur

makes a manual measurement of river level above the station datum.
Each cassette with the start and end times, dates and the clieck
measurements can be processed independently. After the quality
control stage, the data from cdssettes taken sequentially from the
same station can be run together using routines developed to ensure
correct time synchronisation and continuity of river levels.

4,2 Site directory

The format of’the entries in the site directory has alroady bheen -

) ; N B b
! :

described in 8Saction 2.2.° For water level recorders the numbnr.uf... 

varjables normally processed is one; that being river level or clage
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above the datum point. There is provision in the site directory for
up to twelve standard/conversion values associated with river level,
the values currently being ugg@ are shown below:

pata type 9, River Level.

Zero adjustment
Tolerance between suspect diffef - 75.
Tolerance between manually-read'é;ﬁfrecorded values.
Tolerance between overlapping values.
Area of catchment.
10. Phase correction tolerance for the two potentiometers.

11. Scan mark value.
12. Phase difference between coarse and fine potentiometers.

AT
The control information used for water ievel recorders is similar to
that used for otner instrumentation. Those values unique to water

Jevel recorders are:

BSITE - is othhe form WLR' XXXXXX.... where XXXXXX ... is the
local site name associated with the water level recorder.

INST =~ 2.
KREC - 2.
ICHANN- 1.

" An example of a water level recorder entry in the site dirécﬁor} is
given in Fig. 4.1l. | . :

b

4,3, Data ¢ollection

Although there is sufficient capacity for storing several months'
data on the currently used logging system, it is policy at the
Institute to visit the various water level recorder sites every tvo
weeks. This is to minimize data loss due to battery failure, logger
malfunction etc. During these fortnightly visits the battery and
cassette tape are changed and a manual reading of the water level
taken. This level, together with the start and end times and dates

of data and the site name, are noted on the field data form (Fig. SRR BN

This -form, together with the cassette, is then sent to Wallingford for

processing.
\

4.4, Office procedures, pre-bfddessing

- When the tape and field data form arrive at Wallingford, an entry is
made on a site record card indicating the start and end times of the

. oLy
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These forms are usually completed within 7 days of‘recéiét oflghe
cassette to facilitate rapid correction of faults. ; '

4.5. Input to the computexr system

Because of the unigue nature in which the data are recorded on the
cassette tape, the input to the computer system i necessarily time
consuming. The sequence of events is shown below: 3 e,

TV

,,...wl‘;\h _ b "«-‘-!.;. “ ,:‘3”-
Input v - DEC tape - Seven-track -+ Listing of data as river o
PDF8 ¢ tape. level on the UNIVAC.

Optional S '

listing

of raw

(logger . o '

Z::zsznd, ) A;e data OK?

if necessary,

edit data - YES

on DEC tape Y4

Detect error. Write data to a file
Either o on the UNIVAC.

(1) Modify one L

of the trans- '

lation parameters.

or (ii) edit DEC.

tape and repeat

il

The data in logger steps contained on the cassette tape are first

input to the PDP8 computer at wallingford via the Microdata cassette .
reader. They are then written on to DEC tape which acts as a -~
permanant storage and editing medium. The data are written to a
seven-track tape which is transferred to the UNIVAC at Rutherford.” A
line printer listing of the data as river level (the “ranslation from
logger steps to river level is described in Section 4.6) is produced”

and inspected manually.' If the data are Sﬂtisfactory,,thby are
written, in logger steps, into a file on the UNIVAC for quality control
and processing. If the data are not satisfactory then, depending on E
the cause of the error, oné of two courses of action may be taken; (i) one
or more of the translation parameters may be modified (see section 4.6)
or (ii) the data on the DEC tape may be edited and the process repeated.”

R

Normally this procedure is carried out on data from severai.dasééttés
at the same time, the end result being a file on the UNIVAC containing
several cassette lengths of data for quality control and processing.

4.6, - Quality control R o

ied to the data contained in the . B

 The quality control routines are appl
file produced as described above. E

s

data. A Microdata logger and faults form (Fig. 2.4) is initiated on
which is noted any errors caused by instrument, tape, battery, or
19gqe;fma}fpn¢t}qn:@etected during-the-various-stages of processing. .

ach cassette length must have ;¢ ﬁf’ﬁa,
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.. TNeans of the initial manually-read river level which acts as a rtference,my\

o b

;rninimum scan mark value, KSCAN, is found,

%Vlth flag AN , B
A : o
41 i T " "l
T&nere are three quality control aspects. V“' o
-(..~-»a5;afr 22 . L _
e R i q for)errors IElatlve to the station datum o '
r ap, YL . v
) RN . , AN i Lo W
4 0 _-- A ) . 3 - W) I -a,‘,,—‘, N ) o o

RS EE F A =— = =
R e e R et}
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‘an arsoc*ated information record puncwed
1nfonnationf¢é¢orc,ccntainc the vzis
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Ld data form
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(Section 4.3)° plusrscme factois: ueec#3 ‘3
 steps into river nevcl. These vai-c.;.”i .‘uie‘w1374ﬂ= : -
) s ‘ - 1. | ) ' . .\:;:’_. :'. ° "T :_..‘ ‘.’: _i (I' - f‘ll.;: i i ' ‘,‘ ‘ : 7( !
KSCAN '« = minimum permitted valf?: ‘fﬁf;aﬁff"fjﬂ”«\ s % ;
. 3 ", G __.'?’ 1 - - ) r",
- 08 ¢§“5i B
Kﬂfﬁf e .the maximum ‘tolerancr. B¢ '“.se astference. b “ween the ‘ Uf |
R ‘two fine potentiometers, W ﬂ N v
. | b - ’ . "1}
KCO&%xeg - \the maximum change permitted ix coarse potent:icmeter - ﬂ
S reading between two s-ans,-u,¢ o .Pw .eﬁﬁfp _»=JV;#= ’ §
OLD - an int2 ger dtte*nining the nethod used for convertiz T}}fu*

Hhaotentiomuter repding te river level (depends on how =
. the fine potentlﬁmeters havn been bet) , o

n

JSCEN = .he maximum permitteq change in scan mark value.fm

Sy

S s - i

'The xalues of these facturwr af% no*mally pre-sct but can be changed

as a result of QILLOXS found lh the coarse quality control on input S
to the computer system (Sdct on 4.5 000 ’ B S
Before the data are SUbJECled to the quality control routines chey x ?lqﬂ%?
are converted 'frim logger steps into stage values.  This is done by *?ffﬂv”'

SRS S S U Py
. [ .
. . i

and the average change in the two fine potentiometer readings. Tha AN
reading ‘of the coarse potentiomrcer indicates which revolution the " ™
fine potentioneters are on. A coarse quallty ‘control 'is applied
during this translation,:anulxina the values of K& SCAM, YEDIFF,
IGCOAR, and -JSCAN, Each enerated rivcr level isugivcn a. flag, the

=

' ' e ' i : B
B *.'.= i e . A -"; "

'value of; which indicates. the acceotability of;the wvalue If the | v i L
value of the flag:= ¢, then the river level is acceptable. if T ' ‘a
flag = 1, then the value is unacceptable and will be given a quality - o

index of 1 during the quality control stage. "The crlteria fOi SRR 335“”f5wm”§’

r_'_ejecting a river level value are as follows e o ' )

(i) , The expected scan mark is missing ie. no value gieater than the ., -

JREp——
el :

(11) The scan has too few recorded values, ie. a value greater than ! '
KSCAN is found before the end of the scan, : . - PR . U
(iii) Both fine potentiometer values are outs - gl ¢
ide the ex ected range of g |
lo ‘ b 4 [ 4 190’ : . o . r“ p \ ] g e T i 0 ' N
S e . 1__ :\.‘ \{ . ' __:. % ’ . ‘ TR
(iv).Both fine potentiometer values are within the expected ‘range ‘but I N
their difference exceeds KDIFF (currently set at 12 looger steps) ‘ ‘Qf 5
' i - ' DO ey ¢ T
”:Juring thelcourse of the qual:ty control, each data value is given a I
c;uality i1y < good, 2 = acceptable, 1l = bad) ~ The values are e .EMA!“

assumed to be'c.'c..1 2% wior to' the gquality control except for those

]
B e .. n . s i~ &
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~
o3 . -

'possible to extend the limits constraining their appli

* point which is, significantly in error s

(1i1) checking that there are no unusual fiuctuations in
the trend of river levels .

(iiil' checking that the maximum river level is in the
'expected ra.ige, : )

The results of the second of these checks triggers automatic correct‘on

routines which, under certain circumstances described in detail below,
allow the data to be corrected without further manual intervention.
Data 5O corrected are given an index value of £ indicating that they’ 3 :
can be used in most further analysis although they are not genuine ”
recorded values.

The aim has been to produce a quality control package which is not

over- complicated and which does not produce an. excessive ‘workload i
for the manual sditing phase. For this reacon, statistical tests on
rates of rise of river levels, their monthly means or maxima, have

been avoided. They might well not lead to useful improvements te the
quality of the data and would certainly lead to much staff time. being -
spent deriving and refining index values for the many drfferent gauging

stations in various parts of the country. o . . .

i

e

The automatic correction procedures have removed-a number of persistent

yet cften trival problems in editing from thc need for manual o

intervention.*- With more experience of tiwir roliabmllty, it m:ght be
cation. ) ,

(1) Errors relative to station datum
Comparison of the recorded and observer-measured river levels at the S
nominal end of the cassette period will indicate potential errors due " =

to a river level sensor going out of adjustment. N ' i
. There are two possible results of this check: ij,g,ﬁif}_ ‘ afi
B (a) the recorded and observer-measured levelslagreefto_nbfg L.
within the acceptable toleran tstandard value .3 ”'fﬁ; ' Fs
in the site directory), .@5,uq B o
: ” ., ) : ; i
~{b) the recorded and observer-measured levels_are «g -
inconsistent. Appropriate diagnostics are printed
for subsequent manual checking (Fig 4. 2) o w»tiz?ﬁﬂhﬁr
(ii) ~ Errors in the trend of river levels., 7-j”“:‘l r

River levels recorded at 5 minute intervals should forin a smooth -
hydrograph -except at ‘flood peaks. In general, any single data
hould stand out. from the
otherwise smooth hydrograph.  Similarly, any sudden shift in the
setting of the recorder should appear as an easily 1dent1f1able

'step in the ‘sequence of data p01nts.ua o

L A
2

a 51mple trend te"t applied uUCCESSlVGly to each possible sequence of
4 river’ levels is suffiCiently powerful to identify potential errors
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Y W B However, should the data be found to be “error free“ ‘then. aﬁy
! o \:n temporary files created during the quality control staqe will be .

. g , L | ' | \
- : -, o i | - ! e ; A ‘
of tm»'-‘je Two' ki'xds. ' All t‘-w-‘ e’evam‘ \x..ombinationfz of 4 succesqixlfe ' T B I R B | ﬁ | B
e .ﬁ-""i'f' levels ars v shiswn in:‘“g'a b 3 together with the action teken Cy g - In the test to ensure chat river levels are falling, very small xise R
y _in eakh casc.--, ﬂnen the; flr.n. 5 3 '{e \alues indicate a continuous : 'k lﬂss than the to‘ erance between suspect differences, arc ignored.. Nes™
trepd’ (cases\(l and 23) n> fu‘rthe.::'a\. “4 on. is taken:and the routine.; L N l a’t.ﬂr.empt 415 made to carry out automatic ‘cerrection during a period of v»‘
,‘.,5*«‘&“‘“5 te the ne":a seq\:ﬂnce in} 3 f’4 levcu.s. v Lo ' "'! e fj sing river . !.evel when linear or’ even more powerful techniques f"'
R 1,@ Y e ‘ , TN BN K j_nterpolation Jcouw lead to unacceptable errors.‘ T AT
.m'r’he,i“aj..ive qevel 1is icund td be 4115}’.‘°Ct, itssy,., 1ality ndex is set G ,} e l l L A p R
to ljut no, di[a‘snoi\’tlf-‘ﬂ are Fi ih" d‘-um.ia-t‘le automatic correction A T A S | When data are”corrected automatica] ly. their quality indice-é kareé‘-""f, Ty
" promexéure irdicates that mardal editing is necessary. P N e 't 2, . ‘Otherwise, the bad data are listed with ‘the aupropfi:'a’te SANCr
vl o ! oL AT S e e l = X . T m.agnostic for manual editing (Fig 4. 4) . if errors atre found wnicn S
. (“ )’/ - ..,zeckino foe mayimin rivéw l°Ve.. " “\/n“ T ERetiN Y < DA cannot be automatically corrected, the data from the cassette aie ™'
At -'f'f:s’"-.-_e=u+\ R O S Sy A e T S . ' o written out to a temporary £ile for manual’ editing (Section’4.7).
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-e Ii\k\i\re ,tOt detect ;all, poss o.te foimv. ofi erxn ""'%(Porl}‘e amp-e,fthe S NS TN . . o B ST
‘ S Lér.;‘ﬂ\dr\’ blk\ckage of #Flufe by 3rlftw00u ‘dan givalaf 4pparently % L JE ) 4\.7.‘ Editing . S o :
‘\H,‘. smco+h hjr.rcf:‘raphi acuo,ata";e to the‘._trend test, putureadi’y identiffed | TP % .
fmn % as false bl’ an Exi«eriﬁm“eci obserw_,'”l_'.' an.u..g ‘a. c.'\nvem.«ional ,recorder . 4 ' L ' ca;=§c=t te lengthe [€ f data which contain “incorrect" vc_mes which cannoor S
= wur\\t‘\‘;‘d .'.ﬂ—fhart. S C A e R e L o 0w o ,_j_‘,"“ o0 * be \ut— -ﬂatica]lv correc ed are written -~ temporary’ files for. EERES tf-.;;,;;;;-.?.#i&f__.', 3
»% N ‘i‘%f-u ‘:{'40 I S ‘.,‘_”, iy e TR S ST T AR S | et suuse-'{.u_.nt mam.al F’dL in\,.,h This cdi be carried out’' on the- informaticn. - SN
* ~'Q;,;:?L_(__,Wnoi:e & standby chart’ rl}acot dede iy use a visual ‘chéck T th'e‘.“ r\-..‘.yord ghoL T E i R VG --'“"‘Ii-.'---iﬁfrecord'\o:: on individu VJ data valuee.: “I'The.type of editing is ‘aoverned; . ’}f- TN
R NG 42 e, - . oy “-».‘L - T e " I - f 7
N L ooasfble, othei wiecf\a nydrograph could be producmd“hy the or‘ip‘uter w,r e R, Rt I T - 18 the; ;\'alue of . INE}'J"‘ ( ection 2. 6, ' his ahso determines whether ‘\.‘ne ;] A
s ( gre;,h Victtar ti'drf the ‘cislette data. The maximum river level 1ecomr/d | ("\(-,',"'{;i;g;j-!"“././ L) et ] data redire quali“; /conu.ol” fulJow:.ng ttu.. ed:._.. PR TR NS SRR
theraseette “eriod i'" printed to aid whatewver mrmual checking is l . f' 4 N o T - B T
L A fopie 1 (e 'H o . -
cons ide‘.eo appro,_Jriate 4 ' | = 9 ‘\\?gi;;‘ ' IR RGN ¢ Y w-'ltl\l the. values* cortained AN the information zecor? may.
o A \1 o )'." S A e
. | b SRV wdited. For changns in the' valucq involved in £he o ﬁversmn\ ‘ e
fiv) Ai.to*natlc cd‘rf ection ﬁrr'cedures. ' ' AN oot s o e o oy of logger btuQS’\t—p,J- iver. tovoeld, 1t L& dd.ui-«-::.i ok i—é_? re—run 1<1_'.‘e'l«\ T
- Ve | S v \\’ e o I - . SR data ,_,.hrough the trauslatz eren ax-r‘l T f' y controj‘ ‘ o:\t’ .1e=‘_ i A
Folloving the quality contzol checks, all possible bad data will cariy N S “ NI e : AT G LA
. ¢ it emr! vt T § Wy
a quality index of . A : .r.wu'u Ot W : ISR An,,indzuduaa b ~a11;d-.’nl-:.-,.
, The automatic correction- nrocedure identifies these data and S ’ '\}":" T ' I‘ o ?\w‘;” e changed by"‘-' :
T N R S ; Y P VPR e e e
subiect to the following constraints replaces them by alternative o e i - (2)
wvalues derived by linear interpolation between the good data on o r i .
either side of the bad patch: , _— : A e o
o S f"..‘ l ’ (b) adding or mnbtr'cti‘n;g\,\ A EAx e
) 1 “ ’ .‘t : & ht W --.aL A VeL LS
(a) ‘there must be at least 6 good data points preceding "y & : éif : af;::razfsz e my --I}-qefc J «aro) o (»»’"'ﬁ-:'r"
g and following the bad data : e o | v B ecomes neq ¢ BN is ressef.y g '/" LBV
. . l et " S . b a0
u .(b)._ 'ae data, must refer to a period of falling river . A ) ‘ S S (e replacement by __vdllable va..ues. : T ey ¥
) S e A - E . . R - : . W I8 RS
o ’ o-dve.l. Y . I A 0 b . s 0
T e : ~ . RTRATR R _ Ny . g ”‘ e The. quu.] ity indicas of all 'iafa prvnt'f' "ijier’ .:1’1 r- unioma icaﬂ ) N “:-s
e v . o ; " ‘ ' R Y re—dl ¥ RO 1,” PRGN
.+ (€) 'the period of bad data must not exceed 3 hours. I AR PR l re-<2t to 2 indicating that the values are not as rcco‘ ied .l v A D
) " . o ) ‘ ) A o F (‘r.‘_; . ; ‘ Wa . - 1 L B - ‘_\,_“r RN T } . | l,r.‘ ,._J , . ‘. “.,1}.-_,!:;
' : : _ N T : oy e 9 »\ ," s i
7 (iii) I‘he quality indiceq of an individual or successwe serd es S \'\} el S
o S‘nort periods of good da ta (lc -.e than 6 po:mts) following"ba‘d data o ' data values may be edited. P ;" I '”f;__"f'f'f” sﬂ\d j :} ‘(‘*-"fl.‘-.;\'f\“'__il._\;‘_.
- uf areiregardedas a continuation of the bad patch. - Also the first: . L e . o YRNTEY
constraint means that bad data too near the start or end of the o - 4.8 Data conversion, summary printouts and data retained et ", T\\’;/‘i\ﬁ\;rq{:
i -cassette Wlll not be “corrected automatically. S | ' 2 B l . | | / (‘; '
oo - tr ' . . . : 1“’ Ll I f[ (¢ T .:;
N ‘ > ' - River levels are enerall converted vnto flow #i3ing. a stage/dischavge e n/’ R
. , /j‘q L w/ ,\
- N " relationship obtained theoretically usinj the flume or weir dimensmn= ’;/* i »'i ’
;b 'y - < l and sometimes modified usmq Lechniques such as dilution qauging and{r
" L - T B w s ‘ ‘ _ i ‘ s ) i
| w1 . " I LN : : ’ - - .:‘\ . o “'.E‘!:' . {:‘- y ..‘ . i L‘f//.i'
. - R )_” : G ’ . . o B [T J " e, { ]
- LA Wy
o , 3 I ; l i
| ] p PR . : - iy _‘ . F y \ v, N
. { ‘ o - 1t P : M “f s v .
- AT ¥ ¥ T - é' ‘._ =‘ a . Y o o !



. urrl_,nﬂ‘r nfe.img.l,'f" The atage/dzscha fae relatzonshir, 1s ’f':‘,{\reg\i;g R
R tabular! iorm in a; file the name of which is: ri sermined’ :r‘:-:. tne lﬁncmal

site nunker: ~(°ectibn 2.2) ,-eg if the internal site number is 101. ithe

.‘ e file, ’conta;m.ng the sr.age/d:.scha\rge table in TABLES lc.L.

ae 'name oi: |
\\ ., " 'This table: ,g;pnf'ain s £1ow values  (in cumecs) corresponding tyeach’ stage
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““ o :
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AT N v v .l
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U _’.»‘.t: swyvalues, -and .are-gbored . together. with the Liow i;.{'élu es in h.re,t agcess . @
Wy, ) 9 ,&iles as 4md:cated in” Section 2.10, .the name"ut; the! f;.le“ b,.ing detemined\\ .

- "is cutlined in Section 2. 2.« K. line printer. ,uisttng {Figure é.m.ﬂ,r,r;.rx.w
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station. These are:

5. RAINFALL ESTIMATIONS

5.1 Introduction

The diverse nature of hydrological investigations require different
types of rainfall records. Some investigations need point rainfall =
whilst catchment studies use areal estimates. In order to satisfy
all demands, it is necessary to design a system which will process
Qata £rom individual gauges and also combine the records from these
individual gauges to produce areal estimates.

Recouse of the spatial -variability of rainfall, it is necessary to have
a network of raingauges in order to produce reliable areal estimates.
The density of the network depends on the topography and meteorological
conditions occurring within the area.

The types of raingauges within the area may vary; some are manually-~
read,  others record rainfall at fixed time intervals, Plinston and
Hill, 1974, describe a oystem for processing data from gauges read -
manually at fixed time intervals and from chart recorders. The system
described here is similar but allows more flexibility in defining the
gauges to be usged in calculating areal estimates. Also, emphasis is
Placed on processing the data recorded on cassette tape via the tticro-
Gata logger (event recorders). These have superseded the chart:
recorders-at all of the Institute's experimental sites. However, there
is provision for using data abstracted from chart recorders as back-up

in case of instrument failure. , - e
i i : P s

-‘--,l—-‘,r‘.’._o“ . 70 Lk
FoTe /ﬂ o

yecords time and the number of tips of the bucket in a £4~»-

" ipterval (usually five minutes). The size of buc;'),-_;_gt;“-ﬁ:*'. '-?ijif,j,-"
chosen so that each tip is ‘equivalent to 0.5 mm of yarl uRTddata o

have been translated as described in Section 5.6, they are treoied in
exactly ‘the same manner as those rainfall data recorded by ‘the-‘aitoma-
tic weather station. NG discrimination is made between rainfall record-
ed by automatic weather stations, event recorders, or, if necessary,

Al

) 1
R I ppo

S.2 Site diructog_y__

[

L P . , Lo .

The number of variables recorded by the rainfall event recorder is one
only - the number of tips of. the bucket in"a five minute period. ’
The standard/conversion values required for processing. the data are the

—ame .as those needed for the rainfall chanpel of the automatic weather =

. . e ‘il 'j' {".; u-i\u,)*’:,.n_l
DATA TYPE 8 RAIN‘F‘AL_.L.._ ‘ SRR L S :
1l ’ - Upper limit of rainfall total in re'corlc'igi.nq
| time period.
12 Tipping bucket capacity.
\\\-/‘ o P . ! .
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The rainfall event recorder is connected to a "Rimeco" tipping buckets-and- .
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The control information used for rainfall event recorders is similar ‘ “have an associated information record on puncnpd cards containing i
1 to that used for other instrumentation. Those values unigue to rainfall : /“f-ivalues noted on the field data form (Section 5.2). y X i
event reoorde~-.'s are: . ' e | IR
; S  Before ‘the data are quality cozirolled, they are converted into real oo ol
/.4y BSITE is of the form RER xXXXX..... Where xxxxx..... is u1e L T anite (mm) by multipl"inq the number of tips in each scan (given as » T R
local site name associated with the rainfall event | I . tHe difference between the number of tips in successive scans) by the’ | B A
. recorder. : IO ) : ; II - capacity of th2 tippiag bucket, found in the site directory. Each R ﬁ
sy =3 0 Z data value is given a flag, the value of which dspends on the results !
. KHREC ﬁ 1 ! . ? of a coarse (uality control carried out during the translation stage. e
IKI{ANN 1 ' I ‘{f flag = O, the scan is acceptable; if flag = 1, the scau is : _ g
Z unacceptable, and the quality index associated with the rainfall total = -
- An example of a rainfall event recorder entry 1n the site direcuuy is f durlng that time perlod will be set to 1 during quallty tod-rol
given in Fig 5.1. - : : . z s S g
' L ] Il/j Q.H,m The quality control tests applied to the data are as follows: R,
.5.3 Data collection } AT LT T : by | yﬁ;‘»3hw.'ﬁ
S . .- - i bt Ry i J ;i 0 : (1) .. A.comparison of.taa to al as recorded by the gauge and the,uf” ,Hflipw'
Rainfall event recorders are serviced every two weeks at which time tae - ' X ' ) total collec’ted in fhe cl.eck gauge and entered on the R R
‘logger and -tape are changed and the site name, time and date of start o o . ) ey - - information. record, If. the *otals do not agree to. w1thin;m, o ‘: o
.and end of data, and check gauge total noted on the field data. fmm1 - BB : ”_ 10%, an error messaoe will be output and all the ‘data rﬁﬁu*;m PR
 {Fig 2.3). Tnts form, together with the cassette tape, is then “*-1t to l i ) from the cassette written out to a temporary file cor
Wallingford for processzng. ’ @ ) manual inspectron. | N
B - - f‘;‘ 8 ‘ co A oo 4 e T : TN : ‘_‘M‘_ﬁ:_____r___'k_“,\ .‘.". .
5.4 0£flce procedures, pre-processing | . o i) If ‘any F w~-,.21ru‘ peonrded rainfall total is greater than - TR
% E / |'f3'.;_‘ g R 10 mm, the qwaJifj lndex is set to l.\‘ ”” S A e
When the tape ani field data form arrive at Walllngford, a noteiq made | { B . ‘ . _ ; i - A
- of the start and end times and dates of the data on a site record card | f: i: .o e fiii) 1£. the currtnt or prevrous scan flag 1, the quality . Wﬁfwﬁf B
o and a iilcrodata logger and tape faults form (F”J 2.1) initiated. On I ‘c | . e T 1ndex = 1. (‘I‘he ra:u.nfall in“any time perwu is calcula{ted : "\lz(f'\"f‘ {\(r;
_ “this form 4re noted all the errors due to insttument, tape_or battery- : i, T _ ;‘ from Lhe present ~d prevruus recordcd vaJues., N :3,'y‘fgr”,~- N
malfunction found during the various stages of processing. Should any : _ - AT | 4 , _ . " el Y
: malfunction be, apparent. the form is passed ta. the Instrument “m¢1°“ ‘I-% ||J4= o Should manual inspecticn be necessarj,,the data are written out to a
: for fault rectification. 2 R T | - N temporary file. If the data are "correct" further procehsed
’ l . Vi e T ; :'Té o ' as dnecribed{jn"Sect‘on b 8. y;;uk : 5 e
_ 5 5 Input to the computer _¥Stem e o ) 1 e - .. N ) | _' e T | } ;‘ i
B o R L Tt ' g . R - Editinrz -"7“5’:'?""’*??,-';%'-"i-‘} LS ;, (i"i";‘.fi'.;-':"
The unique way in which’ the data are recorded on the cassette tamw “”'f o S IR A ﬁ“"“‘“ ‘l“ ‘ ,:ﬂ‘prv:V o ~,1ﬁWQ* ;W' o
necessitates an indirect and time consumihg set of procedures. uJinyu P d T The edlt ng Fo be caxried odt ik deterdided by fun”
. the data to the computer system. Thessequence of events is shownjueloﬂﬁgjgnu,‘ integer specified by the uset (sactxol 2. 1. Two ypes of edlts may be .
ke e - R TR EA . -undertaken,; those affecting: the\/nformat;cn\recurﬁ\Pnd 9@Q§? afiECtlng o .
R, IHPUt to-_-é Dec tape '—ﬁ> Seven track '"? Flle on the e B !;aindividual data ‘and quallty Lnﬁ*cer . T DA o
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The data are first input to the PDPS computer at Wallingford by neans o S po S S
of a Microdata cassette reader. They are ‘then written out to a DEC RN e All the values stored‘on Lh€umh+orn“tjon rercrd maj be ;nmﬂ L
- tape which acts as . a permanent storage’ and Cdltlng medium The data ST o edlted o : | m?gﬂf‘g;n g;nm1. e A _ﬂ’zﬁ e
“are transferred tofthn UNIVAC using a saven-track tape. Normally several o . ) L Jqﬁf@,mffﬂfﬁﬁwtﬁﬁhﬁuzﬂ Lo . -
Cye ', cassette lengths o- .data are transferred at the same time. The data in ) ;(ii)-jmnata values and gual ity indices Oy ‘ ECREINE VI S
“the file produced’are in a form suit blo’ atranslatlon and quality , o PPC e A T A Fnu?:ff ‘deffja.ﬁdﬁf
L control B " Y“ Ee - o “An individual or a ccnsecutive ser;?slofwdat I alute“may be
o i . - FW_ . o . f l ) . ’ ] o '_ ' _ o ; odltad by N : ' : . ; . R T T | B TR UL { U 3!
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o

(‘él') ' reolac~1ng*“w£ﬂ‘¥i"’"’a.’ Ciwed value,’ =~ e
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(c) adding or" sub*ract: ngaa fimed amount

-».a-'f‘ Gy FRE T . T _’.'T o

| LA, P . .. .
e . e . R (R : f R

' [y K R
Sy ¢

Lo

) ":,-lﬂ-l -_g L o
y -n....‘%}_ \‘;" it \‘ .._.’ ‘J.";
PR oY |L —_— ey . P .
R - Ty LT g PR
. " : \n\ N i *‘l' :{ ol l-'lﬁj LR PP




-h‘___-_h N

R

distr: Luted in time ar'cordJ 23 to the dat.a in the nearnst recording

Ljauge. In. tblcﬂway, ‘areal rainfall r;-at mites” at the rc:-qu:.red fn.quency R ray: Input informatxon record no' 1. This“co“r‘itains the name of
L are pmdu ged. by vl L M e s Bey e 24 Lyt wen . othelsit te ) eq, WYERAIN, associpted.with the areal rainfall,
A I I S et B AR A 'l.the» time/dat:e of start. of perlcd,‘ vand riunber of period
“._;;-(a',-gj "Gl str*buting eac{m,nerio 4gauge total in time; to thc: required - Sk on e qauges used to calculate the areal ralnfall_ n
e 4 ":-»'freqUency uging the data from the nearest rprording ga':ge, Y T S A
: '"“a”d‘““ p o S L G ‘{b) - Using the sa.te- name, . asalg.x and input f-he network table.

This mn..c.ateq' the recordmg gauges to be used to time

, ”'::' o b)) ",e;.n e,s:mg rHe areal es’cimatt as Lhe sum of the permd qa‘i’“ve o AR T { Lrlbutg ‘the rainfall in each period gauge.

S L ) valués multtplied byt the re‘levant aiah*ing fapto_r A SR s S S -fi?md the amal enity in the state directnry and assign ..
/ \st‘t\\”‘ b 3 H.‘ Y :Jm X g L F\\ """" BRI .’#\\k \ 1. fl,':'rf. )'j“ "'& R | f"'.U‘!‘C- 0) l‘wt aceo: File .115|§"t,i to hold” 1hq .11“&:.1 raintall
W THiE s done a t.‘\'ltiltle for. all the" ‘ca '*hme_n és currently fbeinr--’ R f‘,_ e e at;_“_ _(5'?‘:' wn ? 2) TR '.‘."_‘-.f"_‘_”ﬁ, o B
' L ""ud//ea "‘t ‘the Inst {ute usi nq al! the-aval laola gauges and- adoptmr M 1 . . S AT _{I ,-3:4,{._“{” T ,"_ A S N o

“x.' " ine Theissen ‘rea technique fur calculating weighting factors. . ., . ... o o5 . ¥ i 2 P SR L WY TS .

, i o ‘Howéver, -thers -isvprovision for users to calculatcalternative- areuiif MU ' \, N ey T an*ﬂ- thp pera.a:ii qaugr-' numberr- and uelghtings.

Hy ™ ‘estinates using different gombinations of gauges with-alte srndtive - - v R o ARt s e , o
st \\., o wmght-.ng factors. The, areu). estimates so produced are :»,t:w:ud. ano @ Ensure thaf the sum of the welght..mqs is one; if not, output.
o R direct accesSr“ les in'a similar manncr to the data from indlvuhmlw : | an. arror nﬁessage on ‘the line‘printer. " . R

u;n," . gauges (Sec 1on 5. lu) | O |

k. Ve e § o e (e) '5\'-:3“9‘5"101.11* fnf-ditﬁlat‘ on record. -mlimbé'r (2). This contains the
‘ _\“‘\\_ - The way 1in fvmu:h az.eal estimates ara calcylated follows that onCf‘lbL‘f’ S , »,.A.,?ijme/( ate.of end of perqu ‘and. the. per:.oc nauge totals
RN bYJPf:L"lS*'Oﬁ and Hlll, 1974, with the followmg differences: . L o i the crder ‘indicated in (c¢) above. . "‘ o ! .

i) L | o '\.n..»e\-ﬁw e :

" ‘,Jﬁ(:l.)”u ‘Period gauges must refer to the same period, -ie there is- 'no
he ‘."}‘,\\, _— ,,),!,( facxln.ty to deal with, say, weekly. and daily gauges in the
f\&_] *%\' /1\_\‘ -~ 'same network, -If this occurs, then ‘the: totals in:the various

Sode
I

o] M A
.

[

Ll g

EA

“\ “\('f)“ Applyua coar-,e quality control to the perlod gauge tctalsl_;“..(-'
(o . , by tes t).ng the difference between each perlod gauge total
Ny and“the me-gi-. .,otal againstnthe standard error. multlplied

e L B R _"”f”_ ’}f TR .“ " '.l | L ' ” / ;’/;\ flf _'
ff’a‘ :‘:.4-'.7, 7 k' “ '.; ‘,? .’." l'r,“}\ :f ‘ ,;‘__.1:4 : _I‘.}\‘ -‘ /A:‘, o {! fi | : {f\ , ’ ‘ ‘:',:'.‘. ! . ‘/‘:
AT .\L.'lha qvalit} n'.ii"ces ‘ot edzted data values are aumeatically N p’ef'iod gauges must be“copverted into a commGn time permd
A S u.e-set to 2 t”bn.s J.naic.atlng that the values are noc as : Howevey, the common pey xjiod may be. rajl- any length and there
| ﬂ IR n_recorded. &% ‘milarly,’ tieé quahty,,;.ndzcr»é associated with . is no nef‘d for the gauges to be 5= ‘-‘f} 'at 0300 hours GMT‘ |
oty S an 1ndi.vidua1 é)r a cansec.ut@ve series of daka values may be = e e ,‘f}:“i‘?3‘\'-,1--.‘-\:1;,-‘; i .f;:w_ T
P "hoﬂgt-d ""}‘_ PO N - (ii) Thex.e ‘-'u; nc ':‘ned for a c.:ec]f GO v .;1 ‘u}f'each recordmg |
) ’ O B "f SRR S T | : ’ | | gauge/thl'; intorniatidn has’él ..i B S 1ncoﬂporated at the
f/ | Followzng the edit.mg, the data may ‘bF x‘e-aubmittec for quallty control nuuity control stage, . However, comparisens cace made of
R ikk' or’ Iurt‘\er pr-aces.smg a5 ‘rcqui.red (St-fctmn 2.1y, W \[“ : razi vd. gauge dotals and of dail yftotals from’ the records, ng
g SRR | B S S . " ‘wuqes. These will be desc*' *Lad later in this section. =
‘ 5 5 D L Ca convere-lon, summary orlntcmts and data- ret,cuned P IS . . . :
S I 4 S SURITA T SR ‘{iii.,} r._jI'h..x:e is nc need to merge punched computer cards containmg
i The. recording frequency of tne ra:.nfall event re:*order (normally mim . DT rr..cm.dim; gauge data., Data from direct access files are.
W, .. is greater than that required for most hydrologital investigations. A automatiqally & ~-‘essea | |
I“This means tha t rainfall t'wtalc 2t t‘:o roquired' fregquency must be I R ‘
| caléilated. Each calénlated value halharn asscciated quality index, /i (4w} " " Recording gauye'data from'a variety of instruments can be ,
ts value depending on the guality indices of the original 5-min totals. N used providlnq that ‘these data are in standard direct e
v .='I’"\e calculalted v.alu 5 together wit’n the quality indices are stored in _ SR S T acct-'-ss form. ' This. 1r.£:1udes data from rainfall ‘event” PRt ';'j".j;_g.'
o -'direct actess Fiied. ~A summary of" tiie istoredrvalues is output on the lin\. TS (:ecorders, automasi’c’ weather stations, and thoqp‘f%m t‘1m{1=u‘w“'\ I
printer (Fig 5520 7 el L | ~vand paper tape. recorders. R T S N o
» ‘~J~-9 Aread. 2stimates - | oo L RN : AW "‘ht.re A .o uecd 't easurc that t:hc data from one pdrtl(.ul.lr -
B R A TR A U IR UL S T RS ) .~ »- xecording-gauge.is complete. Shouid any gups arise, they.. . .f,'
A A As i __._m.....ed i bection 5 f, ni\'my hydrf;mgical inveqtigatxons require Y R ? ,are simply 1nfllled by\data from t}'e next nearest. recordz nu \& d
"“'\:‘J.,“{:;f'(" =arm~v-- "r_”imat.r'., of rainfall. 'Tnis islachieved using networks of rain- ok Ml,;, , 'J."'- gepv;&. SO A ) S : \
“J o ga 1&&&, jbét.h manually-read (pem\bd) and recording m"uqes. - Normally, il T e B R A e N NUE DV SR  CX i <
L ﬂtﬂhp“"r}“d gauge .is "35 umed to rtprebent' a- cvrtaln‘purccnt_ago of the- 2 A flow chart shbwzng the stfnps 1mlolvea and data required fo calculate
ks area aﬁd lfs“"‘has glven a wt.lghtz.ng. 'hf::.total in t‘-l("il pc;-rlod gauqe is area] gst; mates 1_3 gnown hn I-‘;_g 5.3, a‘nd an- -vxrf;_, m tlor given below,




by 4. If an "error" occurs, a warning is printed on the
line printer and the period gauge total checked. .

"~ {qg) For each day in the period, apply 4 codrse quality control
to the daily totals of each recording gauge. This is done
in a similar manner as for the period gauge totals. 1If an
"error" is found, a warning is printed and the day s data
from that partz.cular recordmg gauge not used in‘calculating
the areal estimates. i

A oF

(h) loop () to (3) for each verivd gauge. Find the nearest
- recording gauge. As noted previously, the source of the
recording data is irrelevant; pointers found in the site
ULIectoly wiis ensure t.hc_}t, the correct data are accessed.

(i} Loop lor the number of days in the period.: y
4. full day's data in the nearest recording gauge” Sr o
“ stored. If not, the next nearest recording r*auhzv "; ) '_E_C}‘"_‘
and the data from this gauge tested. This is con‘.m’u
a full day's data is found. j ey
(3) ' ‘Calculate RATIO; the ratio of ‘the period gauge total to the.
total in the recording gauge record for the period.
Multiply the recording gauge record by RATIO and by Lhe
relevant weighting factor, accumulate the subseguent
) recording gauge record for eac:h period ‘yauge in the areal
o - direct access file.

5.10 Data storage on disc and tape, fetrieval and 'display

v e " : T N ok

" In'addition to storing the final values ir direct access files, the
rd/nfall values for each S5-nin period from individual ~event recorders
are stored on 9-track magnetic tape, each cassette: lunql_h ocecupying
one file on the magnetic tape. At the end of each gquulity control/ .
editing run, the contents of the current Y-track storage tape are

listed, together with the number of files on the tape and the percentaye
of tape used. | -

Data retrieval from direct access flJ.ES may be carrled out using &
computer program. If errors are detected in the final data, they may
o o be rectified in one of two ways:

o ] - i

- {1) . Subroutines have been written to edit the final data using
similar techniques to those described in Section 5.7.

(i1} The 5-min values stored bn 9-track tape may be rutrieved,
the values and/or anformatlon record edited and the data

re-processed .
i ’

- This may mean the recalculation of areal estimates,
i | 8 B

a0 . : ' . i
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SITECIRECICRY INFCAFATIGN TadLE ENTRY  NO. 161 OATE OF ‘INSERT : 060181
. SITL NPt & RER PLYNLIMON Auh 1 COORCINATES E=n 1 282655  COORDINATES NS : 265270  ALTITUDE 377
o INSTRUMENT Type 3 RECORCEHX TYPE 1 ) InPUT PREGUENCY 1 & MINS QUTPLT FREQUENCY & 60 MINS NC. CHANNELS @ 1
DATA trfsvaLet. 1. - 2 3 . 5 6 T e 9 1 4 12
8 Lt 104000 +000 000 +000 +000 000 «000 T 4000 020 000 000 +500
FIGURE §.1 Rainfall event recorder entry in the site directory - - - |
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ASSIGN AND INPUT NETWORK TABLE
ASSIGN OUTPUT DIRECT ACCESS FILE
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6.  SOIL MOISTURE

.1 Introduction

Almost all of the data at the Invt‘tvu‘.e pnx raining to the measurements
of socil moisture are collected usiny’: the Wallingford neutron probe.
The exceptions are . when soil cores ‘are ‘:ol'l ‘ ‘-.-M for calibration
purposes. In thes‘e cases, the data pr.o..esslm is E‘:r;vial and neeo
not be enlarged upon;. this section will! ‘therefiére ‘concentrate on ‘the
procedures required to quality control and process.data collelcted by

the neutron probe. SRNTE : "
’ . ‘ . ~-fs ﬂ

A detailed desortotion of the neutron’ probe and :.ts work WNg principles
has already bee: hnurlz.shed (Bell, 1976) and it Ja s;tixc:ent here to
provide a brief desc¢ription of the use of the orob and ‘16 reiterate
these practices affecting the quality control and prooeesing of Fhe data.

iaasically the instrument consiste of a probe,,rneofpofating a fast neutron

source and a slow neutron ietector, connLcred by means of a cable to

a pulse counter. ‘It is cnclosed in a LranSpomo shield which prOVLdQS user

;;rotection from the neutron source and facilitutos ‘simple transportatlon

in the field. 1In use the probe is lowered into an access tube by means

of the cable to a pre-determined depth indicated on a cable counter in

the transport shield. The access. tube is a hollow aluminium . tube_ 2 £ L

41.25 ma internal diameter lnstalled vertically into the ground to a .

predetermined depth leav:mg some of ;the tube, ‘usually about 20 cm, . above

ground. - The end of, the tube embﬁdﬁcd in, the 9011 is sealed by means of

i araaluminium plug. The fast neutrcns emit*dd by the: ‘source, collide . with.
the varioas nucleii, mostly those of nVorouen in the soil\water, occurrlng
wi thin the soil, They are scattereu, producxng'e.fluuﬁ &7 slow neutrons
the density ‘of which' may be measured:by. the slow neutron.detector in the
probe, "The measurement is.conveyed by means ot the cable to'the pulse
counter vhere it is displayed on’ activating the instrumenr The units of
the displayved.variable varies with’ “theirtyps, of: pulse counter/metez.‘ These
will be desciibed letery; The measurements are UonI]VuLarrlPd out. at e
number of depths thus ploouc1ng a '‘soil moisture prouwlu"o[ fhe site. _

. .To. minunise the effect of dny day - lo—da} cx;it in tho ) esurements dUﬁ“fOf“ o &“wwe

fcr*exampne, temperaturo, battory ohbrge, erc xt lu:H un] ta carry uut - R

a "water count" ‘cach time’ the probe i’ uqod s Aig - done hy tuPan)Jthemudﬂn

rneasurement in: an, access ‘tube insLalled in a bin- Ell]od with wuLurlf__kgw;ﬁ;;;ngﬁgt

The values’ obtained in the soil, together with! that taken ln ‘the wuﬂ-“y?“ o i

bin, are used tn ﬂdlcul ee moisfure volume fractio,a'ln the 501] ‘

‘)t : ""'.’\ [ l\“' '

When initially”installlng the' C”P&c ‘tube. iﬂ the sorlujioxe fadmltorl/Q”f

taken at various ‘points in the’ oroflle. These Aare used to identfh b
. the type of soil, .and, sometlmes,,to coxry out a soil’ eallbrntioww

is done by measur:ng the amount of\ eter in- the so1l by grav;men“ e”

v "fleld capacity“ value (1n mm of watcr) of the profile:w

ey e -

means, i.e. as the difference between the weight of wet and dry soil,
and plotting it against the value obtained at the same depth using the
probe. A series of straight line graphs exists for different soils
showing gravimetric moisture volume fraction, i.e. weight of water per
unit volume of soil, against the neutron probe measurement in soil
divided by the water count. Use iz made of the slopes and intercepts
of these various graphs on converting data values collected in the field
to moisture volume fractions.
‘A natural extension to the manu&lly-read neutrons probe is the "auto-
probe" or automatic neutron probe. This will take measurements at pre-
determined depths and at pre-detcrmlneu time intervals in a fixed acces
ube. ' The dat~ can be stored on cassette-type magnetic tape or on
eulid -state tyre logg61s. The advantages c¢f the autoprobe are ‘obvious
for thoge seldom visited sites and for those soil profiles where water
changes occur rapidly. This instrument 1s currently being tested at
‘the Insti“ute. The rest of the section will be concerned with data
collected using the manually-read probe.
I

Then

8.2 g}ie'directory

As ino.io“ed in Section 2.2 the format ot those data held in records of
thé site directory pertaining to "soil moisture sit. " ‘e different from
thit described for other types of instrimentation. . The reason for this
"is that, unlike other lnstruments, the neutron probe measures the same
variable at different depths in the soil proéfile. The number of rea-
dings taken in the scil profile. will sometlmeq be larqge and it would be.
unnecessarily wasteful in terms|of space on' the cumputer to ‘regard each
"reading depth” as a separate data type. This is especially so since
only three standard/convers;on values are stored per reading depth.

Tne way in which these standard/conversion values are stored in the site
directory and subsequently accessed is as follows. The twelve datc
allccations per record (Section 2.2) are gplit into four sets of three, WD
each set referring to a reading depth. In, each set,’ the standard/con-p,' "
version values are: |

jJQEPTH ~ the reading-depth.

T 1 . » Cyp e

1$$OILM - ‘the soxi Lype/index determining the slope and intercept )
of . -na.qlaph used in the conversion to moisture volume
freraxon.

STDMVF - the ttandard moisture'volume'frECtion_for'that particular
depth. This is used for quality control and graphical C e L e
purposes. : | -

R S D . L .
oo j K

E i

Addltional records are ased if required, and in each case ITYPE, the _ _ e
variable/data type, will be 10. The se*s of standard/conver51on o whes
.values are terminated:.by putting ISOIL =:0. In this case, JDEPTH will. . ° . O
be equal to the depth: of moisture change (the depth to which the total e
water content of the 5011 profile is computed)-and STDMVF: will‘be the ' o

h
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The control infeirmation used for scoil moisture sites is similar to that
used for other instrumentation. Those values unique to soil mois-
ture sites are: | |

PROBE CODE TYPI, OF PROBE

103 Dunbr idge
19X AL
1xXX Wallingford

BSITE - is of the form NEUTRCN ACCESS TUBE NN XXYY, where %X
is the site number of the tube and .¥YY the catchn;ent
number . . i

INST - 4.

The probe code determines which calibration equation is used
in the quality control and processing programs. The code is
normally indicated on the probe. ‘)

KREC - 2.

IFREQ) | - "
. ) -~ = 1. (Indicating infrequent manual observations),
JFREQ)

(1v) METER - each meter has an associated three digit code, the first
digit of which is used to identify the type of meter
used. : ' : a

ICHANN - the number of records (see abeve) required to store the

necessary standard/conversion values,

METER CODE ~YPE OF METER UNIT DISP'LAYED

An example of a neutron access tube entry in the site directory is
given in Fig 6.1. _

1XX Scaler - Timc for presc: cocunt
if

L , - 2xXX ' Ratemeter Counts per second

v

6.3 Data cCollection

_‘f" : ~ 3XX Ratescaler Counts pc-r’r second

The data collected using the manually-read neutron probe are noted on

a field data’ form (Fij 6.2). This form has been especially designed

s~ that the data contained on it may be translated into computer com-
o patrible form without further annotation. The form consists of two
parts; that appearing within the thick-lined buundary and which con-
tains the data required for further processing, and that containing
the data which is for information only. ‘fhe valves to be retained
for further processing are of two types, .the 1nformat1wn record, con-
talning details of probe used, site and date, etc., and the measured
values together with the depths below ground level at which the values
. were measured, : - ‘

The units !6f measurement displayed on the meter depends on
the type of meter as does the calculation of moisture volume
fraction. The code to be used is normally indicated on the
meter.

(v) TUBE HEIGHT - this is the helght of the access tube protrudlng
©  above ground level. ‘Tt is used, in conjunction with : o
the depth as indicated on the depth counter, to calculate _ '
the depth below ground level at which measurements are
taken.

- It . . o
{vi) c - when taking measurements, it is possible to vary the .
time over which each individual reading is taken. ~The
way in which this is carried out deperds on the type of
probe and meter used but, in the most common combination |
presently used, i.e. the Wallingford probe and ratescaler,
the C value is the time constant in seconds over which
the measurement, displayed as counts/sccend on the mcwfnr,

e Some of the data are entered on the form in the field; these will be
[ S described in this section. The form is completed in the office;
- this will be described in the next section under office procedures.

The information values to be entered on the field sheet when measurlng
soil moisture are as follows: '

, ..~ (i) DATE - the date, in full, is entered at the head of the field is averaged and can be set at 16 or 64 seconds.” -
e y sheet. ' : N B *
L | ' , ' , N . (vii) TIME - this is the tiue, in GMI' on a twenty-four hour basis, - -

{ii) SITE - the s;te name, in full, is entered at the head of the at whz.c.h th(.. measurcments at a part.u.ulur ‘-.11(‘ HOTE .‘c'«_g}ég:n.

e ~, s - fielc: sheet,

iy

(viii') GROUND CONDI'I‘IOI\‘ - this is a descrlptmon of the state of the grounri
- around the access tube. o T YRR

s T

:(iii) PROBE -~ each probe used in measuring £oil moisture has an asso-
a o ' ‘ ++  ciated three digit probe code, ‘the first two d:.gits of
~ which are used to identify the type oi probe used as follows:

' - IX) CROP ., .- this is the. tYPe of crop grow;ng .Ln the v.Lc.LnJ.ty of . the ac L(..bb o
b : ' tube. .

(‘.
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() Damd E - when taking soil moisture measurements, it is advisable

to takefa reading whilst the probe is in its transport
shield, The reading thus obtained can be compared with

the value indicated on the shield and can be used to

ensure that the probe, meter and battery pack are working
correctly. The D and E values are, respectively, the

preset constant (equivalent to the C value for measurements
in the soil) and the meter reading for measurements taken
whilst the probe is in its transport shield.

For each reading taken whilst the probe is in the
access tube, the following values are entered on the
A.Lel.u ::ht-.‘.i_u..

(xi) DEPTH BELOW ACCESS TUBE RIM - this is the depth (cm) as indicated

on the cable counter. These are always entered in
increasing depth. |

(Xii) READIMG - this is the observation as indicated on the meter.

The field sheet has been designed to accommodate up to 27 readings from

each site.

I1f more readings are required, then further field sheets

may be uSecd but, in t}us case, it is nccessary only to enter the depths
and the read:.ngs.

6.4 Office procedures, pre-processing

The office oro‘eedures to be carried out involve infilling those values on

are:

(1)

)

(141)

" the field sheet that are not normally entered in the field.  These values

OBS - each person collecting soil moisture data has a
two-digit identifying code. This code is subsequently stored
along with the data but is not required for processing N
purposes. |

_CROP - this is a two-digit code ldentlfylng the type of
cxop in the vicinity of the access tube. The code is
subsequently stored along with the data but is not
reduired for processing purposes. However, it is useful
“in ildentifying any changes in crop which may change the soil
moisture status of the site.

‘GROUND COND. -"this is a two-digit code indicating the ground
condition at the time the measurements were taken. The code
is subsequently stored along with the data but is not reqmred
for processing purposes. It is, however, a useful aid during
data analysis. :

. SUM OF DEPTHS - this is the manually calculated sum of the
. depths below ground level. It is used for quality control

-Purposes to ensure that the depths. have been correctly trans-

lated 1nto computer compatlble form,

b
L

(v) SUM OF READINGS - this is the manually calculated sum of the
. readings. It is used for quality control purposes to ensure
that the readings have been correctly translated into computer

compatible form.

(vi) A and B - these are, respectively, th=2 preset constant
(equivalent to the C value for measurements in the soil) and
the meter reading for measurements taxen in the water standard
described previously These readings should be taken frequently
at long time .Lntervals for greater accuracy. The values are
noted for each probe for subsequent transfer to the field sheets.

“{vii) GRAV M.V.F. - this is the calculated gravimetric meisture volume
fraction of the top 15 cms of soil as given by a core sample,
if one is taken. If no sample is taken at a particular site,
then the gravimetric moisture volume fraction is entered as

0.000

(viii) DEAD TIME - this is the dezd time asqrwiated with the ratemeter
(Bell, 1976). This is mea.:.ureu in t.ne uboratorj and is entered
in microseconds. 1If a meter other than a ratemeter is used,
‘then the dead time is entered as zero.‘ '

J

- (ix) NO. OF READINGS - this is the number of observatlons taken Wlth
- the probe (excluding the gravimetric M.V.F.).

Ax) SITE - this is the site number of the access tube at which the
~readings were taken. o

(xi) . AREA - this J.nteger J.dent;.fles the c:atchmc.nt or area in whn,ch
; the readings were taken._ NS 1\ fe

(xii) DAY, MTH YEAR - this is the date on whlch the measurements
- were taken. : [ .

For each reading taken with the probe, the DEPTH BELOW c,R“wUT\ID LEVFL is ,
calculated as ithe DEPTH BELOW ACCESS TUBE RIM-—'IUBE HEIGHT . - - : _

There is a]so room on the sheet for the observer's c,'J.gnature and any rcmarlﬂ"
that may be pertinent to the measurements made .

EE A

The ‘re’quired values on the field sheet may n'ow‘ be trahslated into computer
compatible form with no further annotation. . This is described in the next 0 T
sectn.on. | : oo o

. B S
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6. 5 In;:gpt to the co_puter s;;cten

’As noted prev:.ously, two types of records are retained from the values entered
’on the fleld sheet.' 'I‘hese records are: S

i) The in’fdrmation record

This contains thosle values pertaining'toldetails of 'rnstrumeri't's’""



wsed, cond.cions, site, date, etc., and are transferred fromn the
‘. . | f£ield sheet in FORMAT (613, 2F6. O F7.0, ?FG.o, Fé.3, F4.0, 13,2X,
v I4f ;K. 212' .lX; 3I2) - .

(i)  The data record(s)

‘These contain pairs of dept.h below ground level and reading,
together with site and date identifiers. Each record can

o accommodate a maximum of saven pairs; of depth and reading: for
S " additional observations further data records may be used.

Each record contains the following. 1nf-ormatlon:‘j '

(DEFTH(K), READING(K), X = 1,7), ICARD, SITE, AREA, DAY, MTH,

YEAR 'n FORMAT (7(15, F4,0), 3X, 12, 1X, 212, iX, 312). ICARD

is a record sequence number used to ensuire that the data records
x¢ in the cocrrect seguence.

Each conpleted field sheet is hence translated into an information record
and a nubex of data records which may be fed into the computer system
“for quality control. 'I'he most convenient form of these records is punched
computer caxrds and it is this form which is used at the Institute.

6.6 Qualitz» control

Most of the initial quality control tests applied t2o so0il moisture data are
designed to minimize errors due to translation from the field sheets into
computer compatible form. Because soil meisture is often measured infrequently

~and depends on such factors as rainfall and evaporation losses, ‘quality
control of the actual data values are best carried out on long records and

by comparison wlth measurements from other sites. However, crude quality
control limi ts have been worked out and are applied to some of the variables.

In reality, the quality control, data conversion,. storage, and summarwv
printouts, a xre carried cut in the same computer program, the last three
operations being operative only in those cases when the data satisfies the
quality control requirements. . If this is not the case,. comprehensive error.
diaqnostlce axe printed and the data is edited before re-submission to the

quality control routlnes.

The data‘from several neutron }i}ccess sites may bo submitiod in one gquality
ceontrol "run®® . the only restricting factors are thoae concorned with 11
time taken ama amount of output; generated during thie computor run,

- The quality control tests c:c;xrrie‘d out on the data are:

(i) i the area/catchment nutber is teqLed to enc,um that it is
known to the system, °

' (ii) the observer number is} teeted to ensure that it is known to

the system, . ‘:\

© (iil) the crop type - code is tested to ensure that it is known to the
system,

e
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{iv) the ground condition code is tested to ensure that it i == known
to the system,
(v} the first digit of the meter code is tested to ensure tFEmat it
-is 1, 2, or 3, i.e. a scaler, ratemeter, or a ratescale=—,
{(vi) the time at which the readings were taken is checked to ansure -
that it is between 0 and 2400 hours, : :
(vii) the B value or "water count" of the probe is checked to ensure 5
that it is within standard limits for that probe, . :
to ensure

(viii) the day on which the measurements were taken is ‘checked
that it is within the month, . -
' ; : e o

(ix) for meter code 2, i.e. a ratemeter, the dead’'time i te=s tedto ~

be botwesr 50 and 15 mnmicroseconds,

the ordering of each data record is checked by te..-;tmg +— e

(x)
record sequence number, : S e

(xi) the date appearing on each data record is tested to be t_;‘z'ae sane -
~ as that appearlng on the information recor'd, S

(xii) the site and area numbers on each data recc_f‘rd“ are testecX tobe
the same as those appearing on the information record,

(xiii) the. sum of the ob_servations is calculated dlld t:ested aga _:umt.
that appearing on the inf{uvrmation record, ' : ,
(xiv) the sum of the depths is calculated and tested agai nst t:i.-mt

appearing on the mformatzon record, : .

(xv) t‘ne depths are checked to be in in‘creasing'order.

AR [T

'For each quality conLrol error a diagnostic is output on the line p>==—inter = !‘
and the information or data records may be edited before re-submiss =Eon to: B

the quality control routines. In the event of' the data being "erro = frec"
data conversion and storage is carried out in the same program.

6. 7 Editing

Edii:ing is carried ou’{:'by simply changinge punched card. Alterna =—ively
data files may be edif'ed using standard software facilities availalo "#Eo o

most computer systems.

‘6.8 Data conversion, summary printouts, and data rctained

The most generally used unJ.t of soil momrurn is mo]sluro volumr\ [ 1 mm (-llun, o

the amount of water in um.t volume of soil. This may . be convertod i nin _

quantities of water by multiplying by the length of the-ldyer of sozx_ | wlm,h

the measurement represent:s. Another much used unit of soil moxsturce-* i kL

total water content of the’ son.l proflle. Thls is simply the sum of = the-
‘1\ i : : . P .

I .
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water quantities in the various layers down to the depth of moisture change,
the depth bel.ow vwhich no significant seasonal variation in soil moisture.
occurs. The ~rarious formulae used in soil moisture data conversion are
shown in Figuxe 6.3 and the abbreviations used are as follows:

OBSV (1) = the measurement taken using the probe.
RMVF (I) = the calculated moisture volume fraction.
EM(I) =" the calculaced standard deViatJ on in m01sture
volume fraction. : :
RATIO(I) = the ratio of the measurement in soil to the-
‘ measurement irn the water standard.

IDEPTH{({X) .= the reading depth.
WE{Z) = the layer factor ({the layer represented by TDEPTI(I)).

wWw(I) = the calculated quantity of water (mm) in WF(I).
EWW(I) = the standard dewviation.

SLOPE = the slope of the appropriate calibration: curve.

INTERCEPT = the intercept of the appropriate calibration -~urve.

T = the dead time associated with a ratemeter.

SWW = the water content {mm) of the soil profile above the
depth of moisture:  change.

SEWW =" the standard erxror in SWW,

All ti. other symbols used in Pigure 6.3 are a: appearing on the field sheet.

!

The sSteps takemn in the processing rcutine are as follows:

1. If a core _
top 15/ cm of soil in which case the moisture volume fraction will equal

‘the gravimetric moisture volume fraction. No reading in the depth- Ji;':‘
range O-15 ¢m need be taken with the probe.

/
/;

‘ ‘2,"' 3, 4, 5. The calculation of mon.sture volume fraction and- standard
deviationn from measurements raken with the probe depends on the type
of meter wused. The slope and intercept of the relevant calibration .

curve for each reading degth are determined by first finding from the
site directory the soil type occurring at that particular depth and
then accessing the slope and intercept i-rom a calibration table.

6, 7, 8. The 1ayer factor i{s calculated as the distance from the mid-point
of the previous’and current depth to the mid-point of the current and
the following depth. 1In the case of the first reading depth, the
layer factor is the distance from the surface to the mid-point of the
first and second reading depths.
the layer factor is given as twice that’distance between the mid-point:
of the prewious and'current depth and the current. depth.

9. The water in layer and standard deviation associated with it 15 given,
respective ly, by:the product of the layer factor and moisture volume
fraction and the product of the layer factor and :tandard deviation

of moistur« volume fraction.

10. 'I'he total watericontent in the profile and the error assoclated with
it are calculated as the sun of “the water in layers and the sum of

the squares of the standard deviations in the water in layers respectively.’

Ao w ; L

gample is taken at the surface, it is assumed to represent the

In the case of the last reading depth |

|
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A listing of the observations and the calculated values is output on the line
printer. An exomple of such a listing is given in Figure 6.4. In addition-
accumulated water totals to specific depths and for specific layers are ‘
calculated and output. Quality control profiles are displayed. These show
moisture volume fraction deviations (shown by *)} from standard values

(shown by I) for each reading depth. The standard values are accessed from
the site directory. These quality control profiles are a useful aid in
determining the validity of the data points and giving a visual indication

‘of the soil moisture statu:. of the profile.

The valies stored in the computer are the information record and the data
record(s) transfer:rod from the field sheet. It was felt that this_was‘
sufficient because: (i) all other possible required values may be

calculated from these, and {ii) in the event of changing calibration factors,
thece is no need to restore the data onto the computer. . However, it is
necessary to calculate moisture volume fractions or any other variable )
when required. This is relatively inexpensive in terms of computer time N

and routines have been wriiten to carry this out.

"The data are stored in direct accéss files, each file containing th~ data

from one site for one year. The jiame of each file is determined by ‘the
record number of the site in the site directory and the year in which the
measurements were taken (Section 2.2). The format of the data 1.1'1 the
direct access files is described in Section 10 of this chapter.

6.9 Areal estimates

 Because of its spatial va'riability, any estimate of areal soil moisture

status must be trrated with care. However, in some instances, it is
highly desirable to be able to calculate these areal estimates and routines
have been written to carry this out. The data from any number of sites |
may be used, each site having an associated weighting factor

6. lO Data storage on disc and tape, retrievaj. and display

The direct access files used to store the data are indexed This means that
there are pointers at the beginning of each file indicating the record number
in which the data from each occurrence are stored. This is a convenicut way
of structuring these files because it means that for data such as soil
moisture which are collected relatively infrequently, only as much space

in the file as required is used. This is important because. the number of
neutron scatter sites currently being read means that massive savings in
storage space on the computer system is achieved by using such a_atructuring"

system.

In common with all data files on the system, those direct accegs soil morsture
files dre stored on exchangeable discs. The contents of these discs are .
backed up on magnetic tape frequently. No additional storage on magnetic
tape is carried out. This means that, should any data be found to be |
incorrect, then editing can be carried out in two ways; (i) edit the

original punched cards and re-run the quality control rcutines, or (11) by_‘ o

editing the direct access file.

. v
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h
Becaayse of theirxr structure, no access can be made directly to those files
via gystems software such as the EDITOK processor. This means that any
access to the data must be via a computer program. Routines have been
. wri-eten to do this, and also to convert the measured variables into those
" mor e commonly used variables. Because of the different requirements of
di £ X ¢rent users many programs have and will continue to be written to retrieve
.and display data in many different forms. In all of these programs, it is
suf Eiclent to specify only. ‘«ie site(s) required, all the file manipulations
wil =X be carried out automatically by the software.
Thr<=e¢ general programs have been written to display soil moisture data;
one  sumary printout and-two graphical outputs. .
(J‘.J‘ - Single site summary listings
This 1lists calculated moisture volume fractions for each Specified
reading depth and total water content of the profile for each data
occurxrence (Figure 6.5) for one site year. Also output are’
annual means and standard deviations for the variables at each
reading depth, and for the total water content. This output gives
a gquick check on the soil moisture status of the site at any time
~of the year and also indicates the amount of soil moisture change
“ at any of the reading depths. Obviously the program may ke
L modi £ied to output: ‘any other variable such as water in layer,
( ) accumulated water totals, very simply.

(11) Single site plots

s This program plets Soil moisture data-from one site year together °

. '~ with other relevant hydrological data. A number of different
‘types of plots can be obtained, the combination of plots required

being specified by the user. -Figure 6.6 gives an example of
some of the different options available, these being:

s

(a) __,iMoisture volume fraction time series graphs

. These axe time series ‘plots of the deviation in mo:.sture )
volume fraction from a standard value (that found in the site’

directory) for each specified depth.

i {b) Soil moisture profiles

.These are plots of moisture volume fraction against depth.

RO (0] Total water content time series

These are time sleries ploés of \i:he deviation in total water
~content from a standard "field capacity" value (found in the

site dirxectory).

In acE-dition the program will plot, if required, daily totals of rainfall,
runo £ f, and evapoxation PSt:Lmates on the same time scale as the soil moisture
I ‘. Y ST

time =eries plots.
-_J . : ’ ) }\5
Rt
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The physical size of the plots may be adjusted by a parameter ,'a:s can
the scale of ¢ach individual plot . The data for the scoil moisture plots

~ are accessed autcmatically on specifying the required site whilst the data

for the other plots are fed in on punched cards. The time scale may be
changed by specifying the months =xequired.

The program may, be adapﬁed quite simply to individual users' needs, e.g.

values other than moisture volume fractions may be required or other
hydrological variables, e.g. scil temperature, can be plotted.

(i1i) Multiple site plots

‘This program is an adaptation from the one giving single site

plots ((ii) above). The two outputs are very similar (riqure

6.7) the differences being:

(a} This program plots superimpdsed soil moisture data from any
number of specified sites. The different data sets will be
identified by symbols.

(b) Mo soil moisture profiles wil? be plotted.

v b

1

As more use is made of the system and of the data sets already processed,
it is hoped that users will write their own routines or modify existing
routines to their own needs. In this way, the number of programs available
for the display and manipulation of soil moisture data will increase and

will be incorporated in this List.

The other facilities are as described for the single site ploté., e

g
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FIGURE 6.3 FORMULAE USED IN PROCESSING PPROGRAM

Fowoam o velmol el L L ek e et

1 IF FIRST OBSERVATION IS GRA\{DiETRIC o FIGURE 6. 3 (continued)

OBSV(1) = 0
RVF(1) =  GNF
BI(1) & =  0.05 x GWVF + 0.05

RATIO() = O

7. IF LAST READING

WF(I) = (IDEPTH(I) - IDEPTH(I-1))

3 FOR METER CODE 1
| 8. READING BETWEEN 6 and 7

__Cx B
A x OBSV(I)

RATIO (1)
WE(I) = } (IDEPTH(I) - IDEPTH(I - 1))+ } (IDEPTH(I + 1) - IDEPTH(D))

L

EM(T) =  SLOPE x RATIO(I) x 1+ 3

9. FOR ALL READINGS

"« .1 FORMETER CODE 2

WD) = RWE(D) x“wF(Ij

. _ 2 3
. B= B+3B x»m-,-*B X T

EM(I)  x WE(I)"

a ér*&i E I RN

.. .
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7. WATER QUALITY

7.1 Intreduction

Although many water quality studies have been carried out at

the Institute, very little work has-Deen done on the quality

control and handling of the data collected. This is because the
majority of these studies are of a short term nature and the amount

of data collected does not warrant the use of a data processing system,
However, two aspects of water quality currently being studied at IH
do require large amounts of data, these being groundwater resources
and nitrogen pollution. The data collected in the groundwater resources
studies are used to predict groundwater availability and to indicat»
its suitability for human consumption, agriculture, etc. As part

of a project funded by the Overseas Development Ministry, a system

was developed (Smith and Wikramaratna, 1978) for handling these data.
Several Institute of Hydrology reports describing the quality control,
analysis, handling and displaying the data have been written.

The study of nitrogen pollution has assumed greater importance recently
because of the high levels of nitrate-~nitrogen in sources of drinking
water in some parts of the country and the cost of reducing these levels
to acceptable limits. A number of studies have been initiated at IH
in conjunction with the Mi"nistry of Agriculture, incinding studies
of surface water pollution and nitrogen movements down to groundwaters.
The quantity of data collected in the course of these studies is such
that some measure of automated data handling is necessary. It was
decided therefore to write a system for dealing with these data and to
:.ncorporate it into the framework of the data processing system described
in this J.eport. The. 'reasons for writing a new system and not using the
one written. for the groundwater resources studies were: .
Sy
(1) A great deal of use is made of data from other ;Lnstrumentation
' e.g, 'rainfall and runoff to calculate input and output loads
of nitrogen, soil moisture to calculate nitrogen movements
in soil profiles, and it is desirable that all the data be

stored and accessed in a similar way.

(11) Much of the software written for the groundwater data
processing system is specific for the type of data analysis
required for geochemical studies. 1t would have been necessary
Lo extend this software to provide appropriate quality

control and data analysis for surface water ,t.udlc.s.

. ‘il

’ However, it is a relatively simple task to abstract data from one system

and add it to the other.

The type and quantity of water quality data co} lected is so variable
that J.t is extremely difficult to generalize when designing a data
processing system. Some studies require continucus records from
selected points, whilst others require infrequent values from a large

number of locations. For soil nitrogen movements, water samples are
extracted from a number of depths down a soil profile. It is clear,
therefore, that it is important to define the nature of the study and
the type of data collected before processing can commence. This is

done in the site directory.

7.2 Site directory

The format of water quality entries in the site directory depends to

a great extent on the type of study being undertaken, which also
determines what is measured and subsequently stored. A study

requiring a series of concentrations of a fixed number of ions from

one particular location is simple; all that needs ‘. b stored are times/
dates and the concentrations. The number and type of chemical analyses
carried out on the water samples are specified in thz site directory,
each data type (chemical analysis) having up to 12 standard/conversion
values. An example of such an entry in the site directory is given
in Fig. 7.1. The standard .value associated with each data type is

for quality control purposes. N
For those studies requiring infrequent concentration values of different
ions from different locations, it is necessary to store the tim’es/dartes,q
data types (chemical analyses), and grxid references as data together .

with the concentration values. Very little information may be stored,

in the site directory.
Before -”processing any water quality data therefore, it is necessary to
determine what information is non-changing and may be stored in the
site directory and what has to be stored together with the data values
in their final form. It is necessary to have an entry in the site
directory containing a study or location identifier before processing

.can commence. This study/location identifier is specified whenever

access to the data is made.

7.§ Data collection . \

Watar samples can be extracted either manually or by an automatic
liquid sampler. For those samplers which are clock driven ie. where i
water samples are taken at -specified|increments of time, it is =
necessary only to specify the time arld date at which the first sample
was taken. The times and dates at which subsequent samples are taken
can be calculated. For those samplers which work on a flow proportional
basis ie.the greater the flow, the greater the sampling frequency, it
is necessary to analyse the flow record in order to determine the
sampling times. For these samples and for those taken manually, it"

is necessary to specify the time and date at wnhich each sample was

extracted.

Water §ampling forms are used to note the results of the chemical
analyses. Such a form is shown in PFig 7.2. These forms are designed
in such a way that the data contained on them may be transferred on

to a compucer compatlble med:.um without further annotation.
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Loy 1.4 Office procedures, pre-processing I C .‘;‘

The amount ©f pre-processing required depends on how' ahd_‘l{?heréf"t}me
| sauples wexe collected. Fur those samples collected usfing a clock -
% driven automatic sampler, it is necessary only to specify the start
i time as ther times at which each sample was extracted can be calculated
- using the s ampling frequency. However, for those samples extracted
on a flow p>x-oprtional basis, it is necessary to study listings of the
associated X low data in order to determine sampling times.

£ Similarly, or those studies requiring samples from different locations,

it is necessary to determine grid references for the locations at which

the'samples were collected.

J N !' ’ s
. - : :
:.SH input T o the computer system

Y _{
| The q\ata are nommally punched on to cards and input to the computer
( systen via =he card reader. ’ .

7.6 Qualitsr control

The quality <control of the results of the chemical analyses carried out
on water samxples is difficult because (i) there is no way of checking
~ the results <obtained unless duplicate analyses are done, and (ii) the
intqrrelationships between the concentrations of the various ions
with such vaxidbles as flow, soil temperature, ete, depénd 50 much

on soll types=, vegetation,- ggricultural practices, etc. Quite often
the quality <ontrol has to be done retrospectively, ie. large quantities
of the data are first analysel <c identify any trends and relationships
which are then appliedas guality control to the data using appropriate
limiting factors in ordexr to pinpoint any "rogue" values.

.The types of qualit_:y contrel tests are:

(1) Chieck that the values are within defined limits, .
L (11) Coompare the trends of different ions from the same location,
. _.(iii) Ccompare the trends of similar ions from different locations.
y {iv) Ceompare the trends in ion concentrations with such variables
as flow, soil temperature, etc.
The tolerance s for suich guality control tests are cbtained from
experience_ of the data and are stored in the site directory.
As more work dis done on water quality, it is possible that more
sophisticated quality control routines may be developed. However,
those tests ouatlined above using sensible tolerance limits do identify
any errors dwue o coding and transfer onto a computer compatible medium
The data are -wwritten into the appropriate direct access file as
described in <SSections 7.8 and 7.10, listings and any error messages
are output ora the line printer for manual .inspection (PFig. 7.3).

¢ N7 iting
ot ‘})--.‘?\--——-—-——

T

\‘I‘Pe listings Poroduced above are inspected manually and, if necessary,
. I ‘

e Ay
s g

- Ry gl W gl SN e,

reference is made to the coding forms and to the chemical analyst., If
errors are detected, these are simply rectified by editing the computer
cards and re-submitting the data, for guality control. This data will
overwrite the previously stored data in the direct access file.

7.8 Data conversion, summary printouts, and data retained

The most commonly used unit of ion concentration in natural streams is mg/l .~

{parts per million) ‘and it is this unit which is adopted in this data

processing system. If other units are quoted for particular chemical analyses.

then the results may be converted into mg/l before storage on the relevant |
direct access file., As indicated previously, the amount of information
required to describe the data (time/date, location, analysis) and therefore

to be stored together with the data depends on the type of study. In general,
the minimum amount of data stored are the results of the various chemical

“analyses and the time/date at which the water sample was extracted.

7.9 Areal estimates 4

A water quality datum is a measure from one single 1095§§5n and cannct be
taken as an average for an area.  However, this datum};s”a reflection of
the processes occurring at all upstream contributinag/points and an estimate
of areal ion loss.may be determined by multiplying 't e ion concentration

by flow. Many studies require this estimate and rout nes have been written
to calculate these values from specified water quality and runoff data sets.
These values are not generally stored within the data poocessing framework.

7.10 Data storage on disc and tape, retrieval and display

In common with all the other data processed using this system, water quality
data are_§$ored ih direct access files, each one containing one years' data
from one location/study. The appropriate direct access file'is accessed
using the location/study name and the site directory as indicated in
Section 2.2. ' ‘

The format of the data file depends on the frequency of sampling. For
those data sets which are "continuous", each record in the direct access
file is filled with one days' data.. Those direEﬁvaccessnfiles containing
intermittent data are indexed, ia thers are pointers at the beginning of
each file indicating the record number in which the data from each
occurrence are stored. This is the mnst efficient way to sEoreﬂyheseﬂdéta'
because it minimizes the file space used. ' - o

The data are written in unformatted mode on the files and access must be
by computer program. Several programs have been written to display water
quality data, often together with other data such as flow or rainfall.
The outputs from these programs especially the graphical cnes are useful

‘as a final visual quality control check. An example' of suc;h a display. -

is given in Fig. 7.4.
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SITE NaAME t CEFN BRWYN BACKGROUNL SAMPLES
] RECOWDER TYPE

INSTRUKENT 3YPE 3

OATA TYFE/VALUE,
C 21

22

23

24
e . 25

SITEQIRECTORY INFORMATION TABLE

o 0060
« 0060
«110
«030
110

+000

«000
«000
«000

ENTRY

COGROINATES E=~n !

1

o £00
+000
+C00
«000
+L00

INPUT FREQUENCY ¢

« 000
«0040
o000
«000
+000

+000

« 000
«000
4000
«000

NO.

0

=] MINS

«000
« 000
+s000
«000
0000

FIGURE 7.1 Water quality entry in the site directory

kL)

CATE OF

COORDINATES Nes$ 1

QUTPUT FREQUENCY 1

000
000
+000
+000
4000

+000
« 000
«+000
« 000
+000

12

< w000
L

600
4000

INSERT | 060181

0 ALTITUDE am

=1 MINS  NO. CHANNELS | / §
9 10 11
3000 « 000 +000
«000 - 000 .000 ¢
4000 «000 .000
«000 «000 000 '
4000 «000

- +000
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INSTITULE OF MYDRCLOGY RIVER SARPL ING

SITE 1 SEVERN TRAP BACKGROUNC SAMPLES

1705 ON DATE 080776

e i -0t «0) OIFFERENCE BETWEEN vALUES GREATER ThaN 06 FOR  Nmas AT TINE
-2t «17 OIFFEPENCE BETUEEN vALULS GREATEN ThAN 06 FOR  NQ3- AT TINE 1705 QN OATE 080776
37 e24 DIFFEAENCE EETWEEN VALUES GREATER Than 08 FOR  NO3~ AT TINE 0105 ON OATE 090776 ’
-2t e37 OIFFERENCE RETUEEN VALUES GREATER ThAN .06 FOR ANO3= AT TIME 0905 ON DATE 090778
-1t e26 DIFFERENCE BETWEEN VALUES GREATER TraN .06 FOR NO3= AT 11ME 0905 ON DATE 100776
P 1 . «01 DIFFERENCE BETWEEN VlrLUEb GREATER ThaN ..06 FQH LT AT TIME 1705 ON DATE 120776
-0l +0) DIFFERENCE BETWEEN VALUES GHEATEN Than W03 FOR P AT TINE 1705 ON OATE 120776
: -0l e2Q  DIFFERENCE BETNEEN VALUES GREATEK ThAR W06 FOR Nmas AT TINE 0105 ON DATE 130776
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.2l o28 DIFFERENCE BETWEEN VALUES GREATER ThAN 06 FOR NO3= AT TIME 0505 ON DATE 080776 !
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-

FIURE 7.3 water quality error didg‘x‘f&éﬁics |
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PLOTS OF DISCHARGE (MM) AND NUTRIENT CONCENTRATION (MG/LITRE)
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FIGURE 7.4 Water quality time series plots
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8. MISCELLANEQUS RECORDERS

8.1 Introduction : i

I}
i

The advent of the Microdata logfger and cassette tape recording system
has enabled users to collect the large quantities of data required to
carry out the various studies being under taken at the Institute.
Each logger is capable of recording twelve separate variables and
any combination of sensors may be used provided that the interfacing
and the software for translating the data from logger steps into
real units exists. For quality control and processing purposes, the
variables recorded on the logger are specified in the site directory
and appropriate subroutines utilized. However, in some instances,
improved quality control may be achieved by comparisons between the
data recorded by the various instruments. It is then up to the
individual user to write .sopropriate software to fit into the general

framework of the data. pr .essing_ systemn.

As indicated above, the number of combinations of instruments recording
on one logger is so large that a description of all of them would be
rather tedious and prohably not very informative. Therefore, a
detailed description of one combination of instruments currently being
used in the field is given to show how the data are processed and to
indicate what pussible further software would be required to process
data from a logger recording a different combination of instruments.
The recording system chosen is that used to measure rainfall and both
surface and sub-surface discharge from two small (100 m?) lysimeters
(Blackie, Roberts, and Hudson, 1979). The J.nstrumentatlon consists of
four tipping bucket flow recorders (Edwards et al, 1974) and one
"Rimco" tipping bucket rainfall recorder. In each case,the variable
recorded is the number of bucket tip. in a set time interval. Because
each recording channel can only accommodate integers up to a value of
128 and to ensure against any discrepancy during high flows, the data
from each tipping bucket flow recorder is recorded on two channels,
on:2 being the "unit" channel and the other the "times 128" channel.
The data from the raingauge is recorded on one channel. As a measure
of the voltage of the battery a 'scan mark' is also recorded. This is
used to identify the start of a data scan and to assess its quality

(Section 8. 6) [RE

The ‘various stages in processmg these data arc as shown in Fiure 2.7,
A detailed description Cf each stage is given in subscquent sections.

i |

8.2 Site directory y'f

i)

The general format of entries in the site directory has already been
described in Section 2.2. 1In this particular case the number of

~recorded variables is five, each being the number of" tips of a bucket
in a set time period. However, the conversion of number of tips to

flow is different from that to rainfall and reguires dlfferent
conversion factors. The standard/conversion values to be used for both

: flow and rain recorders are shown below

DATA TYPE 9. FLOW RECORDER

1. Maximum nvmber of tips in recording periocd.
2. Tolerance of manual to recorded total number of tips.

3. Total area contributing to flow.
4. Variable A in conversion of number of tips to flow (Section 8.8).

5. Variable B in conversion of number of tips to flow (Seccion 8.8).

DATA TYPE B. RAINFALL

1. Maximum number of tips in recording period.
2. Tolerance of manual to recorded total number of t:Lps.

3. Tipping bucket capacity (in mm).

The control information used is similar to that used for other

instrumentation. The values unique to this recording system are:

BSITE = 1is NANT IAGO LYSIMETERS
INST - 6
KREC - 1
ICHANN =~ 5

Figure 8.1 gives a listing of the mnt¥w in the site directory.

8.3 Data collection

There is sufficient capacity on each cassette to hold several nonths‘

data but, in order to minimize data loss through battery fan.lure,

logger malfunction, etc., the instrument is serviced every two weeks.
This involves changing the cassette tape and battery and noting any
information required for data identification, quality control, and.
data conversion purposes. To do this, use is made: of the field data
form (Section 2.3 and Figure 2.3) and a manual observations form;
(Figure 8.2) used specifically for this study. 'On this form arel
noted the start and end readings on the mechanical counters attached
to each of the tipping bucket flow recorders, as well as the total
rainfall caught in a check gauge. All of these values are used as a
check on the total number of tips in the quality control routines.

The rest of the form is concerned with assot\~iated instruments and as a
means of noting any observations regarding the instrumentation and the
study in general. g

i
The two forms and the cassette tape are sent to Wallingford for
processing. ‘

8.4 "Office procedures, pre-processing

il
Very little pre-procesmng is necessary except to act on any comments
noted on the manual observatlons form.
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and elapsed computer time. = | i

5 ‘f.,ucket in the chetk gavge, in FORMAT (915).

F et
B et

8.5 1Input to the computer system

Because of the unique way in which the data are recorded on the cassette
tapes, input to the computer system is both tedious and time consuming.
The sequence of events is shown below:

Input tn the PDP8 - Write to seven-track g Output to a disc
via a Hicrodata tape. fiie on the UNIVAC,
cassette reade:r

v

"Raw" data listing

Initial input is via the Microdata cassette tape reader on the PDP8 at

Wallingford. The PDP8 produces a line printer listing of the "raw"
data and 'a copy of the data on a seven-track magnetic tape. This tape
is transferred to trhe UNIVAC at Rutherford where the data are written to

a disc file.

.8,6 Qualitx confrol

The quality control, editing, ~nnversion, and data storage are all
carried out using the same prcuramz and follow the same general flow
chart shown in Figure 2.2. The quality control/edit nq option e
controlied by the value of INPUYW, specified by the' peer, i qx}iity
control is applied to the data contained in the fily pronu jp‘p. o
described above in Section 8.5. Any number of caeseto- -cnq JJfOf data
may be processed at ti :vsame time subject to limitat cns of A *ffcpece

T o

\

Each cassette length has two associated information records, held on '

 computer cards containing information from the field data form

(Figure 2.3) and manual observation form (Figure 8.2). This information

consists of data 1dentifiers and quality control aids.

The first information card contains:

ASITE - the local site name, as found in the site directory:
ITIME, IDAY, 'IMONTH, IYEAR - the time and date of start of data record:
JTIME, JDAY 'MON*H, JYEAR = the time and date of end of data record.

in FORMAT ( 46 » 14, 312,14,312).

L

The seconr lnformatinn card contains

: ITIPlL,”'TIPlR, ITIPZL, ITIP2R, ITIP3L, ITIP3R, ITIP4L, ITIP4R - the

number ot virs registered on the left and right hand mechaniecal

~countex$ﬁof tipping_buckets 1, 2, 3 and 4, respectively.
i

tIN - the total ralnfall. expressed as the number of tips of a 0.5 mm

I ‘l

Before applying the quarity ‘control tests, the data are converted into
normal units, ie. number of rips nf the buckets in the recording time

frequency. This is done by u,tractlng the prevxous recorded values
S ST P .

i01

from the current ones (in the case of the flow recorders, this

involves two channels: for the rainfall recorder, one channel). At
the same time, a coarse quality control is applied to the data by
ensuring that each record is of the correct length, ie. twelve integers.
The start of a record is identified by the scan mark, normally having a
value of 240. Each record is given a scan flag, having a value of @

if the record is '"correct", and 1 if the record is "incorrect". The,
data in any record which is deemed "incorrect" is also regarded as
being incorrect at the quality control stage. A line printer listing
(Figure B.3) is given at this conversion stage. This contains a list of
"incorrect" records and a scan mark frequency distribution.

The quality control tests are applied to the five minute data and
consist of: -

(1) If the scan flag is 1, then all the recorded values in the scan
are regarded as being incorrect.

(ii) If the number of tips recorded in five minutes is greater than
the maximum expected (standard value no., 1 in the site directory,
Section 8.2) then the value is deemed to be incorrect.

The total recorded number of tips is compared with that noted on

{(iii)
the manual observations form. If the difference between the two
is greater than a certain tolerance (standard value no. 2 in the
site directory) then an error message is output on the line
printer.

(iv} A comparison of the recorded values from the two surface and the

- twe sub-surface discharges is carried out. Although neither the
capacities of the tipping buckets (and hence the conversion of
number of tips to flow) or the areas of the lysimeters are
identical, nevertheless a constructive comparison can be carried
out by ensuring that the differences betwecen the recorded values
is less than the maximum of the two recorded values. Should:
such a discrepancy be found, the day's data from the two tipping
buckets is output on the line printer for manual inspection.
Figures 8.4 and 8.5 show such an output for the sub-surface and.

surface discharges, respectively. o

The total number of scans recorded is compared with that expected from
the start and end times of the data. If the amount of data agree to
within # 12 scans (1 hour), an automatic adjustment of the start and. end

times is carried out. If the difference lS more than 12 scans, an error

message is output on the line printer.

If the data are deemed "correct" and no manual editing is required, data

conversion and storage are carried out as, cated in Sections 8.8 and
g8.10. However, if "errors" are found rhc 3L4 are written out to a‘

temporary file for manual 1nspection and editlng

.7 Editing

Two types of edits may be carried out, those involving the information




record and +those involving data values and scan flags.

(1) All the values Jontained in the information record may be
replaced. This is particularly useful in changing the timing
of +the data set should the quality controcl indicate an
incorrect number of scans.

(ii) A consecutive series of data values may be replaced by a fixed'

value. (Any "incorrect" data are given a value of -1.0).

(1ii) A consecutive series of values may be modified by adding or
subtracting a fixed amount.

(iv) A consecutive series of values may be modified by multiplying
by a fixed amount.

(v) A copnsecutive series of values may be replaced wi"th variable
values.

(vi}  The scan flags of a consecutive series of scans may be replaced.

The editing is generally carried out using computer cards. Following

the editing the data may either be re-submitted for quality control or

submitted to data conversion (Section 8. 8) depending on the value of
INPUT (Section 2.1).

8.8 Data conversion, summary printouts, and data retained -

Each of the +tipping bucket flow recorders in use has been calibrated
separately owver the whole range of flows expected. A relationship
between flow F (litres/sec) and number of tips, n, in a given period,
t (secs) has been derived (Calder and Kidd, 1978).

where A is the "static" capacity (litres) of the bucket (standard value

no. 4 in the site directorxy).
B is the time taken (secs) for the bucket to tip (standard value

no. S in the site directory).

For the particu.la'r*"study in question, flow, Q, is required in mm over
the area, This is done using the following conversion.

Q AREA

where AREA = &rea (m?) of lysimeter (standard value no. 3 .in the site
- direatory).

The size of the tipping buckets used in the rainfall recorders is such

that each tip of the bucket represents a number of mm of rainfall. "In
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this case, each tip represents 0.5 mm of rain and to convert from
number of tips to mm rainfall in the recording time period, it is

simply necessary to multiply by 0.5.

Summary printouts of daily flow (mm) from each recorder and daily rainfall
(mm) are produced. An example is given in Figure 8.6.

The data to be retained} are five minute values of flow from each of the
recorders and rainfall. They are stored in direct access t:.les as

indicated in Section 8.10.

Once the data have been stldred, any temporary files created during the
editing stage are deleted. '

3.9 Areal estimates

The values produced in Section B.8 are rainfall and runoi::\ *n mm over
the area and no further convers*nﬂ Fare required, e

Nl

8.10 Data storage on disc and’ tape,} 1etx1eval and dlsplay

. The data retamed -are stored in direct access flles, each one of which
contains one year's data. The names of the direct access files are

obtained as indicated in Section 2.2. Each file consists of 366 records,
each one containing one day's data. As the name implies, each record

may be accessed directly without the need for reading through preceding
records. The data are written to the file in unformatted mode. 1In
addition to storing the data on direct access files, the "raw" data are
stored on nine-track magnetic tape. The data from each cassette are
stored in one file on the tape. At the end of each quality contrel/ © v
editing "run" a line printer listing of the files on the current tape,

and the percentage of tape used is output.

Because of the internal structure of direct access files, the data
cannot be read using a system routine such as EDITOR. This means that
any data access must be via computer program:. Many such programs have
been written to edit ‘and display the data, zomn of which will be
described briefly below. ! ' ' k

As a final quality control check, the flow data from ecach of the flow
recorders and the rainfall data are plotted on a time series basis

(Figure 8.7). Normally, the flow from the two surface flow recorders
are superimposed, as are the flow from the two sub-surface recorders.

This is an excellent way- ot pm-pmnting errors ln the data.

I

Editing the final data valuea may be carried out in one of two ways

“(i)  Routines, similar to those used for the "raw" data (Section 8.7)

have been written.
&

e

(1i) The "raw" data stored on the nine-track magnetic tapes may be
" loaded into disc files, edited, quality-controlled, and processed.

A




as before. The new generated values will overwrite the original
data on the direct access files.

" The instrumentation described here has been used in conjunction with
£low proportional liquid samplers in a water quality study (Blackie,
Roberts, Hudson, 1979). Programs to calculate and display flow and
nutrient losses as well as inputs in rainfall have been written. An
example of such 4 display is given in Figure 8.8. The water quality
data used in this study are processed as described in Section 7.
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