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INSTITUTE oFr HYDROCLOGY

REPORT No. 18 AUGUST 1972

THE PROCESSING OF SOIL MOISTURE DATA

By G. Roberts

ABSTRACT

& brief account of the steps Involved in testing
and processing soil moisture data is given. The
inputs to, functions of and ocutputs from all the

programs used are shown.

1. INTRODUCTION

Soil moisture data is generally processed at monthly intervals.
The data is guality controlled and "test" processed to

determine whether it is satisfactory. If so, it is stored

until a whole years' data has been collected. This is processed
and cutput in various line printer and graphical forms and is

finally stored on magnetic tape.
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The procedure for processing soil moisture data iz outlined in

the flow chart {(Figure 1}. The data collected at a particular
site on a particular day is entered on to a field sheet (see
Figure 2}, designed so that the data mey be punched on to cards
without further coding. Both the field sheet and punched cards
are checked manually for errors. The data is quality-controlled
by computer using a program designed to detect any errcors due te
instrumentation, coding, punching ete. When the data 1is
consistent, i.e. "error free", it is "test" processed by computer
using a program which gives a line printer output of the data.

As a final quality control, this output is checked manually and if
found satisfactory, the punched cards are stored. The above process

is repeated for every months' data.

When a whole years' data for a particular network has been satis-
factorily guality-controlled and "test" processed, it is processed
by computer using a program that produces a card file of processed
data. This processed data card file is then used, together with
standard (winter mean) values, as input data to further computer
programs which produce summary sheets and graphical outputs which
are checked manually. If these are found satisfactory, the raw data

and processed data are output on to separate magnetic tapes.

The quality control, "test" processing and processing programs
require calibration (tables 1.1 - 1.3) and site tables (2.1 - 2.13)
as input data and these are stored permanently on g direct-access
file. All the programs used sre written in FORTRAN and, except for
infrequently used programs,are stored as s binary version in the

store of the computer.

2. FIELD SHEETS

The following information is entered on to the field sheet and is

subsequently punched on tc data cards:
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(11i1)

(iv)

Probe code ~ each probe used in measuring soil moisture

has an associated three digit probe code, the first two
digits of whieh are used %o identify the type of probe

used, as follows:

Probe code Type of probe
183 Danbridge
19X E.A.L.
1XX Wallingford

The probe code determines which calibration cquation is used

in the gquality control and processing programs.

Meter code - each meter has an asscoclated three digit code,
the first digit of which is used to identify the type of

meter used.

Meter code Type of meter
1¥¥ Sealer
2XX Ratemeter
£3.9:4 Ratesecaler

The caleculation of the moisture volume fraction fror tre

observation depends on the type of meter used.

Observer code - cach person collecting s0il molsture dala

has his own code (see table 3) which serves to identlfy the

observer but is not used in any of the programs.

Crop code - this code (see table 4} is used to identify the
crop growing in the vicinity of the access tubes. It is
not used in any of the programs, but is particularly useful

in identifying any change of crop.



(v) Cround condition code - this code (see table 5) is used

to 1dentify the condition of the ground around the access

tube at the time of measurement. It 1s not used in any

of' the programs.

(vi) Tube height - this is the height (cm) to which the access
tube protrudes above ground level. This is not used in

any of the programs.

(vil) Sum of depths ~ this is the sum of the depths at which

measurements were taken and i1s calculated manually after
completing the observations. This is used in the quality

control to detect omission and mis-punching.

(viii) Sum of cobservations - thiz is the sum of the measurements

taken and 1s calculated manually after completing the
coservations. This is used in the quality control to

detect omission and mis-punching.

(ix) A and B - these valucs refer to observations made in ths
water standard in the laboratory. Both values depend on thse
type of meter used (see table &), The mean values cf £

and B taken over the month are entered on the field sheet.

{x) C - this value refers to measurements taken in the soil

and depends on the meter used. (See table 6}.

(xi) Grav. M.V.F. - this is the gravimetric moisture volume
fraction of the top 15 ems of soil as given by a core sample,
if one is taken. If no sample is taken at a particular site,

then the gravimetric M.V.F. is put at @.@¢@.

"(x11) Desd time - this is the dead time associsted with a ratemeter.
This is measured in the laboratory and is entered in micro-
seconds. If a meter other than a ratemeter is used, then the

dead time is entered as zero.

i
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(x1ii) DNumber of readings - this is the number of

observations taken with the probe (excluding the
gravimetric M.V.F). This is the integer controlling
the loop used for reading the depths/observations

into the quality control and processing programs.

(xiv) Site - this is the site number (see tables 7.1 -

7.13).

(xv) Area - this is the catchment (network) number (see
tables T{a) - T(m)).

(xvi} Day - this is the number of the day in the month on

vhich the messurements were teken.

(xvii) Month - this is the number of the month in the year

in which the measurements were taken. (January = @1).

(xviii)  Year - this is the last two digits of the year in which

the measurements were taken.

(xix) Depth below ground level - this is the depth {cm) at

which the measurement was tsken and is calculated in
the field by deducting the tube height from the depth
below the access tube rim as indicated on the cable

counter.

Depth below ground level = depth indicated on cable
counter - tube height.

(xx) Reading - this is the measurement as indicsted on the

meter. (see table 6).

In addition to the above informstion, the following is entered

on to the field sheet but is not punched on to data cards.



(1) Date - this is the date, in full, on which the measure-

ments were taken.

(ii) Site - this is the name of the site at which the

measurements were taken.

(111} Ground condition -~ this is a verbal description of the

condition of the ground around the access tube.

(iv) Crop - this is a verbal description of the crop growing in

the vicinity of the access tube.

{v) D and E - refers to measurements {see table 6) taken in the

transport shield which are taken at each site to confirm

that the probe, meter and battery pack are working correctly.

(vi} Depth below access tube rim - this is the depth (cm) as

indicated on the cable counter. It is entered to aid in

retrospective correction of errors.

There is also space for the observer's signature and any relevant
remarks, e.g. "access tube bent", "battery failure", etc. Before
punching, the data on the field sheet is checked manually to ensure

that no obvious errors have oceurred.

3. CODING AND PUNCHING

The data is coded and punched on a monthly basis end the data from

different catchments are kept separate. For a particular cstchment,

the months' data is preceded by lead and control cards (see figure 3).

3.1 THE LEAD CARD

The lead card has the following information punched on it:-
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{1i)

(iii)

10

JVAR — this is an integer constant with a value of
L and indicates that the data refers to soil
moisture. This is punched in columns 1 - 2 with

format I2.

MCATCH ~ this is the catchment number and is punched
in columns 73 - T with format I2.

MONTH - this is the month and last two digits of the
year in vwhich the observations were taken and is

punched in columns 77 - 80 with format Ik.

3.2 FIRST CONTROL CARD

The first control card has the following information punched on

1t:-—

(i)

(ii)

(iii)

(iv)

AREA - this is the area of the catchment in hectares

and is punched in columns 1 - 1¢ with format F1¢.1.

NSITES - this indicates the number of sites read during
the month at the particular catchment. This is punched

in columns 12 - 15 with format Ib,

NCATCH — this is the catchment number and is punched
in columns 73 - T4 with format I2.

NDAYS - this indicates the number of days in the month

and is punched in columns 75 - 76 with format I2.

NMONTH - this is the month and last two digits of the
year in which the observations were tsken and is

punched in columns 77 -« 80 with format IbL.
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3.3 SECOND CONTROL CARD(S)

The following information is punched on the second control

card(s):-

(1)

(i1)

(111}

(iv)

NS(K) - these integers indicate the number of the sites
which were read during the month for that particular
catchment. The site numbers are arranged in date order
and then in site order, and this order must be maintained
when ordering the field sheets for punching, e.g. if
sites 1, % and 6 were read on the 12th and 2, 3 and 5

on the 13th, the site order would be 1, 4, 6, 2, 3, 5 and
not 1, 2, 3, &, 5, 6.

Each card can accommodate up to 22 sites and, if need be,
additional control cards may be used. The site numbers
are punched in columns 1 - 66 with each individual site

number having format I3.

NG - this integer indicates the ordering of the second
control cards. Hence, for the first card, KO has a value
of 1, for the second it has a value of 2, etec. This wvalue

is punched in columns 70 - 71 with format I2.

JCATCH - this is the catchment number and is repeated on
all the second control cards used. This is punched in

columms 73 - T4 with format I2.

JMONTH ~ this indicates the month and last two digits of
the year in which the datae was collected and is repeated
on all the second control cards used. This is punched in

columns 77 ~ 80 with format Ik,

The foilowlng information is punched directly from the field sheet

on to the information and data card{s}, {see figure 4}. TFor a
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particular month and catchment, the sites are arranged in the

game order as appears on the second control card(s), 1.e. the

sites are arranged in date order and then in site order.

3.4 TWFORMATION CARD

This contains the probe code, meter code, observer code, crop

code, ground condition code, tube height, sum of depths, sum of
readings, A, B, C, grav. M.V.F., dead time, number of readings,
site, area, day, month, year. The data is punched in the same

format as indicated on the field sheet.
3.5 DATA CARD(S)

The following information is punched on to the data card{s):-

(1) TDEPTH(K) and ORSV{K) - these values are the depth
below ground level and corresponding observation as
tabulated on the field sheet. These values arc punched
in the order in which they appear on the field sheet
{i.e. in incressing depth} and each card can accommodate
seven pairs of values in the format T{(2X, I3, Fhi.¢). T
more than seven pairs of values were recorded at a
particular site, then the remaining pairs of values were
recorded at a particular site, then the remaining pairs of
values are punched on other data card(s). These pairs of

values take up columns 1 ~ 63 on any one data card.

(ii) ICARD - this integer indicates the ordering of the data
card(s). Hence, for the first data card it has the value
1, for the second it has the wvalue 2, etc. This is punched

in columns 67 - 68 with format I2.

(i1i) ISITE - this is the site number and is punched on all the

data cards used in columns TO - Tl with format IZ2.
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{iv)  ICATCH - this is the catchment number and 1s punched
on all the data cards used in columns 72 - 73 with format

Iz.

{v) IDAY - this is the day on which the readings were taken
and is punched on all the data cards used in columns

75 - 76 with format I2.

(vi) IMONTH - this is the month and last two digits of the
year in which the readings were teken and is punched on

all the data cards used in columns 77 - 80 with format
Ikh.

The date collected in the sbove manner is termed raw data and is now

ready for quality control and test proceszing.

L. PROGRAMS USED IN SOIL MOICTURE DATA PROCESSING

The following is a brief description of the inputs to, functions of
and outputs from all the programs currently being used in soil

moisture data processing.

4.1 CALIBRATION AND SITE TABLES

These tables contain information which ic used as input data toc the

quality control, test processing and processing programs. They are

stored on a direct access file called CALSITETABS umder the user name:

CONMOD and are edited whenever necessary. LEach calibration table is

a family of linear calibration curves, one for each soil type, i.e.

soil code @1, $2, etc. Each has the form:-




where
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M = moigture volume fraction
S = slope of calibration curfe
R = measurement in medium
RW = measurement in standard (water or
transport shield)
¢ =

intercept of calibration curve

Three calibration tables (1.1 - 1.3) are used - the original

calibration table (the standard is the transport shield and

applies to all data pre 1.1.T70), the standard calibration

table {the standard is a water drum and applies to all data

post 1.1.70) and the special calibraticn curves (for experimental

purpozes). Each table consists of a number of sets (each set

referring to a particular curve) of four values, these values

depending on the soil code and, scmetimes, on the probe code.

The values, in the order in which they are input, are defined

as follows:-—

(a)

(b)

(e)

(d)

Upper limit - this is the maximum value of R/RW
{or R/RS) likely to oceur for a given soil. This
value is used as & limit of acceptability in the

quality control program.

Lower limit - this is the minimum value of R/RW
{or R/Rs) 1likely to occur for a given scil. This
value also is used a3 a limit of acceptability in the

quality control program.
Slope - this is the slope, S, of the equation.

Intercept-+ this is the intercept, C, of the eguation.

The criginal calibration table is contained in a matrix A

(2, 15, 4) and each set of values contained in the table depends

on the probe code (1 or 2) and the soil code {1 ~ 15). The
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standard calibrstion table is contained in a matrix B(15, L)
and each set of values contained in the table depends only on
the soil code (1 - 15). The special calibration table is
contained in a metrix C(3, 15, 4). This table is not in use at

present.

Thirteen site tables (corresponding to the thirteen catchments

at which measurements are taken) are used. BEach site table is
contained in & matrix whose maximum dimension is (at present)

99 x 10. Each site table (see tables 2.1 - 2,13) consists of a
number of sets of ten values, each set referring to a particular
site within the catchment. The values, in the order in which they

sre input, are defined as follows:-—
{a) DMC - this is the allocated depth of moisture change
below which it is assumed that no seascnal variation in

moisture occours.

{b) Depth 1, depth 2, soil code - the soil code indicates the
type of soil present between depth 1 and depth 2.

(¢) Depth 3, depth 4, soil code - as above with reference to
the soil between depth 3 and depth b.

{a) Depth 5, depth 6, soil code - as above with reference to
the soil between depth 5 and depth 6.

Input to the program

The only input data needed by the program are the calibration and
site tables. Fach set of four values of the calibration tables is
input with format 4(F6.3, 5X). Immedistely preceding the data for

each site tsble, a card containing the catchment number and the
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number of sites in the catchment is input with format (I3, I6).
Each set of ten values of the site tables is input with format
10715,

Job description

The job deseription of the program is as follows:-

INPUT :CONMOD.CALDATAZ

Input data
ok ke
INPUT :CONMOD.CALIERATE66

Source program
ko k
JOE GRPHOGRAM66, :CONMOD
HFORTRAN #*CRCALIBERATE66,*LF,ATLAS EBIN
ASSIGN *CR0,CALDATAZ
ASSIGN *LP0,CALOUT
ASSIGN *ED0,CALSITETABS(OVERLAY)
TIME 360
ENTEK
LF CALOUT»=*LP
ERASE CALDATAZ2
ERASE CALOUT
FEHASE CALIPHATF66

ENDJOE
o ok
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The first command in the job description inputs the data

following this card (the calibration and site tables) into

an input file called CALDATA? under the user name :CONMOD.

This 1s followed by the data and a terminator card containing

¥¥**  The next input card puts the source program (written

in FORTRAN) in a card file called CALIBRATE66. This is

followed by the cards containing the scurce program and the
standard terminator. The JOB card signifies the job name as
GRPROGRAM66 run under the user name :CONMOD. This is followed

by a compilation card which signifies that the program, held

in the card file CALIBRATE66, is to be compiled using a systems
macrg HFORTRAN. *LP gives a listing of the program on the line
printer, ATLAS signifies that the program is in ATLAS code and

BIN produces a temporary file containing a binary version of the
program. Following this there are three ASSIGN commands, the data
held in CALDATAZ2 is assigned as input data, output to the line
printer is assigned to the file CALOUT and output to the disc is
assigned to the direct access file CALSITETABS. The parameter
OVERLAY signifies that the user :CONMOD may access the file
CALSITETABS in all possible modes. This is convenient for editing
the file. The TIME card sets a 1limit of 300 secs on the running time
of the Job and ENTER initiates the running of the program. The
next command causes a listing of the output (held in CALOUT) on the
line printer. The files CALDATA2, CALOUT and CALIBRATE 66 are erased
and the job terminated by ENDJOB and the standard terminator.

Functicn of the program

The program reads the calibration and site tables off the cards and
writes the data on to a readily accessible file held on a disc. The

data on the digc is held in a series of records.

!
|
!
|
1
1
1
|
|
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Qutput from the program

The output 1s a listing of the various calibration and site
tables and the respective record numbers on the disc. The
three calibration tables occupy the first three records, whilst
the thirteen site tables, each contained in two records, are

held in the subsequent twenty—-six records.
L,2 PRINTOUT OF THE CALIBRATION AND SITE TABLES

This program uses the data held in the direct access file
CALSITETABS as input data and gives a line printer output of
the calibration and site tables (1.1 - 1.3 and 2.1 - 2.13).
Wo additional input data is needed and the job deseription is

as follows:-

INPUT :CONMODsCALIEBRATE6S
Source program

ko

JOB GRPKOGRAM&T,3CONMOD

HFORTRAN *CRCALIEBRATE68,ATLAS:*LPsEIN
ASSIGN *LP0,CALOUT

ASSIGN *EDG,CALSITETARS(OUERLAY)

TIME 300

ENTEER

LF CALOUT.=*LP

ERHASE CALIEHATE&ES

ERASE CALOUT

ENDJQE
KRR

4.3 QUALITY CONTROL

This program is designed to point out any errors, cobservational

or punching, occurring in the raw data. BSeveral tests are
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made and the error messages output are worded so that the errors

can be found with the minimum of difficulty.

Input to the program

The input consists of the raw data to be quality controlled preceded
by a card containing an integer (with format IS5 in columns 1 - 5)
signifying the number of sets of data (i.e. number of catchments

per month) to be quality controlled.

Job deseription

The job description is as follows:-—

INPUT tSUBES,GRQCDATAS

Raw data
g

JOE GRPROGRAMA47, s SUES

LOAD GRQCEBIN

ASSIGN *CHO0,GRQCDATAG

ASSIGN *ED0,31CONMOD.CALSITETAES
ASSIGN »LFP0,GRGCOUT

TIME 600

LF GRQCOUT.=LP

ERASE GRACDATAE

ERASE GRQCOUT

ENDJOE
* ook

The job description is very similar to that used for the previous
programs but, 1n this case, a binary version of the program
already exists and there is no need to compile the source prograim,

Instead, the binary version held in the file GRQCBIN is loaded

into the core store.
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Tests applied and messages output by the guality control programs

The following is a list of the tests applied to the data and

the output given by the quality control program. An example of

a typical output is given in figure 5. At the beginning of each
set of dats, the title NEUTRCH SCATTER QUALITY CONTROL is printed
at the top of a new psage.

Lead card

The value of JVAR is tested,if it is zero the program execution
is halted, if it is not equal to 4 the error message LEAD CARD
INCORRECT is printed.
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FIGURE 5. OQUTPUT FROM THE QUALITY CONTROL PROGRAM
NEUTRON SCATTER QUALITY CONTROL

CATCHMENT 13 AREA = 0.0 NO. OF SITES READ = 11
NO. OF DAYS IN MONTH 30 MONTH/YEAR 470

SITE 1
SUM OF OBSERVATIONS INCORRECT = CALCULATED = T120.00 CARD = T712.00
METER 206 HAS DEAD TIME 190 '
READING 13 AT 390 CM, IS NOT WITHIN CORRECT DISTANCE OF DMC OF 570 CM
SITE 2
DATA CONSISTENT
SITE 3
DATA CARD IN WRONG ORDER COUNT = 3 CARD = 2
METER 206 HAS DEAD TIME 190
SITE k4
DATA CONSISTENT
SITE 5
METER 206 HAS DEAD TIME 190
SITE 6
DATA CONSISTENT
SITE 7
SUM OF OBSERVATIONS INCORRECT = CALCULATED = 4070.00 CARD = k050.00
METER 206 HAS DEAD TIME O.
SITE 8
METER 206 HAS DEAD TIME 190
SITE ©
METER 206 HAS DEAD TIME 190
STTE 10
METER 206 HAS DEAD TIME 190
SITE 11
DATA CONSISTENT

S e O BN oW O PN G Gs O SN 65 S S S 8 NE W
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First control card

The information held on the first control card is printed out
in the form of & hesding. The month (NMONTH} and catchment
number (NCATCH} are checked ageinst those on the lead card; if
the values do not agree the error messages CHECK DATA or CHECK
CATCHMENT NO. ON DATA CARD are output.

Second control cardls)

The card order number (NO) is compared with a count and the error
nmessage CONTROL CARD IN WRONG ORDER CQUNT = ¥CARD = * is output
when they do not agree. The month and catchment number are tested
as Tor the first control card and, if all the sites expected have
not been read, then another second control card is read and the
tests repeated. The site numbers are printed in sequence for ease

of checking.

The remainder of this description applies to the data at each

site read during the month.

Information card

The message SITE X where X is the site number as given on the second
econtrol card is printed. The month and catchment number are tested
against those on the lead card, The site number is checked against
that appearing on the second control card; if it is wrong, the error
mesgage SITE NO. WRONG is printed. The day number on the card is
tested, if it is less than the previous day. the error message

CHECK DAY ON IRFORMATIOR CARD - POSSIBLY WRONG SITE ORDER is printed,
or, if it is greater than the number of days in the month, the error
message DAY ON INFORMATION CARD NOT IN MONTH is printed.

Data card(s)

The card order number {ICARD) is checked agalnst a count; if they
do not agree, the error message DATA CARD IN WRONG ORDER COUNT =
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* CARD = * iz output. The month, catchment number and site
number are tested as agbove. The day number on the card i1s
tested; if it is less than the previous day, the error message
CHECK DAY ON DATA CARD - POBSIBLY WRONG SITE ORDER is printed,
or, if it is greeter than the number of days in the month, the
error message DAY ON DATA CARD NOT IN MONTH is printed. If all
the reading depths expected have not been input, another data

card is read, and the above tests repeated.

The depths and observations are summed and checked with the
variables, SD and 50, respectively, on the information card.

If the values do not agree, then the error message 3UM OF DEPTHS
INCORRECT - CALCULATED = ¥ CARD = ¥ or SUM OF OBSERVATIONS
INCORRECT - CALCULATED = * CARD = ¥ is printed. If the value

of Grav. M.V.F. is not zero (so indicating that a core sample

was taken), the message FIRST READING GRAVIMETRIC AND GMVF = *

is printed. The first digit of the meter code is tested and if
it i1s not equal to 1, 2 or 3, the error message METER CODE IS HOT
1, 2 or 3 BUT * is printed. If a ratemeter was used {(first digit
of meter code = 2), then the dead time is tested; if it does not
lie between 50 and 150, then the error message METER * HAS DEAD
TIME * is printed.

For each observation taken with the probe (i.e. excluding the Grav.
M.V.F.), the ratios are calculated and tested and the depths tested,

as Tollows:

For scaler, code 1, RATIO = {(C * B) / (A * OBSV)
For ratemeter, code 2, OBSV = OBSV + QBSVZ r + OBSVS r2

(where z = dead time)
RATIO QBSV/B
For ratescaler, code 3, RATIOC = OBSV/B

il
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The soll code for the particular depth is found and, if the

depth in question is not in the site table, then the error
message DEPTH * NOT IN TABLE is output. The depths are

checked for consecutive order and, if they are not found to

be so, the error message DEPTHS IN WRCNG ORDER DEPTH A = * B

= ¥ is printed. The calculated ratio is compared with the lower
1imit (LOWLIM) and upper limit (UPLIM) found in the relevant
calibration table. If the ratio is less than the lower, or
greater than the upper limit, the error message RATIO (*) Is

LESS THAR THE LOWER LIMIT RATIO = * LOWER LIMIT = * or RATIO

(#) IS GREATER THAN THE UPPER LIMIT RATIO = * UPPER LIMIT = *

is output. The last depth above the depth of moisture change

(as found in the site table) is tested. If the last depth is not
within 10 em (30 cm for Kenyan data) of the DMC, the error message
READING *# AT ¥ IS NOT WITHIN THE CORRECT DISTANCE OF DMC OF * CM.

Finally, when all of the readings have been tested in the above
manner, an error index, KILANG, which becomes equal to one when an
error is found, is tested. If it is still zero, then the state-
ment DATA CONSISTENT is printed, so showing that no errors have

heen found in the checking.
4,4 TEST PROCESSING

This program converts the observations at each depth to molskure
volume fractions with an associated standard deviation. The
amount of water, together with an associated standard deviation,
for the layer represented by each depth is given. Finally the
water content of the profile sbove the depth of moisture change is
calculated, A line printer output in the form of a tseble is given

{see figure §).

Input to the program

The form of the irput to the program is the same as that for the

quality control program.




FIGLRE € OULTJ FROM TEST PROCESSING PROGRAM

DATh 27.4.71 SOTL MOISTURE PROFILE, T.H., NERC, WALLINGFORD
SITE b - 2

PROBL 108 © O METER 300 OBSERVER 16 Chor 1 TORSCIT 10 TUBK HEIGHT 3 cm

MeTuR UYPE - RATESCALKHR

PRESET TIME FOR STANDARD 6L sec. | COUNT RATE IN STANDARD 998.0

PRESET COUMT TIMi FOR ©OLL 16 sec.

DEPTH BELOW _ L 1 _ STD.DLV - LAYER WATER IN STD.DEV,
G.L. (CM) READING R/RW M.V E {MVF) FACTOR LAYER (CM) (CM WATER)
© 10 600. 0.601 0,56k 0.006 15.0 8.5 0.09
Y 20 s2k. 0.525 0.491 0.006 10.0 h.9 0.06
30 520. 0.921 0.487 0.006 12.5 6.1 0.07
hg 511. 0.512 0.479 0.006 15.0 7.2 0.09
60 L87. 0.488 0.hs5 0.006 15.0 6.8 0.08
75 468, 0.469 0.437 0.005 15.0 6.6 0.08
90 Lhé, 0.hkT 0.h16 0. 005 15.0 6.2 0.08
105 L36. 0-437 0.h07 0.005 15.0 6.1 0.08
120 Lig. 0.420 0.390 0.005 15.0 5.9 0.08
135 Lok, 0.425 0.395 0.005 15.0 5.9 0.08
150 432, 0.433 0.403 0.005 7.5 3.0 0.0k
160 428, 0.427 0.397 0.005 0.0 0.0 0.00
WATER CONTENT OF UPPER 150 CM = 67.2 CM 68 P.C. PROBABLE RANDOM COUNTING ERROR = 0.3 CM WATER
PREVIOUS VALUE ON = CM  CHANGE =

WI. MEAN MVF OF UPPER 150 CM = 0.448 +/- 0.002 (EQUIVALENT ERRCR)
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Job description

The Job descriptibn is a3 follows:—

INPUT :SUBS,»GRDATAL

Raw dats
deok ok

JOEBE GKPROGRAMS9T, t SUBS

LOAD GRTPROCBIN

ASSIGN *CR0,GRDATAI

ASSIGN *ED0,$CONMOD.CALSITETAES

ASSIGN #*LP0,GRPROCOCLIMITIZ000)
TIME 900

ENTER

LF GRPROCO,«LP
ERASE GRDATAL
ERASE GRPROCO
ENDJOR

e Ty

In this case, a binary version of the source program is held in
a file called GRTPROCBIN. The parameter of the file GRPROCO
specifies the size of the file to be 12,00§ lines.

Calculations made by the test processing program

The formulas used for the calculations are given in figure 7 and

the abbreviations used are s follows:-
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FLGURE T ' FORMULAE JHED IN PROCESS1NG PROCDRAM

i

218

fel

IF FIRST (QBSEZRVATION 15 GRAVIMETRIC

]

OBAVIL)
RMVE(1)
EM{1)
RAT10(1)

3

GMVF

@.95 ¥ GMVF + @.gs
@

TOR ¥ETER CODX 1

1]

RATIOfT) C x5
A x OBBV(T)

SLOFE x BATTO{T) x

M{T1)

FOR METER CODE 2

2
2 ]
B=RBR«+E x LA + B x 1z

T
1@ 13

2
2 3 T
pEaY(I) = OBSY{I) + OBSV(I) %Ee + 033V(I) =x Tilz

RATIOI) = oBSY{I;
E

R ———_ R

1 1 1
- = o [
ZM{I} = SLOPE x RATIOLZ, x j IR M f-

FOR METER CQDE 3

RATLD{1) = OB3V(T)
H

1 1
OBSVIZ) x U B ox A

EM{I) = SLOPE x RATIO(L] x/

FOR MET®R CODT 1, 2 and 3

RMVE(1) = SLOPE » RATIO {I} + INTERCIIT

IF FIRST READIEG

WF(L) = IDEPTH(I) + 3 (1DEPTH (2} - TTTPTH{1) )

IF LAST READING ABOVE DMC

wF(I) # 3 (IDEPTH(!} - TDEPTE(I-1))} + {DKC - ZDEFTH, ;)

SEADINGS BETWERN & and T

WF(L) = 2 (IDEPTH(I} - TDEPTE(I - %)) + »(IDEPTH(I + L1} - {DIZII fh

FOR ALL READINGS

IMVEF{I) x WF(I)
EM(1) x WF{T}

wWW{1}
ZWW(I)

SUMMARIES

2
SEWW = LEWW(I) SWi = TWWI(I)
I 1

WATER CONTERT OVER DMZ = SWW, IROBARLE TWRROZ = SEWW
W SEWW
DMe D

MELT MYE OVER DM = , D0 JLTLE RRROR =




DEPTH (I)
0BSV (1)
RATIO (I}
RMVF (I)
EM (I)

Wr (1)
Wi (1)
EwW (1)
SWW
ERROR
AMEAN
PLUS
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depth below ground level

reading taken

R/RW (or R/Rs where applicable, i.e. before 1.1.70)
moisture volume fraction

standard deviastion in moisture volume fraction
layer factor {(the layer represented by IDEPTH (I))
water in layer {cm)

standard deviation in water in layer (cm water)
water content of profile above DMC (cm)

6£8% probable random counting error in SWW (cm water)
weighted mean MVF of profile above DMC

error in AMEAN.

411 the other symbols in the eguation are as defined previously.

4.5 PROCESSING PROGRAM

This program is basically the same as the test processing program

but, in this case, the processed data is kept in a card file and

not output on the line printer. The processed data card file

produced can be used as input data for the display programs.

Job description

INPUT :5UBS»GRD?

A

Raw data

JOE GRFROCESS,tSUBS

LOAD GRPROCEBIN1

ASSIGN =CROsGRD7

ASSIGN *ED0, tCONMOD.CALSITETARS
ASSIGN *CPO0,GRBACLIMIT!Z2000)

TIME 900

ENTER

ERASE GRD7

ENDJOE
xR
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A winory varsion of the processing program is held 1n the
file GRPROCBINI.

Display programs

These programs use the output from the processing progran,

GRBY, as input and give summaries of the results obtained over

a whole year for a particular catchment. Occasionally, standard
(winter mean) values are also used as input to the programs.
These are generally calculated as the mean values of moisture
volume fraction at each depth and of water content above the

DMC taken over the winter months (December to March).

L 6§ GRAPH PLOTTING PROGRAM

This program gives a graphical output (see figure 8) showing the
varistion of moisture volume fraction against time for various

depths (time series graphs) and the variation of moisture volume

fraction against depth for various times (soil moisture profiles).

Input to the program

As well as the processed data from the file GRBL, the followirg

values, input on cards, are needed by the program:-

TPLOTSITE, NODEPTHS - these are integer values representing the

site number to be plotted and the maximum number of depths read

at that site during the year. They are punched on the same card
with formst 2I5. IDEPTH (1), WINMEAN (I} - these represent the

depths and corresponding standard (winter mean} moisture volume

fractions. TFach data card can accommodate eight sets of wvalues

with format 8(Ik, F6.3}).
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INPUT $5UBS,GRGRAPHDATA

standard {winter mean;

e ke ok values

JOB GRPLOTS,tSUBS

L.OAD BINGRPROG7

ONLINE *GPU0,»GRPICTURER
ASSIEN =CR0,GRE4

ASSIGN *CR1,GRGRAPHDATA
TIME 600

ERASE GRGRAPHDATA

ENDJDE
Rk ok

A binary version of the program iz stored in the filec BINGRPROGT.
The graph plotter is made online to the program, the data to be
plotted being called GRPICTUREB.

Qutput from the program

Two graphs are obtained:-—

{i) Time series graphs - varistions in moisture volume

fraction (represented by a deficit from or & surfeit

above the standard, winter mean, value) are drawn
against time at all the reading depths. The standard

value is shown as & straight line.
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(ii) ©Soil moisture profiles - moisture volume fractions
are plotted against depths for various days, the
plots being superimposed on each other. If readings
are taken at the site at intervals of one week or
more, then all the curves are drawn, whilst if readings
are taken more than once a week then a plot iz drawn

every fifth day.

L.7 DATLY/WEEKLY TUBE SUMMARY SHEETS

This program gives a line printer output {see figure 9) showing
values of moisture volume fractions and water content for one
particular tube on each occasion that readings were taken. The
program is generally only used for sites which are read frequently

{e.g. weekly, daily).

Input to the program

This program requires exactly the same input as the graph plotting

pPrograi.

Job deseription

INPUT :SUBS,GRDATA6

Standard values

kkkk
INPUT :SUBS»GRPROGE

Source prograrm




INSTITUTE OF HYDROLOGY SOIL MOISTURE SUMMARY SHEET
MOISTURE VOLUME FRACTTONS AND WATER CONTENTS FOR PLYNLIMON DAILY TUBE
CATCHMENT 23 SITE 43 YEAR 1971

DEPTH DAY 20 30 Lo 50 60 T0 WATER CONTENT

195 0. 804 0,826 0.745 0.592 0.412 0.345 49,3

196 0.809 0.837 0.745 0.584 0. 408 0. 35 49.4

197 0.797 0. 826 0.730 0.588 0.398 0.341 48.8

198 0.797 c.821 0.743 0.589 0.h01 0.338 48.8

199 0.806 0.816 0.724 0.587 0.398 0.342 48.8

200 0.798 0.818 0.7L45 C.575% 0.393 0.331 L8.6

202 0. 777 0. 806 0.739 0.600 0.412 0.338 L8,k

204 0.781 0.81% 0.715 0.582 0.392 0.331 47.9

205 0.783 G. 805 0.7h6 0.599 0.k12 0.32L 48.4

206 0.785 0.809 0.758 0.610 0. 429 0.326 49.0

= 207 0.785 0.814 0.729 0.573 0. 387 0.329 ¥7.9
™ 208 0.788 0.811 0.741 0.582 0.k12 0. 322 W8,k
209 0.787 0. 806 0.729 0.593 0.395 0.326 48.2

210 0.778 0.796 0.740 0.591 0. 401 0.323 48.0

213 0.819 0.868 0.772 0.672 0.536 0. 429 53.2

1L 0.81k 0.85L 0.769 0.627 0.503 0. 442 52.3

215 0.840 0. 84g 0.773 0.615 0.4L61 0.433 52.3

216 0.859 0.888 0. 804 0.696 0.557 0.438 55.3

217 0.925 0,920 0.813 0. 700 0.559 0.k35 57.4

218 0.878 0.897 0.816 0.697 0.568 0.hh3 56,2

220 0.836 0.879 0.81k 0.690 0.550 0.441 54.6

221 0.918 0.935 0.836 0. 700 0.569 0. 5460 57.9

220 0.880 0.854 0.769 0.664 0.513 0.42h  5h.2

223 0.930 0.933 0.776 0.681 0.543 0.,4h2 57.0

22 0.947 0.923 0. 805 0.688 0.552 0.436 57.7

225 0.gh2 0.930 0.819 0.700 0.559 0. 4h7 58.1

226 0.955 0.933 0.843 0.703 0.555 0, hlh 58.6

MEAN 0.838 0.854 0.768 0.633 0. 469 0. 384 52.0

STD 0.060 0.048 0.037 0.050 0.072 0.05kh 3.9

DEV.
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e ke )
JOBE GHTHETDAILY» : SUBS
HFORTRAN *CRGRPROGZ,*LP,BIN
ASSIGN =CRO0.GRBa
ASSIGN *CR1,GRDATAG
ASSIGN *=LPO0,GRTHETOUT
TIME &00

ENTER

LF GRTHETOUT. *LP
ERASE GRDATA®S

ERASE GRPROGE2

ERASE GRTHETOUT
ENDJOB

ERpn

Qutput from the program

The output is in the form of a table showing the day number, values
of moisture volume fraction for each reading depth and waber
content above the depth of meisture change each time the site was
read. Also output are the mean water content and moisture volume
fraction for each depth together with the associated standard

deviations.

5.8 NETWORK SUMMARY SHEETS

This program produces line printer outputs showing the water
contents and departures from the standard (winter mean) water
contents for &ll the sites in the network throughout the year. The

program is only used for sites which are read monthly.

Input to the program

As well as the processed data from the file GRBY, produced by the
processing progrem, the following values are input on cards into

the program:-
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NOSITES ~ +this is an integer showing the number of sites in

the network. It is input with format IS.

SITENC (I), WCWIN (I} - these are the site number and
corresponding standard, winter mean, water contents. Each

card cen accommodate up to ten sets of values with formaet
1¢(I3, F5.1).

TEXTDATA (I, 2) - these are the names of the sites in the
catchment. Each site name is input on a separate card with
format 2A8.

Job description

INPUT tSUBS.GRNSSDATA)

Input data
Aok g
INPUT 31SUBRS»GRNSSFROE

Source program
qoke ok ok
JOB GRNS5S,$SUBS
HFORTRAN *=CRGRNSSPROE,*LF,EIN
ASSIGN *CRO,GRB4
ASSIGN *CR1,GRNSSDATAL
ASSIGN *LP0,GRNSSOUT
TIME 300
ENTER
LF GRNSS0OUT,=*LP
ERASE GRNSSDATAL
ERASE GRENSSPROB
ERASE GRNSSDUT

ENDJOB
*o R
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Qutput from the program

Two line printer outputs are obtained:-

(i) Water contents - the output is in the form of a table
{figure 10.1), each row of which represents one site in
the network. The date, water content and depth of
moisture change each time the network was read, together

with the site name and number, are printed.

(i1} Departures from standard, winter mean, water contents -
this output (see figure 10.2) is similar to the above but,
in this case, the date, meter code and departures each
time the network was read, together with the site name,

site number and standard value, are printed.

4.9 SITE SUMMARY SHEETS

This program, which is only used for infrequently (i.e. monthly} read
tubes, produces a line printer output showing the moisture volume
fractions and deviations from standard values at each depth and for

each time that the sites were read.

Input to the program

The input to this program is the same as thet for the graph plotiing

program.

Job description

The job description is as follows:-

INPUT tSUBSsGRSITEDATD
standard values

e e
INPUT 1SUBS,GRSITED

Source program
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kA ok

JOE GHRSITESUM, tSUBS
HFORTRAN *CRGHSITED,=*LP, RIN
CREATE 18(*ED, BUCKB8,KWORDS150)
ASSIGN =ED0, 1 0(QVERLAY)
ASSIGN *CR{,GCRE4

ASS1GN *CR1l,GRSITEDATD
AS551IGN *LP0.GRS1TEQUS

TIME 300

ENTER

LF GRSITEQUS, *xLP

ERASE GRSITEDATD

ERASE GRSITED

ERASE GRSITEQOUS

ENDJOE

LY

The CREATE command preduces a scratch direct access file of
size 15@,3¢® words and this is assigned to the program in all
possible modes i.e. it 1s possible to write and to read from

this direet access file.

Qutput from the program

The output from the program (see figure 11) is irn the form of a
series {one per site)} of tables. FEach table gives the day

number, probe code, meter code, depth of moizture change, depth,
moisture volume fraction and departure from standard, winter mean,
moisture volume fraction, for each reading depth and for each time
that the site was read. Also output are the standard moisture
volume fraction, mean departure and standard deviation, and nurber

of readings taken for each depth.
4.10 GRID SUMMARY SHEETS

This program gives a summary of the moisture volume fractions of

the sites in a grid in a particularly useful form. It produces

a series of line printer outputs showing the variation of moisture
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volume fraction over the grid at each depth and on each day

that the grid was read.

Inout to the program

In addition to the processed data from the file GRBL, the following

data 1s input (on cards) into the program:-

NNREAD - this is the number of reading depths for the tubes in the
grid.

IA(X), BB(K) - the matrix IA(9) has the values 1 - 9, whilst

BB(X) represents the letters A - I. These matrices are used to

label the tubes in the grid (Al, A2, ete).

Job description

The job deseription is as follows:-

INFUT :SUEBS.GRGDATA

Input data on cards
ok
INPUT :5UBS,GGGSS

Source program

* ok

JOE GRGRID. tSUBS
HFBRTRAN *CRGGGSS,»*LPsBIN
ASSIGN =CR0O,GREE4
ASSIGN »CRIi»GRGDATA
ASSIGN *LP#,GRG5SQUT
TIME 300

ENTEER

LF GHGSSOUT,=*LP
ERASE GGGSS

ERASE GRGSSAOQUT

ERASE GRGDATA

ENDJOE
*EAE
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Qutput from the program

Each summary sheet gives the variation in moisture volume fraction

over the grid at a particular depth and time. The output (see

figure 12) is in the form of a matrix, its dimensions depending on

the number of tubes in the grid. Each element of the matrix represents
a moisture volume fraction. Also output are the moisture volume
fraction of the index tube (if one is present), the mean moisture
volume fraction and the standard deviation and coefficient of

variation over the grid {excluding the index tube).

MAGNETIC TAPE ROUTINES

The outputs from the displey progrems are studied and, if found
satisfactory., the raw and processed data sre copied on to different
magnetic tapes. Generally the data from different catchments are kept
on separate magnetic tapes. F¥or writing to and reading from magnetic

tapes the NEWCOPYOUT and NEWCOPYIN routines are used.

Newcopyout routine

This enables the user to copy out dsta from a specified file on to

a specified file on a specified magnetic tape, e.g. if data held in

a file GRB4 is to be copied on to a file GRDATAL held on magnetic tape
133 the job description would be:-

JOB GRMTs3SUBS
NEWCOPYOUT (133).T##és
END

GRB4,GRDATAI

THEs

ENDJOE

e i
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The parameter END specifies that any files on tape 133 created

by the user :8UBS will not be overwritten.

dewcopyln routine

This iz the reverse of the above procedure, e.g.

JOB GRMT1,3S5UBS
NEWCOPYIN C13A3D, T #S
GRDATAl » GRBPA

tEre

ENDJORB

% % % K
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FIGURE 10.2

SITE

WHITTLESFORD BDG

HIHXTON GRANGE

CHESTERFORD PARK

L3

MOLE HALL

HOWE HALL

ICKLETON GRANGES

BROCTONS FARM

NEW HINXTON GRNG

INSTITUTE UF HYDROLOGY WATER CONTENT SUMMARY SHEET
DEPARTURES FROM STANDARD WINTER MEAN PROFILE {1969 AND 1970)
CATCHMENT 5 YEAR 1971

DATE 15.4  21.5 8.7 2.8 14.9 12.10 19.11 23.12
SITE WINTER
CODE MEANS
1 METER: 300 311 310 311 312 312 312 313
70.9 DEP: -3.1 -3.2 -L.8 -7.3 -8.6 -8.8 -6.8 -6.0
2 MBETER: 300 311 0 0 0 0 0 0
68.5 DEP: -4.3 -8.2 0.0 0.0 0.0 0.0 0.0 0.0
3 METER : 300 311 310 311 312 312 312 313
66.8 DEP: -2.8 -3.1 k.7 -3.6 -6.% -7.7 0.3 0.9
b METER: 300 311 310 311 312 312 312 313
68.5 DEP: -3.7 -9.5 -9.8 -12.9¢ -14,3 -15.7 ~-T.9 -3.3
6 METER : 300 311 310 311 312 312 312 313
69.7 DkP: -0.1 0.3 -T7.6 -1 -6.0 -6.h 0.9 2.2
T METER 300 310 310 311 312 312 312 313
78.5 DEP: 1.9 -5.0 -5.1 -6.3 -9.7 -9.6 -~l.6 1.4
8 MITER : 300 311 310 311 312 312 31p 313
67.6 PEP: -1.b4 -4.8 -6.2 -6.0 -10.3 -10.9 0.7 2.1
9 METER : 0 0 310 311 312 312 312 313
69.8 DEP: 0.0 0.0 -8.5 -7.2 -9.1 -8.9 -~2.5 0.0
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FIGURE 12.

BALOAK GRID : MVF SUMMARY SHEETS

CATCHMENT 4 YEAR 1972
DATE 17.1 DEPTH 10 CMS

INDEX TUBE = 0.65k

A 0.441 0.h72
U™
-
B 0.507 0.4%65
¢ 0.546 0.439
D 0.436 o.hh]
E 0.458 0.h45k4
F 0.456 0.1465
1 2

MEAN MVF VALUlW FOR DEPTH =

0.446 0.465 0.500 0.485
0.L81 0.h42 0.450 0.458
0.450 0.h46L 0.512 0.4s2
0.468 0.4g1 0.484 0.479
0.469 0.483 0.506 0.418
0.000 0.451 0.439 0.L442
3 L 5 6
0.466  STANDARD DEVIATION = 0.026  COEFFICIENT OF VARIATION = 5,67
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APPENDIYX

The tables in this appendix contain
the values and codes currently being
used st the Institute of Hydrology
and are not applicable elsewhere.
These tables are continually being
updated as new catchments, sites, ete

are set up.
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TABLE 1.1

PROBE
CODE

e T T T R L e T i R

ORIGINAL CALIBRATION CURVES R/RS

S0IL
copE

Moo o — O v W O

HoE e
AT Sl FL I (b I A =

M @ -1 o FEow b

i e e
wVEOFE W o H O

LOWER
LIMIT

.287
.250
-716
<135
.000
.000
.130
470
.L1o
.390
LLT0
.0C0
.000
000
.000
Juls
-535
675
. 300
000
.000
.3k0
.000
0.000¢
0.000
0.000
0.000
0.000
0.000
0.000

ODDODODDDDODDOOOODDOODO

b7

UPPER
LIMIT

1.278
1.450
1.950
1.570
0.000
0.000
1.150
1.630
1.630
1.370
1.370
0.000
0.000
0.000
0.000
1.365
1.460
1.650
1.400
0.000
0.000
1.330
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000

SLOPE

0.55k
0.5u47
0.567
0.495
0.000
0.000
0.451
0.563
0.507
0.473
0.460
0.000
0.000
0.000
0.000
0.576
0.548
0.690
0.500
0.000
0.000
0.L452
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

INTERCEFT

-0.010
~0.012
-0.006
-0.016
0.000
0.000
-0.02k4
-0.013
-0.025
-0.030
-0.038
0.000
¢.000
0.000
0.000
-0.086
-0.092
-0.068
-0.100
0.000
0.000
-(.106
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000




TABLE 1.2

PROBE
CODE

SOIL
CODE

R B = o Y "

i =
o oW R O

L8

STANDARD CALIBRATION CURVES R/RW

LOWER
LIMIT

0.164
0.143
0.410
0.077
0.000
0.000
0.0Th
0.287
0.251
0.238
0.287
Q.000
0.000
0.000
¢.000

UPPER
LIMIT

0.730
0.828
1.113
0.896
0.000
0.000
0.657
0.996
0.997
0.837
0.837
0.000
0.000
0.000
0.000

SLOPE

.970
.958
993
.867
.000
.000
.760
921
.829
.77k
-753
000
.000
.000
.000

o o o o o o o <o O o o0 O o OO

INTERCEPT

.010
012
006
.016
.000

0.000

o

< O O



ho

TABLE 1.3 SPECTAL CALIBRATION CURVES

PROBE SOIL LOWER UPPER SLOPE INTERCEPT

CODE CODE LIMIT LIMIT
1 1 0.000 0.000 0.000 0.000
1 2 0.000 0.000 0.000 0.000
1 3 0.000 0.000 0.000 0.000
1 b 0.000 0.000 0.000 0.000
1 5 0.000 0.000 0.000 0.000
1 6 0.000 0.000 0.000 0.000
1 T 0.000 0.000 0.000 0.000
1 8 0.000 0.000 0.000 0.000
1 9 0.000 0.000 0.000 0.000
1 10 0.000 0.000 0.000 0.000
1 11 0.000 0.000 0.000 0.000
1 12 0.000 0.000 0.000 0.000
1 13 0.000 0.000 0.000 0.000
1 1h 0.000 0.000 0.000 0.000
1 15 0.000 0.000 0.000 0.000
2 1 0.000 0.000 0.000 0.000
o 2 0.000 0.000 0.000 0.000
2 3 0.000 0.000 0.000 0.000
2 4 0.000 0.000 0.000 0.000
2 5 0.000 0.000 0.000 0.000
2 6 0.000 0.000 0.000 0.000
2 7. 0.000 0.000 0.000 0.000
2 8 0.000 0. 000 0.000 0.000
2 9 0.000 0.000 0.000 0.000
2 10 0.000 0.000 0.000 0.000
o 11 0.000 0.000 G.000 0.000
2 12 0.000 0.000 0. 000 0.000
2 13 0.000 0.000 0.000 0.000
2 1h 0.000 0.000 0.000 0.000
2 15 0. 000 0.000 0.000 0.000
3 1 0.000 0.000 0.000 0.000
3 2 0.000 0.000 0.000 0.000
3 3 0.000 0.000 0.000 0.000
3 L 0.000 0.000 0.000 0.000
3 5 0.000 0.000 0.000 0.000
3 6 0.000 0.000 0.000 0.000
3 7 0.000 0.000 0.000 0.000



TABLE 1.2

PROBE
CODE

[ S N T B 5 R T N VL oL

continued

SOIL

COTE
8
9
10
1
12
13
1h
15

LOWER
LIMIT
0.000
0.000
0.000
G. 000
0.000
0.000
0.000
0.000

50

UPPER
LIMIT
0.000
0.0C0
0.000
0.000
0.0C0
0.000
0.000
0.000

SLOPE

0.000
0.000
0.0Q00
0.000
0.000
0.C00
0.000
0.000

INTERCEPT

o o o

o o O o O

.000
.000
L0000
000
. 000
000
.000
. 000
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CATCHMENT 2

TARLE 2.2

DMC DEPTH DEPTH  EBCIL DEPTH DEPTE S0IL DEPTH DEPTH 80TL
CODE CODE

SITE

b CODE 5 6

3

2

200
200
200
200
200
200
200
200
200
200
200
200

150
150
150
150
150
150
150
150
150
150
150
150

10

11

12

200
200
200

150

1

200
200
200
200

150
150
150
150
150

16
17
18
15
20

200
200
200
200
2Q0
200
200
200
200
200
200
200

150
150
150
150
150
150
150
150
is0
150
150

21
22

23
2h
25
26
27
28
29
30

31
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200
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120
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1z0

1k
15

(]

[

[5p]

16
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13

[

[Sh)

20

200
200
200

(9]

o]

120

22

L]

200
200
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120
120
120

ok
25
26
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200
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[ T

120
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120
120
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120
120

k2

L3

L
45

L6
b7

L3
b9

50

200
200
200
200
200
200

120

51
52

120
120
1z0
120
120

53
5k
Py

56
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59
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120
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61
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120
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6
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5T

Tasly 2.5 CATCRMENT 5

SITs DHC J&PTH DEPTE S0IL DrPTH CEPTH S0IL DLPTH DEPTH SO0IL

1 2 CODs= 3 b COD& 5 6 CODE
1 160 0 175 2 0 Q 0 O 0 0
2 160 0 175 2 0 0 2 4 ¢ 0
3 160 c 175 2 0 0 0 9 0 2
4 160 0 175 2 0 0 0 0 0 0
5 160 3 175 2 0 0 0 G 0 0
6 16C 0 175 2 0 G 0 o 8 O
7 16¢ Q 175 2 0 0 0 U ¢ 0
8 160 0 175 2 0 0 0 { 0 0
3 160 0 175 2 0 0 9 5 0 0
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TABLE

SITE

o7

59
60
61
62
£3
fan

66
67
68
69
70
71
72
73
Th
5

77
78
T9
80
81
82
83
8k
85
86
87
88
09
90
91
92
93
9k
95

97
98
99

2,6 Cont'd

DMC

300
300
300

O
300
300
300
300
300
300
300
300
300

0
300
300
300
300
300
300
300
300
300

0
300
300
300
300
300
300
300
300
300

0
300
300
300
300
300
300
300
300
300

DEPTH
1

j=ReReRejs ool lolsNeoNeoNoNoNeNaoNoNoNolololeoNeRoRoReRoRoReReRoReNelolelaleleleReRe e e

DEPTH
2

500
500
500

0
500
500
500
300
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500
500
500

0
500
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500
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500
500
500
500
500

0
500
500
500
500
500
500
500
500
500

0
500
500
500
500
500
500
500
500
500

SOTL
CODE

TN O0 3 T e =] O g ] =] ] =] =] md =] D = =] =] = =] ] = =] =] O —7 =] —1

59

DEPTH
3

OCOCOOO00O0QooOOOoOOOCCOOoOL OO0 CO00O0OO00OO000O0OO0

DEFTH
4

COO0ODOOoOOoO0Do oo o000 o o000 DO 00000000000 o000

S0IL
CODE

=g egopejalejolslscBoBeNoNeReNololeolsNeNoNoNaNoNoNoNoNoNoNoNolwloNoNoNoNlaNoleReloleRe e

DEPTH
>

o o D

fon I e o

O oo o0

DEPTH
6

=Regeielshs oo aNalaNo ol NaBoloNoNoNeoNaleNaoNaeNaNaNaNsReloNoloNsNoNoNolala e Rel ol ol o

30TL
CODE

jojisRslejajs oo leloNeoNe NoloNeoNoNoloNoNoNullaoNesNoNoNeRoNeNeReBololoReNoleleRsRoleleRele




TABLE 2.7

SITE

[o XN =l (PP R (N Y

DMC

270
270
270
270
270
270

DEPTH
1

D00 000

60

CATCHMENT 10
DEPTH SOIL
2 CODE
105 8
105 B
105 8
105 8
105 8
105 8

DEPTH
3

106
106
106
106
106
106

- DEPTH

L

300
300
300
300
300
300

SOIL
CODE

11
L
11
(R
11
11

DEPTH
P

OO0 Q00

DEFCH
6

O o D OO D

S0IL
CODE

OO O OO

Pl I SN oa NG GOE AN PaE g N By O AW
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DEPTH
i

o o o o o o

CATCHMENT 11

DEPTH
2

135
135
135
135
135
135

SOIL
CODz

o« oo o o Qo o

61

DEPTI
3
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136
136

DEPTH
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300
300
300
300

S0IL
CCDE

MIOMD MDY N N

e

DEPTH
2

[ S B o Y oo T o B
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o o O O o O
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TABLE 2.11
SITE pMC

1 270

2 270

3 270

DEPTH
1

CATCHMENT 17

DEPTH
2

105
165
75

S0IL
CODE

DEPTH

106
166
76

DEPTH

135
285
205

S0IL
CODE

DEPTH
5

136
286
226

DEPTH
6

300
300
3006

S0IL
CODE

10
10
10
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TABLE 2.12 Continued

SITL DMC  DEPTE  DEPTH  SOIL DEPTH  DEPTH  SOIL DEPTH  DEPTH  ODIL

1 2 CODE 3 i CODE 5 6 ConT
56 115 0 95 3 96 130 i 0 G 0
57 85 0 70 3 T1 100 i 0 Q 0
58 0 0 0 0 0 0 0 0 0 0
59 ) 0 0 0 0 0 0 8 0 )
60 60 0 TO L 0 0 0 0 0 0
61 90 0 110 L 0 0 0 G 0 o
62 0 0 0 0 0 0 0 0 0 )
63 160 0 170 L 0 0 0 0 o 0
6l 70 0 100 N o 0 0 0 ¢ 0
65 Lo 0 60 L 0 0 0 Q 0 0
66 70 0 80 i 0 0 0 0 o 0
&7 80 0 100 L 0 Q Q 0 0 0
68 130 0 150 N 0 0 0 0 0 0
69 30 g 30 4 0 0 ) ¢ 0 0
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TABLE 3  OBSERVER CODES

01
02
03
Ok
05
06
o7
08
09
10
11
12
13
1h
15
16
17
18
19
20
21
22
23
2k
25
26

69

J.P. Bell
D.S. Biggin
A.J. Bucknell
S.W. Smith
J.C. Rodda

L. Nkemdirim
C.W.C. Eeles
A.N. Lodge

R. Raynor
G.H. Morrey
P.M. Holdsworth
B.J. Knapp

H. Peck

3. Boyle

P. Rosier

J.D. Cooper

M. Rawlings
J.R. Blackie
H.M. Gunston
J. Embayi
W.G. Michobo
F. Ngumi

F. Ngugi

S. Muthamia
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TABLE L CROF CODES
Q0 Irrelevant (does not change)
0l Grassland
02 Weeds
03 Bare soil
Ok Cereals
05 Other crops
06 Woodland - deciduous
o7 Wocdland - coniferous
08 Woodland - mixed
09 Hedgerow and scrub
10 Peat - consolidated firm
11 Peat bog (marsh)
12 Tea
13 Bamboo
1h Montane rain forest




TABLE 5

Tl

GROUND CONDITION CODES

00
01
03

10
11
12
20

2l

30

50

60

7O

Surface of ground dry — no obvious cracks

Ground dry and cracks present

Ground dry but grass wet (dew or slight
precipitation)

Ground moist or wet (no standing water)

Ground moist but cracks still visible

Ground soft or muddy

Surfece wet with water standing in pools

or puddles

Ground flooded

Ground frozen

Ice, snow, slush or hail covering less than
half ground area

Ice, snow, slush or hail covering more than
half but not all ground area

Ice, snow, slush or hail covering ground

completely.
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TAELE T.1

CATCHMENT 01 - HOWBERY PARK

SITE WO. SITE NAME
Ol Test tube
13 N.13 (nearest riverside)
1h .14 (riverside)
17 N.17 (field)

These tubes are no longer read on a routine basis.




TABLE T.2

SITE HNO.

01l
0z
03
ok
05

06
o7
08
09

10
11
12
13
1k
15
16
17
18
19
20
21
22

23

2k

CATCHMENT 02 -~ GRENDON CRAY

GITE NAME

Grendon Met. Site
Knapps Hook

Prune Farm
Finemere Hill

014 Middle Farm (abandoned
12.10.70 replaced by site 26)

Middle Farm
Dry Leys
Knowl Hill

Crange Farm {abandoned 20.3.70
replaced by site 2L)

Moor Farm
Grendon Mission
Rickyard

Upper Greatmoor
Finemere Wood
North Farm
Woodside Farm
Wocdlands Farm
Grange Hill
Upper Hogshaw
Greatsea Wood
Kitehill

Balmore Fir Field (abandoned
12.10.70 replaced by site 25)

Balmore Oak Field (abandoned
7.7.71, repleced by site 27)

New Grange Farm (installed
20.3.70 60ft. from site 09)




5

TABLE 7.2 continued

SITE NO.

25

26
27

CATCHMENT 02 - GRENDON CRAY

SITE NAME

New Balmore Fir Field (installed
12.10.70 75€+%. from site 22)

Middle Farm 3 {installed 12.10.70)

Balmore Oak Field 02 (installed
7.7.71)

Site Oh is read weekly as a check, whilst the whole network

(mass sampling) is read 3 or 4 times during the year alter

dry spells to show moisture storage.
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TABLE 7.3

CATCHMENT 03 - BALPINE
GRID NETWORK GRENDON
SITE NO. SITE NAME

01 Field tube

Site 8Site 8Site 8Site BSite Site B8ite Site Bite Site Site Site
No. Name No. Name No. Name Ko. Name No. Name No. Name

11 Al 21 El 31 Cl 41 Dl 51 Fl 61 F1
12 A2 22 B2 32 ce L2 D2 52 E2 62 F2
i3 A3 23 B3 33 c3 L3 D3 53 E3 63 F3
1h AL 24 Bh 3k Ch 4y DL 5k Eh 64 P
15 A5 25 B5 35 c5 b5 D5 55 ES 65 F5
16 A6 26 B6 36 cé L6 D6 56 E6 66 6

These tubes were no longer read after December 1969




T

TABLE 7.4

CATCHMENT 0L - BALOAK
GRID NETWORK GRENDON
SITE NG. SITE NAME

on] Field tube (abandoned T7.7.71
replaced by 02)

02 New field tube

Site Site Site 8ite Site Site 8Site 8ite B8ite 8Site Site Site
Ho Rame No Name No Name No Hame No Name HNo Name

11 Al 21 Bl 31 C1 h1 D1 51 Bl 61 Fl1
12 A2 22 B2 32 ce Lo D2 52 e 62 F2
13 A3 23 B3 33 C3 L3 D3 53 E3 63 Fz
14 Al 2h BLY 3k cl b Dh 5k Eh 64 Fh
15 A5 25 BS 35 5 b5 D5 55 E5 65 F5
16 A6 26 B6 36 o L6 Dé 56 £E 66 F6

This grid is read conce a month
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TABLE 7.5

CATCHMENT 05 -~ CAM

Site No. Site Neme
01 Wnittlesford Bridge
02 Hinxton Grange
03 Chesterford Park
oh Mele Hall
05 Rickling — discontinued
06 Howe Hall
o7 Ickleton Granges
08 Broctons Farm

These tubes are read monthly
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TABLE 7.6

CATCHMENT 07 - THETFORD FOREST
GRID NETWORK PRE-1370

8ite Site Site Site Bite Site BSite Site 8ite 8Site 2ite Blite
No. HName No. Name No. Name No. Name No. Name Lo, UHame

11 Al 21 Bi 31 cl bl Dl 51 E1l 61 F1
12 A2 22 B2 32 c2 L2 n2 52 £2 ¥ F2
13 A3 23 B3 33 C3 b3 D3 53 E3 63 F3
2h BY 3k Ch Lh Dk 54 E4 oY Fl
25 B5 35 C5 43 D5 55 ES 65 F5
26 B6 36 Cé Le D6 56 F6 66 Fé

This grid was discontinued in January 1970 and & larger network built.

NETWORK POST-1970

Site No. Site name
01 Index tube {site 51 of old grid)
02 Dave's tube
03 Clearing tube

Name/  HWame/ Name/ Name/ TName/ Name/ Name/ Name/ Name /
No. No, Vo. Wo. No. No. Mo, No. No.

A1(11) B1(21) c€1(31) D1(¥1) EB1({51) Fi(61) c1(71} FEL(E1) I1(21)
A2(12) B2(22) cC2(32) D2(k2) E2(52) Fa(62) Ga(r12) H2(82) 1I2(92)
A3(13) B3(23) ©3(33) D3(43) E3{(s3) F3(63) G3(73) H3(83} I3(93)
Ab(1h) Bu(24) Cch{3k) DL{uk) Eu(sk) Fh{ek) Gb(T4) HL(8W) Ii(okh)
A5(15) B5(25) ¢5(35) D5(4s5) E5(55) F5(65) G5(75} H5(85) I5(95)

)

)
A6(16) B6(26) C6(36) DE6E(46) EE(56) TF6E(66) G6(76) HE(B6) 16(96)
AT(17) Br(27) C7(37) DT(47) ET(5T) F7{67) GT{(17) HT(8T) IT(97)
A8(18) B8(28) ¢B8(38) DB(L8) EB(58) rB(68) GB8(78) HB(88) 18(98)
A9(19) B9(29) €9{39) D9(h9) E9(59) Fo(69) c9(79) HO{(89) I19(99)

Sites 01, 02 and 03 are read daily during the summer months (May -

Sept) and weekly during the winter months. The grid is read monthly.
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TABLE T.7

KENYAN CATCHMENT 10 - KIMAKIA

Site No, Site name
0l c91
02 c81
03 C6l
0oh FCU
05 FCMI
06 FCpI

These sites are read once every ten days during the wet periods and

once every month during the dry perioeds.
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TABLE 7.8

KENYAN CATCHMENT 11 - KIMAKIA

Site No. Site name
01 A61
02 AG11
03 Agl
ok 4101
05 A3l
06 Al

These cites are read once every ten days during the wot

periods and once every month during the dry periods.
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TABLE 7.9

KENYAN CATCHMENT 13 - KERICHO

Site No. Site name
01 JL
02 JB
03 BL
ol B
o5 CL -
06 cs
o7 N3
08 N
09 HB510
10 Sambret KTD
11 Sambret KTD

These sites are read every ten days gduring the wet

periods and once a month during the dry periods.
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TARLE 7.10
KENYAN CATCHMENT 14 - KERTICHO-SAOSA (LAGAN)
Site No. Site name
01 KSD/KL
02 KSD/KS
03 _ KSM/JL
ok KSM/JS
05 KSu/IL
06 KSU/1S
o7 TOWER 2/P1
08 _ TOWER 2/0L
09 TOWER 2/08
10 TOWER 1/ML
11 TOWER 1/MS

These sites are read every ten days during the wet periods

and once a month during the dry periods.
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TABLE T7.11

KENYAN CATCHMENT 17 - MAKIAMA

Site Ne. Site name
01 D
0z KMV
03 KM

These sites are read once every ten days during the wet periods

and once a month during the dry periods.
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TARLE 7.12
CATCHMENT 23 - WYE (PLYNLIMON)

Site No. Site name
10 Wye O
11 Wye 1
12 Wye 2
13 - Wye 3
ik Wye L

15 Wye 5
20 Nant Tago O
21 Nant Tago 1
22 Nant Tago 2
23 Nant Jago 3

2k Nant Tago U
25 Nant Iago 5
26 Nant Tago 6
30 Cyff O
31 Cyff 1
32 Cyff 2
33 Cyff 3
34 Cyff &
35 . Cyff 5
36 Cyff 6
b1 : Arwystli Low
Lo Bryn Daith
L3 Afon Cyff (Cyff X)
Ly Cefn Brwyn
45 Cripian Eisteddfa-Fach (AhL)
hé Byrn Du
L7 Pen Lluest-y Carn
51 Nant Iago Cross 1
52 Nant JTago Cross 2
53 Nant Iago Cross 3
54 Nant Tago Cross b
55 Nant Iago Extension S
56 Yant Iago Extension 6
57 Nant Jago Extension 7T

Site 43 (taken as representative of the network) is read daily whilst

the whole network is read manthly.
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TABLE T7.13 l
CATCHMENT 27 — SEVERN (PLYNLIMOL)
Site No. Site name l
11 Hore 1
12 Hore 2 l
13 Hore 3
14 Hore &4 '
15 Hore 5
16 . Hore 6
20% Moel Cynnedd 1 l
21% Moel Ext. (2R)
22 Moel Cynnedd 2(2A) .
23 Moel Cynnedd 2
24 Moel Cynnedd L .
25 Moel Cynnedd 5
26 Moel Cynnedd 6 I
27 Moel Cynnedd 7T
31 Y Foel 1 '
32 Y Foel 2
33 Y Foel 3
34 Y Foel 4 '
35 Y Foel S
36 Y Foel 6 l
37 Y Foel 7T
38 Y Foel B l
L1 Plyn. Met. site
4o Carreg Wen Low '
L3 Carreg Wen High
LS Hore Fach
L7 Arvystli Hign I
51 Alan's Tube
52 ’ Circle Line 1 l
53 Circle Line
ol _ Cirele Line 3 '
Site 15 (taken as representative of the network) is read daily whilst .
the whole network is read monthly.
N.B. Preceding Jan 1970 Moel Ext was Site 44 and Moel Cynnedd 1 was I
Site 21.
|
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