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Abstract

This paper describes the Agricultural Census and the extent to which it is
available to the public for analysis and display. Particular focus fs on
the potentia® in the Tocational aspects of the information on agricultural
activity. A technique designed to improve the areal definition of ;enﬁus
data is described with reference to the various sources of 'error® in the

Jata.
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1. The Agricultural Census

The Agricultural Census 15 taken annually at the beginning of June each
year. Forms are sent to occupiers of agricultural Tand who are obliged to
answer gquestions about their holdings. A copy of the gquestionnaire form is
given in Figure 1. A similar, but not exactly identical, set of questions
is used in England and Wales. The purpose is mainly to produce national
totals of agricultural productian.

Intormation on hectares of crops reflects fairly accurately that kind of
agricultural activity throughout the year; similar information on livestock
does not. As data for estimating areal distributiaon, these data vary in
their usefulness from item to item. Crops are (relatively) immobile and
their existence at a particular point on a particular day 1s meaningful,
information being recorded at the height of the growing season. Some
Tivestock on the other hand are often highly maobile, being freguently
produced in one part of the country and reared or fattened elsewhers.
Where they all are on one day in the year is not neceszszarily a fair
retlectiogn of their disiribution at other times of the year.

2. Access to Agricultural Census [nfarmation

The inTormation provided by occupiers is confidential, am aspect which is
guarded carefully by the Department in Scotland and the Ministry in England
and Wales. It is made available to the public by summary with combined
totals for local groups of occupiers, so that individual data returns
cannot be distinguished. The smallest geographical unit, and hence the
greatest amount of geographical detail made publically available, iz the
civil parish. The Parish Summary of the Agricultural Census is a set of
aggregate ‘small area' statistics based on fnformation from groups of
occupiars whose Tand most closely identifies with the Tand of each civil
parish. The civil parish network in Scotland 1s shown in Figure 2.

The concept of the c¢ivil parish as the basic geographical umit of the
Agricultural Census is fraught with difficulty. The land of the grouped
pccupiers does not coincide neatly with the land of the civil parishes. It
may have been a reasgnable fit fn the historic past, but now it 75 a very
indiffarent fit, and from time to time, and place to place, very poor
indesd. The main cause is the amalgamationm of smaller holdings into larger
holdings and the way fn which an occupier is allowed to make one return for
4 number of associated separate holdings under his control, which return
may be grouped within a particular civil parish even though some land is
clearly elsawhere. This land may well be extensive and some distance away
from the '‘returning' parish. Regulations for answering livestock questions
4150 make allowance for some lfvestock %o be included in a parish return,
though 1t 1s located on other land elsewhere.

However, many of the errors are relatively minor in terms of distance: in
fact the 'flying' information relating to a civil parish is often not far
awdy and the "holes" within the parish are often small,. Alsg, this 1s the
most accurate locational detail that is publically available., What this
adds up to in practice is that the Parish Summary of the Agricultural
Census iz a good Tocational data sat in terms of national and regional
distribution, but may be poor in scme Tocal detail, and that at the same
time, individual items of information are variable in wsefulness.

Civil parish groupings of occupiers that Tall below a certain number (4 in
practice) are combined with those from another parish, in arder to preserve
confidentiality. With farm amalgamations ‘combined parishes’ tend to
ingrease in number over the years.




Civil parish boundaries change too, for z number of non=-agricultural
reasons, and an attempt is made to keep up to dats, year by year, by
regrouping cccupfers, This is a drawback for comparitons over time as
coundary changes are often not easily identifiable.

1. Areal Definition of the Agricultural Cansus

The areal definition of the Agricultural Census can, howeyer, be improved
without fnterfering with the confidentiality aspects and by accapting, as
it is presented, the Parish Summary of the various civil parishes
throughout the country. It may not be passible to say for certain that
particular items of the Census are in particular geographical areas, but 1%
is certainly possible to say that there are specific geographical areas
which preclude agricultural activity. Urban areas, for instance, areas of
inland watar and extensive woodlands are examples of such geoqraphical
dreas. Certain other areas preclude specific kinds of agricultural
activity and therefore certain Census ftems. There are many examples gof
these areas in Scotland because of the abundance of what can be termed
‘rough pasture’, or 'moorland".

Take, for example, one of the larger highland ciwil parishes, north of the
Great Glen. Although sheep and some cat:le may be found scattered
throughout most of the parish, the greatest amount of agricultural activity
is concentrated in one or two extremely restricted localities where
suitable land exists in a sheltered site. It would not be unreasanable ta
restrict the locatfon of much agricultural information from the Census to
these geographical areas simply by excluding it from clearly unsuitable
areas elsewhara,

4. Improved Areal Definition of the Agricultural Census

Livil parishes can be defined as groups of one kilometer squares of the
National Grid. These squares are chosen to conform as closaly as possible
“o the size and shape of the civil parish. Many parishes are dwkwardly
shaped for this exercise and do not Tend themselves to being defined by the
one kilometer grid Tines of the Mational Grid. This is especially true
when the parishes are small, but in a1l cases decitions were basad on size
rather than shape when adherence to both was impossible. This means that
within the dataset of one kilometer squares the areas of the parishes are
reasonably accurate, and the location by shape only fairly so. Information
required for this exercise was taken from the latest publiszhed
administrative maps showing the civil parishes, and subsequently modified
to ensure that this conformed to the parishes 1isted ip the Agricultural
Census Parish Summary.

The next step was to identify within each parish any cne kilometer sguares
that were of unsuitable land use in terms af attaching Agricultural Censzus
information. Three basic kinds of land were identified. Land quite
unsuftable for the location of any agricultural activity, land suitable for
certain agricultural activity associated with 'rough pasture’, and other
land generally recognised as 'agricultural land'. This data set, when
created, seemed as though it might be useful 4n a variety of other ways as
background environmental information for other than Agricultural Census
work. It was decided therefore to break down unsuitable agricultural
squares into a variety of more clearly defined categories to ensure such an
improved environmental data sat.




In Scotland, the follawing 1ist indicates the varfous categories
identified:

1) Agricultural Land
(7 land o which it is reasonabhle to attach Census items)

2] Moorland
[1e land to which it is reasonable to attach certain Census items)

3] WoodTand

4] Urban

5] Non-agricultural land - artificial
(parks, golf courses, airtields, industrial sites, some MOD land,
atec)

6] Mon=agricultural land = natural
(rock outcrops, sand dunes, mud flats, swamps, etc)

7) Inland water

Lategories 3 to 7 constitute Tand gquite unsuitable for the attachment of
Census items.

When the same exercise was carried out for England and Wales, Agricultural
land was further identified as being of Grades I and II, Grade III and
Grade IV and according to the classification used by the Ministry of
Agriculture. At the same time no attempt was made toe split non-
agricultural land into ‘artificial® or 'mnatural’ components. Land use
information was provided by the Ministry of Agriculture in England and
Wales for that exercise, but in the case of Scotland it was generated from
the latest published information available, at EUCS Data Library, and has
now become part of a Regional Research Laboratory project.

5. The Land Use Framework of 1 km Sguares

As with the sxercise in creating the land-use framework for England and
Wales, that for Scotland was based on the general structure of the National
Grid. As already noted, the basic unit was the gne kilometer square, but
major blocks of units were created relating to the 100 kilometer squares of
the National &rid. This 15 designed to facilitate the creation of any
regionda] grouping of data without being tied to areas delineated on a
largely administrative basis, and therefore more subject to historical
change. There is no direct connection with the Tayout of the civil
parishes and subsequent joint manipulation of the two data sets is on a one
kilometer grid basis. It should be strictly understoad that the guiding
principle in deciding the land use catsgory of each one kilometer square pf
the Mational Grid was whether or not it was reasonable to attach
agricultural information from the Census. An attempt was then made to
attach a reasgnable definition to the square on the basis of the land use
categories. The coarseness fin definition of the one kilometer square does
not lend itself to accurate mapping of these land-use categories. The
definition of urban areas does not give rise to too many prablems, but
woodland and inland water, which both frequentiy occur in lesser units than
aven half kilometer squarss present greater difficulties. In areas of the
country covered by frequent small occurences of such woodland or inland
water, an attempt was made to compromise by declaring certain sqguares to be
of woodland or inland water even though they were nat even half covered by
these land usa features, but simply to present a more sensible picture of a
larger area. Whereas this destraoys the potential use of the data set for




many subseguent environmental aexercises it does not invalidate the general
picture of the enviranment thus created and, most important, it does not
interfere unduly with the primary object which was the better geographical
definition of agricultural activity.

Regrouping of one kilometer sguares into 5 kilometer or 10 kilometar blocks
prasants, in many ways, 4 much more satisfactory dataset, provided that am
attempt is not made to identify the larger sguare as a single Tand wse
unit, even though in some cases this might be possible. A 10 kilometer
sguare, for instance, would include 100 different one kilometer sguares and
by adding up each Tand use category, would give a single percentage figure
for each land use in that 10 kilometar square. Bearing in mind the
tachniques described above in dealing with woodland and inland watsr
prabhlems, the resultant percentage breakdown of a 10 kilometer sguare gives
more sansible land use definition to that area. It is more realistic to
infer that a particular 10 kilometer square has 15 percent woodland Than
that a particular one kilometer square is efther all woodland or has no
woodland, To be able to do thiz was im fact the moftivation behind such
application of the technigues in the first 1nstance.

The i1lustration in Figure 3 is of a 100 kilometer square of the National
Grid showing Tand use features, [t presents a fair view of the value of
the data set.

6. Agricultural Census Redistribution - The Land Use Framework in Action

In practice, consideration is given to the summary of grouped accupier
information that has been attached to each particular civil parish. This
civil parish 15 known to comprise a number of specific one kilometar
squares of the National Grid. These same squares are also known to fall
intg the several land usze categories already described in 4 above. The
squaras can now be considered to fall into one of the ariginal three basic
categories, ones to which no agricultural ftems should be attached (‘non-
agricultural' squares), ones to which some agricultural items may be
attached (‘'moorland' squares), and the rest to which there appears no
reason why agricultural 1tems in general may not be attached
["agricultural' squares).

The items of the Census can then be treated one by ane aither far general
distribution to both ‘agricultural® squares and 'moorland’ squares or only
to "agricultural’ sguares. [T the item is one for general distribution [eg
sheep) then the appropriate number of squares ia the parish is calculated.
Then the ftem total is evenly divided amongst such sguares. [f the item is
one for more specific distributfon to 'agricultural' sguares only, then the
item total is divided avenly among these sguarses.

Two points should be made here. First of all, care had to be taken to
gensure that all parishes which were detailed as having Census informatiaon
attached (the Parish Summary), did in fact have at least one appropriate
land use square for redistribution. This was necessary because of the
general crudeness of the exercise based as it was on separate applications
of the one kilometer grid to both the c¢ivil parishes and the Tand use.
Some readjustment of the land use framework achieved this alteration.
Secondly, fn the casa of the England and Wales redistribution, it was
possibla with the data avaflable to apply 2 more complicated algarithm
involving certain Census ftems and differing grades of agriculiural Tand.
This has not been applied in practice, though.

The resultant data set was one of the redistributed Cansus items attached
to certain chosan one kilometers of the National Grid, with the remaining
one kilometer squares still identifiable by their land use definition.
Consideration can now be given to the meaningfulness of this data.




7. lUse aof the Kilameter Grid Data

Many users of the Parish Summary data frequently expressed dissatisfaction
with the civil parish as an areal unit. The many different sizes and
shapes of parishes, often related to regional characteristics, were felt to
be unhelpful when distributfon patterns of agricultural activity were being
examined. The questicn "where are most cereals grown?" produced lists of
large parishes rather than the answer required. Changing the guestion to
ratios in areas produced a better result, but in the process last Che
infarmation on absolute numhers. A parish with a percentage value of 75
for cereals in relation to arable land may have achieved this relatively
high figure because of a particularly small area of arable land and may not
indicate a great amount of cereals.

Many users of Agricultural Census data were interestad in the areal
distributions of totals of crops and livestock. The Mational Radiological
Protection Board and the Central Electricity Generating Board, for example,
were both interested in how the patterns of various kinds of food
production related to patterns of atmospheric radiation levels. Computer
models were developed to overlay the two patterns to estimate the extant of
association, on the basis of commgn unit areas. The National Grid pravides
a useful metric for this and can accommodate different levels of accuracy,
from one metre squares or less to 100 kilometer sguares or greater.
Commercial and industrial concerns are interested in the location af
totals, to help improve the deployment of sales staff. Others are
interested in environmental pollution by application of fertilisars,
insecticides, herbicides, etc te agricultural crops. If users are
interested in computer modelling, and this 1s an increasing interest, then
the Agricultural Census related to the National Grid is of immense value.

This brings us to the question of the validity of the data, and this iz a
most important factor. The coarseness of the one kilometer grid sguare
does not permit the accurate redistribution of Census itams from the Parish
Summary to their correct location. Squares described as agricultural,
urban, woodland and so on are frequently not wholly and completely so. The
Census items are allocated ta the Teast inappropriate sguares rather than
the most appropriate squares. Also, at the point of data collection, the
Census items are not always accurately related to the original civil parish
from which they were redistributed. Moreaver, .information on this
inaccuracy fs not readily available.

Mavertheless, the Parish total for any particular Census item, has Deen
retained in the distribution process. For example, the total number of
hectarss of barley, adding together the various one kilometer sguare
values, corresponds exactly to the total hectares of barley from the
original Parish Summary. MNone has been lost or gained even though hundreds
of thousands of hectares were involved, using double length arithmetic in
the redistribution process.

The one kilometer data set then has the correct number of hectares of
barlsy in total, but is most unlikely to have the correct value in each
individual sguare. The sguares to which they are attached are the most
realistic ones in terms of general land use.

It is 1ikely that the Tacational errors are not gross, although this may
not he sa with some Tivestock items. Two methods are used to deal with
locational errors. One is to use a moving average technigue, whereby the
value of a Cansus item in a sguare is replaced by the mean of iftself and
the surrounding squares. An algerithm exists to do this, up to and
ineluding calculated means from a major grouping of L1 x 11 kilometer
sguares. This technique has been 1ittle used in practice, partly because




it is expensive in computer time and space, and partly because although it
may correct some errors, it does compound others.

The more general approach is simply to produce data at higher lavels of
aggregation, adding up the various one kilometer sguares into blocks of 5 x
5 or 10 x 10 kflometer sguares. The 5 or 10 kilometer square data sat has
greater ‘ground truth’. Clearly, these datasests are very much smaller and
more easily managed. The appropriats Tevel af such blocking depends on the
demands of the usar.

This grouping of sguares need not be by blocking: any tachnigues usad in
mode11ing that produce grouped totals would impraove the validity of the
data set.

Bearing all this in mind, and recalling that certain Census items have
dubious Tecational value on a one day in the year hasis, care should always
be taken in making use of the data whatever form it is in. Expert advice
on Agricultural Census validity should always be sought by users who have
doubts.

Census items attached to, say, a § kilometer square block do not have the
same misleading impTications of locational accuracy as the same Census
items detailed within the intricate boundaries of a civil parish. Users of
agricultural data are awars that it does not exist in such square units on
the ground and are mere Tikely to examine its validity in a grid data set
than they might be in its civil parish guise.

Square grid data is fairly simpie to map using a raster type program such
as CAMAP, An fnteractive program especially designed to deal with the
Agricultural Census in its grid form, czlled GRIDMAP, has been develaped by
EUCS Data Library, again as part of a Regional Research Laboratory project,
Qutput from this program is te a laser printer which prints a variety of
special symbols in addition to the normal set on a square grid. Examples
af this output are shown in Figures 4 to 7. There are two kinds of output,
gng designed to provide reasonably detailed value information of the
particular item of data in what has been called a 'study map'. The other
is designed to highlight patterns of data distribution using shading
symbolism and referred to as a 'display map'. Figures 4 and 5 are of study
maps and 6 and 7 i1lustrate display maps of the same subject. Details of
GRIDMAP are given fn a separate publication.

H. The Future

To introduce a greater level of accuracy into the Agricultural Census data
sets, whether Parish Summary or Natignal Grid, it seems clear that in
Tocational terms it fs the collection system that 7s open to the most
useful improvements. It seems most unlikely that confidentiality
restrictions will ever be completely removed from the Agricultural Census,
which means that any improvements must be with this in mind. Either the
same civil parish system can be continued, with an increased level of
accuracy in locational recording or a new system could be introduced, tied
ta the National Grid.

Improving the civ1l parish systam means trying as far as possible to ensurs
that the agricultural grouping of occupiers conforms as closely as possible
to the area within the c¢ivil parish boundary. Occupiers should not be
permitted to make blanket returns involving Tand outwith 1ts parish unless
1t forms part of a holding, the bulk of which is within the parish and
under their control. In a National Grid system, the choice of a basic unit
could be made, say a 5 x 5 kilometer square. A summary could be made of
occupiers returas, where the bulk of the land of the holdings was within a
particular 5 x § kilometer square. I[f the critical Tevel of number of



occupiers was not reached, and confidentiality of returns needed to be
preserved, then the square size could be increasad to 10 x 10 or even 10 x
& could be used, comprising as it does two 5 x 5 squares. In all cases,
holding information should be returned within the chosen size sguars whiech
included the bulk of their areas. Special arrangements may be required for
extra large holdings or esiates.

Mot much can be achieved with improvement to livestock information other
than by asking additiemal questions or carrying out an additional Census,
soth of thess suggestions being expensive.

Neverthalass, much can be done with 1ittla extra affort, and if the
locational aspects of the Census are as impoertant as many usars seem To
believe, then 1t would seem sensible that it should be done.
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Winter Barley in Grampian Region
Hectares in 100s by 10km sguares
from the Agricuitural Census for Scotland, 1286
Edinburgh University and Crown Copyright reserved, 1388

ragalutian = 10,03 &m

scal ing facior & 100 mecTarss
2= r= 10000 heciaceas

- & 103 hact=aras
soAcE = o

- = ma dETa

locacion of mag: O0ZEGCY0Q ta J4200BEO

S e e
e e = - -
" T 7 3 3 4 4 T 1 ¥ 1 TT—
R Tl [ ISR | i 3 & § & 9§ F ="
1 - = - TR o T TS s [y
- e & = 1 %5 F @17 T 4 + TV
. R R X e D
vow sl 2 2 &3 T
= = = 1 7 = 8 3 *
o SN e [ o, e i
B e s e v Goma -
e e T I
SRR N e B B e s
Rl o X AN e T
= + = 3 3 &4 3 A 3F = e =
= w o= 2T 1 3 3 3 + - B
= e B 8 A e —
e at oo AL SATR WS e - amemiot
* = - e e

o e e e . 50 8 S S N B P e e e

Figure b




SN D e .-

et b ko Sl

. e

Numbers in 1000s by 10km squares
from the Agricuitural Caensus for Scotland, 1586
Edinburgh University and Crown Copyright reserved, 1388
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Haciaras OY aErm SqQuaries

from the Agricuitural Cansus for Scotland, 1988
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Sheep in Scotland

by 10km squares _

from the Agricuitural Census for Scodand, 1986
Edinburgh University and Crown Copyright reserved, 1988
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The following diagram illustrates some of the probiems inheérent in the Agricultural
Census data,

Figure 2.1
Limitations
of
Parish Agricultural Statistics rply s
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