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Abstract 
Historical maps and documents, such as census returns, estate plans, tithe maps, rent rolls and court  rolls, 
have traditionally provided fundamental data sources for historians. This paper concentrates on the 
integration of  environmental data with such historical sources and their subsequent analysis using a GIS. 
It demonstrates that the scale and range of  enquiries that are made possible by such a methodology 
increases with the application o f  the new tools that GIS provides. Although the study concludes by 
suggesting that the application of  GIS is not itself unproblematic, it argues that the work presented does 
illustrate the potential value o f  GIS in offering a new dimension to agricultural history research. 

I 
N THEORY, a geographical information 
system (GIS) offers a simple and exploit- 
able set of  analytical tools that provides 

archaeologists and historians with the 
opportunity to advance the study of past 
societies in relation to their cultural and 
physical environments.' It has the capacity 
to interrelate and integrate spatially refer- 
enced data as map overlays and to facilitate 
the description, manipulation and analysis 
of these maps and the creation of new data 
as new map overlays. This paper aims to 
explore its potential through the analysis 
of landownership as a factor in mid- 
nineteenth centu W agricultural productiv- 
ity at Newport, Pembrokeshire. A tithe 
map lies at the heart of the analysis, and it 
is the integration of this source with topo- 
graphical data supplied by the Ordnance 
Survey that demonstrates the integrative 

*The audmrs wish to  thank the following for their kind assistance 
during the production of this paper: Professor Kelvyn Jones and 
Dr Myles Gould for help with the multilevel modelling; Cordula 
Bietzker, Paul Carter, Rut Gahneier, Karen Parsons, and lt.osemary 
Shearer for the production of maps. 

' S H Savage, 'GIS in archaeolo~eal research', in K M S Allen, S W 
Green, and E B W Zubrow, eds, hnerlm'title. Spaa~: GIS and 
Arehaeolow, x99o, pp 22-32. 
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capabilities of  GIS software. Analysis of  the 
results is performed using multi-level mod- 
elling, a statistical technique that offers 
enormous potential for future studies of 
similar nature. 

There is no universally accepted defi- 
nition of GIS. It is most commonly used 
as a collective tenn for a suite of  individual 
components or modules that car W out a 
variety of functions on spatial data. Clearly, 
definitions depend on tile context within 
which a GIS is operating. Inevitably, one 
has to qualify the definition of GIS accord- 
ing to the unique hardware and software 
capabilities available to the study. For the 
purposes of  this study we can view the 
GIS as an agglomeration of components 
including a single GIS package (sensu stricto) 
coupled to statistical and cartographic capa- 
bilities brought together under the loose 
heading of GIS (sensu lato). 

The main software requirements were 
met by Environmental Systems 1Research 
Institute's (ESIKI) A R C / I N F O  as it pos- 
sesses sufficient data input, digitizing, edit- 
ing and analysis capabilities for the initial 
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Compone,lts of tile geographical information system, sensu lato and scus,t stricto. 
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map production and explorato U analysis. 
ARC/ INFO is one of the most widely 
used systems in the world, being ubiquitous 
in higher educational establishments, and 
lay at the heart of most linking components 
tl~at made up a larger 'system' used for 
the purposes of this study. The GIS (sensu 
lato) was fomled by 'loose coupling' 
AR, C/ INFO and the packages used for 
data capture and processing, statistical 
analysis, nmlti-level modelling and carto- 
graphic design (Fig 0. The final database 
consists of a set of layers that includes tithe, 
soil, topographic and census data (Fig 2). 

The parish of Newport represents 
Pembrokeshire in microcosm. It is a small 
coastal village with a sandy beach situated 
midway between Cardigan and Fishguard. 
Though located in the heart of the Welsh- 

Slope 1 ZJ°s°a'  
Soil Survey 

Distance to market 

Census 1841 

Tithe Survey 

F I G U R E  2 

Layers within the database. Each layer can be handled 
separately or combined with other layers. 
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speaking area of north Pembrokeshire, the 
village's roots are Norman. Mynydd Cam 
Ingli, with its formidable hill fort, com- 
mands a central position within the parish 
and indeed appears to have been at the hub 
of  human activity in the area for at least 
2500 years. ~ An open field system of farm- 
ing was established with Mynydd Cam 
Ingli remaining an important element, pro- 
viding communal grazing and a source 
of fuel for a section of the population. 
Newport  thus offers an engaging history 
and a stimulating location for the researcher 
keen to study the interaction of  society, 
nature and place fi'om prehistory to the 
present day. 

I 
Tithe maps are an important source for the 
agricultural historian and have claims to be 
regarded as the most comprehensive record 
of the agrarian landscape of any period. 
Several authors provide a comprehensive 
description and analysis of  tithe maps as a 
data source. 3 Detailed treatment of tithe 
maps as a data source is therefore not 
necessary here. However, some consider- 
ation of the tithe survey of  Newport  and 
its likely accuracy is appropriate. 

There is nothing unusual about the tithe 
survey of Newport. The rent-charge was 
awarded by the commission and then 
apportioned field-by-field and a large-scale 
map and apportionment roll prepared. The 
maps were made with sufficient accuracy 
to enable the parties to identify the lands 
which were subject to rent-charge. 4 The 

~These findings arc discussed in detail by A W Pearson, 'Cam lngli 
circa JsooBC to AI)1845: the application of Geographical 
Information Systems to the study of settlement development at 
Newport, Pembrokeshire', unpublished Univcrsi W of Portsmouth 
l~hl) thesis, ~996. 

31t. J p Kain and H C Prince, The 77the S.n,e),s of Englattd and 
H/ales, 1985; E J Evans, 77thes: Maps, Apportiomnents attd the t836 
Aa, Chichester, t993; H C Prince, 'The tithe surveys of the mid- 
nineteenth century', AHR, 7, 1959, pp 14-26; and H M E Holt, 
'Assistant commissioners and local agents: their role in tithe commu- 
tation', AHR, 32, I984, pp I89-2oo. 

4 BPP, t837, VI, Rt, portfiom the Select Committee on S.nz}, qfParishes 
(Tithe Comlnlltation Act) u4th mimttes of elJidence. 
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absence of the tithe commissioner's seal 
identifies the map as a second-class tithe 
map. s It was colrnnon practice to compile 
this class of map fiom existing sources such 
as estate plans or parish maps. We must, 
therefore, be wary of using the tithe map 
for any other purpose than for reference. 

Scrutiny of the tithe file that 
accompanies the map and apportionment 
confirms that the implementation of the 
Tithe Commutation Act followed the 
guidelines as laid down by the commission. 
The files provide some reassuring evidence 
that the survey was carried out by local 
people who were familiar with the farming 
practices of the area. Henry Phelps Goode, 
the tithe surveyor and valuer, was conscious 
of the variable quality of  the land and 
concerned that this be reflected in the 
global tithe rent-charge. We can only 
assume that similar sensitivity is shown in 
his apportionment of the tithe rent-charge 
on a field-by-field basis. We must accept, 
however, that any analysis of the state of 
cultivation and the productivity of the land 
as indicated by the tithe rent-charge must 
ultimately rest on this assumption. The 
surveyor and valuer were primarily con- 
cerned with the survey and allocation of  
rent-charges within the parish. It is unlikely 
that they contemplated the information 
fi'ona a geographical point of  view. Many 
of  the maps in this paper, derived fi'om the 
tithe data, are in a form that the smweyor 
never saw himself. When we consider the 
pattern of rural settlement as revealed by 
the tithe smweys, we should be mindful 
that they were never intended to support 
such analysis. 

II 
The tithe map and accompanying 
apportionment offer a source that is corn- 

An unexpected error appears in the declaration on the tithe map: 
'We the undersigned Tithe Commissioners for England and Wales 
do hereby certify this to be the map or plan referred to in the 
apportionment.., in the Parish of" Newport in the County of" 
R.adnor' (PR.O, IR. 30 54/xoo): right parish, wrong county! 

L 
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patible with the vector GIS model. As the 
tithe map consists of field boundaries with 
unique field numbers that relate to the 
same field numbers contained within the 
apportionment, GIS offers the possibility 
of simply linking the two elements and 
enabling the display of the apportionment 
data. Taken further, the tithe map can form 
the spatial and temporal anchor point to 
which other data sources, such as the census 
and topographic data, can be added. 

Preliminary investigations of the tithe 
map and current Ordnance Survey maps 
showed that the field boundaries had 
changed little between 1845 and the present 
day. As a result, the latest Ordnance Survey 
~:IO,OOO scale maps were selected as the 
most suitable base map to digitize. The 
relative high accuracy of the positions of 
field boundaries and the convenience of 
being able to use the National Grid 
were advantages that far outweighed any 
thoughts of digitizing the photocopied 
reproductions of the tithe map provided 
by the National Library of Wales. All spatial 
data could be recorded using the same 
co-ordinate system for the sake of consist- 
ency and compatibility. However, it nmst 
be underlined that the digital tithe map is 
not a 'true' representation of the original 
document. 

Field boundaries on the I :IO,OOO 
Ordnance Survey 1naps were input using 
AR.C/INFO digitizing module and a pen 
plot produced on fihn to the same scale as 
the tithe map. Editing of the plot to match 
the tithe map was carried out using simple 
graphical techniques. The apportiomnent 
infornaation on owner, occupant, field 
name, state of cultivation, acreage and tithe 
rent-charge were entered into a spreadsheet 
during the map production phase. 

One of the immediate benefits of having 
the tithe data in a GIS is the ability to 
display the data. Varying the classification 
intervals, colour sequences and adjusting 
scale are no longer time consuming and 
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error prone tasks. Information on the 'state 
of cultivation', tithe rent-charge and land 
tenure can be displayed very effectively. 

Figure 3 therefore provides a very clear 
though not necessarily reliable picture of 
the distribution and pattern of agricultural 
land use as classified in the 'state of culti- 
vation' column in the apportionment. A 
summary of statistics is provided in Table I 
for the main cultivation types as contained 
within the apportionment. Examination of 
the land use is made difficult by the broad 
definitions of land use given by the com- 
mission to the tithe surveyors and also the 
subsequent variations in their interpretation 
of them. What constitutes 'arable' or 'pas- 
ture' varied from place to place and differs 
fiom modern interpretations. As Kain and 
Prince warn, 'Although what tithe valuers 
recorded as arable may not have been what 
modern surveyors would record as arable, 
we may be fairly sure that it was what local 
contemporaries would have understood 
by the term'. 6 According to the com- 
missioners, those lands that were ploughed 
within the previous three years for crops 
or fallow were to be classed as arable. 
Those lands not ploughed were to be 
classed as grass. Kain and Prince provide 
substantial evidence of potential pitfalls in 
interpreting arable land use, particularly in 
the west of England and Wales. Here, long- 
ley pastures are often classed as arable. 
They indicate I6 different definitions 
adopted by William Hoskins, an assistant 
tithe commissioner for Pembrokeshire, 
used to describe long-leys in Pembroke- 
shire. As a result significant tracts of land 
are classed as arable even though they may 
be ploughed only once in Io years. What 
constitutes 'pasture' or 'arable' is therefore 
not unequivocal. The distinction between 
perrnanent grassland and rotation grasses is 
also not clear-cut. This varied from sur- 
veyor to surveyor. These deficiencies must 

~' Kain and Prince, 77the SunJeys, p. 14o. 
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be borne in mind when we consider the 
land use map. 

The most striking feature of the map is 
the large tract of common land that pro- 
vided grazing for the commoners of the 
parish. The vast majority of the common 
land is contained within the area known as 
Cam Ingli Common at the centre of the 
parish. Given its central location and sheer 
size, the common would have been an 
important feature of the agricultural prac- 
tices of the parish. 

III 
The possibility that the tithe rent-charge 
might be used as an indicator of agricultural 
productivity was considered by Chiplen 
m his study of the rural landscape of 
Blackmore Vale in Dorset. 7 He suggested 
that the variations in tithe rent-charges 
appear to be very closely related to soil 
fertility and detailed maps on a field-by- 

K F J Chiplen, 'The rural landscape of tile Blackmore Vale circa 
184o', unpublished University of Exeter MA thesis, 1969. 
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TABLE i 
Summary statistics for selected land use 

types 

Larld use type Fields Acreage Percentage 
larzd use 

Arable 496 797.75 I7.32 
C o m m o n  7 1223.74 26.57 
Cottage 3o 28.69 0.62 
Furze 19 45.03 o.98 
Garden 21 4.16 0.09 
House  to9 64.4o 1.4o 
Meadow 89 2IO.57 4.57 
Moory  pasture 5I 202.20 4.39 
Pasture 474 1117.57 24.26 
Pasture/furze 23 3o9.61 6.72 
W o o d  12 84.36 1.83 

field basis showing rent-charge nfight prove 
a useful exercise and indicate areal differ- 
ences. Subsequent research has tended to 
concentrate on the use of the tithe file data 
in order to &termine the broad pattern of 
agricultural productivity at the county 
scale. Gambler assessed the value of using 
the tithe rent-charge as a measurement of 
agricultural production using Dorset as her 
case study area. 8 Tithe data is viewed as 
particularly significant as there are few 
other sources for measuring agricultural 
production before I866. 

The overarching assumption is that the 
apportionment of the tithe rent-charge 
varied according to the productivity of the 
land. As there is no contemporary evidence 
to corroborate the tithe rent-charge, it is 
difficult to prove that this was in fact the 
case. However, there is sufficient anecdotal 
evidence fi'om the tithe file for Newport 
and tithe files examined elsewhere by 
Gambler that productivity was a very 
important factor in affecting the rent- 
charge levels. At Newport, the assistant 

sJ 1< Gambler, 'Tithes, tithe commutation and agricultural improve- 
merit: a case study of Dorset c 17oo-t 85o', tmpublished University 
of Exeter Phi) thesis, ~99o; and J P. Baker (formcrl), Gambler), 
'Tithe rent-charge and tile measurement of agricultural production 
in mid-nineteenth century England and Wales', AHR, 4t, 1993, 
Pp t69-75. 
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tithe commissioner and several valuers 
make reference to the varying state of 
cultivation within the parish, most notably 
the poor state of cultivation on land 
recently enclosed from the common. 
Reference is also made to the poor con- 
dition of the roads and that this should be 
taken into account in the assistant com- 
missioner's calculations of the tithe rent- 
charge. However, though these variations 
in the quality of the land were noted during 
the deliberations on the global tithe rent- 
charge for the parish, we have to assume 
that the apportioning of the rent-charge to 
individual fields was conducted with similar 
consideration for variations in land quality. 
Mistakes by apportioners did occur as the 
apportioners and valuers were working 
sometimes under extreme pressure. 9 

A map of the tithe rent-charge per acre 
is provided in Figure 4. The areas recorded 
in the tithe apportionment have been used 
for the calculation of the rent-charge per 
acre. The pattern of rent-charge does 
confirm at least that the apportionment 
of rent-charge was not random. The 
cmnmon, where no tithe was levied, is 
clearly distinguishable at the centre of the 
parish. In addition, the map clearly shows 
a marked decay in rent-charge per acre 
with increasing distance from Newport. 
The decline is sharpest to the south of the 
settlement and more gradual from east to 
west. Pockets of higher rent-charge are 
evident towards the western edge of the 
parish and to the south of the common 
where the small settlements are all isolated 
fi'om Newport. 

Figure 5 shows the rent-charge for arable 
and pasture land for samples taken every 
1oo m along a transect from the western 
edge of the parish to the town of Newport 
running parallel to the main Newport to 
Fishguard road. Each sample consists of the 
average rent-charge for pasture and arable 

'~ Evans, Tithes: Maps, .dl~l, ortionlnents, p 23. 
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land use categories for an area I OO by 
500 m. It clearly shows that both arable 
and pastoral land uses at least double in 
tithe from west to east towards Newport. 
At this stage it is tempting to suppose that 
this trend of distance decay is largely deter- 
mined by the distance of fields from the 
labour supply and market provided by 
Newport. However, such an assumption 
does not take into account environmental 
and cultural factors. 

IV 
Landowners typically include a wide range 
of people from the landed proprietors to 

yeomen or freeholders with farms to let or 
farmers occupying their own Farms. By the 
time of the tithe survey of Newport the 
vast majority of the land was owned by a 
few individuals (Figs 6, 7a and 7b, and 
Table 2). The apportiomnent lists 73 land- 
owners, but the majority of the land (93 
per cent) is in the hands of only I3 owners. 

We are fortunate that the histories of 
the two important families in this part 
of" Wales, the Lloyds of Bronwydd and 
the Bowens of Llwyngwair, are well 
documented. '° Both Thomas Lloyd and 

'° P B Morgml, 'Bronwydd and Sir Thomas Lloyd', Nat Lib H/ah'.¢ 
Jour, --'3, z98J, pp 377-405; F Jones, 'Bowen of Pentre lfan and 
LlwynDvair', Pembrokeshire Hist, 6, 1979, pP --'5-57. 
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TABLE 2 
N u m b e r  o f  fields, total ac reage  and pe rcen tage  o f  land o w n e d  by  those o w n i n g  m o r e  than  

I per  cent  

Ozmwr Fields A crease Percentage 

Common (Thomas Lloyd) 8 1223 26.5 
George Bowen 445 x 259 27.3 
Thomas Lloyd 372,. 335 7.3 
Esther Bowen 74 249 5.4 
R.evd Daniel Davies 29 239 5.I 
Lady Mathias 47 [ 85 4.0 
lLevd Peter ILichardson 24 154 3.3 
David Hughes 39 15 r 3.2 
ILichard Lobant 42 143 3.I 
William Harries 65 8 ~ 1.8 
Benjamin Evans 41 77 1.7 
Trustees of'Llangloffan Chapel 23 76 1.7 
Revd Llew Lloyd Thomas 3t 54 1.2 
William Morgan 29 53 1.2 
Others 331 327 7.I 

Total x569 46o6 
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FIGURE 6 
Landownership as ,ecorded in the tithe survey. 

George Bowen were reputed to be active 
promoters of  new agricultural practices. 
George Bowen has been described as one 
of the leading agricultural improvers in the 
last quarter of the eighteenth century." He 
was well known as an improving landlord 
and particularly keen to introduce fertilisers 

" 13 W Howell, 'The economy, ~66o-1793', in B E Howells, ed, 
PeMJrokeshirc County History; l/ohune llh Early Modem 
Pembrokeshire, Haverfordwest, 1987, pp "99-332. 

and experiment with the use of seaweed 
for enriching the soil. He acquired a special 
machine for grinding bones into powder 
which he added to seaweed and marl and 
spread this mixture over the fields 'with 
most beneficial results'.'-" 

Some insight into the mentality of the 
more typical Pembrokeshire farmer is pro- 

*-'Jm:es, 'l]owen of Pentre lfin', p 52.. 
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A. Percentage of total rent-charge per landowner, B. Percentage of land owned per landowner. 

vided by an illuminating description by Sir 
Charles Hassall in I794. He writes on the 
rotation of crops: 
He sows as his own sagacity and caprice dictates, 
and generally turns his fields out of  tillage when he 
finds by sorrowful experience it will not return him 
crop enough to pay his expenses. Sometimes he 
begins with a fallow, then limed and dunged, for 

wheat. 
barley. 
oats, or barley. 
barley again, or oates. 
oats 
oats 

and ends in weeds and disappointment."* 

Furthermore, Hassall describes the Welsh 
plough and is certainly not impressed: 
this is intended to turn the furrow, which it some- 
times performs, sometimes not; so that a field 
ploughed with this machine, looks as if a drove o f  
swine had been moiling in it. '4 

One can sense a certain amount of 
fiustration on the part of Hassall with the 
prejudice that pmwaded the Pembrokeshire 
farmers against anything new and particu- 
larly against adopting English fashions lest 
their neighbours laugh at them. Though 
the farmers were aware of new techniques 

u Sir Charles HassalI, General View of Agffcuhure in the County of 
Pembroke u,ith Obsen~ati,ms on the Means of its hnprol,emeat. Drawn 
up .for the G,nsideration of the B,,m'd of Agriculture attd Internal 
hnproIJenlent, 1794, p t6. 

,4 lbid, p 18. 

of improving the soil, very few actually 
implemented them. There are strong 
grounds perhaps to condemn the conselwa- 
tire nature of the mid-nineteenth century 
Welsh farmer who was deeply suspicious 
of innovation. However, the climate and 
soil conditions generally operated against 
the growing of heavy root crops in western 
Wales. Moreover, many small farms were 
semi-subsistence by nature and the intro- 
duction of a basic four-course rotation 
would reduce by half the amount of arable 
land devoted to the production of directly 
consumable food. The high cost of growing 
turnips and the won'y of the crop being 
destroyed by turnip fly further discouraged 
its introduction. 's Some idea of the soil 
conditions faced by the farmers at Newport 
is provided by John Johnes, the assistant 
tithe commissioner, in his letter to the 
Tithe Comnaission on 2 February I844. 
Enclosures fringing the common were 
described as: 
very small, that boulders are now to be seen in 
many instances through the corn, that they grow 
potatoes, barley-oats generally, that oats are put in 
as a first crop sometimes, they manure for potatoes 
or peat and burn, that the cultivation is chiefly 

'~P, J Colyer, 'Crop husbandry in Wales before the onset of 
mechanization', Folkl~', 21, 1983, pp 49-7o. 



172 
m a n u a l  o n  t h e  c o m m o n  o n  a c c o u n t  of" t h e  l a rge  
s t ones .  '6 

Newport provides a fascinating contrast 
in terms of its physical characteristics and 
geographical location to those areas of 
eastern England noted for agricultural 
improvements. Theoretically, if  there were 
areas that lagged behind in terms of agricul- 
tural improvement then the parish of 
Newport would be one of them. It is 
geographically remote from major urban 
centres and has an average altitude of 97 m 
(3r8 ft), with some 41 per cent of the 
parish above 2oo m. It has a mild but wet 
climate. The soils are predominantly acidic 
due to the high rainfall and acid parent 

.rock making the seaborne limestone, 
burned locally, important. The agricultural 
potential of the land is further restricted by 
frequently strong salt-laden winds blowing 
in from Cardigan Bay. 

Though the agricultural revolution may 
not have had the same effect in south-west 
Wales as it did in England, some of the 
landlords did attempt to make improve- 
ments by land consolidation, promotion 
of turnpike trusts and enclosing wastes. 
Employing better fanning techniques on 
the home farm and the support of agricul- 
tural societies were attempts to encourage 
emulation anaongst tenants and other 
neighbouring farnaers. If this was the case 
it is interesting to examine whether we 
can detect any variation between holdings 
in ternas of their agricultural productivity 
when all available physical constraints are 
equal. Theoretically, land of similar poten- 
tial should not vary significantly in tithe 
rent-charge fi'om landowner to landowner 
or occupant to occupant if the same agri- 
cultural practices were being carried out. 
Conversely, if there are variations in rent- 
charge, can we interpret these variations as 
due to variations in farnfing practices? If 
we compare data for agricultural land 
within the parish we may gauge the relative 

'~ PRO, 11L18/147o7. 
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influence of owners and occupants by 
building a multilevel model. Prior to this 
we need to integrate topographical infor- 
mation within the data set in order to take 
into account factors such altitude and slope. 

V 
Ordnance Survey provided the necessary 
altitude data. This data consisted of a grid 
of height points at an interval of 50 m for 
an overall area ofIo  x IO kms. The altitude, 
slope and aspect values were calculated and 
then averaged for each field. Clearly, the 
method of integrating the height data had 
introduced a variable amount of generaliz- 
ation for each of these variables that 
depended on the size and topographical 
characteristics of the field. Nevertheless, 
Nven that the tithe data (ie, state of culti- 
vation and tithe rent-charge) were also 
generalized observations, it was felt that 
such a smoothing in the data was compat- 
ible with the tithe data and the aims of the 
analysis. 

Given the apparent distance decay of 
the tithe rent-charge fi'om Newport the 
Euclidean distance fiom the centre of each 
field to Newport was calculated using 
AR.C/INFO. Other data sets were added 
to the database. The final data set includes 
both the soil survey data for the area and 
the Census Returns for ~841. '7 

VI 
The need to recognize hierarclaical data 
structures where they exist has been the 
main catalyst in the development of multi- 
level modelling. In the past it would have 
been necessary to decide whether to carry 
out statistical analysis at the level of the 
owner or at the occupant or field level. 
In the case of the tithe data, ordinary 
regression analysis would require that mean 

'TThe soil data and census returns, though part of the GIS, were 
not used in tile final statistical analysis in this instance. 
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values would be calculated for each land- 
owner and environmental factor. Ordinary 
regression would be carried out to estimate 
the relationship between mean landowner 
productivity and mean environmental con- 
ditions relating to each landowner's area. 
Any interpretation of the results cannot 
take into account the individual occupants 
and the variations between individual fields. 
In a field-level analysis an average relation- 
ship between tithe rent-charges would nor- 
really be estimated using data for all 1568 
fields and the variation between landowners 
would be modelled by using separate terms 
for each landowner. Such a procedure is 
inefficient, and inadequate for the purpose 
of generalization. Conventional multiple 
regression is viewed as inefficient as it 
involves estimating many more coefficients 
than the multilevel procedure and does not 
recognize that the landowner's fields are a 
random sample and provides no infor- 
mation about the variation in the under- 
lying population of occupants. 

School education can be used as an 
appropriate example of a population with 
a multilevel structure. The education 
system has a typical hierarchical structure 
with pupils learning in classes, classes being 
taught within schools and schools being 
administered by education authorities or 
school boards. Such a system fits a multi- 
level structure with pupils assigned to level 
I, classes to level 2, schools to level 3 and 
authorities to level 4. Units within one 
level are viewed as being nested within 
units at the next highest level. Each of 
these levels may be a factor in determining 
the performance of a child. We would 
assume that it is at the level of  the individual 
pupil that most of the variation can be 
explained and that the impact of the other 
levels will decrease as one goes up the 
hierarchy. Multilevel analysis would give 
us an indication of the statistical significance 
of each level on the performance of the 
child. Similarly, taking our tithe s~arvey, 
the level-I units can be viewed as individ- 

Ideal Model 

Actual Model 

/+t+,  T U.T__ 

Owners - Level 3 
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Occupants - Level 2 

Fields - Level 1 

HGURE 8 

Ideal, actual and cross-classified multilevel models. Note 
that the ideal model differs from the actual model in 

that occupants are not perfectly nested within owners. 
Some occupants rent land from more than one 

landowner thus making the cross-classified 
model appropriate. 

ual fields that nest into two sets of  overlap- 
ping level-2 units, that is occupants and 
owners, forming what is known as cross- 
classified multilevel structure as demon-  
strated in the following analysis (Fig 8). '8 
If we are to measure agricultural pro- 
ductivity as indicated by the tithe rent- 
charge per acre we have to examine how 
this structure affects the measurement of  
interest. Theoretically, if landownership 
affects the level of  productivity, then tithe 
rent-charges should vary between land- 
owners. This means that occupants of  land 
owned by the same landowner should be 

'"H Goldstein, 'Multilevel cross-classified models', Sociol Methods 
and Research, aa, t994, pp364-75; idem, MItltilevel Statistical 
ModeL<, 1995. 

Cross-classified Model 
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TABLE 3 
Results of" multilevel analysis 

Model I Model 2 Model 3 
Estimate Estimate Estinlate 

(sta,~dard er,'or) (standard en'or) (standard error) 

Fixed Terms 
Constant 1.72 1.73 1.75 
Logged acres -- o.24(o.oi) - -  O . 2 6 ( O . O 1 )  - -  0.26(0.02) 
Height -o.oo2(o.ooo)* - o.oo2(o.ooo)* - o.oo2(o.ooo)* 
Slope -o.oo7(o.ooi) - o.oo5(o.oo~) -o.oo6(o.ooi) 
Distance o.oooo3(o.ooo)* o.oooo4(o.ooo)* 0.ooo04(o.ooo)* 
Mixed arable -o.o6(o.o3) - o.o6(o.o3) -o.o6(o.o3) 
Buildings o. 11 (0.02) o. I o(o.oz) o. 11 (o.o2) 
Other land use - o. 1 o(o.o3) - o. 1 o(o.o3) - o. ~ 2(o.o3) 
Clover o.o2(0.o5) o.o2(o.o5) o.o2(o.o5) 
Furze -- o.47 (o.o4) -- o.48 (o.o4) -- o.46(o.o5) 
Meadow o. 18(0.02) o. 18(0.02) o. I7(o.o2) 
Moor ~ o,26(o.o3) -- 0.24(0.03) -- 0.23 (0.03) 
Pas tu re  - - o . o 3 ( o . m )  - - 0 . 0 4 ( 0 . 0 0  - - 0 . 0 5 ( 0 . 0 0  

• Mixed pasture -o.24(0.o5) -0.28(0.05) -0.29(0.05) 

P,.andom Temas 
Level I: Field 
Variance: constant o.o34(o.oo I) o.o4(o.oo I) o.o34(o.oo2) 
Level 2: Occupants 
Variance: constant o.oo8(o.oo2) n/a 0.005(0.002) 
Level 2: Owners 
Variance: constant n/a 0.0o5(o.0o2) 0.004(0.0o2) 

* l)enotes a standard error estimated to less than three decimal places. 

more  alike, on  average, than occupants  o f  
o ther  owners '  land. A key aim o f  this part 
o f  the analysis is to de termine  whe the r  
certain landowners are more  effective than 
others in p r o m o t i n g  agricultural p ro-  
ductivity,  taking into account  variations in 
the envi ronmenta l  condit ions o f  the land. 

The  results o f  nmlti level analyses were  
est imated using the Mln software pack-  
age)  9 Table 3 provides summa W statistics 
for the model .  Mode l  I is a two-level  
mode l  where  fields (level I) are nested 
wi th in  occupants  (level 2), whereas fields 
are nested wi th in  owners  (level 2) in Mode l  
2. Both  models  include a n u m b e r  o f  pre-  
dictors ( logged acreage, height,  slope, dis- 
tance f rom N e w p o r t  and land uses) in an 
a t tempt  to explain the logged ti the rent-  
charge as used for exploratory single-level 

'~J lkasbash and G Woodhouse, MIn Commond Reference - P'ersion 
1.o, London, 1995. 

regression models.  T h e  constant  is al lowed 
to va W at both  levels one  and two,  -'° and 
thus two  variances are est imated for bo th  
models:  fields and occupants  in Model  i, 
and fields and owners in Mode l  2. T h e  
estimates for all the fixed terms in Models  
I and 2 are statistically significant-" wi th  
the except ion  of  the estimate for the con-  
trast tema for field under  clover, and stable 
for bo th  models.  

It is the interpretat ion of  the random 
terms that is important .  T h e  variation in 
t i the-rent  charge be tween  occupants  is esti- 
mated  as o.o08 in Mode l  I and as o.o05 
for owners  in Mode l  2. These  level-2 
variations are both considerable and statisti- 
cally significant. It is wor th  no t ing  that 

' " g  Jones, 'Specifying and estimating multi-level models for geo- 
graphical research', Tmns IBG, 16, t99t, pp t48-6o. 

~ Using a pseudo-Z test (Jones, 'Specifying and estimating multi- 
level models'). 
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there is greater variation in rent for occu- 
pants (Model I) than that for owners 
(Model z), and accounts for 19 and I I per 
cent respectively. However, the majority 
of the variation (over 8o per cent) is 
associated with individual fields in both 
cases. 

In an attempt to assess simultaneously the 
contribution of both sets of level-2 units 
(that is occupants and owners), a cross- 
classified 2-level multilevel model was also 
fitted. The fixed terms associated with the 
level-i predictors in Model 3 are almost 
exactly the same as those estimated for 
Models I and 2 and can be interpreted in 
exactly the same way. It is the estimates 
associated with the random terms of Model 
3 that are interesting. The variation in rent 
associated with fields (level I) is estimated 
as o.o34 and is the same as that estimated 
for Model : and close to that for Model 2, 
and accounts for 79 per cent of the total 
variation in the tithe-rent. The estimated 
variance for occupants (level 2) and owners 
(also level 2) are close in value (o.oo5 
compared to o.0o4), with I2 per cent of 
the total variation in rent-charge being 
associated with occupants and 9 per cent 
being associated with owners. There is a 
considerable (three-eighths) reduction in 
the variation in rent-charge between occu- 
pants having fitted the cross--classified 
model (Model 3 compared to Model :). 
In conclusion it appears that variations in 
tithe-rent is greater and n:ore considerable 
for occupants than owners having allowed 
for a number of level-I predictors in the 
fixed part of models. It seems that the 
occupant rather than the owner provides a 
slightly greater source of contextual vari- 
ation in the tithe rent-charge as one would 
expect. The occupant does appear to be 
an influential level suggesting that the hold- 
ings varied in their success at coping with 
environmental conditions. 

It is difficult to draw too many con- 
clusions fron: such statistical analysis given 
the rather narrow geographical extent of 
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the study area. However, the results are 
given some credence by Howell's obser- 
vation that in Pembrokeshire the efforts of 
the larger landowners were probably largely 
unsuccessful: 'Furthermore, it may have 
been that the minor gentry and those large 
freeholders and tenant famlers below them 
did most to advance the techniques of 
agriculture by dint of  patient trial and 
error'. = Expansion of  the study area 
to neighbouring parishes would clearly 
improve the validity of the results and help 
to identify the varying success of  farmers 
in adapting to the physical conditions of 
the area. 

VII 
It is important to appreciate that no single 
GIS (sensu stdcto) is necessarily going to 
provide all requirements. The research car- 
tied out here necessitated the transfer of 
data from one package to another using 
interchange files. Conversion proN-ams 
tended to be necessary when moving and 
transferring graphics data. It is perhaps 
possible to view A1LC/INFO as merely a 
storage device performing an inventory 
role. However, though it undoubtedly 
fulfilled this role, it performed many 
tasks that were specific to its capabilities. 
Analytical and integration functions that 
are generally viewed as distinctive features 
of GIS, such as reclassifying attributes, 
dissolving boundaries, merging polygons 
and topological overlay, were indeed vital 
to the study. Yet it is the broad func- 
tionality of GIS using the broader defi- 
nition (sensu lato) that offers the greatest 
potential to the historian. The integrative 
power of AIKC/INFO combined with the 
statistical modelling capabilities of  Mln 
provides enorn:ous scope for similar studies 
elsewhere. 

The success or failure of the application 
of GIS to this type of study depends on 

:~ Howell, 'The economy, z 660-1793', p 315. 
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the willingness of  the researcher not to 
forsake the traditional methods and tech- 
niques appropriate to the analysis of a 
diverse range of  sources. Though method- 
ologically eclectic, adopting a broad land- 
scape approach in combination with the 
analytical power of  GIS offers a formidable 
overarching methodology for studying the 
past. It is easy to see GIS packages as magic 
boxes where speed, consistency and pre- 
cision are impressive. Its graphic quality is 
certainly difficult to resist. Perhaps it is 
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wise, however, to adopt the philosophy 
that as our experience with GIS matures, 
we realize that GIS should become simply 
an extension of one's own analytical think- 
ing. After all, it has no inherent answers, 
only those of the analyst and as Eastman 
suggests: 'It is a tool, just like statistics is a 
tool. It is a tool for thought'. 23 

=xj R. Eastman, IDRISI Version 4.0 User's Guide, Worcester, Mass, 
I992, p 32. 
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