
CUSTOMISED GIS · A CASE STUDY FROM THE MOTOR TRADE 
Graham Clarke 

This paper examines the level of spatial analysi.v available in proprietary GJ,\' and ar.._~ues for the 
development of customi.H·d systems which incorporat£• greater analyticalfimctiona/ity through spatial 
modelling t£~clmiques. Thi.v is illustrated through examples drawnfi'Oln the motor industry. 

1. Introduction 
Members of the Society of Cartographers and other 

readers of this jownal will be aware of the increasing use 
of geographical information systems (GIS) in geography 
and its potential for computerised map production in par
ticular. There are now a number of standard texts reviewing 
the relationships between 'corn put er-assisted cartography', 
·automated map production' and GIS (Fraser-Taylor 1991, 
Tomlin 1990). The advantages of computer drawn maps 
have been discussed many times in the Bulletin. They are 
normally cited in terms of increased speed and etJiciency 
for updating, greater tlexibility f(.1r changing spatial scales 
and intervals on keys etc. 

The importance of map production is of course funda
mental to GIS but many would argue that GIS should be 
more than map production alone: the analysis of spatial 
data should be at the heart of all applications. Yet, the choice 
of which spatial analysis functions should be incorporated 
in ens remains a contentious one. CmTently most analytical 
functions are based on, or related to, cartographic modelling 
procedures such us polygon overlay (see Tom! in I 990). 
This seems to serve u large number of users vety well, 
particularly the utilities and local govemment. Although 
many of these applications are technically impressive (and 
have shortened the day to day routine tusks enmmously) 
they remain at a low level of policy analysis and may never 
reach those empowered to make strategic decisions. 

The aim of this paper is to review the level of analysis 
available to users of ens and suggest that for u number of 
potential application areas that level is cuiTently insutJicient 
to wuiTunt great optimism conceming its future use. This is 
particularly the case in many areas of human geography and 
especially in the fields of retail and business applications. 
These conclusions are based around the experiences of the 
School of Geography ut the University of Leeds, and its 
sister company GMAP Ltd. Founded in 1987 GMAP now 
produces decision support :-.ystems for blue chip clients in 
the following ureus: 
Retailing: 

Motor Industry: 

W.H.Smith 
Storehouse 
Thorn EMI 
ASDA 

Toyota G.B. 
Toyota Belgium 
Ford Europe 

Dr Gralwm Clarke is a Lecturer in the Sdwol c~f Geography, 
University c~f Leedv. 
A version of this paper was jlrst presented at the sac Summer 
School at Lampcter 011 Wed 8th Sept 1993. 
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Leisure: 

Fin.Services: 

Whit breads 

Numerous banks and 
building societies 

The company now employs around 70 staff with a 
twnover in excess of 2 million pounds per annum. 

The aim of section 2 is to explore the arguments 
concerning the level of spatial analysis currently available 
in proprietary GIS packages and review the pros and cons 
of building alternative customised ens. The advantages of 
the latter are illustrated in section 3 through case study 
material from the motor industry. 

2. GIS and Spatial Analysis 
The aim of this section is to otTer a sympathetic 

critique of GIS in relation to the level of spatial analysis that 
most proprietary systems CU!Tently have on otTer, whilst at 
the same time acknowledging the considerable success of 
GIS in a wide range of different application areas (see the 
impressive range of applications in Maguire et a! 1991 ). It 
is a sympathetic c1itique because we recognise the great 
service ens has already done for many geographers by 
increasing public awareness of the importance of geogra
phy in a wide variety of public and private planning 
situations. It is often the computerised maps alone which 
provide the greatest selling point despite the concern of 
many cartographers over the breaking of most rules con
cerning the aesthetics of m up production and visualisation. 
For u number of geographers however the major cause for 
concem with ens is the level of spatial analysis functional
ity cmrently on offer within such systems. This has been 
the theme of u !urge number of recent ens seminars and 
conferences. Openshaw ( 1991) goes as fur as saying that 
there is no ·real· analysis except in the data description or 
curtograpb.ic sense. Part of the reason for this is that G IS has 
become a commodity which is increasingly traded on price 
rather than user benefits. Although ens vendors will be 
quick to respond that they are making substantial invest
ments in new analytical functions within GIS (Maguire, 
1994) there is a strong convergence of technical function
ality which makes the choice of ens move closer to one 
bused on price and ease of use (including visualisation 
quality). ens vendors have made matters worse by empha
sising that technology rather than focusing on business 
processes (where 'business· refers to a range of public and 
private sector organisations). The end result is a great deal 
of user confusion and ignorance. 

Maguire (1994) gives a checklist of features added to 
the Arc/Info package over the last few years. The list is 
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impressive in one sense but many of these will be seen as 
peripheral (such as many of the statistical routines) and in 
many senses old fashioned, especially by those in the busi
ness and commercial sectors (again see Openshaw 199 I). 
One senses that such additions have been the result more of 
academic pressure from a body of statistical geographers 
(since spatial analysis is still regarded by many to equate 
exclusively with statistical analysis) rather than a broad 
group of business/service planners. 

Whilst adding more analytical features to proprietary 
packages in this way might seem harmless enough (the 'you 
do not have to use them if you do not wish to' argument) it 
is important to reflect that adding extra modules to black 
boxes such as Arc/Info might, whilst solving some analysts 
plea for inclusion, lead increasingly to the use of such 
methods in an environment of user-ignorance on the limi
tations and calibration procedures of such methods. This is 
less of an issue if the work is controlled by persons with 
good spatial analytical skills but unfm1unately is a detinite 
problem if calibration procedures are left to novices. In 
addition, such a strategy continues the technology- led 
approach rather than the solution-led approach to spatial 
analysis. 

An alternative route to adding new functions is to move 
towards integrating GIS with other software through direct 
or indirect coupling. The tirst is an extension of the Maguire 
arguments and involves providing specialist software 
within the main package (see Ding and Fothe1ingham 
1992). The latter links data storage and graphics capabilities 
of ens to specialist software calibrated outside the main 
package but linked to the package through menu interfaces 
which allow the user to move freely between operating 
environments. This approach forms the heart of decision 
support systems or when applied to geographical data and 
problems, spatial decision support systems. The defini
tions and history of their development from management 
schools are supplied by Densham ( 1991) and Densham and 
Rush ton ( 1988). They reiterate the fact that spatial prob
lems are generically complex and are usually ill-defined or 
semi- structured. For these reasons we need l>)'stems which 
can handle a large variety of ditierent business problems in 
a user-friendly environment (i.e no visible computer com
mands other than a start procedure). 

If the first route provides ·generic' solutions the second 
is most likely to succeed through ·customisation'. There are 
clearly pros and cons of each. Table 1 lists a number ofthese 
for proprietary and customised ens. 
Table 1 : Some Pros and Cons of Alternative GIS 

Proprietary GIS 

Advantages: Tried and tested product 
Usually high quality graphics 
A range of analytical functions 
Vendor support and backup 
A large user community 

Disadavantages: Low level of spatial analysis 
Intlexibility 
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Programming language needed 
Need skilled resources to operate 

Customised GIS 

Advantages: Specify exact functionality 
Easier to link to models 
Normally much more user-friendly 
Develop l>ystem in partnership 
No programming language 

Disadvantages: Potentially costly (in short term) 
Tied to ·vendor' for updates 
Time taken for construction 

The primary advantage of the customised route 1s 1ts 
ability to otTer pathways through current GIS menu l>)'stems 
to greater analytical functionality. We argue elsewhere 
(Birkin et a! 1994) that there has been enormous progress 
with spatial modelling techniques over the last twenty 
years which seems to have been virtually ignored by GIS 
vendors. These models potentially offer far greater analyti
cal power to answer questions concerning major policy 
changes, particularly in a what-if? framework. Data transfer 
to and from the modelling environment can be made 'seam
less' and model outputs can be transfered back into the ens 
for mapping, aggregation, overlay, buffering, network 
analysis etc. Such 'indirect coupling' is a key feature of the 
ditierence between standard ens and customised ens or 
SDSS. Models are able to otTer a new suite of analytical 
routines involving: 

• Transformation of data 

• Synthesis and integration of data 

• Updating information 

• Forecasting 

• Impact analysis 

• Optimisation 

We shall review a number of these in relation to the car 
market below. For more details see Birkin et al (1994). 

As Table I shows, the customised route to ens solu
tions holds its own ditiiculties. The package, or suites of 
programs, are 'labour intensive'. By this we mean model 
refinement, parameter selection, calibration and model out
puts are looked at uniquely within each application rather 
than built in as standard routines within a set of pre-pro
grammed algorithms ('capital intensive'). However the 
impot1ant point is that labour is provided by academics or 
consultants not the end-users. The 'capital intensive' ap
proach is arguably a very ditiicult (and dangerous?) road to 
go down given the complexities of applied spatial model
ling (see next section). At the ve1y least, such a package 
would need to incorporate the full range of possible models 
with robust calibration procedures to handle cases where 
interaction data was or was not available. The nearest such 
package in urban modelling te1ms is 'SIMOD' developed 
by Williams and Fotheringham (I 984). This is a detailed set 
of programs and shows the level of etTort necessary to 
ensure that solutions are non-trivial. 

Although customisation ties the end-user to the aca
demic/consultant for a number of years (especially if 
updated l>ystems are required) it hopefully ensures a level 
of academic excellence throughout the product life cycle. 
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In addition, the customised route to ens ensures that the 
r,ystem is 'user- friendly', which means end-users do not 
have the time and expense in learning a particular GIS 
programming language and access to the data and models 
is done via drop down menus and cursor control. 

It should be noted that in the business world a number 
of proprietary GIS packages have been customised around 
more specialist application areas, for example, the produc
tion of geodemographic mapping systems where users can 
pinpoint the location of persons with certain household 
characteristics: high home ownership, low car ownership, 
OAPs etc (see Beaumont 1991 a,b ). This is a step forward 
in terms of customising ens towards the business commu
nity as retailers and market planners can find locations 
which might seem useful for targeting sales. However they 
still fail to adequately deal with a range of what- if? ques
tions based around the impacts of new store locations -what 
revenues can they expect to generate and where will this 
trade come ti-om? Such qut;stions can only be fully an
swered by spatial modelling methods which are cun-ently 
lacking in most proprietary packages. · 

In addition to concerns over the levels of spatial analy
sis in proprietary GIS there are user ditl'iculties caused by 
the lack oftlexibility within existing packages and the fact 
that many users find them difficult to operate because of 
their associated computer languages. Spatial analysis is a 
messy concept and it is otlen difficult at the stm1 of an 
exercise to fully work out the exact course of action over a 
project's lifespan. Indeed, it is often ditiicult to know what 
the exact objectives are at the stm1 of such an exercise. This 
in itself leads to frustration when packaged solutions are 
neither t1exible enough to answer strategic planning ques
tions from the outset nor tlexible enough to change 
direction over time. This is again the result of advances in 
GIS being technology-led rather than a reaction to an 
understanding of the ways in which geographical analysis 
can help solve problems in business and commerce. Per
haps it is also the result of GIS being ·over-sold' in that 
vendors are only too quick to argue that anything is possi
ble, supported by glossy demonstration disks which are all 
too seductive (see also Cross 1991, Openshaw 1993, 
Aageenbrug 1991 ). 

3. Customised GIS for the moto•· industry 

3.1 Background 

The first two sections have attempted a broad review 
of the CUlTent levels of spatial analysis in proprietmy GIS 
(particularly in the socio- economic arena) and have sug
gested that as cun-ently perceived, GIS may fulfill only a 
limited number of these requirements. In this section, the 
emphasis is on how a man·iage between model based meth
ods and techniques ti·om ens can potentially result in a 
powerful customised system that meets the requirements 
of potential users. 

In general, the motor industry has not to date made 
great use of ens (or at least publicised the fact). One key 
exception is the article by Clitiord ( 1993) which reports on 
how Vauxhall have invested in a GIS to p1incipally aid the 
understanding of local perfmmance. This is achieved by 
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mapping sales in relation to dealers and their assigned sales 
territories. In addition, sales can be overlaid with demo
graphic information to try and understand the relationship 
between models sales and population types. ClitTord (1993) 
goes on to describe the early euphoria associated with 
implementation but some subsequent reservations as the 
!>ystem became nperational. We shall return to these diffi
culties below. 

Although evidence of GIS and spatial analysis within 
the motor industry is lacking we can draw analogies con
cerning its potential by studying more conventional retail 
examples. Having used the ens to examine the current state 
of the market (mapping sales, market penetrations etc) the 
user may wish to perform more complex operations such as 
the prediction of revenues for a new store location. In 
conventional ens the user would first setup the required 
database regarding populations within cities or regions. A 
new site would be selected with the aim of using the GIS to 
calculate likely revenues for the new store. Once the infor
mation is stored in the G IS the user can buffer travel times 
around the new store and then calculate the population 
within each time band using the standard overlay proce
dure. This is illustrated well by Beaumont (l99la,b), Howe 
(1991 ), Elliot (1991) and Reynolds ( 1991 ). Once an esti
mate has been made concerning the demand within the 
likely catchment areas then a variety of methods may be 
used to translate population totals into branch sales. The 
most likely method is 'fair share' (Beaumont l99lb), be
cause of the great ditiiculty of dealing with competitor 
impacts using these sorts of methods. Elliot (1991) illus
trates this well. She notes how a G IS can be used to calculate 
the population within a 20 minute drive time for any new 
or existing Debenhams store. The great difficulty with this 
procedure however is that it does not cater for, or take into 
account of, the complex set of real interactions between 
residential areas and retail locations which are distorted by 
intervening oppm1unities. As Elliot herself acknowledges, 
the presence of competing centres will restrict the catch
ment boundary of a new store in certain directions. Her 
response is to 'ovenide the d1ive time where it seems 
appropriate· (p.l71 ). Such subjectivity is the precise reason 
why we it is impm1ant to otTer methods for catchment area 
analysis which have a tirn1er analytical background and 
history of successful application (Birkin et al 1994). 

Hence, the argument is that it is ve1y ditiicult to de
velop an effective strategy governing the distribution of 
supply points without understanding the pattern of spatial 
interactions between suppliers and consumers. This ap
plies equally to marketed goods of the retail sector (from 
newspapers to cars), to public services like health and 
education (in the UK), private services like water, gas and 
elechicity, and to invisible commodities like financial serv
ices. Spatial interaction models also have application to a 
wider range of geographical problems such as population 
migration, housing and labour market dynamics (see Wil
son, 1974, for a comprehensive overview). 

The remainder of this section draws upon the Univer
sity of Leeds' experiences with two major manufacturers, 
Toyota and Ford. The relationship with Toyota began in 
1987 with a repm1 on trading performances in two pilot 
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regions of Oxford and Merseyside. Following the success 
of these studies Toyota commissioned a full U.K. national 
modelling and information ~ystem for new carregistrations. 
Work with Toyota has subsequently been extended to in
clude an information and modelling system for parts and 
servicing in the U.K., a further new car registration system 
for Toyota Belgium, and a separate investigation into the 
optimal locations for retailing a new top of the range model 
(LEXUS). The relationship with Ford began in 1989 when 
the University successfully bid for the construction of a 
spatial decision support system to assist all areas ofFonl's 
distribution departments: market representation, market
ing, sales planning and more local district management. The 
subsequent ~ystem - RADAR - is directed at the main 
market segments of new car sales, parts and servicing and 
commercial vehicles. The history and development of RA
DAR is discussed in some detail by Whitton (1993). 

3.2 Building an information System 

The aim in this section is to describe the infonnation 
:-.ystem needs in relation to the geography of new car sales 
in the U.K. It should be noted that most of the analysis in 
this section could be undertaken using either prop~·ietmy 
ens or customised ens. In section 3.3 we shall however 
argue that only the latter can adequately deal with the 
what-if modelling. 

Unlike many retail sectors the motor indust1y has su
perb information relating to sales by small geographical 
area. Not only do manufacturers obtain detailed sales infor
mation on its own dealers it can capture data relating to 
competitor performance. New car sales data is recorded at 
the DVLC at Swansea whenever a new car is purchased 
within the U.K. In turn, this data is made available to the 
'Society of Motor Manufacturers and Traders' (SMMT) 
who release this on to members (such as manufacturers) on 
a syndicated basis. For individual manufacturers the fol
lowing information is available: 

• New car registrations for each manufacturer by 
model type for every postal district in the U.K. 

• For each dealer within a manufacturing group the 
postal district of each new car registration by 
model type 

• For each manufacturer the total number of regis
tered cars on the road by postal sector(CAR PARC 
data) 

Combining these three data sets provides the manu
facturers with a unique information base relating to both 
total sales and the spatial interactions between demand and 
supply, and provides a databank of enormous size and 
richness. The benefits of a ens just to store, retrieve and 
map any of' the elements of the arrays are significant, 
particularly if one adds time-series data. From the main 
SMMT data sets the following sorts of ~'Patial queries (in 
map or tabular form) become possible: 

• 
• 
• 
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sales by manufacturer and model by small area 

sales by dealer by model 

change in sales by manufacturer by model by year 

• change in sales by dealer by model by year 

As the G IS evolves over time so it is capable of storing 
a number of years data and ploting change over time. Each 
manufacturer can judge where significant losses/gains have 
taken place and match this to its competitors performance 
over the same period. Since the data sets contain a complete 
record of all new car sales then it is possible to calculate 
indicators such as: 

• market penetration by manufacturer by model 

• percentage of a manufacturer's market share 
achieved by individual dealers 

• ratios of national to local sales performance at a 
variety of spatial scales. 

The importance of geography is illustrated in Figs 1 
and 2. In Fig 1 the market penetration of the estate car (in 
relation to the entire car market) in the North of England is 
shown. The map clearly shows the value of transforming 
the raw data - the geography of sales becomes far more 
evident. Here we can see large areas of the region where 
estate cars are more dominant - namely, the more upland, 
rural areas of Northern England. Fig 2 shows the relation
ship between market penetration at the small geographical 
scale (postal district) and dealer location for a major motor 
manufacturer in South England. 

The main use of this sort of information is to produce 
~ystematic and regular market studies of individual dealers 
and their catchment areas or broader studies relating to 
cities or regions. Clearly, the analyst can examine where 
sales or market penetrations are low/high to identitY areas 
of high perfmmance or areas where market gaps may exist 
(a prerunner for looking at strategy responses in the next 
section). The same analysis can he unde1taken for the 
competition in the same localities. 

The information system has obvious advantages for 
marketing and adve1tising and, where time-series data is 
available, for monitoring the impacts of advertising or 
marketing campaigns. If sales are low in a region can the 
dealer target those areas for local media advertising and 
ascertain whether this bring any response in the long term? 
Whilst marketing is a more complex activity based on 
increasing product awareness there are still evident gains in 
profiling the geodemographics against dealer performance. 

3.3 Adding a modelling component 

The argument in the previous sections was that the 
construction of the infmmution system is only the tlrst half 
of the strategy for a complete SDSS. In the motor industry 
there is an equal concern with all the what-if questions that 
would typically concern a major motor manufacturer. These 
include operations such as the impacts of opening or closing 
of outlets both in terms of a manufacturer's own perform
ance (revenues, market shares etc) and in terms of the 
competition (particularly through impact assessment). As 
was argued in section 3.1, current ens are simply not very 
well equipped to deal with such analytical requirements. To 
unde1take such what-if analysis requires the use of models 
designed for such puq~oses: 
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Having defined the model it is possible to hriet1y 
explore a number of potential uses in a vmiety of different 
planning situations. 

The analysis of the information system will have given 
the market planner an excellent picture of the performance 
of his/her company in relation to its competitors in which
ever geographical region. That planner is now faced with 
putting together an action plan of some kind in response. 
The first issue relates to judging existing dealer perform
ance. The maps produced hy the information i>")'Stem help 
to describe the spatial pattem and show obvious areas of 
poor/good performance in relation to total sales and market 
shar~. However, it is still ditlicult to decide objectively 
whether that performance level could realistically he ex
pected to he higher (given the levels of demand and of 
competition) . It is obvious that lOO sales per year is 
preferable to 50 sales per year, hut should that dealership 
he capable of selling 120 or 150 cars per year? 

Analysing market penetration figures gives a better 
indication of performance since this allows the analyst to 
detem1ine how many zones summnding the dealership 
achieve higher than national average market penetration 
figures. However, it is possible to devise a new index of 
performance using the baseline model calibrations. That is, 
given demand levels, the nature and volume of the compe
tition and the average drive times to dealers what do the 
models predict the said'S of a pm1icular dealership ought to 
he if it was an average national pe1t"mming dealership. Such 
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predicted revenue totals (say Dj) are easily calculated by 
the models: 

mk mk 
D = :rs 

i ij 

This is a useful measure of perfmmance since it is 
calculating the market potential of an area rather than 
relying solely on actual sales achieved. 

If pertormance is deemed to be below acceptable 
levels then radical action may be required. There are a 
number of possible scenarios here. First, the information 
f.')' stem may have thrown up some clear gaps in the network 
which appear to be sizeable markets in their own right. 
These are possible opportunities for new dealer locations, 
and the models can simulate the opening of new dealer
ships in these locations. By adding a new dealership (a new 
Wj) the models can both estimate the likely revenues in 
terms of predicted cars sold and the deflections ti·om the 
company's own existing dealers and those belonging to the 
competition. Figs 3a and 3b shows an example of the 
change in market penetration for a typical manufacturer 
opening a new dealership in Kendal, Cumbria. 

Not only will the models estimate potential sales they 
will also predict revenue totals by model segment (super
script k in the equations above). This would allow the dealer 
stock inventory to be more carefully monitored and organ
ised for local market conditions. This is crucially import ant 
given the expense of retailing different models from ditJer
ent outlets. 

In the longer term the company may be interested to 
know what the optimal locations for their local network 
cutTently is, given the objectives of either maximising total 
sales or market shares. This requires another fmm of mod
elling not cmTently available in standard proprietmy GIS. 
The constraints to such an optimisation procedure might 
include an index of dealer viability (no dealer must sell less 
than lOO cars for example): a maximum or minimum num
ber of dealers; the inclusion of certain existing dealer 
locations; a minimum drive time between dealers (ensuring 
a more uniform geographical spread of dealers); and the 
exclusion of 'non-feasible' sites which might include those 
unlikely to gain planning approval. Fmmally, the spatial 
interaction model can be rewritten as a mathematical pro
gramming formulation with the following objective and 
constraints: 

Maximise: Market share in region X tor manutitcturer Y 

Subject to: Minimum dealer sales of Y 

Minimum inter-dealer drive time of 
T minutes 

No consumer to be more than M minutes 
drive time from a dealer 

To illustrate this approach we draw upon some analysis 
undertaken in the Seattle market in Washington State, 
U.S.A., for Toyota. The task was to use the model above to 
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ascertain whether any new opportunities for Toyota dealer
ships existed within the Seattle market. The results of this 
optimisation procedure highlighted the location of the two 
new dealers: one in the downtown area and an additional 
dealer in the prosperous eastern suburbs. The two new 
dealers were predicted to sell over 1200 new cars between 
them, with 1000 of these being incremental sales. 

For business users like Toyota it it is essential to be able 
to estimate some kind of substantial tinancial benefits to 
be derived from spatial analysis within GIS if we are to 
convince them to make significant investments, since the 
production of maps per se is not an activity they would 
normally engage in. Wailer (1993) otiers the following 
logic test: 

" If, after study, the evidence suggests that a GIS means 

Better data -Better Information - Better Decision 
Processes - Better Decision Outcomes - Better Bottom 
Lines, 

Then, buying or expanding a GIS makes business sense and 
deserves tavourable consideration." (p.l7) 

Based on I ,000 incremental sales and given an esti
mated profitability of $1,500 per vehicle, the potential 
benetit to Toyota is in the region of $1.5 m per year in this 
single market. Given that there are in the order of 80 
markets of a similar size to Seattle in the USA, the exercise 
repeated across the country could generate benefits of well 
over $100 m per annum. Even if the figure was only 10% 
of this, then the benefits would far out- weigh the costs of 
developing such a system (for ti.trther cost- benefit exam
ples see Clarke and Clurke 1994). 

4. The futm·e? 
The aim of this paper has been to argue that for a class 

of (htm1an) geographers and planners the level of spatial 
analysis within existing proprietary CHS may not be suffi
cient to ensure the ti.tll potential of computerised spatial 
analysis is ever realised. What is now required is the mar
riage of GIS with spatial modelling techniques which are 
far more able to address strategic planning questions that 
most planners (public and private sector) are routinely faced 
with. This may be achieved through proprietary systems but 
the complex nature of model specification and calibration 
make this unlikely to be the best option. Instead, academics 
and consultants need to be encouraged to work m ore closely 
with organisations to produce 'customised GIS' which are 
explicitly tailored to the needs of that organisation or its 
industry. 

Bibliog•·aphy 
Aangeenbrug R. T. ( 1991) A critique of GIS in Maguire 

D.J., Goodchild M.F, Rhind, D.W. (eds, 1991) Geo
graphical in.fcJrmation .vyst£!11l.v: principles and 
application.v, Longman, London, vol I, 101-107 

Beaumont J.R. ( 1991 a) GIS and market analysis, in Ma
guire D . .T., Goodchild M.F, Rhind, D.W. (eds, 1991) 
Geographical h~f'ormation sy.vi£'1/J.Y: principles and ap
plication.v, Longman, London, vol 2, 139-151 

21 



Fig 3a Mar·ket penetr·ation of a motor· manufacturer· in Lancashir·e 

22 

legend 
(Percentage) 

<1.1oo D 
1.1 oo - 1.830 rn 
1.830 - 2.560 ~ 

2.560- 3.290 ~ 

3.290- 4.030 11 
>4.030 11 

km 
0 5 10 15 

SUC BULLETIN Vol27 No 2 



Legend 
(Percentage) 

<0.76o D 
o.760 -1.650 rn 
1.650- 2.540 ~ 
2.540- 3.430 ~ 
3.430- 4.320 11 

>4.320 11 

km 
0 5 10 15 

Fig 3b Change in mat·ket penetration following a new dealet·ship in Kendal 

SUC BULLETIN Vol 27 No 2 23 



Beaumont J.R. (1991b) Managing information: getting to 
know yourcustomers,Mapping Awarc•ness, 5(1), 17-20 

Birkin M., C1arke G.P., C1arke M., Wilson A.G. (1994) 
Intelligent GJ,\', Longman, London. 

Clarke G.P., Clarke M. (1994) The design and benefits of 
customised spatial decision support systems, in 
P.Longley and G.P.Clarke (eds) GIS.for busin£'ss and 
servic:£' planning, Longman, London. 

Clitiord D. (1993) The Vauxhall dealer area analysis pack
age, Mapping Awareness, 7(5), 25-27 

Cross A. (1991) Who said ens cannot fail? Mapping 
Awareness, 5(10), 12-14 

Densham P.J. (1991) Spatial decision support systems, in 
Maguire D . .T., Goodchild M.F, Rhind, D.W. (eds, 1991) 
Geographical h~formation systems: principles and ap
plications, Longman, London, voll, 403-412 

Densham P.J., Rush tonG. ( 1988) Decision support ~-ystems 
for locational planning, in R. Golledge and H. Timmer
mans (eds) Behavioural model/in!{ in !{eO!{raphv and 
planning, Croom Helm, London. < < c ' 

Ding Y., Fotheringham A.S. (1992) The integration of 
spatial analysis and ens, Computas, Environm£'nt and 
Urban Systc•ms, 16, 3-19 

Elliott C. (1991) Store planning with GIS, in J.Cadoux
Hudson and D.I.Heywood (eds), Geographic: b~forma
tion 1991, The Yearbook of the Association for 
Geographic Infmmation, Taylor and Francis, London, 
169-172. 

Fraser-Taylor D.R. (ed, 1991) G£'ographic:al h!formation 
systems: the microcompul£'r and mod£'rn cartography. 
Pergamon, Oxford. 

Ho we A. ( 1991) Assessing potential of branch outlets using 
GIS, in .T.Cadoux- Hudson and D.I.Heywood (eds), 
Geographic: b!formation 1991, The Yearbook of the 
Association for Geographic Infmmation, Taylor and 
Francis, London, 173-175 

Maguire D.J. (1994) Spatial analysis and GIS, in P.Longley 
and G.P.Clarke (eds) GISfor busin£'s.v and service plan
ning, Longman, London. 

Maguire D.J., Goodchild M.F, Rhind, D.W. (eds, 1991) 
Geographical i1!formation systems: princ:ipl£'.v and 
applications, Longman, London. 

Openshaw S. ( 1991) Developing appropriate spatial analy
sis methods for GIS, in Maguire D . .T., Goodchild M.F, 
Rhind, D. W. (eds, 1991) Geographical i1!formation.vy.v
tems: principles and applic:ation.v, Longman, London, 
vo1 I, 389-402 

Openshaw S. (1993) GIS 'crime' and 'criminality', Envi
romnent and Planning A, 25, 451-458 

Reynolds .T. ( 1991) G IS for competitive advantage: the U.K. 
retail sector, Mapping Awareness, 5(1}, 33-36 

Tomlin C.D. (1990) GJS and cartographic mod£'1/ing, Pren
tice-Hall, Englewood Clitl's, New Jersey. 

Wellar B. ( 1993) G IS fundamentals, in G .H. Castle, III,(ed), 
Projitingfrom a geographical h!formation syst£'m. ens 
World Inc., Fort Collins, U.S.A, 3-22 

24 

Whitton M. (1993) Optimising the use of a geographical 
information ~ystem : a case study of the GMAP RA
DAR system, unpublished MA thesis, School of 
Geography, University of Leeds. 

Wilson A.G. (1974) Urban and regional models in geog
raphy and planning, John Wiley, Chichester. 

Wilson A.G., Coelho J.D., MacGill S.M., Williams 
H.C.W.L. (1981) Optimi.vation in location and tram
port analysis, Wiley, Chichester. 

Williams P., Fotheringham A.S. (1984) The calibration of 
spatial interaction models by maximum likelihood esti
mation with program SJMODEL, Monograph 7, 
Department of Geography, Indiana University. 

IMAGOMUNDI 

At the annual meeting on 16th November 1993 the 
Imago Mundi Board agreed unanimously to the appoint
ment of Dr Catherine Delano Smith as Editor. She will 
co-edit the next volume (no.46) and take sole editorship for 
the 1995 volume. Professor Eila Campbell has been Editor 
since 1971 (vol.25). Dr Delano Smith is looking forward 
to maintaining the high standards of her predecessor, while 
also encouraging new authors and readers from related 
disciplines. The journal remains in sound financial shape. 

At the same meeting Professor Campbell stood down 
as Chai1man and was succeeded by Tony Campbell. Ell
ward H Dahl (National Archives of Canada) and Dr lngrid 
Kretschmer (University of Vienna) were appointed as Di
rectors. 

The Board reatl'irmed its responsibility for accepting 
invitations for future international conferences on the his
tory of cartography and for ensuring that a number of 
general guidelines are followed. The Vienna conference is 
already planned for 1995 (ll-16th September). The invita
tion from Lisbon to host the 1997 conference was fmmally 
accepted at the meeting. 

For further infmmation please contact: 

Tony Campbell (Chairman), 
Map Librarian, 
British Library, 
Great Russell Street, 
London WClB 3DG. 
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