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ABSTRACT 

The research reported is a theoretical investigation of the 
interaction of land-use and transport in relation to the use of 
energy. Of particular interest is the relationship between the 
spatial arrangement of settlements and the use of energy within 
them for both transport and building services. 

The literature of scenarios of energy futures is reviewed, and three 
scenarios of future constraints on regional planning are adopted. 
The adopted scenarios emphasise constraints imposed by energy 
policy and the availability of fuels; they form the background to 
the comparison of a number of theoretical regional settlement 
patterns, in terms of their implications for land-use and their 
potential for fuel-conservation. 

A study of an existing regional settlement pattern is used in 
combination with published land-use data as the basis of a 
configurational model. This model is intended to characterise 
the real pattern spatially, quantitatively and in a manner suitable 
for experimental manipulation. The model encompasses the pattern 
of developed land (disaggregated by uses), the shape of the transport 
network, and the intensity of development (in terms of population 
and floorspace). 

A review is then made of published proposals for energy-efficient 
settlements, which are found to include concentrated, dispersed, 
nucleated and linear patterns. Five modified versions of the 
regional configurational model are then constructed in order to 
characterise the range of realistic possibilities for future 
regional form which might result from the fuel-conservation policies 
inherent in the proposals reviewed. 

The five regional configurations and the original pattern are then 
compared by means of a specially-developed land-use transport and 
energy-evaluation model. The comparison is made in terms of the 
accessibility of the population in each pattern to employment and 
services (measured 'biy the model as "benefits"), and. in terms of the 
use of fuel in both transport and domestic space heating. Fuel use 
in transport is related to modal split and vehicle speed; fuel use 
in homes is related to dwelling size and location. Parametric 
calibration of the land-use and transport models allows the comparison 
of the patterns to be repeated in the context of each of the three 
adopted energy scenarios, taking into account changes in travelling 
behaviour, vehicle efficiencies, and building services technologies. 

The results of the comparison are discussed and assessed in terms 
of their implications for long-term strategic planning policy. 
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0 INTRODUCTION 

a review of the subject and a swmiary 
of the aims and methodotogy of the research 

There is a relationship between the spatial organisation of 

society and its use of energy. This assertion has come to 

be widely accepted amongst researchers in geography and in 

urban and regional science, although there is no clear 

definition of the relationship in question. Echenique (1976) 

has demonstrated that the nature of the relationship is, 

historically, a systematic interdependence between a society's 

economic base, the transport technology that it employs, 

and the pattern of its settlements. Few would dispute that 

the kind of low-density residential development at the urban 

fringe which is now often disparagingly referred to as 

"suburban sprawl" was made possible by the commuter railway, 

and made attractive by the nineteenth century conditions of 

urban industrial squalor from which it provided an escape. 
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The development of the mass-produced private motor car 

catalysed suburban development, and with it the separation 

of homes from places of work, resulting in the daily tidal 

commuter flows between suburban homes and urban jobs, all 

using energy by consuming transport fuel. This pattern 

of activity is inextricably connected with the pattern of 

settlement in which it takes place, and with the transport 

technology which binds it all together. In many western 

towns and cities, low residential densities in pleasant 

suburban environments are made possible by the accessibility 

to employment and services that is provided by a combination 

of public and private motor transport. However, if Echenique 

is to be believed, a society's economic base, its transport 

technology and its settlement patterns must change and develop 

together - and it appears that change is on the way. Many 

authors, including this one, take. the view that the development 

of information technology, combined with a decline in the 

ready availability of cheap fossil fuels (predominantly oil) 

on which transport is dependent must result in new patterns 

of economic activity, new patterns of movement and transport, 

new patterns of settlement. 

Just what these new, emergent patterns will. be like remains 

to be seen. The study of such developments has a history in 

which the successes of explanation are almost exclusively 

retrospective (see for example Mumford 1961). Those who 

have ventured to speculate have rarely proceeded into 

quantified prediction (Wells 1914, Wright 1958, Webber 1968, 

1969), except in the field of urban and regional economic 
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modelling where some progress has been made in illuminating 

the systemic interactions between land-use, transport and 

locational economics (Batty (1976). At the same time, growth 

in population and the increasing complexity of economic 

activity have resulted in significant investments of money, 

resources and effort in the physical infrastructure of 

settlements. Such investment must inevitably be insured 

against an uncertain future, and in recent decades economic 

and physical planning has been fostered by geographers, 

politicians and economists. Urban and regional science has 

been entrusted with the tasks of explaining, predicting and 

affecting the development of settlements. 

antral to these tasks is knowledge of the mechanisms of 

urban and regional change and some progress has been made 

towards an understanding of them. Little progress has been 

made, however, in explaining the relationship between the 

spatial arrangement of settlements and their use of energy. 

The use of energy is essential in manufacturing industry 

and in transport, so the availability and price of fuels, 

and the technology loyed to make use of them, can be 

expected to affect the development of settlements. More 

precisely, restrictions in the availability of fuels can 

be expected to have spatial implications, knowledge of which 

would be valuable to planners. The research reported here 

is directed towards an improved understanding of the spatial 

implications of energy policies, and of energy-related 

developments in industrial and transport systems. 
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It is possible to distinguish a number of measurable 

characteristics of settlement patterns, for example the 

accessibility of employment and services (measured in various 

ways) to the population, or the economic efficiency with which 

land is allocated to various uses. These characteristics 

are found to vary from pattern to pattern because of spatial 

and other differences between the patterns. The assumption 

that there exists a relationship between the spatial 

arrangement of settlements and the use of energy implies 

that further characteristics of settlement patterns might 

be identified; these "energy-related" characteristics of 

settlement patterns might also be expected to vary from one 

spatial arrangement to another, and to result from the 

overlaying of human activities and of flows of people and 

goods on to the spatial pattern of the land-use and transport 

network. It is a mistake, however, to view settlements as 

static physical objects with (potentially) closely-defined 

properties which vary smoothly with some other physical or 

spatial attributes of the patterns. The view which is 

axiomatic to this research is that a, settlement must be 

regarded as the result of a complex and continuously-evolving 

system of interactions which encompass physical, economic, 

technological and social influences and constraints. This 

"systems view" of the subject is of course the one from which 

a large and well-established school of urban and regional 

science derives its inspiration (see for example Batty 1976). 

Given this view, and according to general systems theory, a 

change in one part of the system produces sympathetic 
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Changes in many other parts (Bertalanffy 1968, Forrester 1968). 

As a result, it is very difficult to predict the behaviour of 

one part of the system by studying it in isolation. 

in systematic urban and regional modelling, components of the 

system are usually of four main types: residential population, 

employment, services (commercial and social), and transport. 

each of the first three types includes variables describing 

the size and the spatial distribution of the population, 

employment or services. Transport is described in terms of 

the number of trips of various types (public and private, 

goods and passenger), and of the costs and speeds which 

result when those trips are overlaid on a predefined 

transport network. Developable land is included as a 

finite resource which is consumed by the location of population, 

employment or services. The relationships between all these 

variables are treated in accordance with some quantitative 

theory of their interactive behaviour, often supplemented by 

calibration of the complete model against observations of 

real settlements. Such models are used to predict the 

locations of activities and patterns of transport in proposed 

settlements, or to reproduce real patterns in order to test 

theory. 

In principle, it appears possible to take account of the use 

of energy in these models by means of an additional resource 

(fuel) which is consumed by buildings (according to their 

numbers, density and physical forms) and by transport 



-6- 

(according to type, load factor, speed,, etc. ). The cost of 

fuel consumption might then be fed back into the system of 

interactions, affecting the location of activities and the use 

of transport. Coupled with appropriate optimising routines 

and constrained in appropriate ways, such a procedure might 

be expected to be of. use in predicting "energy-efficient" 

forms of settlement, or in comparing the energy-efficiency 

of a range of forms. A number of researchers have, adopted 

variants of this procedure, but with generally inconclusive 

results. An underlying and fundamental problem emerges: 

most conventional land-use and transport models are based upon 

probabilistic behavioural theories that describe (either 

directly or by analogy) the locational and travelling activities 

that are observed in large populations.. -. Many models were 

developed during the last three decades when, in the affluent 

western countries, locational and travelling behaviour was 

strongly influenced by the ready availability of cheap fuel. 

During this period, suburban development grew dramatically, 

private car ownership increased, and public transport began 

to decline. Therefore, many models are to some extent 

integrally-tuned to high-nobility motorised and suburbanised 

societies. Such models cannot be expected accurately to 

predict the effects on settlements of markedly different 

conditions such as might be brought about by fuel scarcity 

or very high fuel costs. This would not be a serious problem 

if there were some contemporary examples of future cities 

against which to calibrate models, or if the. models could 

incorporate an understanding of the variation of, the 
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behaviour of populations with (say) fuel, prices. There has 

been some research into this subject, partýcularly with 

respect to elasticities of demand for travel with fuel prices, 

but few general conclusions have been reached. Maltby takes 

the view that transport demand is rather inelastic (Maltby 1974, 

Maltby et al 1976), but others (e. g. van Til 1979) tend 

towards the opposite view. Travel behaviour interacts with 

residential, industrial and commercial location through the 

journey-to-work, but the location of industry and commerce 

can also be expected to be influenced by the costs of 

obtaining raw materials and by distribution and communication 

costs, all of which may be related to fuel prices (Chapman 1975). 

several other issues are important in the investigation of 

settlement patterns with respect to energy. The first of these 

concerns what might be termed "the inertia of the present". 

Echenique's (1976) model of the development of settlements 

in parallel with economic developments and with transport 

technology demonstrates the continuity of the process by 

which settlement patterns change. New patterns emerge from 

old ones, and the emergence is usually slow. Indeed, there 

are good reasons for believing that when the emergence of 

new spatial and economic patterns is rapid, as in the 

nineteenth century, there can be unhappy social consequences. 

The implication of this observation is that rapid or unforseen 

change is less desirable than planned or anticipated change. 

If, as seems probable, absolute or relative fuel scarcity is 

going to result in changes in settlement patterns, it is 
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important to study and understand them in advance, in order 

to ameliorate undesirable consequences and-to take advantage 

of desirable ones. ' The economic effects of changes in fuel 

prices seem to be rapid, but-settlement patterns develop 

slowly and the effects of planning policies stretch out over 

decades. Research. in this subject is therefore urgent and 

necessarily speculative, being concerned with a relatively 

distant future which is nonetheless heavily constrained by 

what exists now. Generalised knowledge is essential, but 

the identification of possible future settlement patterns 

that are ideal from any particular point of view (energy, 

accessibility, etc), or even optimised for many properties, 

will be of little value if such patterns cannot be realised 

at an appropriate time through reasonable planning policies 

acting upon the patterns that currently exist. Research must 

therefore concern itself with possible developments of existing 

patterns, and with the implications and relative properties of 

such developments. 

For the purposes of this research, a settlement pattern is 

defined as a spatial arrangement, or configuration, of various 

land-uses (parcels of land developed for various specific 

purposes, such as agriculture, housing or industry) and of 

transport ne vorka of various kinds (roads, railways), which 

are overlaid with development in the form of housing for 

residential population, or buildings for industrial, commercial 

or other purposes (measured in terms of area of flporspace). 

Settlements may be viewed, at a number of different scales. 
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Traditionally, geographers and planners distinguish settlements 

hierarchically, at national, regional, city-regional, urban 

sub-urban and local scales (with some additional, political 

divisions such as counties and districts). Clearly, real 

settlement patterns are continuous across all of these scales, 

but the traditional artificial divisions have proved useful 

for both study and policymaking. When energy-related aspects 

of settlements are being studied, it is important to note that 

neither energy-properties of settlements, nor energy policies 

applied to settlements, can be isolated at a particular scale 

- there is much interaction. It is emerging, however, that 

different energy-related issues are significant at different 

scales of study (Owens, 3.981). At the national scale, 

matters connected with the supply side of the energy economy, 

particularly the location of power stations, have been the 

subject of much debate (Owens, 1981). In contrast, at the 

highly localised scale, the relationship between the form and 

fabric of individual buildings and their use of energy for 

heating and cooling has been investigated in considerable 

detail (Szokolay 1980). Moving up in scale, the spatial 

layout of small groupss-of buildings and of local areas 

(estates, villages and smell towns) may be important in the 

design of energy-efficient servicing systems, especially 

those based on technologies such as district heating and 

combined heat and power. The significance of these issues is 

emphasized by the statistic that in Britain about 46 per cent 

of total primary fuel consumption is in the building services 

sector (Leach et al 1979). At the intermediate urban and 
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regional scales, many energy factors interact. The servicing 

of buildings remains important, particularly with respect to 

development densities, but in settlements of any size the 

use of energy in transport must also be taken into account. 

Estimates of the proportion of Britain's primary fuel 

consumption which is attributed to transport are generally of 

the order of 20 per cent (Leach et al 1979, Chapman 1975). 

Thus the relative location of residential development, 

employment and services may be expected to be an important 

factor in the energy-efficiency of an urban area or region, 

because of the effect of location on patterns of travel and 

on the division between private motor transport and more 

energy-efficient (but often less convenient) public buses 

and trains. 

At the urban and regional scales, there appears to be a conflict 

between the requirements of fuel conservation in transport and 

those of fuel conservation in building services. it has been 

suggested that conservation of fuel in the transport sector 

can be assisted by the development of "compact" multi-storied 

cities and towns at densities very much greater than those of 

today (Dantzig and Saaty 1973). This might be expected to 

result not in less travelling but in shorter trips for those 

journeys that are made, particularly for the journey to work. 

In the building services sector, however, some fuel-conserving 

technologies become impractical as development densities 

increase. For example the "solar access" (freedom from 

overshadowing) which is required for individual buildings with 
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solar heating is not always available in dense developments 

(Knowles 1981). Other technologies such as combined heat 

and power (CHP) and district heating are most economical 

when development densities are somewhat higher than those of 

today's suburbs, but at very high densities such as those 

suggested by Dantzig and Saaty the problem becomes one of 

cooling, rather than heating, urban districts (Steadman 1977). 

it appears, therefore, that some optimisation of development 

densities according to particular servicing technologies 

(or combinations of them) might be appropriate for fuel 

conservation in building services, but that this may have to 

be "traded-off" against effects on fuel conservation in the 

transport sector. Very high densities may be good for 

transport and bad for building services; lower densities may 

be better for building services, but not for transport. 

The matter is further complicated by the effects of shape, or 

the spatial arrangement of settlements. At similar densities, 

one shape of town (or regional pattern of towns) may be 

better than another from the point of view of fuel conservation. 

This is because of the effects of the spatial arrangement on 

the length of trips and their distribution between transport 

modes, on the distribution of services, and on "solar access". 

Thus the identification of energy-efficient settlement 

patterns must involve the consideration of density and spatial 

form as related but separate issues. Whether density or 

shape is the more significant factor remains to be seen. 



- 12 - 

The use of energy is of course only one factor among many 

in the development of settlements. Throughout the history 

of human settlements other factors have controlled the 

development process, and until recently the use of energy 

has been of minor interest to those involved. Their overriding 

considerations have been political, military, economic, social, 

cultural and technical (Mumford 1961). This is not to say 

that the use of energy has not'been implicit in economic 

considerations, merely that its perceived relative importance 

has been less than during the last ten years. This is 

principally because of a dependence on fossil fuels developed 

during the twentieth century and called into question by 

political events in 1973. Many of the traditional 

considerations are still important, and our towns and cities 

and the surrounding landscapes continue'to be shaped by them 

(Lynch 1981, Fairbrother 1974). Not least in importance are 

economic factors which influence location, from the 

individual's choice of where to live to government decisions 

to develop new towns in highly-accessible positions on the 

streams of trade. Ebenezer Howard invoked a combination of 

social, economic and environmental considerations in his 

highly-influential case for the Garden City (Howard 1898). 

Fuel conservation cannot replace these considerations as the 

force which shapes our settlements. The need to conserve 

fossil fuels is a newly-important factor to be taken into 

account along with all the others. Settlement patterns will 

therefore continue to develop in response to changes in 

industry, in transport technology and in society. 
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Accessibility, economy and environmental quality will remain 

uppermost in the minds of planners, and where these 

considerations conflict with fuel conservation (as inevitably 

they must), some compromise or optimum. solution will be 

sought. The problem to which this research is addressed is 

the identification of efficient configurations - of 

settlement patterns which meet as many as possible of the 

appropriate criteria in an energy-efficient manner. Patterns 

ideal for fuel-conservation but poor in other respects will 

not be discussed. 

The city-region provides an appropriate initial focus of 

scale in research dealing with energy-related properties of 

settlement patterns. At any larger scale the interaction 

between the building services and transport sectors is easily 

lost through aggregation, and the supply side of the energy-economy 

begins to dominate, introducing locational issues of a new 

kind, only loosely related to the configuration of settlements. 

At the smaller, urban scale, opportunities for the modification 

of cities are limited by the complexity and intensity of 

existing developments and activities, and appropriate changes 

are difficult to identify in the absence of a clear regional 

context. The economic interaction between cities and their 

hinterlands is a strong factor in the development of both, 

and a significant part of this interaction takes the form of 

fuel-consuming commuting between suburban or "dormitory" 

communities and central workplaces. it is thus at the city- 

regional scale that the "trade-off" between fuel conservation 
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in building services and. fuel conservation. in transport 

can best be investigated. Research at this scale will also 

provide a context for further, similar work at the urban and 

suburban scales. The research reported here. is therefore 

focussed on the relationship between the use of. energy and 

the pattern of settlements at the regional scale. It is 

concerned predominantly with the demand side. of the energy 

economy, and with spatial aspects of settlements. 

A review of the literature 

This is a subject with which researchers have been. sparring 

for some time. A review of. the published literature reveals 

a number of inconclusive studies, and several other reviews! 

The detailed contents of previous reviews will not be 

catalogued here: this discussion will confine itself to a 

selection of the published work which seems most significant 

in its conclusions and implications. For more detail, the 

reader is referred to Gilbert and Dajani's.. (1974) post-"energy 

crisis" review article Energy, Urban Form and Transportation 

Policy, to Steadman's later review which refers particularly 

to work carried out in the 1970. s. (Steadman.. 1980) and to a 

recent book by Beaumont and Keys (1982) Future Cities: Spatial 

Analysis of Energy Ieeuee which provides a very thorough 

bibliography of recent relevant literature. 

A number of early studies of the effects of variations in 

urban form, while not specifically concerned with the use of 
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energy are nevertheless of interest. The late Catherine 

Bauer Wurster speculated in 1963 about the spatial development 

of cities and their regions (Wurster 1963). She discussed 

possible developments through the projection of then-current 

North American trends towards sub-regional economic 

specialisation, contrasted with the alternative of sub-regional 

economic integration "towards 4 constellation of relatively 

diversified and integrated cities". Wurster also dealt with 

the issue of the possible dispersal of cities, as opposed to 

the development of concentrated super-cities. Speculations 

of this kind were taken up in a more systematic way by Hemmrens 

(1967) who used linear programming techniques to compare 

thirty different urban arrangements. Hemmens' forms were 

specified as thirty-seven. zone distributions of population, 

employment and services, and were compared on the basis of 

trips made to work and to services. His conclusion, that at 

the aggregate urban scale land-use and transport are not very 

interdependent, has since been criticized by Schneider and 

Heck (1974), who allege a lack of significant spatial variety 

in the arrangements. compared. Another study was made at about 

the same time by Jamieson, Mackay and Latchford (1967), in 

which options for the arrangement of large-scale new 

development (e. g. new towns) were compared by means of a 

simple transport model. In each spatial arrangement, land uses 

were separated into residential, industrial and commercial 

zones linked by a hierarchically-structured transport network. 

Radiocentric and linear arrangements with varying degrees of 

polycentricity were compared in terms of capital costs, 'the 
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mileage of major roads, and the average duration of the 

internal journey to work. All the arrangements contained the 

same total population and the same number of employment 

opportunities, and they all generated the-same number of daily 

vehicle movements. The authors concluded that linear urban 

forms showed considerable advantages over more conventional 

radiocentric forms in respect of journey times and lengths of 

roads, though at similar costs. 

in the 1970s a number of similar studies of urban form were 

made in which the use of energy was addressed explicitly. 

Schneider and Beck themselves investigated a range of patterns 

of clustering of residences. and jobs on small transport 

networks with up to twelve modes (Schneider end. Beck 1974). 

They used a gravity model to compare the. patterns in terms of 

total travel, accessibility, average loads on the road links, 

and maximum loads on the road links. Their general-conclusion 

was that a strong (i. e. economically dominant, densely 

developed) urban centre provides optimal accessibility, but 

for their other three criteria integrated clusters of local, 

suburban centres provided for less total travel and better 

use of roads. 

Owen Carrol et a1 (1975) applied a Lawry-type model to the 

Nassau-Suffolk area of New York, and compared the continuation 

of "sprawl" with a proposed alternative arrangement of 

"corridors, clusters and centres". Both arrangements 

contained the same projected amounts of population and 
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employment. The authors concluded that the corridors option 

was better for fuel conservation then the sprawl, suggesting 

a fifty per cent saving in transport sector fuel, but 

Beaumont and Keys (1982) are critical of "rather overconfident" 

assumptions included in the clusters option with regard to 

the potential for fuel conservation in the residential and 

industrial sectors. 

In all these early studies, the relationship between energy 

and urban form is dealt with by the interpretation of output 

fron conventional transport models, or from land-use and 

transport models. These models were designed originally for 

different purposes, and when. used in this way they produce 

rather inconclusive or non-generalisable results. It also 

seems reasonable to suggest that in some cases the conclusions 

are implicit, if not readily apparent, in the policy 

assumptions and input data by which the various configurations 

are described. Cripps, Macgill and-Wilson (1974) have 

attempted to formuinte more integrated models. of egargy flows 

within urban areas. They propose three models: first a 

general, entropy-maximising model of spatial energy and 

commodity flows, second a development of conventional transport 

models to take fuel consumption into account, and third an 

adaptation of a Lowry-type locational economic model to 

incorporate fuel prices. Apart from the criticism, discussed 

earlier, of the theory underlying models of this sort, there 

is also the problem that they provide poor spatial representation. 

The spatial relationships between the origins and destinations 
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of trips are represented in terms of travel times and/or 

distance, but not with regard to direction. Such 

configurational information about the settlements as is 

included is in the form of a relatively coarse network of 

inter-zonal links specified by the modeller. This kind of 

representation is not particularly appropriate to the study 

of the relationship between the shape of a settlement pattern 

and the use of energy within it. in such a model, settlement 

patterns of several different shapes might be represented in 

the same way, and yet contain quite different spatial 

relationships. This spatial difference can be expected to 

affect the flows of people and goods which are overlaid on 

the representation of the fixed, physical elements of the 

city, and these flows in turn have implications for fuel 

consumption. 

Edwards and Schofer (1976) carried out a. study which attempted 

to circumvent these problems, involving the simulation of 

travel behaviour in a series of hypothetical cities, using 

data for Sioux Falls, South Dakota, USA. After studying the 

form of that settlement (in terms of shape, density, etc. ) 

and the pattern of travelling within it, the authors 

constructed thirty-seven different rearrangements of the 

pattern of land-use and of the transport network. The 

patterns included conventional radiocentric -arrangements, as 

well as linear and polycentric ones,. and each contained the 

same total population and population structure as the original 

and generated the same number of trips. Densities, highway 
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speeds, routes and modal splits varied across the set of 

patterns. Comparison of these patterns by means of a Lowry 

model led to the conclusion that structural' changes in the 

pattern of land use and transport can have significant 

effects on fuel consumption for urban passenger travel. 

Urban shape, extent and density were found to be important. 

Edwards and Schofer concluded also that "cities with compact 

land-use patterns occupy energy-efficient locations in the 

space of feasible structures" (Edwards and Schofer 1976, p54), 

by which they meant that patterns in which residential and 

employment land-uses are spatially integrated, rather than 

geographically segregated, showed consistent advantages over 

other types of pattern. This. conclusion is fundamental to 

the current study, which takes the integration of land-uses 

as a starting point, beyond which the effects of shape and 

spatial arrangement remain to be explored. . 

Shale (1978,1980) has applied the TOPAZ model to the analysis 

of the projected development of Melbourne, Australia. TOPAZ 

is a dynamic (iterative) linear-programming type doubly-constrained 

gravity model developed at the Commonwealth Scientific and 

Industrial Research Organisation. (. Division of Building Research) 

in Melbourne, A range of possible development options were 

compared using cost-benefit techniques in the context of 

three scenarios called "business as usual", "energy crises", and 

"medium density alternatives".. The results are typically 

inconclusive, but suggest that the most appropriate option 

for Melbourne may be the: development of semi-independent 

sub-centres within the urban area, rather than fringe development 

or new independent satellite towns. 
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Owens (1978) has studied the energy-implications of different 

planning policies for the location of now growth development 

in a rural area of Norfolk, England. Twelve strategic options 

for the location of new employment, housing and schools were 

considered, ranging from the concentration of new development 

into existing centres, to complete dispersal. The options 

were evaluated by means of & "simple gravity model, in terms 

of the journey to work, infrastructure and service costs, 

and industrial space heating costs. Two scenarios provide 

the context for the evaluation, and these are described in 

terms of levels of mobility and car use, investment in 

insulation, and the deterrent effect of distance incorporated 

in the model. The conclusions of this study were that with 

modest levels of insulation and a low deterrent effect Of 

distance, the most fuel-conservative strategy is the 

concentration of all new development into existing centres. 

When there is less mobility, greater deterrent effect of 

distance and increased insulation, the most fuel-conserving 

strategy is to concentrate new population into existing towns 

And disperse new employment. This study is notable. for the 

inclusion of both transport fuel and space heating in the 

evaluation, but the assumption of an "economy Of scale" effect 

in industrial space heating calls the conclusions into question. 

A clear conclusion, however, is that the existing settlement 

pattern is a strong determining factor in the fuel-efficiency 

of the various growth strategies which are applied to its 

development. 
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Steadman's (1980) review of this subject contains a summary 

of six different fuel-conservation policies that might be 

applicable in transport planning (see table 0.1, nos. 1-6) 

and of eight policies that might be applicable in land-use 

planning (table 0.1, nos. 7-14). He then discusses potential 

systematic interactions and conflicts between these policies, 

and emphasises their highly political implications, before 

concluding that despite the work carried out up to that time 

there is no clear understanding of what might be an energy- 

efficient settlement pattern. Beaumont and Keys (1982) have 

made a more recent and very thorough review, but come to a 

similarly inconclusive view of the subject, This work also 

contains an extensive microeconomic analysis of'British 

household expenditure, including that on heating fuel and 

travel, and. a report of energy-orientated applications of a 

Lowry-type land-use model and a Coehlo-Wilson optimising 

model to the city of Leeds. The general conclusion (which 

is also found elsewhere in the literature) that the fuel- 

efficient model for "future cities" is the polycentric cluster 

of one major and several minor, interconnected economic 

centres is plausibly argued but unsubstantiated by the 

Beaumont and Keys analysis, or by those they cite. Beaumont 

discusses this potycentric cluster model in more detail 

elsewhere (Beaumont 1982) and Meier (1982) arrives at a 

similar model in an analysis of resource- and energy-related 

development problems being encountered in cities in 

developing countries. 



- 22 

1 Improve the fuel-efficiency of vehicles, through technical 
modifications and through more careful driving and the 
lowering of average speeds. 

2 Improve the load factor in vehicles, particularly in 
public transport vehicles, to achieve more passenger miles 
per unit of energy. 

3 Encourage the transfer of passenger trips from less 
energy-efficient to more energy-efficient modes, e. g. 
from aircraft to trains, from private cars to buses, etc. 

4 Encourage the transfer of goods traffic from less energy- 
efficient to more energy-efficient modes, e. g. from road 
to rail. 

5 Encourage the substitution of electronic means of 
telecommunication for all kinds of travel, including 
business trips, and shopping trips in. particular. 

6 Reduce the total amount of motorised travel going on, 
through higher taxation of vehicles, higher taxation of 
fuel, a slow-down in road-building, and by restricting 
access by private cars to city centres. 

7 Plan the disposition of-land-uses such that journeys are, 
on average, decreased in length, particularly journeys to 
work; alternatively, institute policies to encourage 
households, firms and institutions to relocate within the 
existing building stock, with similar effects. 

8 Encourage local travel by bicycle and on foot, rather than 
in powered vehicles. 

9 Encourage localised, decentralised manufacture, processing 
and distribution of goods so as to reduce goods traffic, 
particularly in the food industry. 

10 Design buildings so as to make use of a wide-range of fuel- 
saving techniques in construction and operation, and 
arrange groups of buildings for maximum use of solar energy. _ 

il Reduce the consumption of fuels in the construction of new 
roads or other types of transport infrastructure. 

12 Introduce district heating, and combined-heat-and-power 
(CHP)systems. 

13 Increase the energy-efficiency of the supply of piped-services 
to buildings [e. g. by arranging buildings in patterns 
appropriate to fuel-efficient service distribution]. 

14 Save energy in the transport of garbage and organic wastes, 
recycle garbage as a fuel, and use methane and sludge from 
sewage treatment as a fuel and a fertiliser, respectively. 

Table 0.1 Fourteen fuel-conservation policies that-might be 

applicable in land-use and transport planning; 
source: Steadman 1980. 
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Rodriguez and di Pierro (1982) have compared a range of 

urban forms including conventional monocentric cities with 

centralised employment and dispersed population, polycentric 

cities in which employment is also dispersed, and elongated 

"linear" cities. Each urban form was evaluated with two types 

of road pattern, one being a rectangular grid and the other 

a "fish-spine" pattern. Analysis was by means of a simple 

transport model, combined with routines to take account of 

transport fuel consumption, and the model was calibrated 

against data from seven Brazilian cities. Rodriguez and di 

Pierro conclude that in Brazilian cities modifications in 

population and employment distributions might result in 

variations in-transport fuel consuaption of up to 100 per 

cent, that modifications in overall city shape might result 

in variations of up to 200 per cent, and that modifications 

in the arrangement of the road network might result in 

variation of up to 100 per cent. These conclusions are drawn 

reservedly, there being little doubt that the modifications 

to which they refer are radical and long-term, and that their 

implementation would be politically 
, 
bighly-contentious, if not 

impossible. The authors also point out that "current and 

evolving popular demands .... [are] for more open spaces, less 

pollution, less crowding, less traffic jams, etc.,.... [and 

that] these demands directly confront the fuel-saving measures". 

Notwithstanding these points, there seem to be good reasons 

for believing that the rapidly-growing cities of the 
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developing world will offer more scope in the coming decades 

for fuel-efficient improvements in urban form and structure 

than will the cities of Europe and North America. Indeed 

Ward (1976) and Meier (1975,1976) argue that the problems 

of cities in the developing world are reaching critical 

proportions, and that fuel supply and conservation, while 

not the foremost of those problems, are of considerable 

importance and must be addressed very soon. 

Studies of the relationship between urban form and the use 

of energy appear to have produced few generalisable 

conclusions to date, and the precise nature of the relationship 

remains unclear. In a number of studies attempts have been 

made to use land-use and transport models, minimally-adapted, 

for energy analysis. Some of these studies have dealt with 

fuel-use in transport but not in building services, though 

there are good reasons for believing that both sectors, and 

the interaction or "trade-off" between them are important 

, 
(Owens 1978, Steadman 1980). Many exercises have produced 

rather inconclusive results, and this may be because of 

inappropriate spatial representation in the models and because 

it has proved difficult to generalise from analyses, of 

particular towns or regions. There is a consistent failure 

in these studies to distinguish between, on one hand, the 

configurations of land uses and transport networks : (which 

provide accessibility, or a potential for interaction), and 

on the other hand the flows of people and goods between places 

(which realise the potential for interaction, but incur a 
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poet-penalty in the form of fuel consumption). The 

exploratory modification of the configuration of the settlement, 

in order to discover energy-efficient arrangements, is 

therefore properly carried out prior to the modelling process, 

and in more spatial detail than many models are able to 

provide. The problem of non-generalisable results obtained 

from studies of particular towns may then be avoided by 

generalisation of the initial spatial representation on the 

basis of broadly-based spatial studies of existing settlements. 

This process, however, must be set in an appropriate context, 

and in this respect many previous studies are inadequate. 

Cities are embedded in their regions, and regions in nations, 

so studies of urban form and energy-use must be preceded by 

similar studies At the regional scale, which in turn must 

acknowledge the influence of national energy and economic 

policies. Many of the previous studies appear to contain an 

implicit assumption that. future economic conditions, energy 

prices, and patterns of travel and consumption will be very 

similar to those of today. There is very little evidence to 

support this assumption, and work in energy analysis and 

forecasting (Chapman 1975, Leach et al 1979) suggests that 

it is important that some consideration is given to the range 

of possibilities as to what the future might be like. Since 

most work on urban form deals with spatial changes which 

might take place over twenty years or more in A period of 

technological change and some economic turmoil, the omission 

of consideration of the future is a serious one. Fuel-conserving 
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policies affecting land-use and its interaction with transport 

should be "robust" against a wide range of possible future 

developments, and research which is directed towards informing 

such policies should take this into account. In the research 

which is reported in the following chapters, a methodology is 

adopted which attempts to address these issues. 

A research methodology 

The objective of this work is to investigate realistic 

possibilities for the future development of regional settlement 

patterns, and to compare their properties in respect of 

accessibility and of the use of energy in transport and in 

building services. Realistic possibilities for future 

development are defined as settlement patterns-which might be 

achieved through reasonable planning policies, economic forces 

and technological developments affecting existing settlement 

patterns over a period of approximately thirty years. The aim 

of the research is to contribute to knowledge of the 

relationship between the use of energy and the form of human 

settlements. 

The research has been divided into four parts, the first of 

which deals with the future. A review of some of the published 

literature about the likely conditions in Britain during the 

next thirty years is followed by the selection, from that 

literature, of three energy scenarios. The scenarios are 

chosen to represent a cross-section of the realistic 
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possibilities for the future of Britain. They are described 

in terms of economic conditions, technological developments 

and the availability and use of fuels, and they span a range 

of possibilities from a future of high economic growth and 

nuclear-powered high-technology to one of low-economic growth 

based on fuel-conserving "appropriate technologies". 

Together, the scenarios provide the context within which 

possible future settlement patterns may be assessed for their 

propriety and robustness. This part of the research is 

Oescxibed in Chapter 1. 

The second part of the research focusses on the existing 

settlement pattern in a large region of eastern central England, 

and describes the analysis of this pattern by means of a series 

of quantitative measures which together describe its shape. 

The region chosen for this study is a part of eastern central 

England which, it might be argued, is in many ways typical of 

Britain, It contains some flat agricultural areas and some 

rolling country through which major national routes pass, and 

where substantial industrial development is located. It also 

contains several small cities and towns, and many villages. 

The measures used are quite distinct from more conventional 

economic and demographic analyses, and they are adopted in 

order to describe the regional settlement pattern spatially 

in a way which is independent of its economic and social 

characteristics. The intention behind the use of these measures 

is to characterise the spatial properties of the settlement 

pattern, but (through statistical averaging techniques) to 
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sift out accidents of local geography and topography, so as 

to produce a generalisable spatial model. This part of the 

research is reported in Chapter 2, and provides an essential 

prerequisite to the third part in which the results of the 

analysis are generalised in order to provide a "configurational" 

model of the shape of the settlement pattern in an arguably 

typical or average region of England. The model is constructed 

by combining the empirical data with published land-use data 

from other sources; it provides a detailed description of the 

pattern and intensity of land-use and of the arrangement of 

the road transport network in a theoretical, infinitely-extensive 

region of cities, towns and villages with spatial characteristics 

calibrated to match the results obtained earlier. chapter 3 

describes the construction of the configurational model and 

goes on to review theories about the form that energy-efficient 

settlements might take, and proposals for future energy-efficient 

settlements. Some of these proposals are then used as the 

basis of modifications to the configurational model's 

representation of the existing typical city-region. Five 

modified city-regional settlement patterns are constructed, 

each of which incorporates only such changes to the'original 

pattern as might reasonably be achieved through growth, 

migration and economic development, and through planning 

policy operating over a thirty-year period. The resulting 

set of six regional configurations (including the original 

one) is put forward as characteristic of the range of realist- 

ically possible regional settlement patterns of thirty years 

hence, and it provides a consistent basis for their comparative 

evaluation. 
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The final stage of the research is the comparison of the six 

patterns by means of a specially-developed land-use, transport 

and evaluation model. This model makes use of a utility- 

maximising formulation, and has been developed by Dr. Tomas de 

la Barra in close collaboration with the author. It is based 

on previous work by de la Barra (1981, et al 1983), which'in 

turn has been influenced by Echenique at al (1978) and more 

remotely by Lowry (1964) and by Leontief and Strout (1963). 

The detailed formulation of the model, together with an 

account of its implementation on the DEC VAX 11/780 computer 

system of the Design Discipline at The Open University, is 

sek out in the Appendix, and reported in part in de la Barra 

and Rickaby (1982). Chapter 4 reports the application of this 

model to the comparative evaluation of the six regional 

settlement patterns. Figure 0.1 illustrates the modelling and 

evaluation procedure. Each pattern is represented as a 

fifty-two zone distribution of land-uses (residential, 

employment and services) upon which is superimposed a 

hierarchically-organised radiocentric road transport network 

derived from the configurational model. Part of the data 

which comprises the detailed description of each pattern is 

used in the land-use submodel's representation of that pattern, 

and other parts of the data are used in calibration. From the 

land-use submodel's estnb]. ished pattern of land-uses and of 

flows of people between various locations (from home to work 

and services), the transport submodel generates trips, 
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assigns them to routes and transport modes (public buses or 

private cars), and takes account of road capacities and of 

congestion in calculating travel times, costs and distances. 

The land-use and transport submodels interact iteratively. 

For each pattern the evaluation sub-model then makes use of 

land-use and transport data in taking account of fuel used 

in building services and in transport, and in assessing 

"user benefits" (a measure of accessibility or interaction 

based on the utility formulation embedded in the models). 

Thus the output of the evaluation sub-model allows an 

assessment to be made, for each pattern, of the "trade-off" 

between accessibility and fuel conservation inherent to that 

pattern. The evaluation of six patterns allows direct 

comparisons to be made between them. 

The modelling and evaluation process is also designed to take 

account of differences between the three scenarios selected 

in the first part of the work to characterise the range of 

possible future conditions. The model is calibrated 

parametrically, and may be adjusted by means of numerical 

parameters so that the future conditions described in each 

scenario may be simulated. For example, in the transport 

Submodel trip generation and modal split may be adjusted to 

simulate the effects of very expensive fuel and a consequent 

shift away from private cars and towards public transport. 

Similarly, the fuel-intensity of vehicles may be adjusted, 

and in the land-use submodel "purchased energy" use in building 

services is related to development density, so that the 

substitution of solar energy for mains or fossil-fuel supplies 



- 32 - 

in low-density developments may be taken into account. 

Chapter 5 presents conclusions arising from the modelling and 

comparative evaluation of the six alternative regional 

settlement patterns. The results of the study are summarised, 

and their implications for policy and for further research 

are discussed. 
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1 SURVEYING THE FUTURE 

alternative contexts for regional planning in Britain 
during the next thirty yeapa 

The future is largely a matter of choice. This is the underlying 

premise of this chapter. The research" reported here is a study 

of a range of regional settlement patterns, all of which are 

possibilities for the future and are accessible by means of 

planning policies. This chapter is concerned with the context 

in which those policies must operate - with the broad political, 

economic and social background which will set the goals and the 

limits of town and country planning in the future. 
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Melvin Webber has described how attitudes to the future have 

changed through history. Under primitive or pre-industrial 

conditions the future was conceived of as either unknowable 

or subject to the mysterious will of the local gods. In the 

industrial age the phenomena of investment and credit, interest 

and insurance suggest a conception of the future with a high 

probability of similarity with the present, or at least a high 

probability of predictable change. Webber describes a growing 

contemporary "post-industrial" view of an open future, that is 

a future which though constrained by present circumstance is 

subject to human will. It is a future that can be forecast, 

planned or designed (Webber 1968). Thus the future has become 

a legitimate subject of study leading to "rational creative 

action" or planning (Jantsch 1972). 

There are many ways of studying the future. They range from 

utopian speculations to the most mechanical extrapolations of 

past and present trends. These extreme methods have their value 

in suggesting, in the former case, what might be, and warning, 

in the latter case, what will be unless some change occurs. 

They also have their practical problems, which might be 

characterised, in the case of utopias, by the question "how do we 

get there from here? " (or avoid getting there) and in the case of 

extrapolations by the question "where are we trying to get to? " 



- 35 - 

This dichotomy. of approaches recurs. Peter Hall distinguishes 

forecasts from predictions and projections (Hall 1977, p4): 

Many so'-called forecasts are not really such 
at all, but are mechanical statistical projections 
based on recent past trends. (Population 
forecasting provides notorious examples) They 
do not go behind trends to causes, and one can 
see why: it is so difficult. In some kinds 
of forecasts (economic forecasts in particular) 
there is a tendency to confuse the prediction 
of the future. with exhortation to achieve it.... 

Baxter and Williams have defined the three terms more closely 

(Baxter and Williams 1978, p8) : 

A forecast is any intuitive or other method of 
looking into the future. A prediction is any 
systematic method of looking into the future. 
A projection (or extrapolation) is a method of 
illustrating the long-term-implications of the. 
continuation of specified trends or assumptions. 

ja4ntsch distinguishes between two fundamental methods of study. 

Exploratory methods start from the present and work forward in 

time along possible lines of development. Normative methods lead 

backward from assessed and evaluated future states to action in 

the present. These two methods seem to bear some resemblance to 

the extremes of extrapolation and utopianism, but provide for a 

more systematic approach. Jantech suggests that the two methods 

should always be combined in a procedure embracing both the 

constraints of the present and evaluations of possible alternatives 

for the future, as well as the interactions of the various components 

pf change which might be dealt with (Jantsch 1972). 
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Clearly the number of possible future developments within each 

of a whole range of areas relevant to the present study - energy 

supply, population growth, transport and so on - will be very 

large indeed. Nevex eless all these possibilities must be 

subject to certain constraints of a more or less severe kind. 

It is perhaps possible to divide such constratints into two types. 

In the first place there are limitations imposed by physical 

factors, or by geometry and topology. For example it has been 

argued that an effective physical limit exists on the output 

of man-made heat to the atmosphere, before catastrophic climatic 

changes result (thapaian 1975). More immediately relevant to 

present discussion, when patterns of land use and-the structure 

of transport networks are considered in topological terms, it may 

be said that there exist only 'o limited number of classes of 

possible patterns or networks, arising out of combinatorial 

limitations on the ways in which the plane of the land surface may be 

subdivided (March and Earl 1977). Such limits or constraints are 

susceptible to scientific investigation. at is more they must 

necessarily continue to apply, whatever social� political or 

technological 4evelopments occur in the future. 

Political and social changes are obviously much more difficult 

- perhaps in principle impossible - to predict on any truly 

scientific basis. However they too in their turn must be subject 

to many constraints, of a different nature. There is a great 
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inertia created by the present investment, both capital and 

organisational, in institutions and in the physical infraitructure 

of buildings, machines, manufacturing technology and so on, which 

must place limits on the rate of change in society, And beyond 

this there are perhaps further psychological and political factors, 

very difficult to isolate and specify certainly, but which 

nevertheless also act to control the maximum possible speed of 

social change - even change of a "revolutionary" rather than an 

"evolutionary" character. 

The difference between these two levels of constraint corresponds 

to the distinction drawn by W. C. Kneale, in a discussion of the 

criteria of demarcation between science and history. "He says 

(Kneale 1974, p208): 

It seems possible to maintain that science 
should be distinguished fron history (in the 
largest sense of that word) not as the study 
of universal truths from the study of singular 
truths-s', but rather as the study of what is 
possible or impossible from the study of 
what has been or actually-is the case., 
speaking metaphorically, we may say that 
science is about the frame of nature, while 
history is about the content. 

In our case it is not exactly the frame of nature in the conventional 

sense which is involved, so much as the frame which nature places 

on the possibilities for technology and material culture, that is, 

on those phenomena which are the subject of Herbert Simon's "sciences 

of the artificial" (Simon 1969). Meanwhile within these theoretical 
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limits, the course of history is constrained (but certainly 

not determined) at any time by the actual state of technological 

development, political institutions, social organisation etc. 

These various kinds of constraints are depicted in an extremely 

simplified and diagrammatic way in Figure 1.1. The time axis 

here runs from left to right. Political, social and institutional 

limitations on the rate of change away from the existing situation 

may be imagined as defining for the future 4 "cone of practical 

possibility" whose apex marks the present moment. The centre 

line of this cone would represent no change at all, while lines 

along the outer surface would correspond to the most rapid possible 

rates of change, in different directions. All states outside this 

cone are inaccessible: we cannot "get there from here" in the time 

available. An extrapolation would be the projection forward in 

time, inside the cone, of same line of constant slope. Normative 

methods for the study of possible versions of the future in 

Jantsch's terms, would involve identifying some point or points 

within the volume of the cone, and tracing paths back from these 

points to the apex. 

At any given time the current level of skill and knowledge allows 

in principle a range of technological possibilities, defining the 

variety of ways in which available technology might be employed. 

For example transport technology affects possiba. e patterns of 

travel behaviour and land use. Such technological constraints 
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alter with time, as the technology develops. Thus faster means 

of transport allow a greater variety of possible land use patterns. 

This idea is suggested in the diagram by the widening band 

labelled "technological constraints", within which the "cone of 

practical possibility" and hence all future trajectories are 

contained. In turn, the whole realm of technological possibility 

must lie within the realm of physical And geometrical possibility, 

which does not change with time, and so is depicted by an area 

within parallel limit lines. 

The strategy for research which is adopted here is thus to try to 

characterise the variety of regional settlement patterns which 

is theoretically possible, in abstract topological and geometrical 

terms. Projections are made, drawing on published work, of 

relevant technological constraints, over a suitable period into the 

future, And the choice of particular patterns for detailed analysis 

within these constraints is made by setting each against a series of 

possible social and political contexts. This chapter is a 

description of a range of socio-technical contexts for regional 

planning on a thirty-year horizon. Such alternative contexts are 

commonly termed "scenarios". There is s'rich literature and 

methodology of scenario-writing, mainly due to the recent wide use 

of scenarios ist the evaluation of alternative national energy 

policies. Chapman suggests that . the scenario. method. 9pr cvpari .g 

alternative policies is only appropriate between specific limits' 

in time (Chapman 1976) 
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In general, a timescale less than 15 years 
would be better treated by a simulation model, 
since in 15 years there is little hope of 
doing anything more than changing the direction 
of a trend. Timescales more than 50 years are 
probably better considered in the science-fiction 
literature since within 50 years there could be 
very significant change in a wide variety of 
technologies. Thus the method is only appropriate 
for t mescales in the order of 15-50 years, the 
precise choice depending on the aims of the 
study. 

Chapman also emphasises the advantages of this method: the future 

is not constrained to be an extrapolation of the past, yet a wide 

range of analyses and numerical comparisons can be made against a 

broad socio-political framework which may vary from that prevailing 

today. He suggests that though the number of options for the 

future is large, the bare minimum number of scenarios 

which for practical purposes can serve as representative of this 

whole range of alternatives is three. The degree of uncertainty 

concerning the future makes a large number of closely-spaced 

alternatives inefficient, while reducing the number of scenarios 

to two presents an unrealistic polarisation. 

Here, three scenarios are adopted from the literature. These 

scenarios are to provide 
.a 

deliberately broad range of contexts 

for the alternative settlement patterns which are compared 

mathematically in the following chapters. The settlement patterns 

might therefore be seen as elaborations of the town and country 

planning aspects of the scenarios. However, exclusive correspondence 

between settlement patterns and scenarios is not intended.. A 
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particular settlement pattern may be appropriate in the context 

of more than one scenario. Similarly, a particular scenario 

may be appropriate to several settlement patterns. There will 

also be non-correspondences where for instance policies implicit 

in a scenario contradict policies which would be necessary to 

achieve a particular settlement pattern, thus making pattern 

and scenario inconsistent. Figure 1.2 is a notional illustration 

of this non-correspondence. 

There remains the problem of delimiting the range of realistic 

scenarios. The number of imaginable versions of th e future is 

very large, as illustrated by the literature of utopias and 

anti-utopias (Orwell 1949, Huxley 1932,1962, etc. ) and by radical 

literature of various persuasions (e. g. illich 1973). Many of 

these sources deal with an imaginable future beyond the thirty- 

year horizon of this research. They are therefore able to ignore 

the "inertia" of the present discussed earlier. Short-term 

radical change is difficult to achieve and tends to be destructive. 

Thus dramatic. change within the thirty-year horizoin is highly 

improbable in the absence of externally-provoked crises or violent 

tuxmoil (though such crises or turmoil may not themselves be 

impr(Abable). More conservative forecasts tend to be extrapolations 

of currently apparent trends, a technique which denies- the-openness 

of the future by overemphasizing the inertia of the present. 

P'or the sake of the present study, it is assumed that the'bone of 

realistic, or practical possibility" ; SXpanding from the present 
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is bounded on one side by such extrapolations. In other words, 

one boundary of the cone corresponds to "business-as-usual", or 

the fastest rate of economic growth which is practically attainable. 

The other boundary of the cone is represented by the broader-based 

studies of Plan Europe 2000, a survey of the likely characteristics 

of European society in the year 2000 carried out for the European 

Cul. tural Foundation (Hall, 1977). The range of scenarios to be 

adopted lies along the thirty-yeax horizon and is defined by the 

extent of the cone of realistic possibility, as illustrated in 

figure 1.3. Official forecasts, which tend to be extrapolations 

modified by broader considerations (ACORD 1976, Department of Energy 

1978) then lie roughly along the centre of the cone. 

A range of scenarios defined in this way is an attempt to identify, 

out of all the possible alternatives for the future, those which are 

most probable. it is important to emphasise that all alternatives 

are real options, but that their implications vary widely. The 

selections made here reflect an assessment of the probability of 

various alternatives being realised, and of their utility to this 

study. The next step is to identify those features of the future 

which are most likely to influence planning policy and the form of 

regional settlements. Clearly, the whole future cannot be described; 

to be of value, scenarios must be selective, and describe only 

those features of the future which are most relevant to the study 

in hand. For this purpose, Plan Europe 2000 is again useful, and 

merits discussion in some detail. 
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Europe 2000 

Plan Europe 2000 is the title of a research project which has 

examined the future of Europe. The project was run by the European 

Cultural Foundation from 1967 to 1975 and the final report is 

published as Europe 2000, edited by Peter Hall (1977). The study 

provides an interdisciplinary overview of the main problems 

confronting European society up to the turn of the century. It 

identifies key issues, and presents the alternative directions 

European development might take. A consensus was achieved amongst 

the many contributors, and it is presented in the form of six 

perceived current trends which will pose acute problems, and six 

"formative changes" to be expected in European life. Europe 2000 

presents a form of scenario; it is discursive, but it is of value 

here in identifying significant features of the future and informing 

the selection of quantified scenarios. In conjunction with more 

conservative extrapolated forecasts, it provides background to the 

scenarios, which themselves provide background to the settlement 

patterns under study. 

Hall's six problems can be summarised as: deepening international 

economic crisis coupled with the decline of resources and the 

development of third world economies; conflict over diminishing 

material resources at international, national and local scales; 

increasing alienation of various sectors of society from each other; 

the decline of traditional social structures and the stability 

they provide; the provision of access to education and information 
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in a rapidly changing world; and the polarisation of society 

into numerous, opposed minority-interest groups. In response, 

the six "formative changes" collectively suggest a new common 

philosophy. The changes are:.. the development of vigorous 

conservation of increasingly scarce resources, with special concern 

for energy supplies; the appearance of social and economic units 

smaller than today's, particularly in industry, commerce and 

public administration; the use of labour-intensive "intermediate 

technology" (Schumacher 1973)= the appearance of new rural and 

urban lifestyles, which will involve smaller urban and larger 

rural populations, less travelling and more domestic agriculture; 

A shift from manufacturing-based industry to an economy based on 

scientific and service activities, as well as crafts; the emergence 

of a deep underlying concern for the quality of life. 

Hall describes the background to the ideas in some detail, and 

enables a distinction to be-made here between what might be termed 

relatively stable and relatively unstable features of the future. 

The term stable does not imply invariant. All such features are 

likely to undergo change, partly because of which they are considered 

important in the context of this research. However, relatively 

stable features are defined as aspects of the future which, though 

changing in time, exhibit the same pattern of change across the 

range of realistic scenarios. In contrast, relatively unstable 

features are expected to undergo different amounts of change in 

different scenarios, indeed the scenarios are typically characterised 



- 48 - 

ScYNARIO SUMMARY. 6UIIOP6 2000 
Sources Hall (1977)' 

This is a descriptive scenario based on. wide-ranging studies carried out by the European 
Cultural Foundation under the title Plan Europe 2000. It is emearised here in terns of six 
significant changes seen as probable between now and the year 2000: 

1 The basic resources of life crosise to be more expensive. Geore difficult to obtain, in 
2CM than now, particularly energy and the other non-renet, nble resources. New homes 
wii', be designed to produce their own seirgy, and to conserve it, to a w-th greater 
degree than now. Similarly, transportation will be reduced in m=ount and changed i, 
char. cter. Peop. t ill live more of their lives in small, place-bounded societier. 
't'hey will communicate more by c: ectronics, and Less by face-to-face contact. 

2 Within these wall societies, people will tend. to work in rather small units, such as 
workshops or small offices of a few people. A number of such units will be found within 
a local coseuw. lty, offering the possibility of a wide range of work without r-ºinq them 
for from hose. The croup of people living together and manning thew various "orkplacea 
could be described as an ext., uied, non-blood-related family or a cosmune group. 

3 Those groups will ncaeesarlly use a rather different technology from that which we 
recognise today. Many peopia will do more than one job, combining intellect: ial work with 
. raft skills and wits work of general social value. This sharing of worx will serve to 
break down the barriers of class and sex. A auch smaller part of total hu=an activity 
will be applied to making maze-produced consumer goods, which will be s#. arcer and made to 
last. Cnnvessely, sore people will be involved in craft industry, ustny minimal materials 
and maximum labours in thu arts and entertainment; +n4 in education. These will be the 
bi' is skills which the advanced nations of Europe will -ell to the rest of the world. 

u The nature of both rural and urban life will c. ange. Greater understanding of ecological 
damage will lead to a partial return to mixed farainq, with a greater uemand fog labour. 
There ray well be a large-scale return to the land by people who combine E: rt-flom farming 

with a range of other activities. The now communications technologies. with their 
opportunity to perform a wide range of jobs away from cities, should be a powerful 
stimulus here. 
The cities will continue to decentraliVe. A stable population, plus a concern for 
qualitative economic growth, will lead to a lessening of the dewed for land. It is 
likely that many urbanites will migrate scum distance frs! the city, where the new 
technologies will allow them to work in close contact with it. 

The nature of industry will subtly alert. Thera will be a greater . p`. asis on se-rice 
industry, which is a generous employer of labour ann an economical user of material 
reaourcesl on science-based industry, wt%, -h employs a great deal of ukilled labourr on 
reusarch and development of all kirds, bu: especially focu-"sd en the low resource- 
conserving "soft technologies"i id on craft industry. A featt. _e of all these kinds of 
industry is that they can be dweentrsitsed into rather small units. These units may at 
may not remain members of larger proo-ctivs orgar... stionsr whatever tnr case, s%.: h large 
'rganisations will almost certainly ter4 to be re". P. ganised on a federal basis by the Y"'r 
2ä0A. 

This will be a rather seriouo, concerned society. It will be very concerned with its own 
survival in the face of unprecedented challenges. Though it may be quite hiaaty 
decentralised in its d. -ision-nakinq structures, thsre will be a considerable cieqree of 
inner conformity. Above all, society will be pural: nical in being Ws, 1sely cn eraed 
with P`t pursuit of individua& qual4ty in can's relations with his wore, his envaconment 
and hips 'ell . t. 

" this summary is an edited version of mall's an sumary, sntitýad Towards 2007 

Dees 2S4-257. 
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in terms of such features. An example of a stable feature is the 

size and distribution of population, which is subject to trends 

which operate over much longer timescales than that covered by this 

research. Unstable features include the state of the economy and 

the use of fuels, both of which are sensitive to comparatively 

short-term political philosophy and policy. 

Relatively unstable features of the future are susceptible to three 

types of change, which can be called circumstantial, consequential 

and prescribed change, Circumstantial changes are those which 

occur outside (or at a larger scale than) the system under immediate 

consideration - they are literally changes in circumstance. Prescribed 

Changes are those produced by people, that is changes resulting 

directly from policy. Consequential , charngeS occur ire thr effects 

of either circumstantial or prescribed change. Clearly the three 

types of change are related; t py. form. a cgpplex`syetem. of causal 

relationships between changes in different features. Figure 1.4 

illustrates such a system encompassing settlement patterns, transport, 

energy poli'cy' and economics. All cf' these are unstable features of 

the future in terms of which many published scenarios are described. 

The importance of the interactions between these features has been 

demonstrated in several published works. Echenique 
. 
(1976), haa 

illustrated the relationship between regional patterns of'land use 

and two of the other features: the characteristics of the transport 

system and regional economy. Chaprtan (1975) and Leach et al.:. (1979) 

energy have illustrated the way-in which `th economy, acts between 

the financial economy and the transport system. The relationships 
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shown in figure 1.4 are implicit in the scenarios adopted for 

this research, and the scenarios themselves will be characterised 

in terms of three of those features: economics, energy and 

transport. 

Stable features of the future 

Perhaps surprisingly, one Of. the most stable features of the near 

future (by this definition) is the projected rate. of demographic 

change. The size and distribution of population is of. obvious 

importance in planning, and official forecasts are made at national, 

regional and local scales. Demographic projections are both complex 

and subject to a considerable degree of uncertainty (Baxter and 

Williams, 1978) , but forecasts which 
. are available. do not correlate 

significant change with the characteristic variables, of the scenarios 

(economics, energy and transport), at least within the thirty-year 

horizon. This is partly because in large populations natural change. 

(as distinct from the effects of. war, famine and pestilence) has a 

long-term cycle: children. born now will be the parents. of the first 

decade of the next century., As Peter Medawar (. 1960, p25) has put it 

human lives, generation by generation, have a much 
longer stride than the march of history by calendar 
years or decades.... 
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Planners work with official projections of population, principally 

those published by the Office of Population, Censuses and Surveys 

(OPCS). For the purposes of this research, the same official figures 

are adopted and are assumed to apply across the range of scenarios. 

Recent projections for 1975-1991 (OPCS 1978) indicate that the 

population of England will be effectively stable at around forty-seven 

million, because birth and death rates will be roughly in balance. 

However, internal migration is expected to account for considerable 

change. The regional trends are towards population growth in East 

Anglia, the East Midlands and the South West, and decline almost 

everywhere else. The North West region shows marked decline. The 

national and regional population projections are summarised in 

tables 1.1 and 1.2. Within the regions the picture is different: 

declining populations are projected for all the metropolitan 

counties, and growth is forecast for all butýfive of the non-metropolitan 

counties. Projected migration figures are summarised in tables 1.3 

and 1.4. The clear trend is movement out of the cities and suburbs 

into smaller settlements within the city regions. Migration out of 

Greater London is directed into all the South-East Counties as well 

as into East Anglia, which is the fastest-growing region in England 

and Wales. Cheshire and Lancashire are receiving population from 

Greater Manchester and Merseyside, while Salop, Hereford and 

Worcester, and Warwickshire are growing at the expense of the West 

Midlands metropolitan area. Figure 1.5 illustrates these trends in 

map-form. 
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AREAS 1975 1981 1986 1991 

Great Britain 54424.9 54323.1 54881.9 55700.1 

Scotland 52n6.2 5159.4 5182.3 5225.3 
Wales 2765.0 2789.4 2841.4 2901.9 
England 46453.7 46374.3 46858.2 47572. R 

Nprtilern 3.126.1 3089.2 3100.. 2.. 3125.6 
Yorkshire and Humberside 4894.4 4857.8 4882.3 4934.0 
East midlands 3728.0 3813.2 3926.7 4035.5 
East Anglia 1780.4 1908.0 2028.3 2149.9 
South East 16936.1 16720.1 16748.7 

. 
16893.4 

south West 4233.2 4349,2 4492.7 4651.8 
West midlands 5178.1 5168.8 5214.4 5282.2 
North West 6577.4 6468.1 6464,9 6500.4 

Table 1.1 Mid-1975 based home., pop4ation, projections 1975-1991, 

national and regional (thousands of persons of all ages). 
source: OPCS 1978 
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REGIONS 1975-1981 1981-1986 1968-1991 

Northern - 4.5 - 4.4 4.4 
Yorkshire and Humberside - 4.1 4.0 - 4.0 
East Midlands +10.2 + 9.2 + 4.5 
East Anqlia +18.8 +16.4 +14.9 
South-East (inc. Greater London) -36.3 -37.8 -31.6, 
South West +27.5 +28.0 +28.0 
West Midlands - 8.3 -. 9.0 .-9.0 
North West -14.5 -14.4 -14.4 

Table 1.2 Assumed net migration 1975-1991 for the English 
regions (thousands per annum) 
source: OPCS 1978 
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METROPOLITAN COUNTIES 1975-'1981 1981-1986 1986-1991 

!; reator London -83.4 -76.7 -65.2 Greater Manchester -10.4 - 9.4 8.4 
Merseyside -14.5 -14.2 -122.0 South u') Shire - 3.7 

- 3.5 - 3.5 
Tyne and Wear - 4.7 - 4.9 - 4.9 
West Midlands -18.0 -13.3 -12.1 West Yorkshire - 2.3 ... 2.2 - 2.2 

Table 1.3 Assumed net migration. 19.75-1991 for the English 

Metropolitan 
counties and Greater London (thousands per annum) 

Source; OPCS 1978 
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NON K. TIROPOLITAN COUNTIES 1975-1981 1981-1986 1986-1991 

Avon + 2.9 + 2.9 + 2.9 
Bedfordshire + 1.3 + 1.0 + 0.8 
Berkshire + 2.5 + 2.0 + 1.5 

Buckinghamshire + 7.5 + 7.0 + 6.5 
Cambridgeshire + 8.0 + 6.5 + 5.5 
(i es hi re + 5.0 + 4.0 + 2.0 

Cleveland - 0.3 - 0.3 - 0.3 
Cornwall said Isles of Sci111+ + 3.3 + 3.5 + 3.5 
Cumbria - - - 

Derbyshire + 0.4 + 0.6 + 0.3 
Devon + 8.2 + 8.2 + 8.2 
Dorset + 6.1 + 6.3 + 6.3 

Durham - 0.5 - o. 2 - 0.2 
East Sussex + 7.0 + 6.5 + 5.0 
Es: stx + 6.8 + 5.6 + 4.6 

(;. 1Q'wces tt: rshi re + 1.7 + 1.8 + 1.8 
Hampshire + 5.0 + 4.0 + 4.0 

Hereffor'i uni Wurcester + 4.3 + 1.2 + 1.2 

lie rtto rdshiru + 1.0 + 1.0 + 1.0 
Htunberside - 1.6 - 1.5 - 1.5 
lslý. t Wight + 1.0 + 1.0 + 1.0 

If& rr t 
I". ýn. ýsar ir 
I, r ': iti 

+ 
+ 
+ 

5.8 
5.4 
2.3 

+ 
+ 
+ 

3.8 
5.2 
2.0 

+ 
+ 
+ 

2.2 
3.5 
2.0 

Lin, In:; Itiro + 3.0 + 2.4 + 1.0 
tlý: r()IY, + 5.8 + 5.6 + 5.4 
N-. rr11, m1F, t., IIs IIi rv + 4.8 + 4.4 + 1.0 

PI�rt hIWWJ, urI, rriii + 1,0 + 1.0 + 1.0 

North Yorkshire + 3.5 + 3.2 + 3.2 

Notr. irv ih "yus hirn - 0.3 - 0.2 - O. 2 

OXf(. iril. 'tiire: + 3.0 + 1.5 + 1.5 
Sm l + 2.2 + 1.2 

mer5#-, t + 2.8 + 2.8 + 2.18- 

s t:, i fF, - rdshire + 2.4 + 0.9 + 0.9 
Suf fr. ) lk + 5.0 + 4.3 + 4.0 

Surrey - 1.0 - 1.0 - 1.0 

Warwickshire + 0.8 + 1.0 + 1.0 

W&: st. Sussex + 7.2 + 6.5 + 6.5 

WiJtshtz. s + 2.5 + 2.5 4 2.5 

, rblct, 1.4 Assumed net migration 1975-1991 for the English 
i on-mer. ro politan counties (thousands per annum) 
source: OPM 1978 
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Thus the overall picture is of a drift of population towards 

the southern half of England (but not the South East) combined 

with a significant movement out of the major cities and into 

their surrounding regions. This picture is likely to form the 

background to regional policy for England up to the thirty-year 

horizon. Planning policies. of various types (including economic 

and transport policy) might be expected to change the picture 

during that period, but in the absence of draconian measures, 

modification of trends is more probable than the curbing or 

wholesale redirection of migration. 

Another relatively stable feature of the future is provided by 

new telecommunications technology. Electronic communications 

provide a means of human contact over long distances which 

compares very favourably with the alternative of travelling. 

Telecommunication uses remarkably little energy or mineral 

resources, is safe, quiet and non-polluting. New developments 

such as the helical waveguide, optical fibre transmission, 

multiplexing and digital transmission promise to make tele- 

communications more efficient in the use of energy and resources 

(Hall, 1977). Reid has pointed out that telecommunications 

could transform our pattern of living because it provides a 

potential alternative to travelling (Reid 1973) : 
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the existence of the telecommunications alternative 
opens up important policy options. In this way tele- 
canmunications is not so much a solution to the 
transportation problem as an enabling factor which 
allows other solutions to be applied. By allowing 
greater freedom of location for businesses, tele- 
communications innovation creates the opportunity 
to plan land use in a way which will minimise the 
demand for transportation.... Just as telecommunications 
innovation will provide the consumer with a wider 
choice of modes of communication, and will provide 
the businessman with a wider choice in the organisation 
and location of his business, so it will provide 
regional and transportation planners with a wider 
choice of feasible policy options. 

The extent to which the potential of telecommunications is taken up 

is not a simple matter of comparative economics. There are social 

and psychological factors involved, not least of which are the social 

value of face-to-face contact and the expectations of personal 

mobility which have been fostered by the motor car and by inexpensive 

air travel. Elton has coamoented that advanced telecommunications 

might increase rather than reduce the demand for transport (Elton 

1974) : 

Many commentators concentrate on the extent to 
which telecommunications will substitute for 
transport. That this is too limited a view 
can be seen from ... the possibility that 
telecommunications will reinforce demand for 
travel. It can plausibly be argued that 
telecommunications will increase the number 
and/or dispersion of the people with whom 
it is possible and worthwhile for an individual 
to maintain contact; even if most contacts 
are by remote means, some probably will be 
face-to-face. 
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The significant point about telecommunications is that its 

potential can be realised through policy. Across the scenarios 

the potential of telecommunications to substitute for travel does 

not change, but the need for substitution varies with personal 

mobility. in scenarios involving fuel shortages and reduced 

amounts of travel, the development of telecommunications systems 

can be deliberately encouraged as a substitute. 

Table 1.5 summarises the ways in which telecommunications might 

be used in domestic, educational and commercial circumstances, 

as well as in transport. The technologies involved are in various 

stages of development, and have different economic characteristics. 

Therefore the likelihood of any particular telecommunications 

innovation becoming widespread cannot be predicted; it is probable 

that all the systems listed in table 1.5 will be seen to some extent. 

The table is arranged roughly in order of increasing implication, 

reading downwards, for regional settlement patterns and transport. 

This order may also indicate decreasing probability of innovations 

becoming common, or increasing length of time before they come into 

general use. Systems involving the least effect on lifestyle are 

the ones which are likely to be most readily adopted. 
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* increased public access to broadcast information 

via teletext, etc. 

* increased public access to broadcast education 
via The Open University, etc. 

* remote banking by means of electronic funds transfer systems 

,r general availability of newspapers and other documents 

via facsimile transmission as a substitute for postal services 

* remote shopping: viewing and ordering goods by tv link, 
for later collection or delivery 

* substitution of telecommunications for long-distance business travel 

* substitution of telecommunications for some short-distance 
business travel 

* dispersal of office premises out of city centres to 

suburban or rural sites near employees' homes 

dispersal of separate departments of commercial and 
institutional organisations to different locations, allowing 
offices to be placed nearer homes 

* control of passenger transport by means of telecommunications 
in order to increase load factors and ensure efficiency of 
routeing and timing (dial-a-bus, etc. ) 

dispersal of the employees of some organisations to local offices 
which are connected by telecommunications, allowing work in 
the office most convenient to home 

+ dispersal of employees to neighbourhood 'work centres' 
occupied by many organisations and connected together by 

means of telecommunications (commuting is thus localised) 

« employees working at home and communicating almost entirely 
by electronic means, eliminating the journey to work 

Table 1.5 Ways in which telecommunications technology might be used 
in domestic, educational and commercial circumstances, and in 
transport. 
sources: Elton 1974, Hall 1977, Pye 1974, Reid 1973 
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Energy Scenarios 

The events of 1973 which provoked the so-called "energy-crisis" 

also gave rise to a number of studies of what suddenly became 

an important and unstable aspect of the future: energy policy. 

In Britain one of the earliest of these studies was Peter Chapman's 

book Fuel's Paradise (Chapman 1975). The book explores the 

technical constraints on Britain's fuel industries, but one of 

its main themes is that there is an unavoidable interdependence 

of national energy policy and corresponding political and economic 

policies. The main part of Fuel's Paradise is concerned with the 

fuel industry, and with balancing the supply of fuels against 

projected demand, both in quantity and "mix" under a range of 

possible circumstances. Different sectors of the energy economy 

(see figure 1.6) require various types of fuels in different 

quantities. options are limited by a number of properties of the 

complex energy system: the fuel industries have different efficiencies 

in converting the "primary" fuel supplied to them into useable fuel 

such as electricity or petroleum; mining, extracting and transporting 

primary fuels such as oil, coal and uranium are themselves fuel- 

consuming activities; the growth of the fuel industry is limited 

by the energy-cost of equipment (such as nuclear power stations); 

and the growth in the use of fossil and nuclear fuels may itself 

be limited by the climatic effects of waste-heat release. Against 

this technical background, Chapman explores various options for 

energy policy, using three scenarios named business-as-usual, 
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technical fix and low-growth. These scenarios are summarised 

in the boxes which appear on the following pages. 

The philosophy of the business-as-usual scenario is that current 

political and economic aspirations to material growth are allowed 

to continue. Trade with the rest of the world proceeds on the 

present basis, and industrial output increases. Natural resources 

such as North sea oil are exploited at the optimum economic rate, 

and consumption of fuels grows rapidly in a way which reflects 

its historical relationship with economic growth. Under these 

conditions behavioural trends which were apparent in the 1950's 

and 1960's can be assumed to continue. One such trend is towards 

increasing personal mobility based on the motor car. Therefore 

in this scenario passenger-mileage by car, bus, rail and aircraft 

all increase. Travel by car predominates, and cars themselves 

get bigger. These trends produce an exponential growth in fuel 

consumption during the period 1975-2010. in order to satisfy 

such demand all the fuel industries must undertake programmes of 

maximum possible expansion. Coal output is expanded dramatically, 

burner and breeder type nuclear generating stations are built, 

and the balance is provided by North Sea oil and gas. Figure 1.7 

shows the primary fuel demand and supply graphs for the- 

business-as-usual scenario for the period up to 2010. 

The main problem associated with this scenario is that it is not 

"robust". Growth can only be sustained by maximum exploitation 

of all traditional fuel resources under constant and favourable 
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SCEN? JUO SUMMARY: BUSINESS-A4-USUAL 
Sources Chepman (1975) 

This is a quantified X Energy Policy scenario 1975-2010, based mainly an 1968 data 

PNILCLSOPNYZ Trends and aspirations which currently make the economic system function are 
allowed to continue. Firms try t. & grow so as to guarantee their own security and to increase 
their disposable income. The major political and economic institutions continiv to exert 
pressure Ln their traditional roles. There 1e "business-an-usual". 

MAJOR ASSU rIONS: The (aces National Product continues to grow at an average 3 per cent per 
year, and the UK's major trading parPaers (e. g. OPEC) do not restrict this growth by changing 
the terms of world trade. The UK asserts a right to all oil extracted from the UK-sector of 
thb North Sea (contrary tu, ESC regulations ann to the interests of foreign investors), and 
cbtaiis for the nuclear programme about one fifteenth of the world's most optimistically 
estimated uranium rosources. 

INSAGYZ Growth in primary fuel cen: ueption is exponential with a doubling time of 37 years 
11.87 per cent growth per annuw). ruel dsmanl is satisfied by North Sea oil, gr: etly increased 
. sosl production and a maximum nuclear programme of both burner and breeder reacl--s (about 
forty 20008 nuclear stations are rsiuired)" Substitution of electricity for fue'a such as 
coal r"duc. u. s the overall e: ficiency of the fuel industries. The scenario depends upon maximi: a 
productign being obtained : ros all fuel industries. 

TR?. MSPORT: Official (1960's) projections of increasing passenger travel are tuifilled, with 
some reduction in present trends -! us to saturation effects. The trend of increasing use of car 
transport rather than other modes is continued, andaverage ur occupancy remains at 1.85. The 
average engine capacity of cars, and therefore their fuel consumption, continues to increase. 
lowth jr. travel by rail and b. s is accommodated by increased load factors and slightly greater 
bus mileage. Air traffic grows significantly. 

spirwTS: Thi. Is not a "robust' scenario. It relies on the maximum exploitation of traditional 
fuel resources under constant and favourable political conditions throughout the world. Heavy 
use of fossil and nuclear fuels may cause waste heat generation to approach the theoretical 
atmospheric heat limit. This scenario it however a real policy option, and one of great iseerial 
affluence. 

ps diso primary fuel and transport data sus,, riled in 4rapA Iprm. 
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political conditions. Failure in any part of the fuel industry 

leads to a shortfall in supply and a consequent 1973-type "energy-crisis". 

However, as Chapman points out, the policies implicit in this kind 

of scenario are actively supported by important political 

institutions in the UK, and it has the advantage that it "conforms 

to the social expectations built up over the past twenty-five years 

of continuing growth" (Chapman 1975, p153). 

In describing the other two Fuel's Paradise scenarios, Chapman 

makes a distinction between two ways of reducing the demand for 

fuel. The first of these is to use fuel more efficiently. 

Substantial reductions in fuel demand can be achieved by technical 

means: for example by improving the insulation of buildings or 

designing more fuel-efficient motor cars. Chapman calls this 

approach technical-fix. The underlying assumption is that technical 

improvements can reduce fuel consumption without significantly 

affecting lifestyle. This is a dubious assumption because at the 

very least such an approach depends on a change in outlook by some 

proportion of the population; however, it serves to distinguish 

this approach from the other method of reducing fuel demand, which 

is deliberately to change lifestyles to that end. This can be 

achieved by adopting a philosophy of low economic growth, as 

described in the third, low-growth scenario. 

The technical-fix alternative is based on the same philosophy of 

economic growth as the business-as-usual scenario. The difference 
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in this case is that the historical connection between economic 

growth and growth in the use of fuels is severed by technical 

fuel-conservation policies. The policies used are designed to 

reduce the rate of growth in fuel consumption in those places 

where it has been increasing most rapidly. Thus electrical 

space-heating is discouraged in order to reduce the growth of 

electricity generation. Fuel consumption by passenger transport 

is reduced by encouraging a shift towards smaller, more efficient 

cars, and by reducing the shift away from public transport. The 

insulation of all buildings is improved. Waste-heat recovery 

techniques are introduced in industry. The growth in the use of 

inorganic fertilizers is reduced. Paper recycling and the use of 

less packaging material are encouraged. 

The effect of these policies is indicated by the primary fuel 

demand and supply graphs in figure 1.8. This is a more robust 

scenario than business-as-usual, because less fuel is demanded and 

there are consequently more options for the supply mix. If one 

supply source fails it is possible to substitute another. It is 

also possible to satisfy fuel demand in the technical-fix scenario 

without the use of nuclear energy. Thus the technical-fix option 

offers a more secure future than business-as-usual without seriously 

upsetting social expectations. 

The essence of technical-fix is to do more with less fuel, whilst 

maintaining a significant economic growth-rate. The economic growth 
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SCENARIO SUMMARYi 7EQWICA[-FIX 
Sources Chapman (1975) 

This is a quanttllad UK Energy Policy Sosnario 1975-2020, based mainly on 1968 data. 

PRIr. OPHY+ The policy of econoe. a grcwth is allowed to continue exactly as in the "business- 
as-usual" scenario. However, growth iia fuel consumption is 'dernupled" from economic growth by implceinting fuel conservation policies. P'4lieies are esigned to have the ", inisua afrect 
on lifestyles, thus they are predominantly "technical fixes" aimed at ! mprovinq the fuel- 
efficiency of existing rechnology used in t 1w provision of goods, services, housing and 
personal Mobility. 

N J., * ASSUMPTIONS: 6cononi. growth continues as in tbi "business-as-usual" Scenario, and UK 
trade with the rest of the world remains on the present basis. Piss government policies (in 
the fox= of regulations ann economic inducements) are used to reduce fuel demand aM make 
fuel consumption ab effiriont as possible. 

iWgROY: Seven fuel conservation a. roteqies a: w used: 1 reduce the growth of elartrieity 
veneration and dtscourage apace-heatL 9 by electricity, 2 reduce passenger tranarort fuel 
consumption by a shift towards ss.,. ll, r care and by reducing the shift away from pr+blic transport, 
3 isprr+e the insulation c houses an.: introduce a few combined heating sd smesl 4 use waste- heat recgvery techniques and material economies to wake industry sera fuel-efficient, 
5 reduce the growth in the use of inorganic fertilizers and in the we of food packaging, 6 encourage better insulation of uomercial premises, recycling of paper, and a general 
reduction in padiagingi 7 impro o the insulation of goverment offices. These policies 
reduce the rats of growth in fuel consumption in those plaess where it is present increasing 
root rapidly: their effect on lifestyle is wall. 

TIGNSPOJtT: Official (1960's) projections of increasing passenger travel are fulfilleJ, with 
some reductin.. in present trends due to saturation effects. The trend of increasing use of 
car transport rather than other Modes is substantially reduced (to a peak of 83 percent of 
all journeys by car in 2005), but average car occupancy remains at 1.85. The also, engine 
capacity and fuel consumption of average cars are all reduced. Growth in travel by rail and 
bum is accaoaodated by increased load tact^rr and slightly greater bus mileage. 

"FlsCrS+ some impact an lifestyle is inevitable, but general effects of the above policies 
are technical: doing more with less fuel. It is a "robust' scenario because the reduction 
in fuel demand makes possible a range of eiternative fuel-supply options. Nawever, technical 
efficiency cannot be improved indefinitely, when most obvious waste has been eliminate.: there 
is a tendency to revert to the "business-es-mmual" scenario of rapid growth in fuel demand. 
The technical fix scenario is politically unattractive in that it inhibits or restrains growth 
in several powerful industries concerned with Li*1 supply and motne-eenufaceure. 
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provides the means to make technical improvements. The problem 

is that the efficiency of fuel-consuming processes cannot be 

improved indefinitely: there are theoretical limits. There must 

come a time when all processes are as efficient as theoretically 

possible, and all waste has been eliminated. Under these 

circumstances the pattern of fuel consumption will tend to revert 

to exponential growth as in the business-as-usual case (see figure 

1.9). Of course, before that time comes it is quite possible that 

some new technology (such as fusion power) will become available 

and will solve all problems of fuel-supply; because of this, the 

technical-fix policies can be described as "using better technology 

to buy time". Chapman estimates that the scenario provides twenty- 

five years of breathing-space; the fuel problems of 1995 become 

the fuel problems of 2020 (Chapman 1975). Thus technical-fix is 

a robust scenario and offers a more secure future than business-as-usual, 

but it may also be optimistic and risky. 

The low-growth scenario describes a new way of life. The philosophy 

behind this scenario is that economic growth is wrong because it 

does not provide a sustainable secure future. Sooner or later mineral 

resources or land must run out, or waste-heat from fossil fuels must 

cause climatic changes. Alternative policies should be directed 

towards a long-term equilibrium with the environment. Such policies 

will involve a reduction in dependence on non-renewable fuels, and 

development of renewable ones such as solar energy and wind power. 

The abandonment of economic growth will have profound effects on 

traditional lifestyles. 
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All the technical improvements of the technical-fix scenario 

are included in low-growth. Additional policies are aimed at 

changing patterns of behaviour so as to achieve further fuel 

savings. Most significant is a planning policy which starts 

to remove the need for personal mobility by locating homes, 

shops and workplaces closer to each other. The assumed result 

is a reduction in total passenger travel and a shift away from 

the motor car and towards public transport. When cars are used, 

the average occupancy rises from 1.85 to 2.5 persons. Eventually 

personal mobility declines to levels typical of the 1950s. Other 

fuel-conservation policies include: the conversion of most houses 

in the UK to some form of solar or district heating; the use of 

alchohol derived from straw as a farm fuel; a net reduction in 

the use of packaging materials and of inorganic fertilisers; and 

reduced growth-rates in many sectors of the economy. 

Figure 1.10 shows the primary 'fuel demand graph for the low-growth 

scenario. Also illustrated is one of the many supply options made 

possible by the greatly-reduced demand in comparisom with the other 

alternatives. Though this scenario presents an attractive and 

secure future in terms of fuel-supply, it involves a great many 

problems. The low-growth alternative can only be realised through 

a strong political and social commitment to the solution of these 

problems. Not least of them is the unemployment and declining material 

standard of living which may be the consequences of a low growth rate. 
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SCZNARIO SUHMMY. TAW-GROWTH 
Sources Chayman (1975) 

This is a qu. ntifiad UK tnsrgy Policy Sc. nasio 1975-2010, based mainly on 1968 data. 

PHILOSOPHY: Econosic growth is wrong because it is leading uw away from a stable or 
sustainable way of life. if growth continues then sooner or later we will encounter the 
at-. ospheric he. t limit, or run out - water or run out of land or some other resource. The 
alternative to growth is to try to trganise ou: productive activities so that they ara 
sustainable - we should start moving towards a longterm equilibrium with our environment. 
This will require a reduction in our dependence on stocPs of nan-renewable fuels, and 
instead the use of renewable sources such as solar, gw ., earmal and wind power. Such changes 
will have profound effects on traditional lifestyles. 

MAJOR ASSUMPTIONS: All the technical improvements made in the "technical-fix" scenario are 
included in this low-growth scenario. tuitional policies are aimed at changing lifestyles 
ao as to achieve further fuel savings. Cudº policies require and are aasuwtd to result from 
a political and popular will to embrace the low-growth philosophy with all its attendant 
proolems. The main feature of this r-onario is a planning policy which starts to remove the 
need for personal mobility by locatii.; homes, shops and workplaces closer to each other. 

ENERGY: The main fuel-conservation policies of this r. osnario ate: 1 the co. iversion of most 
houses to either soso fora of solar heating or distriuc heating, 2a reduccion in the use of 
electricity for apace heating (as the technical fix scenario), 3 the use of alcohol 
derived from straw as a farm fucar 4a net reduction in the use of fertilisers and packaging 
(as opposed to a reduction in growth in the technical fix scenario), 5a reduction in the 
growth rates of tt. a clothing, goods and public services sectors. Further important fuel- 
conservation is embodied in transport policies..... 

TRANSPORT: The technical improvements in transport made in the technical f. x scenario are 
included in this scenarios cars become smaller, with reduced engine capacity and improved 
fuel consumption. In addition, the low-growth scenario includes a reduction in total passenq*r 
transport and a significant shift towards public transport. Eventually personal mobility is 

assumed to decline to levels typical of the 1950'st the percentaq" of all jourrAws by car falls 

to 50 percent by 2015 and average car occupancy rises towards 2.5 persons. Rail -nd bus traffic 
increases, and is accaimodated by increased load factors and slightly greater bus-mileage. 

tF? ECYSs Fuel ".. apply options for this scenario are numerous, but so are social and political 
problems. The motor car must cc. ue to be a personal status symbol and csare to provide the 
b"+ift of a malor manufacturing sector of the economy. Glass, copper and luminium must be 
produced in large quantities for solar collectors. Growth of production in many other industries 

must ! +e reduced, with consequent unemployment and a declining standard of living. This =" a 
guatenteed recipe for . conc: ntc d. +pression, and a problem which present economic ti. aory i' 

unable to solve. 

sei also primary fuel and transport data summarised in graph tone. 
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According to all current economic theories, the policies implicit 

in the low-growth scenario provide a guaranteed recipe for depression. 

There are no known strategies for achieving low growth without 

economic depression. 

Fuel's Paradise provides three alternative versions of the future 

which have different implications for town and country planning. 

Figure 1.11 shows primary fuel demand in the domestic sector for 

the three scenarios. This is the fuel needed to heat, light and 

service dwellings, and the three cases correspond to different forms 

of dwelling and patterns of settlement. Figure 1.11 also illustrates 

how the fuel-savings of the low-growth scenario are achieved. Some 

of the saving is due to better insulation, and though this is 

essentially a technical improvement of the building fabric, it does 

have implications for dwelling form: terraced houses are easier 

to insulate than detached ones, and brick houses are ea#ier to 

insulate than glass ones. District heating contributes to fuel 

savings, and houses heated in this way must be placed near to a 

suitable source of waste heat such as a power station or factory. 

Alternatively they might be clustered together in groups sufficiently 

large to support their own local power plant. The layout of these 

groups of houses can be expected to reflect the geometry of the 

heat-distribution system: some forms of settlement will be more 

suitable to efficient piping systems than others. A large part of 

the fuel saving made in the low-growth scenario is attributed to 
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the use of solar heating. This too has spatial implications: 

solar energy is low-intensity radiant heat distributed by nature 

and it is best collected in a distributed fashion and used on 

the spot. By contrast, electrical energy is traditionally 

generated at a large scale in a few places, and distributed to 

houses through wires. Thus in the business-as-usual scenario, 

which does not involve solar energy, the location of houses is 

constrained only by the need to connect to the power line. They 

can be concentrated together in dense cities of towers, or arranged 

in sane other way, and each pattern has its own economic characteristics. 

In the low-growth scenario the need to collect solar energy suggests 

that a low-density, dispersed distribution would be more appropriate 

than a dense, concentrated one. 

The transport sector of the energy economy also has varying implications, 

across the scenarios, for town and country planning. Figure 1.12 shows 

the breakdown of the fuel cost of providing passenger transport, and 

figure 1.13 shows the split between different modes of transport 

according to the length of trip (based on a 1972-73 survey). The 

technical fix and low-growth scenarios describe fuel savings in transport, 

over the business-as-usual case, which are achieved in four ways. 

The technological method is to make cars smaller and more efficient. 

The other methods involve planning policies designed to reduce the 

total amount of travel going on, to encourage the use of fuel-efficient 

buses rather than private cars, and to increase the average occupancy 
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of cars when they are used. A reduction in total travel can be 

achieved by locating workplaces and shops nearer to hones than 

at present, and this is an important low-growth planning policy. 

A shift from cars to public transport can be encouraged by another 

planning policy: arranging homes and workplaces in ways which 

help public transport services to be accessible and economical. 

The average occupancy of cars might be increased if settlement 

patterns allowed more multi-purpose journeys: for instance if 

shopping and taking children to school could be combined with 

the journey-to-work, rather than requiring separate journeys in 

different directions. Figures 1.14 and 1.15 illustrate the intended 

effect of these and similar policies on transport as described in 

the Fuel's paradise scenarios. 

The future will probably not be like any of Chapman's three 

alternatives. Fuel's Paradise describes specific parts of a continuous 

spectrum of options for the future. The business-as-usual scenario 

is essentially a projection of the trends and style of life of the 

1960s while the other scenarios are modifications of that projection 

to avoid anticipated problems and to suit alternative philosophies. 

Al]. projections are uncertain, and the further the projection the 

greater the uncertainty; in this case the range of uncertainty of the 

three scenarios in 2020 fills the spectrum of alternatives between 

them. Chapman suggests a plausible trajectory of the future which moves 

across the range of possibilities without dramatic change of direction - 

an acknowledgement that the future develops continuously out of the 
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past and the present (see figure 1.16). When Fuel's Paradise 

was written, the best information available dated from 1968; in the 

intervening years primary fuel consumption has been much less 

than that projected in business-as-usual. Britain has been following 

a policy akin to technical-fix - doing more with less fuel and 

without dramatic change in expectations. To some extent therefore 

Fuel's Paradise is out of date: an extrapolation of present trends 

would no longer lead to the conditions described in business-as-usual. 

However, the future as described in that scenario is still an option 

which is available through policy ("more business than usual").. 

Thus Fuel's Paradise may not be a precise description of today's 

options but it does still provide a valid characterisation of the 

range of alternatives. 

A more recent study of energy policy has been carried out by members 

of the International Institute for the Environment and Development 

(IIED). It is published under the title A Low Energy Strategy for 

the United Kingdom (Leach et al 1979) and will be referred to here 

as the TIED low energy strategy. It is an updated and more intensive 

version of Chapman's technical-fix alternative. The philosophy. of. 

the low energy strategy is summed up by the authors' claim (Leach 

et al 1979, p9) that 

Britain - and by implication other countries - can 
move into a prosperous low-energy future-with no 
more than moderate change. All that is necessary 
is to apply with a commitment little more vigorous 
than is being shown today by government, industry 
and other agencies some of the technical advances 
in energy-use which have been made, and are still 
being made, in response to the oil price increases 

of 1973/74. 
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The major assumption implicit in this strategy is that a very high 

rate of material growth will provide the economic means for the 

widespread introduction of fuel-conservation technologies. Thus 

despite an assumed doubling of world oil prices by 2000 and 

trebling by 2025, Britain's economy grows healthily and as fast 

or faster than in the 1960s. Houses become warmer and better- 

equipped with gadgets. Car ownership grows rapidly, and passenger 

traffic increases. Through technical fixes, industrial fuel 

consumption per unit of output falls steadily. Buildings become 

better insulated, and heat pumps are widely introduced. Solar 

water heating, solar space heating, district heating and combined 

heat and power are all introduced to a small extent. Electrical 

equipment becomes more efficient. Though there is rapid growth 

in car travel at the expense of bus and rail modes, average cars 

become smaller. The fuel consumption of motor cars is reduced 

and after the year 2000 electric vehicles are introduced in increasing 

numbers. The results are illustrated in figure 1.17 and 1.18 which 

show delivered and primary energy projections for the high and low 

cases of the low energy strategy. The graphs show a slow rise in 

fuel consumption until 1990, and then a decline. 

The authors conclude that the reductions in fuel consumption resulting 

from the low energy strategy indicate that the current build-up 

of nuclear power is unnecessary. The strategy is promoted as a 

robust scenario, but as a more intensive version of technical-fix 

it is subject to all the problems of that scenario, and more so. 
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The vigorous "leak-plugging" philosophy suggests that leaks 

suitable for plugging will soon become hard to find. The tendency 

then to revert to exponential growth in fuel consumption is 

heightened by rapid economic growth. Because of the cost of 

conservation measures, the scenario is wholly reliant on high levels 

of economic growth being achieved. This in turn depends on Britain's 

trade with the rest of the world remaining on the present basis. 

Like Chapman's technical-fix, the low energy strategy is risky and 

optimistic. 

A comparison of the primary fuel demand of the Fuel's Paradise and 

LIED forecasts up to the year 2020 is shown in figure 1.19. Throughout 

the period the fuel demand projected by the IIED is less than that 

projected in any of the Fuel's Paradise scenarios. This reflects 

the difference in intensity between the technical conservation measures 

used in the technical-fix scenario and those in the low energy strategy. 

It is also due to the fact thatpuel's Paradise, though published in 

1975, uses 1968 data. The IIED used data collected mainly during the 

period 1976-78. In the intervening years, techniques of fuel-conservation 

developed considerably, and after 1973 Britain adopted' a mild technical- 

fix type of policy. As a result, the starting-point for the IIED's 

fuel-demand projections was considerably lower, in 1976, than Chapman's 

scenarios had anticipated. Clearly, technical measures for fuel- 

conservation can be very effective, and they are easier to implement than 

policies of the low-growth type which involve deliberate changes in 

lifestyles and expectations. The two types of policy overlap, but 
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outside the area of overlap they are additive. Chapman constructed 

the low-growth scenario by adding fuel savings due to low-growth 

policies to those due to technical-fix policies. It is possible 

to do the same exercise with the LIED low energy strategy 

substituted for the technical-fix scenario. The result of this 

exercise is a new scenario which combines the intense technical 

conservation measures of the low energy strategy with the changes 

in expectations and lifestyle of low-growth. This new alternative 

will be referred to as the very low energy scenario, and its 

construction is illustrated in figure 1.20. Primary fuel savings 

due to low-growth policies can be deduced (very approximately) 

from figure 1.19; these fuel savings are then subtracted from the 

primary fuel projections of the low energy strategy (low case). 

There is some duplication of policies in the two component scenarios 

which must be taken into account: both use some solar heat for 

space heating, and both make fuel savings on farms, though by 

different and non-complementary means. Allowances made for this 

duplication are shown in table 1.6. 

The very low energy scenario must be regarded only as a rough sketch 

of another alternative version of the future. The numbers in table 

1,. 6 and implied in figure 1.20 are approximate. The scenario might 

be regarded as an up-dated version of low-growth, where a vigorous 

drive for technical efficiency is combined with a move towards 

sustainable productive activity and long-term equilibrium with the 
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1976 1990 2000 2010 2025 

fuel savings: *31 438 875 1250 1531 
19 policies of tf 

less duplicated savings: 1.5 7.3 27.2 52.9 73.4 
solar heat 

lf; sä duplicated savings: 0 2.0 3.7 6.2 6.2 
firm fuel 

derived fuel savings: 29.5 428.7 844.1 1190.9 1451.4 
lg policies over IIED 

Table 1.6 Construction of the very low energy scenario: fuel 

savings due to low-growth scenario policies which, less duplicated 

savings, can be added to technical conservation measures used in 

the IIED (low case) scenario. Units are kWh x 109 primary energy. 

sources: Chapman 1975, Leach at al 1979 

(*interpolated) 
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environment. One problem is that reduced economic growth will 

restrict the capital available for technical improvements i. n fuel 

eise. For the purposes of the scenario it is assumed that fuel 

savings lost in this way. will be roughly balanced by a decline 

(or at least a lack of growth) in the same sectors. Therefore 

fuel consumption after technical improvements alone have been made 

is assumed to be approximately the same as in the LIED scenario 

the LIED low case, is used because it is based on a lower economic 

growth projection than the high case); further fuel savings are 

then attributed to changes in lifestyle and to reduced expectations, 

especially to reduced passenger travel as a result of homes, shops 

and workplaces being located closer together. 

The effect of the very low energy policies is to reduce total 

primary fuel consumption in 2020 to about a third of the 1976 level, 

This occurs in a society which is careful and efficient in its use 

of fuels, and which has faced. the great social and political problems 

jresented by low economic growth., It is probably very similar in 

character to Hall's (1977) version of the future, Europe 2000. 

The five versions of the future which have been discussed fall into 

different sectors of the "cone of realistic or practical possibilities" 

proposed earlier. The business-as-usual scenario is an extrapolation 

which provides one extreme edge of the cone. The LIED low energy 

`strategy falls roughly in the middle, while the very low energy 
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scenario provides another extreme, which is the low energy, low 

growth future as described in Europe 2000. These three scenarios 

describe the characteristics of three different philosophies, 

their technical implications, and the real alternatives for the 

future to which they lead. The business-as-usual scenario, the 

LIED low energy strategy (high case) and the very low energy scenario 

have therefore been adopted as a deliberately broad range of possible 

future contexts for the regional planning options studied in this 

research. Figure 1.21 shows the primary fuel demand of each of the 

three scenarios up to 2020, indicating the contrast between them in 

terms of just one variable, fuel consumption. Figure 1.22 shows less 

precise projections of primary fuel demand, and serves to emphasise 

that no forecasts are certain, and that their uncertainty increases 

with the distance they are cast into the future. The adopted 

scenarios are, at best, characterisations of contrasting alternatives. 

Beyond the Horizon 

It is interesting at this point to look beyond the thirty-year period 

into which the preceding discussion has been focussed. Just as 

there are options. for. today's policies, there will be options for 

the policies of thirty years hence. The choices made today will 

influence the alternatives available tomorrow. 
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Forecasts going beyond thirty years enter the realm of speculation. 

Uncertainty imbues every statement, and it becomes difficult to 

say anything with conviction. What is said becomes a natural 

target for easy criticism: neither speculator nor critic will be 

proved wrong except by time. Nevertheless, change in human 

circumstance depends heavily on speculation, and the features of 

the future which are central to this discussion (economic philosophy, 

energy, transport) are the subject of much speculative literature. 

Writers in the field seem polarised by the issue of economic growth. 

One school of thought, led perhaps by the late Hermann Kahn, looks 

forward to a growth economy featuring more and better technology and 

using more energy (Kahn and Weiner, 1967). This is also the established 

philosophy of most of today's institutions - governments and 

commercial bodies underpinned by credit. Optimism is the trademark 

of the growth philosophy; thus in the established view the opposing 

school of thought is characterised by its pessimism. in fact the 

literature of the alternative view makes pessimistic analyses of 

the growth philosophy only in order to support its own policies, 

which are designed to avoid the gloomy future foreseen. in print 

the pundits of this philosophy are numerous, and led by Robert Heilbroner 

(1975), E. F. Schumacher (1973) and Ivan Illich (1973,1974). Their 

case rests on two points, the first of which is the poverty of the 

very idea of sustained material growth. Sooner or later, mineral 

resources, fuels, land or water must run out, or waste heat must 

produce climatic changes, or the world ecology must be overwhelmed 
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by pollution. The second, related, point is that technology is 

unable to solve the most important problems: the increasing scarcity 

of fuel and mineral resources; the climatic effects of waste-heat 

generation; the provision of food for a rapidly-growing and increasingly- 

impatient world population. Those who subscribe to these views 

divide into two types: the prophets of crisis, strife and chaos, 

and the more optimistic visionaries of a -low energy, "small is beautiful", 

ecologically-sound future transcending the crises. 

Whatever the future turns out to be like in the long term, there is 

an ironic conjunction of the two points of view when applied to 

the short-term. The problems of population, resource depletion, 

energy and pollution must be addressed soon. These problems might 

eventually be dissolved in the white heat of unlimited fusion power, 

or solved by the adoption of a solar hydrogen economy (Bockris 1976), 

or circumvented by the abandonment of the material growth philppophy, 
.1J. 

but none of these solutions . 
is likely to be accessible before the year 

2010 (see figure 1..; 3). The routes' to--the alternative and distant 

sustainable utopias must all pass w; th difficulty through the next 

three decades (Ashby`1975, Bockris 1976, Meadows et al 1972, Ward 1976, 

etc. ). 

In conclusion, a return to the opening theme: the paths to the future 

are continually diverging, and the choices made today will. affect the 

choices which present themselves tomorrow. The brau, phiicsophical 

alternatives have implications which ramify tlirbugh economics and 
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energy policy to transport and regional planning and. beyond. 

Alternatives within sight can be compared and evaluated, and 

should be, in order to permit well-informed, rational choices 

to be made. Evaluation of the options should take place at 

every level; in this case, the subject of interest is regional 

settlement patterns, and the following chapters compare some of 

the possibilities against the background of present constraints, 

and of the broader alternatives for the future which have been 

discussed. However, decisions are not determined by the inertia 

of the present or by the evaluation of possibilities; the future 

remains a matter of choice. 
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2 THE CONFIGURATION OF A REGION 

studies of the shape of the settlement pattern 
in a part of eastern central England 

The way in which human communities occupy and use the surface 

of the land is highly ordered. This order is manifested in the 

clustering of various types of land uses into villages, towns 

and cities, and in their connection together by lines of travel, 

transport and communication. This chapter reports a study of 

one aspect of this pattern of settlement - its shape - made for 

the purpose of illuminating the energy implications of various 

planning policies. 

A settlement pattern has two main components, a partition of the 

Zand surface into parcels having various uses (or no use), and a 

corrmunioation network, typically a system of roads supplemented 
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by footpaths, railways, and. canals. This division of settlement 

patterns into land use and transport components has engendered a 

similar division in the study of settlements. There are two 

traditions: on one hand the study of the economics of land use 

and location, on the other hand the modelling of transport systems. 

As Batty (1976) has described, these two separate areas of study 

began to be integrated in the 1950s and early 1960s, through the 

work of Mitchell and Rapkin (1954), Wingo (1961) and Alonso (1960) 

amongst others. Out of this integration there developed the 

activity of mathematical modelling of cities and regions, which 

has had some considerable success, both in the scientific study 

of settlements, and as a predictive planning tool. 

Theories of land use and location arose from the work of von 

Thuneen (Hal], 1966) and of Christaller (1973), and later develop- 

ments of Christaller's ideas by Lösch (1954). and Isard(1956)., 

in 1826, von Thunen suggested that the decline of land rents with 

distance around an agricultural market centre could be accounted 

for if the sum of the rent and the cost of transporting produce 

to the market was a constant for all locations. 
. 

It soon became 

apparent that population density and trip-making declined away 

from market centres in a. similar manner to land values (or rents), 

and these ideas provided the foundation of what is essentially a 

behavioural, economic theory of location based on utility-maximis- 

ation. Christaller's contribution was to provide a theory of 

the interaction of market areas-on a regional scale, and thus to 

propose an economic "landscape" as a model of the pattern of 
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nucleated settlements seen most clearly on flat agricultural 

plains. Descendants of Christaller's model are of varying 

degrees of sophistication, but at the present time there is none 

which exhibits sufficient correlation with any real settlement 

pattern to be generally convincing. Perhaps the best economic 

landscape is Isard's modification of the LSschian model, which 

takes into account population distribution and the resultant 

variations in the physical extent of market areas (Isard 1956). 

Isard's landscape is illustrated in figure 2.1, which shows two 

settlements and their surrounding, overlapping market areas for 

three commodities. The underlying geometry, which is rather 

arbitrarily chosen in making the initial equipartition of the 

landscape, is hexagonal. This choice of geometry affects the 

resultant shapes of both the market areas (irregular hexagons) 

and of the transport network (triangular). It is an important 

point that the shape of the economic landscape is as much aresult 

of the chosen geometrical system as of the economic theory of 

location from which the landscape is developed. This may well 

account for some of the lack of correspondence between theoretical 

landscapes and real ones. The choice of hexagonal geometry is a 

common one in theoretical land use modelling because the regular 

equipartition of the flat, featureless plain which is the starting 

point for such models can only be achieved in three ways. The 

three regular plane tessellations are square, triangular and 

hexagonal, and of these the last produces the closest approxim- 

ation to circular market areas (Bunge 1966, Echenique 1976). 

However, the condition of regularity is itself somewhat arbitrarily 
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imposed, for convenience, and there is no reason to believe that 

semi-regular, or irregular tessellations might not provide truer 

models. These points suggest a case for systematic studies of 

the shape of settlement patterns, aimed perhaps at discovering 

what kind of configurations might be used to represent them. 

Corresponding comments can be made about transport models, and 

about land use planning models constructed to represent specific 

cities or regions. In such models, the transport network, which 

already exists, is generally represented as an array of junctions, 

connected by road or rail links to which can be assigned lengths, 

carrying capacities, speeds and so on. The area of study is 

divided into zones, which are usually chosen to represent either 

geographical localities, or to suit available census or survey 

data. Zones are commonly represented as points, usually the 

centroids of the zones, which are connected to the transport 

network, and to which are allocated population, employment and 

services, with appropriate floorspace for each type of land use. 

The point about this method of representation is that the only 

spatial components it contains are distances, and the connections 

between points on the transport network. The partition of the 

land surface into parcels of various uses is approximated to a 

fairly coarse array of points, the zone centroids (each of which 

accommodates several land uses). In effect, the shape of the 

settlement pattern is poorly represented and cannot be manipulated 

systematically for investigative purposes. 
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In reality, patterns of land-use and transport must have 

developed together in a symbiotic, manner, rather than either 

being exclusively the effect of the other. The lack of 

representation of shape in urban and regional models has not so 

far restricted their usefulness. Planning models are calibrated 

against historical data until they "fit" the real world 

adequately. Most model-based planning exercises have the 

objective of evaluating a small number of specific 

policies, such as the construction of new roads or the location 

of new industrial development., For these purposes, current 

models are adequate within fairly well-defined limits. In 

scientific studies, the shape of settlements has been of less 

interest than their economic structure. However, the relation- 

ship between settlement patterns and the use of energy is an 

area of study which has recently been recognised as of increasing 

importance (Bor 1975, Steadman at al 1976). In this area, it 

is precisely the relationship between the shape of the pattern 

of land uses and the shape of the transport network which is of 

interest. Energy is distributed to various land-using activities 

in the form of fuels for industry and for building services, and 

energy is used in transporting people and goods between the sites 

of those activities. Therefore, different configurations of 

settlement can be expected to exhibit different efficiencies in 

the use of energy (Steadman 1977). 
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The above argument presents a case for two new lines of study of 

settlement patterns. One of these is directed towards answering 

the question "what theoretical configurations of settlement are 

most efficient, under given conditions, in the use of energy? " 

The other line of study deals with the question "what configurations 

of settlement already exist, and why? " This chapter reports a 

study of an existing settlement pattern from a configurational 

point of view. The next chapter addresses the first question and 

deals with the energy characteristics of various theoretical 

settlement patterns. The two chapters together present a procedure 

for the identification of energy-efficient settlement patterns 

which can be developed out of existing ones. In addition this 

chapter provides a first step towards a configurational model of 

regional settlement. Such a model is partial in the same sense 

that economic models and transport models are partial - none of 

these alone provides an adequate explanatory description of the 

real region, but an improved understanding can be gained by 

combining the parts. 

Quantitative and statistical studies of shape are not without 

precedent in geography (see for example Haggett and Chorley 

1967,1969; Morril, 1970). Early work on the structure of 

transport networks was carried out by Kansky (1963) and by 

Timbers (1967), and there is more recent work by Earl and 

March (1979). The properties of various shapes of 

settlement have been investigated by Fairthorne (1965), 

Hemmens (1967), Schneider and Beck (1974) and Clark (1975, 

1976) amongst others. In general, previous work has dealt 
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with the overall shape of isolated towns and cities, and 

not with the relationships between the shapes of the 

various components (the transport network and the 

distributions of different land uses) which make up a 

regional settlement pattern. 

The Study Area 

The region which is the subject of this study is, that part of 

eastern central England which is covered by the four Ordnance 

Survey 1: 50 000 scale map sheets 142 (Peterborough), 143 (Ely 

and Wisbech), 153 (Bedford and Huntingdon) and 154 (Cambridge 

and Newmarket), shown in 'figure 2.2. -; 'Port of this region was 

the subject of a previous study (Rickaiby 1977) and thus a 

quantity of data and local knowledge was already available. 

The study region contains four small cities (Cambridge, 

Bedford, Peterborough and Newmarket) with overlapping hinter- 

lands which contain a number of smaller towns (Ely, Huntingdon) 

and several hundred villages. The landscape varies from fenland 

in the east where there is a predominantly agricultural economy, 

to the rolling country around the Ouse Valley in the west where 

the agricultural landscape has been overlaid with industrial and 

commerciral. development. 
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Information about land use in the study region is available in 

the form of overlays to the four Ordnance Survey maps which were 

produced as part of the National Land Use Survey of Developed 

Areas by the Department of the Environment (Smith, van Genderen 

and Holland, 1976). The overlays show the "developed areas" - 

areas of continuous development larger than five hectares in 

extent. Within the developed areas, land use is coded according 

to five broad classifications : 

A predominantly residential use, 

B predominantly industrial and/or commercial use, 

G predominantly education/community/health/indoor 

recreation use, 

D transport use, 

E "urban" open space 

The overlays viere compiled by interpretation of 1: 60 000 scale 

panchromatic vertical photographs from an air survey flown by the 

Royal Air Force, mostly in 1969. For the purposes of this 

study all the remaining "undeveloped" areas shown on the overlays 

are assumed to be in agricultural use. Part of a Developed Area 

overlay is shown in figure 2.3. 

The main objective of this study-is to investigate the relation- 

ship between tIe shape of the distribution of land'-uses and the 

shape of the transport network. Therefore the lines of the main 

roads (motorways, trunk roads, Class A and Class B roads) were 

traced on to the developed area overlays from the corresponding 
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Ordnance Survey sheets. The types of main roads were not 

differentiated on the overlays, and minor (unclassified) roads 

' and tracks were not traced. Figure 2.4 shows part of a 

developed area overlay with main roads added. A number of 

analysis exercises were carried out using the enhanced overlays 

carrying both land use and transport information. The purpose 

of each of these exercises, which will be described In turn, 

is to investigate some geometrical property of the pattern of 

land use or the transport network. The intention is then that 

these investigations provide indications of suitably realistic 

values for the same properties In theoretical "idealised" 

configurations. 

Road Network Measures 

Within the study region, the road system can be treated as a 

network of road links connecting an array of nodes (the road 

junctions). A count of the number of junctions of main roads, 

and of the number of, main roads running into each junction, 

produced the results shown in table 2.1. The average number 

of main roads meeting at a junction (Rj) is 3.25, and the 

vafiation of Rj between the four map areas which make up the 

region is small. A count of the number of interstitial spaces 

in the network, and of the number, oof linkä which surround each 

interstice, produces the results shown in table 2.2. , The 

average number of road links surrounding an interstice(Ri) is 

5,22 and again the variation between the four map areas is small. 

The average length of road links (Rl) is found to be 3.34 
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00 1s50 000 MAP SHEET NUMBER 142 X43 153 154 Total 

No. of roads *running into junctions R 244 2SS 431 292 1222 
ß, 1o. of junctions J 72 81 134 89 376 
11ve. no. of roads at junctions Ri=R/J 3.389 3.148 3.216 3.281 3.25 

Table 2.1 Analysis of the average No. of main roads meeting at each junctions 
Rý-3.25 (range between map sheets 0.241,7.42%) 

of 1: 50 000 MAP SHEET NUMBER 142 143 153 154 Total 

" 
No. of road linke surrounding, intaxstiae4 R' 

x231 166,317 287 1003 
No, c)f interstices 1 43 32 60 57 192 
AVe. no. of roads around 1nt*rstiaga R1OR'/I 5.372 5.250 5.283 5.035 5.22 

Table 2.2 Analysis of the average no. of at3, n road links surrounding each 
interstice 1 RiO5.22 (rang. between sMp .. hest. 0.337,6.46%) .. 

os 1: 50 000 MAP sHFXT NUMBER 142 143 153 154 Total 

No. of road linkI R" 

Measured length of roads L (km) 
Ave. length of road links R1IL/R"(km) 

116 113 199 140 568 
373,462.5 532.5 529 1897 

3.216 4.093 2.676 3.779 3.34 

, Table 2.3 Analysis of the average length of links in the main road network; 
Ris3.34 (range between map sheets 1.417 km, 42.43%) 

each road ink is counted twice, gnce at each end in table 2.1, and once 
for each adjacent interstice in table 2.2, but only once in table 2.3. Thus 
in an unbounded region R-R'-2R" but differences occur in the tables because 
roads and interstices which run off the edge of the study region are not 
included in the analysis. 
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kilometres, though in this case the variation between map areas 

is large, ranging from roughly 2.7 kilometres to 4.1 kilometres 

(see table 2.3). In all these analyses, roads and interstices 

which run off the edge of the study region were not included, and 

the length of road links was measured with a map measure 

(opisometer) to an accuracy of 0.5 kilometre. A number of very 

short road links in urban centres were thus assigned the length 

0.5 kilometre, and this convention has the effect of raising the 

value of R1 slightly. 

An earlier study (Rickaby 1977) included similar analysis of the 

main road network for part of Cambridgeshire, an area which is 

contained in the present study region. in that study, values 

obtained for Rj and Ri were 3,41 and 4.42 respectively; knots of 

junctions occurring at towns and villages were treated as one 

junction, and the effect of this convention is to slightly 

increase the values of both R and R. Thus the results reported 
ji 

here are not inconsistent with previous results obtained for the 

smaller study area. 

The earlier study also included the same analyses of the main road 

network implied in Isard's modification of Lösch's economic land- 

scape (Isard 1956). The road network is shown in figure 2.5, 

and values obtained for Rj and Ri were 4.14 and 3.75 respectively- 

A modification was then made to the Isardian road network to bring 

it into line with observations about the occurrence of road 

junctions in the Cambridgeshire study area, without changing the 
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economic characteristics of the landscape in any way. The 

modified network (figure 2.6) yielded values of 3.38 for Rj and 

4.09 for Ri. 

Other observations may be made about the main road network of the 

study region. First, it does not appear to conform to any of 

the regular or semi-regular Archimedean tessellations, though 

values obtained for Rj and Ri are similar in some cases (see 

figure 2.7). Second, main roads are continuous, that is they run 

through even the largest urban centres and continue beyond them 

in the same general direction. Third, main road junctions 

occur predominantly either in clusters of closely-spaced junctions 

in towns and cities, -or widely-spaced in open country away from 

villages. In open country the three-way type of road junction 

(R-3) is particularly common. 

These observations, combined rith`tºe results above, imply that 

the main road network is ordered in a hierarchical manner. The 

continuity of the main roads through large urban centres indicates 

that they are part of a national network whose scale is much 

greater than that of the study region, and which forms the upper- 

most level of the hierarchy. At descending levels there are 

connections'betaeen the large urban centres, between those centres 

and smaller towns in their hinterlands, and between the smaller 

towns themselves. The minor (unclassified) road network might 

then be seen as the lowest hierarchical level, providing strictly 

localised communications across the interstices of the major 
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pattern. This hierarchical model of the road network has much 

in common with both the administrative system of road classific- 

ation, and with the, way"in which the road system is used. 

Clearly, long journeys use roads high in the hierarchy, and short 

journeys are often confined to roads at lower levels. Access 

to higher level regional and. national roads is provided by 

local and minor roads. Hence it is possible to represent 

the whole road system as a nesting hierarchy of relatively 

simple patterns whose overall characteristics are consistent with 

the results obtained in this study (see chapter 3). 

bard Use Dispersion Keaaprea 

one of the reasons that travel occurs, ' and therefore that road 

networks exist, is that parcels of land in different locations 

axe used for different p, urrposes .'' Yt is coamgonly held that the 

reason that nucleated settlements developed was to provide 

proximity between various mutually dependent activities'- 

manufacturing and marketing for example. It is'thus ironic 

that today a large amount of 'fuel Is used in transporting people 

between their dispersed, suburban homes and their centralised 

places of work. Therefore it is important, when examining the 

shape of settlements, to consider the relationships between the 

distributions of land usez of different types. one way of 

investigating these relationships is to measure the relative 

dispersion of parcels of land'; of various uses from the centres of 

existing cities, in this study, this was done by first drawing 

on to the map overlays a series of concentric circles around 
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the centres of four cities (Peterborough, Bedford, Cambridge and 

Newmarket), and then. counting the number of land use parcels of 

each type which occur within each of the resulting rings. 

Circles were drawn at intervals of one kilometre out to radii 

which varied from 8 kilometres in the case of Newmarket to 14, 

kilometres In the case of Peterborough. For each one-kilometre 

wide ring, the number of land use parcels in each urban land use 

classification (A-E, see table 2.4) was counted. The results. 

are given in tables 2.5 *" 2.8. As a matter of convention, rings 

are designated by their outer radius, hence the ring of radius 

ten kilometres covers all areas between nine and ten kilometres 

from the city centre. Large land use. parcels which straddled- 

two or more rings were counted in the inner ring of two, the 

middle ring of three, and in all but the innermost and outermost 

of four or more rings.. No attempt was made to measure the 

size of land use. parcels (which is beyond the scope. of the 

resources available for this research), so results must be-assumed 

to refer to an "average" size of urban land use parcel. - A few,..,, 

relatively very large parcels are observed to occur, mainly. in. 

the residential (A) classification in suburban areas, and in the. 

transport (D) classification in open country (where reference to" 

the Ordnance Survey maps reveals that they are almost exclusively 

airfields).. These conventions and observations should be borne 

in mind during discussion of the-results of this analysis; in 

general it is the relative dispersion of different types of land 

use which is of interest, and not the absolute values obtained, 

which are themselves highly sensitive to the conventions and 
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CODE LAND-USE 

A predominantly residential use 
8 predominantly industrial and/or commercial use 
C predominantly educational/co munity/health/indoor recreation 
D transport 
E 'urban' open space 

Table 2,4 Coding of lan4-a6e parcels Used on maps and in Tables 2.5 - 2.13 

PETERSORWGH (OS 1s50 000 map sheet 142) 

ring xad. 
xl 0(m) 

ring area 
AL (km) 

. number of 
A 

land-usq parcels 
8C 

counted. 
D 

Yiý-----, 
8 Total 

1 3.142 0 31 1 1 6 
2 9.426 3 40 1 7 15 
3 15.710 5 20 

.0 3 10 
4 21.994 2 40 0 2 8 
5 28.278 3 40 0 2 9 
6 34.562 2 20 0 3 7 
7 40.846 4 00 0 0 4 
8 47.130 4 10 0 0 5 
9 53.414 2 30 0 1 6 

10 59.698 5 30 0 0 8 
11 65.982 

_. 
7 40 0 0 11 

12 72.266 9 40 1 . O 14 
13 78.550 11 10 0 0 12 
14 84.834 6 40 O 0 10 

TOTAL 61$. 832 63 39 3 19 125 
. ý. $ --- 50 31 1 2 15 100 

Table 2.5 Analysis of the dispersion of 14n4-u89 parcels in and around Peterborough . 
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BEDFORD (OS 1: 50 000 map sheet 153) 

ring rad. ring area r-number of land-use parcels counted, yj ---- 
xi (km) a1(km2) AB C D E TOTAL 

1 3.142 02 0 1 1 4 
2 9,426 43 0 1 11 19 
3 15.710 53 0 0 8 16 
4 21.994 78 1 0 2 18 
5 28.278 

. 
11 0 0 1 0 12 

6 34.562 92 1 0 1 13 
7 40.846 52 0 1 0 8 
8 47.130 5 ]. 0 0 2 8 
9 53.414 10 2 0 0 0 12 

10 59,698 62 0 0 0 8 
11 65.982 10 4 1 2 0 17 
12 72.266 13 2 0 1 0 16 

TOTAL 452.448 85 31 3 7 25 151 

$ --- 56 21 2 5 17 100 

Table 2.6 Analysis of the dispersion of land-use parcels in and around 
Bedford (for key to coding of land-use parcels, see table 2.4) 
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C, AMßiiDGE (OS 1: 50.000 map sheet 154) 

ring rad. ring. area, 
2) (k a r . number of land-use parcels counted 

xl (km) m i A B C D E TOTAL 

1 1.142 5 1 3 0 
.3 14 

2 9.426 7 6 4 1 9 27 
3 15.710 6 0 4 1 9 20 
4 21.994 8 7 3 2 4 24 
5 28.278 9 5 1. 0 2 17 
6 34.562 3 1 1 0 0 5 
7 40.846 12 2 0 0 1 15 
8 47.130 8 1 0 0 2 11 
9 53.414 9 2 0 1 2 14 

10 59.698 15 2 1 1 2 21 
11 65,982 7 0 0 1 0 8 
12 72.266 11 

.2 0 0 0 13 

TOTAL 452.448 100 31 17 7 34, 189 

53 16 9 4 18 100 

Table 2.7 Analysis of the dispe; sLgn. of land-use parcels in and around 
Cambridge (for key to coding of land-use parcels, sei table 2.4) 

NEWMARKET (ÖS 1: 50 000 map sheet 154) 

ring rad. 
xi(km) 

ring area 
al(km) 

,, -number of 
AB 

land-use 
C 

parcels 
D 

counted, 
8 

yi ---, 
TOTAL 

1 3.142 11 0 O 2 4 2 9.426 11 0 0 1 3 3 15.710 1. O q 0 1 2 4 21.994 20 0 0 1 3 5 28.278 51 0 p 
.. 

1 7 6 34.562 40 0 O . 1 5 7 40.846 .74 0 0 0 11 8 47.130 91 G 0 1 11 

TOTAL 201.088 30 8 0 0 8 46 

8 
- 

--- 65 17 0 0 17 100 

Table 2.8 Analysis of the dispersion of land-use parcels in and around Newmarket (for key to coding of , end-use parcels, see table 2.4) 
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limitations of the analytical technique. 

Table 2.9 shows the results of the dispersion analysis as 

averages of those obtained for the four cities in the study 

region. The table refers to an, "average town" in an attempt 

to reduce the distortions introduced by the particular charac- 

teristics of the individual towns. Statistically the average 

town also provides a better basis for further analysis of the 

results than do the individual cities. The data for Newmarket 

(table 2.8) includes only 46 land use parcels, while that for 

the average town is based on 511 observations. 

It should be noted that for each of the four cities, the area 

covered by the dispersion analysis extends far beyond the 

boundary of the contiguous (continuously-developed) urban area. 

Thus the analysis includes detached areas of development located 

in surrounding country. (The average radial extent of the 

contiguous urban areas, which can be derived fron table 2.14, is 

about 2.5 kilometres= the dispersion analysis covers radii of 

up to 14 kilometres). Figures 2.8 to 2.12 present the land use 

dispersion data for the average town (table 2.9) in graph form. 

Each graph deals with a different land use classification, and 

the observed number of parcels of developed land (yi) in the 

ith ring is plotted against the outer radius (xi) of the rings. 

The ring area 4i square kilometres varies linearly with xi in 

accordance with 

41 " ir(2xi-1) 
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AVERAGE TOWN 

rinci Xad. ring area r--. -number of 
(k A 2) A 

land-use parce. s counted, 
xi (km) m $ B C D E TOTAL 

1 3.142 1.50 2.25 1.00 0.50 1.75 7.00 
2 9,426 3.75 3.50 1.00 0.75 7.00 16.00 
3 15.710 3.75 1.25 1.00 0.25 5.25 11.50 
4 21.994 4,75 4.75 1.00 0.50 2.25 13.25 
5 28.278 7.0o 2.5q 0,25 0.25 1.25 11.25 
6 34.562 4.50' 1.25 0.50 0 1.25 7.50 
7 40.846 7.00 2.00 0 0.25 0.25 9.50 
8 47.130 6.50 1'. OQ 0 0 1.25 8.75 

*9 53.414 7.00 2.33 0 0.33 0.67 10.33 
*10 59.698 8,67 2.33 0.33 0.33 0.67 12.33 
*11 65.982 8.00 2.67 0.33 1:. 00 0 12.00 
*12 72.266 11.00 2,67 0 

. 0.67 0 14.34 

TOTAL 452.488 73.42 28.50 5,41 4.83 21.59 133.75 

s --- 55 21 4 4 16 100 

Table 2.9 Analysis of the dispersion'of lend-use parcels in and around 
the average town calculated from Peterborough, Bedford, Cambridge and 
Newmarket; average of four, except * average of three (for key to 
coding of land-use parcels, see table 2.4) 



Yi 
NUMBER OF 
OCCURRENCES 

15 

- 130 - 

OUTER RADIUS OF RINGS, xi 
km 

2.8 



- 131 - 

NUMBER OF 
OCCURRENCES 

15 

13 

12 

11 

9 

8 

7- 

6- 

5- 

4- 

3-1 if 

M/ERAOE TOWN 
I, AW U5 8 

J 
ýý ýIs.. Q39x . 2.63 

7 ý ý... 

ä759 a» r, QUTER RADIUS CF RINGS, xi 
km 

29 



NUMBER OF 
OCCURRaICES 

1 

- 132 - 

OUTER RA 5 OF RtI' X 

2.10 



Nl. ®ER OF 
QQC S 

n 

133 - 

^SWA TOMS 
LAND USE 0 

2.11 

OUTER R JS OF RINGS, xi 
km 



- 134 - 

ýi 
. 

NUMBER OF 
OcCURRe CES 

15-r----- 

14 1 
AVERAGE 7U M4 
LAND USE E 

11 

6-1 

7I 

6 
ri 

234: 5 6.7 89 10 11 12 
OUTER RADIUS OF RINGS, i 

212 



- 135 - 

Interpretation of the results of this analysis is made easier 

if they are represented in a . airaplified manner. One repres- 

entation is made by fitting the trend of dispersion of the 

various land uses to straight lines, as shown on figures 2.8 

to 2.12. Such lines are of the form 

yi - mxi+c 

where m is the slope and c is the intercept on the y axis (m, 

c are constant for a given land use and a given town). Using 

the method of least squares, we obtain 

i=n 
(y -mx -C) 

2`e 

i-i 

where e is thqý sum of the squares of the errors of n points 'i 

(error being defined als 'the ordinate dittanncs between i and the 

line yi a mxi+C) .ý In this case n is equal to 12. At . the 

minimum error. 

T 

and -O 

i=12 
hence, 21 (Y-rx-, c) "O 

1. -1. 

1-12 

and 21 (Y COX i-0 i-i 

from which can be derived simultaneous equations in m and c an 

follows 
i=12 jval2 

mI$i+12c IYi, 

i-122 i. 12 i"12 
and wJ'xi+c 1 xi. aI Yx i 1#1 i ml i 
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Solution of these equations using the data for average town 

land uses A, B, C and D (table 2.10) yields values of m and c 

as shown in table 2.11. The resulting lines are plotted in 

figures 2.8 to 2.11. The trend of dispersion of land, use E 

(urban open space) cannot reasonably be fitted to a straight 

line. The lines for all land uses A-p are plotted together 

on figure 2.13. 

Clearly the number of occurrences of land. use parcels of all 

types declines as distance from the city centre increases. In 

most cases there are very few occurrences beyond a radius of six 

kilometres. The exception is the residential land use type 

(code A); the. number of occurrences of t4ia land use increases 

consistently with distance from the. centre. . 
Thus residential 

development is heavily dispersed, not only into the suburbs, 

but also into the rural settlements surrounding the city. 

Commercial, industrial, educational/community/health and transport 

land uses (codes B, C, D) are much more centrally located; 

"urban" open space (code 9) also occurs predominantly in the 

central areas, though this is hardly surprising! 

Since the area of the one-kilometre wide rings increases with 

distance from the city centre, it is interesting to look at 

the various types of land use in terms of the number of 

occurrences per unit area in each ring. Table 2.12 shows the 

number of occurrences per unit area for land uses A-D and for 

all land uses (including z). Values given in table 2.12 are 
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Av2rAGE TOWN 

ring rad. 
xilkm) 

2 A B 
yixi 

c D 

1 1. 1.50 1.25 1.00 0.50 
2 4' 7.50' 7.00 2.00 1.50 
3 9' 'T 11,25 3.75 3,00 0.75 
4 16 19,00 ]. 9,00 4.00 2.00 
5 25 35.00 12.50 1.25 1.25 
6 36 27.00 7.50 3.00 0 
7 49 49.00 14.00 0 1.75 
8 64 52.00 8.00 0 0 
9 81 63.00 20.97 0 3.00 

10 100 86.70 23.30 3.33 3.33 
11 121 88.00 29.37 3.63 11.00 
12 144 132.00 32.04 0 8.04 

TOTAL 78 650 571.95 179.68 21.21 33.12 

Table 2.10 Data for the estimation of straight lines on the graph y 
against x for each land-uae (for key to coding of land-use parcels 
see table 2,4) 

AVERAGE TOWN 

Land-use A8CD 

m 0.662,. -0-039, -0.098 0.012 
All 

1.82.2... 63... 1.09 0.325 

Tapfe 2,. 1; x--y. alueaobtained from table 2.10 for M and C in the equation 
y mx+c of esti. mhted"straight lines on the graph of y against x, using 
the method of least squares (for key to coding of land-use parcels 
see table 2.4) 



- 138 - 

r; 
NUMBER OF 
OOOURRENCES 

11 

10- 

a 
a 
7 

ö 

ACRAOE T" 
LAND USES A-D 
FITTED UNES 

äA wollo 

8 

00or 

2- 
D 

aZ.. 5.. 6e9 ýp » -rr 1.3 4 
OUTER RADLJS OF RINGS, 

km 

2.13 



- 139 - 

derived by Yý a yi/Ai, where for a given land use Yi is the 

number of parcels occurring per square kilometre in the ith 

ring. The data contained in table 2.12 is shown in graph 

form in figures 2.14 to 2.18 which show the number of occurrences 

per unit area (Y) of land use parcels of each type, plotted 

against the outer ring radius (x). Also shown are curves of 

the form 

Yi . (mx +c) /ýi 

which are derived from the Itraight line* of figures 2.8 to 2.11. 

These curves are put forward as indicative of the trends 

apparent in the data rather than as "fitted" curves with stat- 

istica7, authority. It should bg noted that the curves have 

reciprocal form, and that curves of negative exponential form 

would provide a very similar representation. Indeed, the 

application of 'ntxopy theory would suggest that, in the absence 

of further information about the nature of the decline in the 

incidence of lapd uses, a negative exponential decline would 

b¢ the "lecst unlikely" form with which to represent the 

distribution. 

Figure 2.18. shows the asymptotic value of y (given by m/27) 

towards which the curves for land uses A-D decline. In effect 

the incidence of the non'-resident4. al (B-D) land uses declines 

towards zero, and for all practical purposes has reached zero 

at a distance of eight kJ. lometres from the city centre. At that 

distance the average incidence is less than one parcel of 

developed land for every twenty square kilometres (for land uses 
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AVERAGE TOWN 

ring rad. ring Area Y =y i 
/4 

xi(km) Q (km2) A. aiD ALL 

1 3.142 0.477 0.716 0.318 0.159 2.228 
2 9.426 0.390 0.371 0.106 0.080 1.697 
3 15.710 0.239 0.080 0.064 0.016, 0.732 
4 21.994 0.216 0.216 0.045 0.023 0.602 
5 28.278 0.248 0.088 0.009 0.009 0.398 
6 34.562 0.130 O. Q36 0.014 0 0.217 
7 40.846 0.171 0.049 0 0.006 0.233 
8 47.130 0.138 0.021 0 0. 0.186 
9 53.414 Q. 131 0.044 0 0.006 0.193 

10 59.698 0.145 0.039 0,005 0.006 0.207 
11 65.982 0.121 0.040 0.005 0.015 0.182 
12 72.266 0.152, 0.037 .0 0.009 0.198 

TOTAL 78 452.488 ----- 

Table 2.12 Data for points on the graph Y against x for each land use 
A-D, and for all land uses A-E (for key to coding of land-use parcels, 
see table 2.4). 

AVERAGE TOW 
. ý. ýýI r iýirýi   rlrýry. ru ýý ýýn ii iii iýý ýwýr. r ý. rr. r. ýý . wýnr'r 

ring rad. ring Area Y"(mx+c)/D1 
xi (km) AäCA, 

1 3,142 0.790 0,823 0.316 0.107 
2 9.426 0.334 0.271 0.095 0.037 
3 15.710 0.242 0.610 0.051 0.023 
4 21.994 0.203 0.112 0.032 0.017 
5 28.278 0.181 0.086 0.021 0.014 
6 34.562 0.168 0.069 0.015 0.011 
7 40.846 0.158 0.058 0.010 0.010 
8 47.130 0.151 0.049 0.006 0,009 
9 53.414 0.146 0.043 0.004 0.008 

10 59.698 0.141 0.038 0.002 0.007 
11 56.982 0.138 0.033 0.000 0.007 
12 72.266 0.135 O. Q30 -0.001 0.006 

Table 2.13 Data derived from table 2.11 for estimated curves of the 
form y- (mx+c)/i 

i on the graph of i against x (for key to coding, of 
land-use parcels, see table 2.4). 
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B-D). In contrast, the incidence of residential (A) land use 

declines towards a higher value, representing the "background" 

of almost exclusively residential development that occurs in 

villages and isolated parcels throughout the rural parts of the 

study region. The incidence of residential development 

declines steeply to a radius of about five kilometres, and then 

much more slowly towards the background level of about one parcel 

in every ten square kilometres. 

Two models of urban form can be suggested as representations of 

the distributions of land uses that have been found. In the 

first, the city is a simple disk of development, in which the 

incidence of various land uses declines in the manner described. 

in the second model, land uses are located along the major roads 

radiating from the city centre. In this case, the linear density 

of the "ribbons" of development may be constant (as it appears 

to be in the case of non-residential uses B-D), declining or 

increasing (as in the case of residential land use A); the 

contiguous urban area occurs in this model as a result of the 

proximity of the major roads converging towards the city centre - 

the ribbons of development coalesce into a continuous urban area. 

The linear representation of the city implies a "star-shaped" 

urban area. On the Developed Area overlay maps, starring effects 

can be observed in the shapes of the contiguous urban areas of 

Peterborough, Bedford, Cambridge and Newmarket (figures 2.19 

to 2.22). The effects were investigated by counting the number 
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NEWMARKET 
OONTiGUOUS DEVELOPED AREA 
1: 50 000; 427hectores 

2.22 
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of arms in each case, and by measuring the radius of each arm 

(r0 kilometres "outer urban radius") and the minimum radius 

occurring between each pair of arms (ri kilometres "inner urban 

radius"). The results of this analysis are given in table 2.14. 

The "average town" has eight or nine arms, with an outer radius 

of just over three kilometres, and an inner radius of about two 

kilometres (figure 2.23). It is interesting to note how small 

the contiguous urban area is, in comparison with the size of the 

area where the effect of the city on land use distribution is 

observed. This hinterland extends for at least ten kilometres 

from the city centre (see figure 2.18). 

Measures of Rural Land Use 

Because residential development is distributed throughout the 

study region, and not concentrated in town- and city-centres as 

appears to be the case for other land uses, it is important to 

study patterns of development in rural as well as urban areas. 

It is clear that many journeys-to-work must originate in rural 

areas and end in the towns and cities of the study region and 

that these commuting journeys occur in what is largely a 

historical pattern of settlement. The spatial relationship 

between the transport network and the pattern of rural develop- 

ment is therefore an important subject for investigation. 

In order that this relationship could be examined, the whole of 

the study region (except the contiguous urban areas of the four 

cities discussed above). was divided into zones c. 11ed "road 
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measured radius (km) total Ave 

PETERBOROUGH (6 arms) 

r 6.0 3.6 3.3 6.8 3.8 3.4 ----- 26.9 4.48 
ro2.0 3.3 0.9 1.7 1.9 0.6 ---- 10.4 1.73 

BEDFORD (11 arms) 

ro 2.8 1.9 3.2 3.8 2.2 2.9 2.7 2.2 2.3 3.9 3.9 31.8 2.89 
r1 1.9 1.8 2.9 0.1 2.1 2.7 2.0 2.1 2.3 3.8 1.0 22.7 2.06 

CAMBRIDGE (10 arms) 

ro 2.6 2.7 3.1 3.2 4.3 4.3 7.2 6.8 4.3 2.2 - 40.7 4.07 
r1 1.1 2.0 2.2 2.9 2.0 4.0.2.4 6.8 4,2 0.5 - 28.1 2.81 

NEWMARKET (7 arms) 

r 1.0 1.0 2.0 1.1 1.8 1.8 2.0 ---- 10.7 1.53 
roi1.0 1.0 0.4 0.6 1.8 0.1 0.9 ----5.8 0.83 

FOUR TOWNS (34 arms total) 

ro ----------- 110.1 3.24 

ri ------". ---- 67.0 1.97 

AVERAGE TOWN (8.5 arms) 

r0 ----------- 27.525 3.24 
ri ----------- 16.75 1.97 

Table 2.14 Results of "star analysis" on four towns : values for outer 
urban radius (r0) and inner urban radius (ri). 
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regions". Each road region is associated with one link in the 

main road network, and contains all points that are nearer to 

that road link than to any other. Boundaries of road regions 

are thus the loci of points which are equidistant from two or 

more neighbouring road links. These boundaries were drawn on 

to the Developed Area overlays by eye; in difficult cases, Blum's 

Medial Axis Transform was used (Hilditch 1968, March and Steadman 

1971). The positioning of boundaries was not critical except 

in rare cases where parcels of developed land were found to be 

on or very near them; thus the drawing of boundaries by eye 

involved little or no analytical inaccuracy. It was then possible 

to associate each parcel of developed land with a single link in 

the main road network. In each case the perpendicular distance 

between the road and the centroid of the parcel was measured to 

an accuracy of 0.1 kilometres, by means of a scale-rule. Road 

regions which run off the edge of the study region were not 

included in the analysis. Parcels of developed land which touch 

or straddle the road were assigned zero distance. Where 

continguous clusters of parcels touch or straddle the road, all 

parcels within the cluster were assigned zero distance. The 

length of the main road network included in this analysis was 

then re-measured - many roads included in the earlier analysis 

(table 2.3) were omitted because of edge effects and the exclusion 

of the four large contiguous urban areas. 

The results of this analysis are shown in tables 2.15 and 2.16. 

The length of rural main roads included in the analysis was 1359 
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OS 1: 50 000 MAP SHEET NUMBER 142 143 153 154 TOTAL 

Length of road measured (km) 253.5 345 386.5 374 1359 

Table 2.15 Road lengths measured as part of the road-region analysis of 
land use-parcels, 

LAND USE CLASSIFICATION ABCDE ALL 

number of parcels counted 401 129 10 33 79 652 
total distance from main road (km) 223.5 40.2 7.4 19.6 9.3 300.0 
average distance from main road (km) 0.56 0.31 0.74 0.59 0.12 0.46 
linear density along roads (parcels/km) 1.64 0.30 0.05 0.14 0.07 2.21 

Table 2.16 Analysis of land use-parcels by their location in road-regions 



- 156 - 

kilometres, and 652 rural parcels of developed land were counted 

(compared with 511 counted earlier in four urban areas alone). 

The average distance of rural parcels of developed land from a 

main road is 0.46 kilometres, with a variation between land use 

types from 0.12 kilometres (land use E) to 0.74 kilometres (land 

use C). Parcels of developed land occur on or near rural main 

roads at an average linear density of 2.21 parcels per kilometre, 

with a variation between land use types from 0.05 parcels per 

kilometre (land use C) to 1.64 parcels per kilometre (land use A). 

The above figures provide a simple linear representation of the 

location of rural development, based on main roads. An alter- 

native model, which is nucleated rather than linear, can be 

derived from the same data (plus some information from the road 

network measures described earlier). In this case all parcels 

of developed land are associated with a junction in the main road 

network, and it is known that an average road junction has 3.25 

road links each 3.34 kilometres long radiating from it! As 

table 2.17 shows, the average rural main road junction also has 

about twelve parcels of developed land associated with it, nine 

of which are residential (land use A) and two of which are 

industrial, commercial, educational or in community use (land 

uses B and C); transport or "urban" open space accounts for the 

other parcel. 

Conclusions 

The study region is a reasonably typical area of non-metropolitan 
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LAND USE CLASSIFICATION ABCDE ALL 

linear density of land use along 
rural roads dl parcels/km (table 2.16) 1.64 0.30 0.05 0.14 0.07 2.21 

average length of road links 
R1 km (table 2.3) 

3.34 

Average number of roads at 
junctions Rj (table 2.1) 3.25 

Average number of parcels at 
junctions 0jm(d1XR1xR1)/2 8.90 1.63 0.27 0.76 0.38 11.99 

Table 2.17 Location of rural land use parcels by attachment to main road junctions. 
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England. Within the study region there are over 1800 kilometres 

of main roads, and more than one thousand separate parcels of 

"developed" land (over five hectares in extent). Of these 

parcels, roughly half occur within the continuously-developed 

urban areas of four small cities. The other parcels occur in 

towns, in villages, and in isolated pockets of rural development. 

The influence of the four major settlements extends, via over- 

lapping hinterlands, throughout the region, and is clearly 

discernible in the shape of the settlement pattern. The four 

cities contain nearly all the land which is used for commercial 

and industrial purposes, but residential development is spread 

over the whole region. 

The results which are reported above do not explain why the 

settlement pattern of the study region has its particular shape. 

Indeed the results do not explain definitively what that shape is, 

nor are they intended to. What is intended is to provide the 

basis of a reasonable representation of the shape of the settle- 

ment pattern. This representation is made up of a collection 

of characteristics of the shape of the road network and the 

distribution of developed land. 

More traditional land use and planning models have two components 

which can be related to this study. First there is a model of 

the stock, which provides a representation of population and 

floorspace densities in different locations. Second, there is 

a model of activities, typically travel, which are simulated by 
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means of analogy, as in the gravity model. The results reported 

in this chapter can provide the basis of the first of these 

components. The characteristics of the location of land use 

parcels can be combined with data on the area of developed land 

derived from other studies (for example from Best and Rogers 

1973) to produce a regional model of stock. Similarly, the 

configurational characteristics of the road transport network 

can be incorporated into a stock model. This use of configur- 

ational analyses as the basis of a more general model is reported 

in the next chapter. 

Two problems associated with the configurational measures 

reported here should be addressed in later work. First, the 

statistical base of the representation should be enlarged so that 

more authoritative generalised conclusions can be drawn. This 

can be achieved through similar studies of other regions, in 

which the measurement process might be automated and applied to 

digitised versions of the Developed Area overlays which are 

becoming available. Second, it is important to deal with the 

areas of parcels of developed land whose locational character- 

istics are examined. Data on the area of land use parcels is 

now becoming available as part of the published results of the 

Developed Areas Survey. 
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3 SIX REGIONAL SETTLEMENT PATTERNS 

aZternative configurations for energy-efficient 
settlement 

The previous chapter reports a study of the shape of the 

settlement pattern in a region of eastern central England. 

That study was aimed at the discovery of some characteristics 

of the shape of the distribution of various types of land use, 

the shape of the road network, and the relationship between 

them. Data from the previous chapter and from other sources, 

are now used to construct a configurational model of a 

typical regional settlement pattern. The procedure adopted 

is to take the existing land-use distribution and road 

network as given, and try to represent their configuration 

in a simplified and regularised geometric model, 
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with accidents of topography removed such that all the various 

shape and network properties referred to are closely approximated. 

This configurational model is therefore quite distinct from 

more conventional economic and land use models, in that it 

attempts no kind of explanation of spatial arrangement in 

behavioural terms. Its purpose is rather to try to describe 

geometrical properties of shape and configuration more precisely 

than is usual in other models, on the hypothesis that these shape 

properties may have significant effects on energy use. 

This chapter goes on to present five more regional settlement 

patterns, which are again described in terms of properties of 

shape and arrangement, and which are distortions or "disturbances" 

of the original patterns. The idea here is that these patterns 

might be the results of planning policies designed to direct 

development from the present situation in several distinct 

directions. In each of the new patterns, the shape of the 

distribution of developed land is modified in response to some 

theoretical argument which suggests a more efficient pattern for 

regional settlements than the existing one. Efficiency in this 

context is taken to mean the use of less energy in transport or 

in building services, while an equivalent level of accessibility 

to employment and to services is maintained for the whole 

population. The comparison of the five new patterns, on this 

basis, is the subject of chapter 4. 
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Of course there is a certain circularity here, in that the 

present land use and transport network patterns are themselves, 

at least in part, the consequence of many past locational 

decisions in which reduction of transport costs (hence reduction 

of energy use in transport) has doubtless been a major goal. 

However this process has been going on over very long periods 

during which transport technologies and relative transport costs 

have changed radically (Echenique 1976). So the existing pattern 

can hardly be expected to be optimal in terms of present 

transport modes and costs, nor in the context of rises in real 

fuel prices, which can be anticipated up to the end of this 

century. 

The configurational model 

The configurational model has two main parts: a representation 

of the shape of the transport network, and a representation of 

the distribution of developed land around major centres, 

disaggregated into various land uses. The transport network 

will be dealt with first. 
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In the previous chapter, network analysis techniques were used 

to record properties of the shape of the main road network of 

a region in eastern central England covered by four ordnance 

survey 1: 50 000 scale map sheets (see chapter 2 pp 111-112). 

Properties recorded include : an average vertex frequency 

(the number of roads running into a junction, or Rj) of 3.25; 

an average face frequency (the number of edges, or "road links" 

surrounding each interstitial space in the network, or Ri) 

of 5.22; and an average length of road links (the distance 

between adjacent junctions, or R1) of 3.34 kilometres. In 

addition, a hierarchical ordering of the main road network 

was detected. It was observed that major centres (large towns 

and small cities) have an average of eight main roads running 

into them, and that four of these maintain their general 

direction and continuity while running through and beyond 

major centres as part of a national-scale road network. 

Furthermore, major centres contain a large number of main 

road junctions, and of main road links which are only one 

half kilometre long, or less. An examination of ordnance 

Survey maps of the study region suggests that within major 

centres, the road network has a radiocentric form, with 

between one and two complete concentric circuits. 

Observations of maps, and of the distribution of land uses 

around towns in the study region suggest that major centres 
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occur at least twenty kilometres aparte and that in the intervening 

hinterlands and rural areas there are a small number of main road 

junctions which are not surrounded by development (i. e. they are 

not themselves centres). 

These observed properties of the main road network are used as 

a part of the specification for the configurational model. The 

numerical results are subject to assumptions and conventions 

incorporated in the analytical technique, and are approximate 

only. Therefore, a comparison was made with similar analysis 

of a part of Cambridgeshire, and of a version of Isard's modification 

of Losch's economic landscape (see Figures 2.5 and 2.6, and Rickaby 1977). 

Though the Isardian landscape is a theoretical economic model, 

it has a spatirl. component and is included here for the 

purpose of comparison with the results obtained from the real 

landscape. Values for Rj obtained in the two analyses were 

3.41 (Cambridgeshire) and 3.38 (Isardian landscape). For Ri 

the results were 4.42 (Cambridgeshire) and 4.09 (Isardian 

landscape). As a result of this comparison, the specification 

adopted for the configurational model is 3<RJ<4,4 < Ri < 

5, R1 = 3.34km, over the whole main road network, including 

urban and rural areas. One further property is specified: 

the pattern of main roads adopted for the model must exhibit 

some degree of regularity, in order to facilitate manipulation 

and analysis. 
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None of the eleven regular and semi-regular (Archimedean) 

tessellations has values for Rj and R. i which comply with the 

specifications described above (see Figure 2.7, page. 122). 

However, the requirement for eight-way vertices at major centres 

suggests that an elaboration of the square tessellations or 

square-octagon tessellations might provide the basis of an 

appropriate representation of the main road network. (Clearly patterns 

based on triangular or hexagonal geometry will not meet the 

specification). Examination of the "diagrid" tessellation 

(Figure 3.1) reveals that for this network Rj -6 and Ri = 3. 

For the "semi-diagrid" (Figure 3.2), RI =6 and R1 =3 also. 

The square-octagon tessellations (again Rj = 6, Ri-3, Figure 

3.3) can be combined with a square tessellation (R4, 

Ri= 4) to produce a network with the properties Rj = 3.6, 

R. i = 4.5, as shown in Figure 3.4. This network contains 

clusters of nine vertices (circled) which contain a number of 

relatively short edges (labelled a), and eight longer edges 

(b and c) radiate from each cluster. Four of these edges 

are contained in lines which run uninterruptedly across the 

network. If the clusters of vertices and short edges are 

taken to represent major urban centres, the longer edges 

become rural main roads, with rural (undeveloped) junctions 

occurring at points labelled x. The scale of this network 

can be adjusted by setting a equal to O. Skm (the length 

assigned to short urban road links in determination of Rl, 

see chapter 2, p118), and R1 = 3.34km, from which the results 
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b= 10.79km and c=8.13km can be calculated. It can be 

seen that this pattern conforms in many ways to the 

specification, but that the distance between major centres 

(b + 2aJ2 = 12.2km) is considerably less than the required 

minimum (20km), and the "knot" of urban main roads contains 

only twelve links and one complete orbital circuit rather 

than two. An elaborated version of the network is shown in 

Figure 3.5, in which an "outer orbital" of twelve road links 

has been added to the urban knot. There are now twenty-eight 

road links in the urban knot, and if the shortest of them 

(labelled a on Figure 3.5) are assigned a length of 0.5km 

each, and R1 is maintained at the observed average value of 

3.34km, then b= 18.86km, c= 13.34km and d=e=1.207km. 

The minimum distance between urban centres is now given by 

b+ 2a + 2afi = 21.27km. This pattern has therefore been 

adopted as the representation of the regional main road 

network in the configurational model. Figure 3.6 shows the 

network redrawn to scale. 

Also shown on figure 3.6 are the limits of the continuously- 

developed urban areas, and the "rural hinterlands" of urban 

centres. The urban areas are eight-pointed stars of outer 

radius (ro) 3.24km and inner radius (ri) 1.97km (the average 

radius being about 2.6km). These are the dimensions obtained 

from the analysis of the average size and shape of large urban 
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areas which was carried out as part of the previous study 

(see chapter 2 pp 146-151). The rural hinterland is defined as 

extending to a radius of ten kilometres because at that 

distance the incidence of parcels of developed land has in 

effect declined to its asymptotic "rural background" level 

(see chapter 2, pp 139-146). 

The representation in the model of the network of minor roads 

presents some problems. There is insufficient data from the 

previous study for a pattern to be "fitted" in the manner 

described above for the case of the major roads. However, 

an analysis of the network of all roads in part of Cambridgeshire 

suggests that minor roads might reasonably be represented by 

a modification of the network which arises from Isard's economic 

landscape. This pattern is shown in figure 3.7, and has 

values of Rj and Ri which are consistent with those obtained for 

cambridgeshire and with observations of network shape in that 

region (Rickaby 1977). It includes three-way and four-way 

junctions, some minor roads which run into major centres, and 

others which are continuous and "tangential" (that is, they 

pass between rather than through urban areas). The pattern of 

minor rural roads shown in figure 3.7 is therefore adopted for 

the regional configurational model with an acknowledgement 

that further analysis of existing patterns is required in order 

to substantiate the representation, Some work has already been 

carried out on this subject by Owens (1968) and Tanner (1968) 

at the Road Research Laboratory. 
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The next stage in the construction of the regional configurational 

model is to obtain values for residential population and for 

industrial/commercial and service floorspace in all parts of the 

region. The starting point for this exercise is a set of 

equations for the variation in the occurrence of parcels of 

developed land with distance from the urban centre. In the 

previous study (chapter 2, pp 123-138) such equations were 

derived for each of four separate land uses, and data was 

obtained for a fifth land-use. (The five types of land use are 

coded A-E in accordance with the key given in table 3.1. ) This 

information results from observations of the study region, and 

can be combined with information about the average area of 

parcels of developed land to produce an estimate of developed 

area for each land use in each place. These results in turn 

can be combined with information about land provision per head 

of population for each place. Finally, residential densities 

and areas of industrial/commercial and service floorspace in 

each place can be calculated. The places identified in the 

model are concentric rings of land surrounding the centre of 

each town, each ring being one kilometre wide. There are thus 

ten rings covering the urban area and its rural hinterland (the 

central one being a circular disc). Each ring is designated by 

its outer radius, and it is assumed that developed land, populations 

and floorspace are evenly distributed within each ring. The 

stag-shaped urban area of the average town, and its main road 

network, are both symmetrical about the same four axes. Therefore 
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CODE LAND-USE 

A predominantly residential use 
B predominantly industrial and/or commercial use 
C predominantly educational/community/health/indoor recreation 
D transport 
E 'urban' open space 

Table 1.1 Coding of land-use parcels used in figures and tables. 
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data for any ring may be divided by eight to obtain information 

about a single sector of that ring lying between two main radial 

roads or symmetrically across one of them. Thus the model may be 

used to deal with a single urban area and its rural hinterland in 

up to eighty zones. Further disaggregation may be readily achieved. 

The study region for the previous work overlaps with the East 

Anglia Economic Planning Region for which the Department of 

Environment has produced land-use statistics. This information 

is derived from the same 1: 50 000 scale Developed Area overlay 

maps referred to in the previous chapter (DOE 1976; DoE 1978; 

Smith van Geraderen and Holland 19761 and see chapter 2). It is therefore 

possible to calculate total developed areas for the overlap of 

the two regions. These total areas were calculated for urban 

parcels (within the continuously-developed urban areas of 

Peterborough, Cambridge and Newmarket), and for rural parcels 

(all single land-use developed areas outside the three urban areas). 

Table 3.2 sunvnarises total developed areas for each land use, 

and includes percentages for comparison with similar data for the 

South East and East Anglia Economic Planning Regions and for 

the countries of Bedfordshire and Cambridgeshire. Information on 

these, areas is also taken from Department of Environment Statistics 

(DoE 1978). 

Table 3.3 shows five equations (one for each land use) for the 

variation in the number of occurrences of parcels of developed 

land (Y i) with increasing distance (xi )m) from the centre of 
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Cucle r study region SE-EPR EA-EPR BEDS. CAMBS 

urban (ha) rural(ha) total(ha) $$$ 

A 398_. 6 7672.6 11655.2 64.88 63.6 60.4 57.2 55.7 
º3 1584.9 1435.3 3020.2 16.81 13.3 11.0 23.7 16.5 
C 206.2 23.7 229.9 1.28 1.2 0.8 0.6 1.3 
D* 343.5 1300.7 1644.2 9.15 5.5 19.4 9.8 16.9 
L 1363.2 51.1 1414.3 7.87 16.5 8.3 8.6 9.7 
Total 7480.4 10483.4 17963.8 100 100 100 100 100 

T, ºh1u 3.. '. Comparison of aggregated land use data for the study region 
(shrived from study region measures and DoE data on overlapping parts of 
the East Arijlia Economic Planning Region) with aggregated land use data 
for the South East and East Anglia Economic Planning Regions, and for the 

counties of Bedfordshire and Cambridgeshire, which overlap the study region. 
(source : DoE 1978) * land use D includes airfields. 
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AVERAGE. TOWN 

land u5u equation of fitted line 

A yl = 0.66x" + 1.82 

s yl = -0.034x1 + 2.63 

r yi = -0.098x1 + 1.09 

y=0. O12x1 + 0.325 

yi = -0.213x1 + 2.575 (for 4 <- x1 5 10) 

Talj. ic 2.3 Equations of fitted lines for the variation in the number of 

coccurrurrces of parcels of developed land (yi) with distance from the 

urban a. ontre (xl km), for land uses A-E (see chapter 2, pp 123-138). 
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an average town based on Peterborough, Bedford, Cambridge and 

Newmarket. Four of these equations, for land uses A-D, were 

derived as part of the previous study. The fifth equation 

for land use E is based on the same observations, between 

the limits 4< xi < 10; beyond these limits the data for 

land use E cannot reasonably be fitted to a straight line. 

The equations from table 3.3 have been used to produce the 

figures in table 3.4, which shows the number of occurrences of 

parcels of developed land in each ring, for each type of land 

use. These figures are as produced by the equations, except 

the first four of land use E (xi < 4), for which observed 

values from the previous chapter were used. The ring i=3 is 

split into two narrower rings, xi iruner and xi outer 

the radius of the dividing circle being 2.6 kilometres. This 

is the average radius of the star-shaped boundary of the urban 

area, and marks the division in the model between urban area 

and rural hinterland. It also distinguishes urban parcels of 

developed land from rural ones. In table 3.4 the occurrences 

in the ring xi =3 are divided between xi = Sinner and xi 3outer 

in proportion to the areas of those rings. 

For urban areas only, table 3.5 shows the percentage of the 

developed land which is given over to each type of land use. 

This information is calculated from figures in the first column 

of table 3.2. Since, in the urban area, all land is developed, 

these percentages of the areas of rings xi = 1, xi =2 and xi = ?3 wer 
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AVERA(; r: TOWN 

rinýj r. tdius 
X, (kni) 

i 
A B 

number of 
C 

parcels, 
D 

yi 
E ALL 

1 2.48 2.59 0.99 0.34 *1.79 8.15 
2 3.14 2.55 0.89 0.35 *7.00 13.93 
3 inner 2.10 1,39 0.44 0.70 *1.07 5.20 

,I outer 1.70 1.12 0.36 0.16 0.87 4.21 
ti 4.46 2.48 0.70 0.37 1.72 9.73 

5.12 2.44 0.60 0.39 1.51 10.06 
6 5.78 2.40 0.50 0.40 1.30 10.38 
7 6.44 2.36 0.40 0.41 1.08 10.69 
8 7.10 2.32 0.31 0.42 0.87 11.02 
9 7.76 2.28 0.21 0.43 0.66 11.34 
10 8.42 2.24 0.11 0.45 0.45 11.67 

j bic 3.4 occurrences of parcels of developed land in each ring, for each 
1atºd u_: v. Figures are calculated from the equations in table 3.3, except 
* where observed values (from chapter 2) are used. 



- 182 - 

are the developed areas for each land use, in each of those rings. 

This information is shown in table 3.6, and it can be combined 

with numbers of occurrences of parcels of developed land 

(table 3.4) to produce average areas for urban land-use parcels 

of each type, in each urban ring (table 3.7). 

The average areas of parcels of developed land in the rural 

hinterland and rural background were found by analysing the same 

land-use maps of the study region as were used in previous work. 

Because of limited availability of Department of Environment 

statistics, only the area of overlap between the study region and 

the East Anglia Economic Planning Region could be included in 

the analysis. This is however, a large proportion of the study 

region. All single-use developed areas were counted (these make 

up 87.55% of rural developed areas), and their land-use types and 

positions were noted. From these observations the average areas 

of parcels of developed land were calculated, for each land use, 

in each ring of the rural hinterland, and in the rural background. 

These results are presented in table 3.8. For each average value, 

the number of observations contributing to it is shown in brackets. 

It can be seen that of 352 observations, 287 were of land use A 

(residential), 54 were land use B (commercial/industrial), and only 

eleven were any of the other land uses. Table. 3.9 shows the equations 

of lines, fitted by the method of least squares, describing the 

variation in average parcel size (1 
ave 

hectares) with distance 

from the city centre. This exercise was only carried out for land 

use A and for all land uses together, because the samples for other 
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STUDY REGION/EAEPR OVERLAP (URBAN AREAS) 

land use area of development 
ABCDE ALL 

hectares 3982.6 1584.9 206.2 343.5 1363.2 7480.4 
percent 53.24 21.19 2.76 4.59 18.22 100 

Table 3.5 The area given over to each land use, A-E, in the urban areas 
of towns in the region of overlap between the study region and the East 
Anglia Economic Planning Region (in hectares, and as percentages of the 
total urban area). 

AVERAGE TOWN (URBAN AREA) 

ring radius area of development (ha) 
xi (km) A B CD E ALL 

167.28 66.58 8.67.14.42 57.24 314.19 
501.84 199.74 26.02 43.26 171.74 942.60 

3 inner 461.70 183.76 23.93 39.80 158.00 867.19 

Table 3.6 Areas of development for each land use, A-E, in the 
continuously-developed urban area of the average town, according to the 
percentage breakdown indicated in table 3.5. 

AVERAGE TOWN (URBAN AREA) 

ring radius average area of parcels (ha) 
xi (km) A B C D E ALL 

1 67.45 25.71 8.76 42.41 32.71 38.55 
2 159.82 78.33 29.24 123.60 24.53 67.67 
3 inner 219.86 132.20 54.39 199.00 147.66 166.77 

Table 3.7 Average areas of parcels of development for each land use, 
A-E, in the continuously--developed urban area of the average town. 
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STUDY REGION/EAEPR OVERLAP (RURAL AREAS) 

Rinq radius observed average areas of parcels (ha) 
xi (km) ABCDE ALL 

3 outer - (0) 21.30 (1) 7.1(1) -(0) -(O) 14.20 (2) 
4 21.60 (6) 10.50 (1) -(0) -(0) -(0) 20.01 (7) 
5 20.98 (5) 19.20 (3) -(0) -(0) -(0) 20.31 (8) 
6 15.53(10) 36.15 (2) -(0) -(0) -(0) 18.97 (12) 
7 15.83(10) 9.78 (6) -(0) -(0) -(0) 13.56 (16) 
8 21.59(14) 44.00 (3) -(0) -(0) -(0) 25.55 (17) 
9 19.00 (8) 5.40 (1) -(0) -(0) -(0) 19.68 (9) 
10 15.31(18) 33.70 (3) -(0) -(0) -(0) 17.94 (21) 
BACKGROUND 20.70(287) 17.02(54) 16.60(1) -(0) 114.82(10)* 22.80(352)* 

Table 3.8 Observed average areas of parcels of developed land in rural 
arena:;, land uses A-E. Figures in brackets are numbers of observations. 
Figures marked * include eight airfields; the rural background average 
parcel area for ALL land uses, excluding airfields is 20.04 ha (344 
observations). 
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AVERAGE TOWN (RURAL AREAS) 

land use limits equation 

A3 outer 5 xi 5 10 Aave - 22.68 - O. 59xi 
B 
Cß-E 
D not calculated, 

insufficient data E 
ALL 3 outer 5 xi 5 10 Aave a 0.415xi + 16.08 

Table 3.9 Equations of fitted lines for the variation in the average 
area of parcels of developed land (Rave ha) with distance from the urban 
centre (xi km), for land use A and for ALL land uses, for rural 
hinterlands and rural background only. 

AVERAGE TOWN (RURAL AREAS) 

ring radius Dave - 0.415xi + 16.08] average area of parcels 
xi (km) save (ha) 

3 outer 17.33 
4 17.74 
S 18.16 
6 18.57 
7 18.99 
8 19.40 
9 19.82 
10 20.23 
BACKGROUND *20.04 

Table 3.10 Average areas of rural parcels of developed land according to 
the adopted equation for variation of average area with distance from the 
urban centre. (The figure marked * excludes airfields. ) 
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land uses are too small for regression analysis. The values 

obtained for all land uses together were heavily coloured by 

land use A. For the purposes of the configurational model, the 

equation for all land uses (Rave = 0.415xi + 16.08) was adopted 

for all developed areas in the rural hinterland. This equation 

produces average areas for rural hinterland parcels as shown in 

table 3.10. The table also shows the average area of parcels 

of developed land (for all land uses) in rural background areas, 

which was calculated from the results of the analysis. These 

results are presented graphically, for urban and rural areas, 

in figure 3.8. 

For the rural hinterland, the number of occurrences of each type.., 

of developed land in each ring (table 3.4) is combined with 

average areas of parcels (table 3.10) to obtain developed areas. 

These results are presented in table 3.11 which also summarises 

urban developed areas and indicates totals and percentages of 

development. The variation in developed areas with distance from 

the town centre is illustrated in figure 3.9. Figure 3.10 presents 

the variation with distance of the development ratio (HALL/Di)" 

The provision of land in large and small settlements has been 

studied extensively by Best, Coppock and Rogers who have published 

the results of surveys taken in many parts of England and Wales. 

(Best and Coppock 1962, Best and Rogers 1973). Land provision 

figures were not obtained as part of the previous study inthis 

research project, so figures produced by Best, Coppock and Rogers 
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AVERAGE TOWN 

ring rad. developed areas (ha)-- -- 16 ALL/Ai 

xi (km Ai(ha) AA A8 AC AD AE TALL % 

1 314.20 167.28 66.58 8.67 14.42 57.24 314.19 100.00 
2 942.60 501.84 199.74 26.02 43.26 171.74 942.60 100.00 
31rincr 867.20 461.70 183.76 23.93 39.80 158.00 867.19 100.00 
3outer 703.80 29.46 19.41 6.24 2.77 15.08 72.96 10.37 
4 2199.40 79.12 44.00 12.42 6.56 30.51 172.61 7.85 
5 2827.80 92.98 44.31 10.90 7.08 27.42 182.69 6.46 
6 3456.20 107.33 44.57 9.29 7.43 24.14 192.76 5.58 
7 4084.60 122.29 44.82 7.59 7.79 20.51 203.00 4.97 
8 4713.00 137.74 45.01 6.01 8.15 16.88 213.79 4.54 
9 5341.40 153.80 45.19 4.16 8.52 13.08 224.76 4.21 
10 5969.80 170.34 45.32 2.23 9.10 9.10 236.08 3.95 

TOTAL 31420.00 2023.88 782.71 117.46 154.88 543.70 3622.63 11.53 

Table 3.11 Developed areas for each land use A-E, in each ring, and the 
development ratio (AAI, I, / Ai, *) for each ring. 
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have been adopted. Table 3.12 summarises some of their results, 

showing the provision of land per head of population in settle- 

ments with populations ranging from 293 to 165 000. From these 

results, figures have been adopted for land provision in urban 

and rural areas in the regional configurational model. These 

figures are 34.6 hectares per thousand population (ha/1000p) for 

rural developed areas, and 29.5ha/1000p for urban developed 

areas. These areas include all land uses. The figure for rural 

areas is the Best and Rogers result for small settlements with 

populations less than ten thousand, and in the model this is 

applied to rural hinterland and rural background development. 

The figure for urban areas is the Best and Coppock result for 

large settlements having a mean population of forty-three thousand, 

which is not inappropriate to the four towns analysed in the 

previous study (Peterborough, Bedford, Cambridge and Newmarket). 

These adopted figures for land provision are necessarily broad 

averages, because the areas and settlements studied by Best, 

Coppock and Rogers are not the same as the study region whose 

analysis underpins the configurational model. It has therefore 

been necessary to adopt their most general results. A study of 

the variation of land provision with distance from major centres 

might enable the configurational model to be greatly improved. 

Information on land provision is combined with information on 

developed areas in order to determine populations. Tables 3.13 and 

3.14, and figure 3.11 present population figures obtained by this 

method. The average town and its rural hinterland have a population 
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settlement type source of data approx. mean total urban area 
population ha/1000p 

large settlements 

county boroughs 

small settlements 
(pop < 10 000) 

small settlements 
(pop < 10 000) 

Best and Coppock 1962 
2LUS 

Best and Coppock 1962 
2LUS 

Best and Rogers 
1973 

Best and Rogers 
1973 

110 
293 
475 
709 
983 

1556 
2525 
5375 

mean 909 

29.5 
21.8 

17.5 
18.0 

28 .. 7 
38.8 
34.6 

50.1 
43.2 
42.2 
43.1 
36.2 
33.8 
31.5 
29.8 
34.6 

rural developed areas Best and Rogers 1973 figures adopted 34.6 

urban developed areas 
I 

Best and Coppock 1962) for this study 29.5 

43 000 
43 000 

165 000 
165 000 

highland 894 
lowland 920 

mean 909 

Table 3.12 Data on the provision of land for the total developed area of 

various types of settlement, and the figures adopted for use in this study. 
(source : Best and Rogers 1973; 2LUS = Second Land Utilisation Survey). 
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AVERAGE TOWN 

ring radius ring area HALL land provn. population pop. den 

xi (km) ti (ha) (ha) (ha/1000p) (p) (p/ha) 

1 
2 
31nne 

314.20 
942.60 
867.20 

314.19 
942.60 
867.19 

10651 
29.5 31953 

29396 

33.90 
33.90 
33.90 

3outer 703.80 72.95 2109 3.00 

4 2199.40 172.61 4989 2.27 
5 2827.80 182.69 5280 1.87 

6 3456.20 192.76 34.6 5571 1.61 
7 4084.60 203.00 5867 1.44 
8 4713.00 213.79 6179 1.31 
9 5341.40 224.76 6496 1.22 
10 5969.80 236.08 6823 1.14 

. MyrAI, S 31420.00 3622.63 115314 3.67 

Table 3.13 Population and population density in each ring of the urban 
area and rural hinterland, according to land provision figures taken from 
table 3.12. 
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AVERAGE TOWN 

ring rad. 
xi (km) 

1 
2 
3inner 
3outer 
4 
5 
6 
7 
8 
9 
10 

POP. pop. pop. den 
(p) (p) (p/ha) 

10651 
31953 72000 
29396 

4989 
5280 
5571 
5867 
6179 
6496 
6823 

43314 

AA res. den housg. den. 
(ha) (p/ha) *(h/ha) 

33.90 
33.90 
33.90 

167.28 
501.84 
461.70 

63.67 
63.67 
63.67 

25.47 
25.47 
25.47 

3.00 29.46 71.59 28.64 
2.27 79.12 63.06 25.22 
1.87 92.98 56.79 22.72 
1.61 107.33 51.91 20.76 
1.44 122.29 47.98 19.19 
1.31 137.74 44.86 17.94 
1.22 153.80 42.24 16.90 
1.14 170.34 40.06 16.02 

Table 3.14 Population, population density and housing density (* at 2.5 
persons per household) in each ring of the urban area and rural hinterland. 
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of 115 314, of which 72 000 live in the urban area (which 

includes suburbs) and the remaining 43 314 live in the rural 

hinterland. For each ring the tables also show population density 

(population/ring area, p/Ai), residential density (population/ 

residential developed area, p/sA), and housing density assuming 

an average of 2.5 persons per household (residential density/2.5, 

p/2.5iA). Variations in population densities with distance 

from the urban centre are shown in figure 3.12 and 3.13. 

Stone (1973) presents empirical data on industrial and commercial 

floorspace provision, expressed in square metres of floorspace 

per thousand population (table 3.15). This information has been 

used to obtain figures for industrial/commercial floorspace 

(land use B) in each ring of the average town and its rural 

hinterland (table 3.16). 

Information on the provision of floorspace for educational and 

health use, and of minor community facilities (courts, libraries, 

churches, post offices, etc. ) is also published by Stone (1973) 

and is summarised in tables 3.17 and 3.18. From these figures, 

floorspace for land use C (education/community/health/indoor 

recreation) can be calculated for the average town (table 3.19). 

The remaining component of the model is the rural background, 

the area beyond ten kilometres from the town centre. In the 

previous study (chapter 2, pp 136-146), curves were derived for 
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INDUSTRIAL/COMMERCIAL LAND USE 

floorspace provision 
industrial/commercial land use for: (m2/1000p) 

retailing 893.43 8.76 

service trades 751.34 7.37 

manufacturing 5234.66 51.34 

service industry 3317.55 32.53 

TOTAL. 10196.98 100.00 

Table 3.15 Floorspace provision for industrial and commercial land uses 
(Code B), in square metres per thousand population; source : Stone 1973. 

AVERAGE TOWN : INDUSTRIAL/COMMERICAL LAND USE 

ring rad. 
Xi (km) 

pop" 
(p) 

fl. provn. 
(ni2/1000p) 

floorspace 
Fg(m2) 

FB 
(%total) 

AB 
(ha) 

fl. den. 
FB/AB(m2/ha) 

1 10651 108608 9.23 66.58 1631 
2 31953 325824 27.70 199.74 1631 

3inner 29396 299750 25.50 183.76 1631 
30%týr 2109 21505 1.83 19.41 1108 
4 4989 50873 4.33 44.00 1156 

5 5280 1019 6.98 53840 4.58 44.31 1215 

6 5571 56807 4.83 44.57 1275 

7 5867 59826 5.10 44.82 1335 

8 6179 63007 5.36 45.01 1400 

g 6496 66240 5.63 45.19 1466 

10 6823 69574 5.91 45.32 1535 

TOTAL 115314 1 175854 100.00 782.71 1502 

Table 3.16 Industrial and commercial floorspace, and floorspace density, 

in each ring of the urban area and rural hinterland. 
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EDUCATION/HEALTH LAND USE 

floorspace provision 
education/health land use for: (m2/1000p) % 

educational facilities 902.91 60.54 
health facilities 588.48 39.46 

TOTAL 1491.39 100.00 

Table 3.17 Floorspace provision for educational and health land uses 
(Code c), in square metres per thousand population; source : stone 1973. 

MINOR COMMUNITY FACILITIES 

ring radius minor 
xi (km) facs (m2) 

AC 
(ha) 

AC 
(ha) 

Ac 
($) 

AC 
($) 

minor 
facs(m2) 

1 
2 
3inner 

8.67 
3488 26.02 

23.93 

14.79 
58.62 44.39 

40.82 

516 
100 1548 

1424 
3outor 6.24 10.61 652 
4 12.42 21.11 -1297 
5 10.90 18.52 1138 
6 6146 9.29 58.84 15.79 100 970 
7 7.59 12.90 793 
8 6.01 10.21 628 
9 4.16 7.07 435 
10 2.23 3.79 233 

TOTALS 9634 117.46 9634 

Table 3.18 Distribution of minor community facilities (land use Code c) 
in proportion to developed area for education/community/health etc. land 

use; source : Stone 1973. 
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AVERAGE TOWN . EDUCATION/COMMUNITY/HEALTH etc. LAND USE 

ring rad. pop. fl. provn. flsp + minor flsp AC fl. den 

xi (kM) (p) (m2/1000p) (m2) facs(m2) FC(m2) (ha) (m2/ha) 

1 10651 15885 516 16401 8.67 1892 

2 31953 47654 1548 49202 26.02 1892 

Sinner 29396 43841 1424 45265 23.93 1892 

3outer 2109 3145 652 3797 6.24 608 

4 4989 7441 1297 8738 12.42 704 

5 5280 149 1.39 7875 1138 9013 10.90 827 

6 5571 8309 970 9279 9.29 999 

7 5867 8750 793 9543 7.59 1257 

8 6179 9215 628 9843 6.01 1638 

9 6496 9688 435 10123 4.16 2433 

10 6823 10176 233 10409 2.23 4668 

TOTALS 115314 171979 9634 181613 117.46 1546 

Table 3.19 Education/community/health, etc. (land use code C) floorspace 

and floorspace density in each ring of the urban area and rural 
hinterland. 
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each land use (A to D) to represent the decline in the number 

of parcels of developed land per unit area (Y, 
i 

km 
2) 

with distance 

from the town centre (xi km). These curves have reciprocal form, 

hence Yi declines towards an asymptotic, or background, value. 

The calculated background values of Yi for land uses A to D are 

presented in table 3.20, together with rounded approximate values 

which take into account the accuracy of the analysis used to derive 

the original curves.. From these figures it can be seen that the 

only development land-use which occurs in the rural background of 

the "average region" is residential (land use A). All other land 

uses (B to E) have zero background occurrence. The background 

value of Yi obtained for land use A is 0.1 parcels per square 

kilometre, and it can be seen from tables 3.8 and 3.10 that the 

average area of those parcels is 22.04 hectares. (This figure 

excludes a number of disused airfields, now in agricultural use, 

encountered in the study area, which had been classified as a 

transport land-use on the maps, and which had the effect of 

increasing the average parcel area to 22.80 hectares). Hence 

it is possible to calculate the incidence of residential land 

in rural background areas. Using the rural land provision 

figure taken from Best and Rogers (1973), see table 3.12, 

overall population density, residential density and housing 

density can be calculated. The results of these calculations 

are shown in table 3.21. The extent of the rural background 

area associated with one town, calculated from figure 3.6, 

is 138.38 square kilometres, or 13838 hectares. At the 

calculated population density of 0.6370 persons per hectare, 

the total rural background population associated with the 

average town is 8815. 
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RURAL BACKGROUND AREAS 

background value of Yi approximated Y, 
lind-use (incidence of land-use parcels/km2) (parcels/km2ý 

A 0.105 0.1 
B -0.06 0 
C -0.015 0 
D 0.002 0 
E - - 

Table 3.20 The incidence of parcels of developed land of various uses, in 

rural background areas, from chapter 2, Fig. 2.18 p145, and 
approximate values adopted for this study. 

RURAL BACKGROUND AREAS 

incidence of residential land-use parcels (see table 3.20) 0.1 parcels/km 
average area of residential land-use parcels (table 3.10) 22.04 ha 
incidence of residential developed land 0.02204 ha/ha 
land provision (table 3.12, Best and Rogers 1973) 34.6 ha/1000p 
overall population density of rural area 0.6370 p/ha 
residential density of rural developed areas 28.90 p/ha 
housing density of rural developed areas @ 2.5 persons/house 11.56 houses/ha 

Table 3.21 Calculation of overall population density, residential density 
and housing density in rural background areas. 
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AVERAGE TOWN (URBAN AREA AND RURAL HINTERLAND) 

Xi Ai AA AB AC AD AE HALL AALL/Ai 
(km) (ha) (ha) (ha) (ha) (ha) (ha) (ha) (%) 

1 314.20 167.28 66.58 8.67 14.42 57.24 314.19 100.00 
2 942.60 501.84 199.74 26.02 43.26 171.74 942.60 100.00 
3 1571.00 491.16 203.17 30.17 42.57 173.08 940.15 59.84 
4 2199.40 79.12 44.00 12.42 6.56 30.51 172.61 7.85 
5 2827.80 92.98 44.31 10.90 7.08 27.42 182.69 6.46 
6 3456.20 107.33 44.57 9.29 7.43 24.14 192.76 5.58 
7 4084.60 122.29 44.82 7.59 7.79 20.51 203.00 4.97 
8 4713.00 137.74 45.01 6.01 8.15 16.88 213.79 4.54 
9 5341.40 153.80 45.19 4.16 8.52 13.08 224.76 4.21 
10 5969.80 170.34 45.32 2.23 9.10 9.10 236.08 3.95 

TOTALS 31420.00 2023.88 782.71 117.46 154.88 543.70 3622.63 11.53 

Table 3.22 Summary of developed areas for each land use (A-E) in each ring 
of the urban area and rural hinterland. 

AVERAGE TOWN (URBAN AREA AND RURAL HINTERLAND) 

xi 
(km) 

population 
(p) 

popn. density 
(p/ha) 

FB 
(m2) 

FC. ' 
(m2) 

1 10651 33.90 108608 16401 
2 31953 33.90 325824 49202 
3 31505 20.05 321255 49062 
4 4989 2.27 50873 8738 
5 5280 1.87 53840 9013 
6 5571 1.61 56807 9279 
7 5867 1.44 59826 9543 
8 6179 1.31 63007 9843 
9 6496 1.22 66240 10123 
10 6823 1.14 69574 10409 

TOTALS 115314 3.67 1175854 181613 

Table 3.23 Summary of populations, densities and floorspaces (for land 
uses B and C) in each ring of the urban area and rural hinterland. 
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The configurational representation of the region is now 

complete. For the average town and its rural hinterland, 

table 3.22 summarises developed areas for each land use, 

with the rings xi = 3inner and xi 3outer recombined into 

one ring, xi = 3. Populations, densities and floorspaces 

for the same areas are summarised in table 3.23. Figure 3.14 

shows the urban area, rural hinterland and rural background 

areas of the average region, marked with total populations 

and with populations for a single sector. 

Modifying the Existing Pattern 

Theories of the relationship between the use of energy and 

configuration of land uses and transport networks have been 

reviewed by Steadman (1980). Though it is widely accepted 

that the use of energy in transport, and in building services, 

is related to the pattern of settlement, there is little or 

no consensus as to which settlement patterns might be more or 

less, efficient than others. Patterns which have been proposed 

generally result from one or more of three types of fuel- 

conservation policy.. First there are policies directed at 

reducing transport fuel consumption by reducing the amount of 

travel going on. This might be achieved, for example, by a 

close integration of different types of land use within developed 

areas, thereby shortening journeys between them. The second type 

of policy covers those which are directed towards the use of 

less fuel for those journeys which are made. A typical policy of 

this type encourages the use of the more fuel-efficient modes of 
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transport (railways, buses, bicycles) by disposing development 

in patterns which are intended to improve the accessibility, 

efficiency and viability of those particular modes. The third 

type of policy promotes fuel conservation in the servicing of 

buildings by arranging developments in such a way that they take 

advantage of fuel-conserving technologies. For example, the 

density and orientation of developments might be arranged so as 

to exploit solar energy for heating, or the layout, density and 

pattern of land use of a development may be arranged to suit 

district heating or a combined heat and power system. Steadman 

has pointed out that specific policies of the three types described 

can sometimes be in conflict with each other (Steadman 1980). 

However, there is no inherent conflict between the three types of 

policy, and indeed it might be expected that the most efficient 

settlement patterns will be constructed using consistent policies 

of all three kinds. 

Proposals for energy-efficient settlement patterns, based on the 

types of policy described avove, fall into two groups. Those in 

the first group all involve the concentration of settlement into 

"compact" cities or towns of relatively high density (see for example 

Dantzig and Saaty 1973). The aim of such concentration is 

generally to shorten the length of journeys, and (through integration 

of land uses) to reduce the total length of journeys to work. Recent 

work by Owens (1978) has suggested that in high-mobility societies 

some concentration of new development into existing centres is 
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effective in conserving fuel. The second type of proposal involves 

the dispersal of settlements, urban and suburban populations 

being spread over whole regions at densities considerably lower 

than those found in existing urban areas. Examples of dispersal 

proposals include Howard's Garden Cities (Howard, 1898), the 

British Post-War New Towns programme, and recent proposals for 

village-dispersal in Cambridgeshire (the Parry-Lewis report, DoE 1974). 

Typically the aim of dispersal is to provide small-scale integration 

of land uses in an array of quasi-self-sufficient settlements. 

This is assumed to result in less travel, and in less transport of 

goods because market areas are smaller, particularly for agricultural 

products. In addition, the low development densities commonly 

associated with dispersed patterns have been described as appropriate 

to the exploitation of solar power and windpower for servicing 

buildings, and compatible with fuel-conserving technologies such 

as district heating, combined heat and power, and biogas systems 

(Rickaby 1977, Fielden 1976). 

March (1967) has pointed out that notions of concentration or 

dispersal of settlement are quite independent of notions of density: 

"it is as possible to have a high-density dispersed pattern as a 

low-density concentrated one". He also identifies two topologically 

distinct ways in which development may be distributed: in 

nucleated patterns or in linear patterns. These correspond 

respectively to settlements in which development is clustered around 

a single place (for example a market square, or a cathedral), 

and along a line (such as a long high-street, or a railway line). 
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March advocates dispersed linear patterns of settlement because 

such patterns can provide high levels of accessibility through 

high linear densities, while the overall development density is 

low (March 1967). Taking up this point Steadman (1977) and 

Rickaby (1977) argue that high linear densities are also appropriate 

to the relatively fuel-efficient modes of transport such as 

buses and trains, and to the efficient distribution of services, 

including district heating. At the same time, low overall 

densities permit the use of fuel-conserving servicing technologies 

such as solar heating, windpower, and heat pumps. Proposals for 

large-scale linear settlement patterns have been made by 

Le Corbusier (Boesiger and Girsberger 1967), and the Russian 

constructivist planner Okhitovitch (Cooke 1974), amongst others. 

In these examples, linear development is located along major 

(national scale) road or rail routes. However, a case has been 

made for linear development located along minor rural roads 

(March 1967, Rickaby 1977). In the latter case, a fine network 

of linear settlement can be created, which has a very low overall 

density, and which leaves main roads free for high-speed inter- 

city travel. 

The regional configurational model provides a representation of 

four spatial properties of settlements which can be manipulated 

in response to energy policies. These properties are the size 

of settlements, the shape of settlements of any size, the pattern 

of arrangement of developed areas and transport networks, and their 
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density of occupation of the land. These four spatial properties 

are not independent of each other. In practice, there is always 

some loose relationship between them, such as for instance the 

density-size relationship observed in existing small settlements 

by Best and Rogers (1973). Similarly, the size and density of 

a number of settlements might be expected to affect the shape of 

the transport network which serves them. 

The final part of this chapter describes five regional settlement 

patterns developed from the regional configurational model. TWO 

of these five patterns are concentrated ones, and three are 

dispersed patterns. Both nucleated and linear patterns are included. 

All five patterns are modifications of the existing regional 

settlement pattern described earlier. They are chosen as representative 

of the range of possible regional settlement patterns which might, 

in reality, be developed out of the existing pattern through long- 

term strategic planning policy. The five patterns are put forward 

as alternative "ideal" models for comparison, not as prescriptions 

for the location of new development. Chapter 4 reports 

the comparison of these five patterns (and the existing pattern) 

in terms of accessibility and of energy-use in transport. 

Each of the five alternative settlement patterns incorporates the 

same network of major and minor roads, the same original urban area, 

and the same total regional population (124129). as derived for the 

original model. The alternative patterns are produced by redistributing 

some of the population of the rural hinterland. The hinterland 
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extends from the boundary of the star-shaped urban area to a 

radius of ten kilometres from the urban centre. In the model 

of the existing pattern, the population of the rural hinterland 

is 43314; in each of the alternative patterns, this is reduced 

to the population density of the rural background area, which is 

0.6370 persons per hectare, resulting in a population of 18662. 

The remaining population of 24652 is redistributed in nucleated 

or linear settlements which are generally overlaid on the 

"background" population. Figures 3.15 to 3.20 are diagrammatic 

illustrations of the distribution of population in the existing 

regional settlement pattern (designated pattern 0) and the five 

alternative patterns (1-5). 

In pattern 1 (figure 3.16), the population removed from the rural 

hinterland (the "redistributed population") is all located in the 

central urban area. The population of the urban area is thereby 

increased to 96652 at an overall density of 45.5 persons per 

hectare. The pattern represents the possible result of an 

aggressive and long-term policy of urban containment: the city 

stands on an exclusively agricultural plain, all development 

being directed into the urban area and occurring at high density. 

There is a sharp division between town and country. 

Pattern 2 (figure 3.17) shown the redistributed population located 

in eight spokes of linear "ribbon development" radiating from the 

urban area along 76.8 kilometres of main roads, at a linear density 

of 333.72 persons per kilometre. Disposed in this way the ribbons 
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PATTERN 0: EXISTING QO FIGURATION 

populations 
urban area 
rural Worland 

72000 at 33.9 pTha 
43314 at varying der* 
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total 
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124129 
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PATTERN 1: CONCENTRATED-NUCLEATED CONFIGURATION 

popukdims 
urban area 
vial bardgm nd 
total 

96652 at 45.5 pIha 
27477 at 0.637 p/ha 
124129 

3.16 
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km 
PATTERN 2: CONCENTRATED-LINEAR CONFIGURATION 

populations 
urban area 72000 at 33.9 p/ha 
rural nd 26499 at 0.637 p/ha 
to mm, 25630 al W96 oft, 333.72p/lam 

x %lkrn at 200m widh 
110ml 1äi129 

3.17 



- 215 - 

of development connect with similar ribbons radiating from 

the next city in each direction, so that a continuous linear 

network of settlement is created along all main roads. The 

linear development is assumed to be constrained to an average 

width of 200 metres, and this results in an overall density 

of 16.96 persons per hectare. The total population of the 

linear developments is greater than the redistributed population 

of 24652 because the "underlying" rural background population 

of 978 is included. Pattern 2 is described as a concentrated - 

linear configuration because redistributed rural hinterland 

population is concentrated along the main roads running through 

rural areas. 

The remaining patterns all have dispersed configurations. In 

pattern 3 (figure 3.18), the redistributed population is placed 

in eight satellite towns, all of which occur midway between two 

major centres. The four "primary satellites" are each assigned 

populations of 18 000, or one quarter of the population of the 

main centre. Since each primary satellite occurs equidistant 

from four major centres, only one quarter of its population is 

redistributed from each city region. The density of these towns 

is assumed to be 33.90 persons per hectare, equivalent to the 

Best and Coppock figure of 29.5 hectares per thousand population 

for land provision in large settlements (Best and Coppock 1962; 

see also table 3.12). The remainder. of the redistributed population 

(from four city-regions) is located in four "secondary satellite" 
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9l ?? i tf 7f ? ýkm 

PATTERN 3: DISPERSED-NUCLEATED (SATELLITE TOWN5) CONFIGURATION 

pa-u ' 
urban area 
rural bodociound 
primary satsUit. (1) 

WAR saietltes (2) 

71000 cd 33.9Pft 
2? 061 at O-63lp/ha 
18000 (x 4x V4) at 33.9 p/hc, r=1.3 krn 
(t =1. ß2km, r1=0.98km) 
70682= 3534x4xV2) at 28.9 p/ha, r=062km 
124129 

3.18 
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towns, each of which has a population of 3534. The secondary 

satellites are small settlements, and the density adopted is 

28.9 persons per hectare, which is equivalent to the Best and 

Rogers figure of 34.6 hectares per thousand population for 

land provision in small settlements with populations less than 

ten thousand (Best and Rogers 1973; see also table 3.12). The 

size of the satellite towns may be calculated from the population 

and land provision figures. The average radius of each primary 

satellite is approximately 1.3 kilometre, and assuming that 

it has exactly the same eight-pointed star-shape as the major 

urban area, its inner and outer radii are 0.98. kilometres and 

1.62 kilometres respectively (ro - ri 0.49rave, in each,, case). 

The average radius of the secondary satellite is 0.62 kilometres, 

and because this settlement is stpall, and has'only four radiating 

roads, it is assumed to be circular in shape., All the above 

figures for the population of satellite towns include the 

underlying rural background populations. Pattern 3 is a representation 

of a settlement pattern based on a policy of urban containment, 

plus new towns, or garden cities. The pattern is similar to that 

of Howard's garden city federation (Howard 1898). 

Pattern 4 (figure 3.19) has a dispersed-linear configuration. 

The redistributed population is located in 238.8 kilometres of 

linear development along minor rural roads in the city region. 

The linear density of this development is 109.6 persoons per. 

kilometre. It is assumed that development of the minor roads 

is contained within a ribbon of 100 metres average width, and 
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the overall density is then 10.96 persons per hectare, including 

the underlying rural background population. Pattern 4 is a 

representation of the rural linear-network settlement pattern 

advocated by March (1967) and others. 

Pattern 5 (figure 3.20) is a representation of the results of 

a village-dispersal policy similar to that until recently in operation 

in Cambridgeshire (DoE 1974). The redistributed population 

is dispersed within the original rural hinterland area, in twenty- 

four small villages located at junctions in the minor road 

network. Each village has a population of 1050, and their 

distance from the urban area varies from'1.7 kilometres to 

7.2 kilometres. At an overall density of 28.9 persons per hectare 

(Best and Rogers 1973; see also table 3.12), -the average radius of 

each village, assuming it is roughly circular, is 0.34 kilometres. 

The underlying rural background population is included in these 

figures. In practice, pattern 5 might be achieved by locating infill 

development in existing villages, which are represented in the 

model by the evenly-distributed rural development. 

The five alternative versions of the regional settlemept pattern 

are all representations of the possible results of planning policies 

which have been proposed by others. They are not intended as 

prescriptions of what should be built, or where it should be built, 

but merely as comparative representations of planning proP3 sals 

The alternative patterns do not depart dramatically from the 
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classical prototypes of planning literature. They are constructed 

in a way which exploits the shape-manipulation facility provided 

by the configurational model. All of the alternative patterns 

embody some theoretical proposal which is intended to result in 

fuel conservation in transport, or fuel conservation in the 

servicing of buildings. The next stage of this research is the 

comparison of the five alternative patterns with each other and 

with the original pattern. That exercise is reported in chapter 4. 
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4 SIX PATTERNS COMPARED 

comparative evaluation of six regional 
configurations in terms of accessibility 
and the use of energy 

The proper comparison of the six settlement patterns 

described in chapter 3 is not a simple procedure. The 

main purpose of the exercise is to compare the use of 

energy in each type of settlement, but such a comparison 

can be of little value unless accessibility is also taken 

into account. In any reasonably conventional settlement 

the population must travel between their homes and their 

places of work and some services. Accessibility is a 

measure, though a rather loosely-defined one, of the ease 

of travel between these places, and of the range of choice 

available within a certain distance. In making journeys, 

the inhabitants of the settlement use fuel in transport, 

and when not travelling they use fuel in heating or lighting 

their homes or workplaces. The configuration of a settlement 
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can be expected to enhance or limit the opportunity for 

travel within it, or in other words to provide a certain 

level of accessibility. In realising this opportunity, 

or in exploiting the accessibility of employment and 

services, by travelling, the inhabitants incur a cost- 

penalty in the form of fuel consumption in transport. 

They also provide the regional scientist with a measurable 

indicator of the economic vitality of the settlement, in 

the form of interaction, the amount of travel between 

activities which occur in different places. A proper 

comparative evaluation of settlement patterns must therefore 

take into account the amount of interaction (as a direct 

measure of realisable opportunity, or accessibility), and 

set this against the amount of transport fuel consumed in 

the interaction. The third component of the evaluation is 

the amount of fuel used in building services, because it. is 

assumed that the location of homes and workplaces, and 

therefore their, sizes, floorspace densities and fuel- 

efficiencies, are to some extent affected by transport costs, 

and thus indirectly by their accessibility within that 

particular settlement pattern. Reduced to simple terms, 

the evaluation may be characterised by the question "In 

each settlement pattern, how much interaction can be expected, 

and at what cost in fuel for transport and building services? " 

The problem is not quite so simple, however, because some 

means has to be devised of measuring interaction, which is 

itself affected by costs of a more conventional kind, the 
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financial costs of travelling and of occupying floorspace 

both at home and at work. And these costs of course 

include the cost of fuel. Here the concept of utility is 

used, in which the benefit to be gained by the consumer in 

exploiting opportunity (or accessibility) in a certain way 

is set against its cost. Certain activities or interactions 

which provide great benefits (for example, going to work) 

can then be distinguished from less beneficial ones by the 

difference in utility to the consumer. It can also be 

assumed that the consumer must incur some costs (again, 

going to work), though he will do so in the most beneficial 

way available, and he will be deterred from some less- 

essential activities (for example, going to a cinema in the 

city-centre) if the cost is too high. The question which 

characterises the evaluation then becomes "In each settlement, 

for a given level of rents and travel costs, how much c08t- 

effective interaction can be expected, and how much transport 

fuel and building services fuel will be used to achieve it? " 

In the evaluation exercise described here, rents and travel 

costs (i. e. distance related fares and fuel costs), and the 

fuel-efficiency of transport vehicles and building services 

are held constant across all six settlement patterns, so that 

only spatial differences between them are compared. The 

patterns are evaluated in terms of the fuel used in transport 

and in building services, and in terms of the total benefit 

gained by the population through cost-effective interaction, 

in each case. 
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A specially-developed computer model has been used 

to make the comparative evaluation. The use of this model 

reflects the systems-view of settlements discussed and 

adopted iri an earlier chapter. The particular modelling 

procedure used here permits comparative analysis of the six 

settlement patterns within the context of each of the three 

scenarios adopted in chapter 1. It is a relatively conven- 

tional regional model, with some new features. The model 

has at its core a spatial input-output accounting procedure 

with a simplified representation of a land market and a 

transport market, and a utility function. This is a demand 

function which relates the usefulness of the activities of 

the population to the cost of transport and to: the'cost of 

necessary residential or commercial floorspace., 'and which is 

parameterised to allow elasticities of demand to be taken 

into account. The utility function is incorporated into 

land-use, transport and evaluation models which together 

comprise a regional energy evaluation model, the formulation 

and implementation of which are described in detail in the 

appendix. 

In order to make use of the regional, energy evaluation model 

it is nedessary to describe the six settlement; patterns in 

appropriate form. Figure 4.1 illustrates the patterns 

diagramatically, and tables 4.1 to 4.4 summarise the distrib- 

ution of population and of industrial/'commercial and community 

floorspace within a series of rings concentric about the 

central city, for each pattern. For the regional energy 
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SETTLEMENT PATTERNS 0-5 

ring rad. 
xi (km) O 1_ 

POPULATION 
2.. 3 4 5 

1 10651 14297 10651 10651 10651 10651 
2 31953 42894 31953 31953 31953 31953 
3 31505 39910 

. 
29844 29844 30704 29844 

4 4989 1401 3353 1401 3405 5510 
5 5280 1801 4370 1801 4055 5910 
6 5571 2202 4771 2202 4665 2202 
7 5867 2602 5171 2602 5900 10819 
8 6179 3002 5571 3002 5172 3002 
g 6496 3402 5971 3402 8202 7511 
10 6823 3803 6372 3803 4930 7912 
RB 8815 8815 16102 33468 14492 8815 

TOTALS 124129 124129 124129 124129 124129 124129 

Table 4.1 The population of each ring of the urban area and rural 
hinterland, and of the rural background, for each of the settlement 
patterns 0-5 (RS = rural background).. 

SETTLEMENT PATTERNS 0-5 

ring rad,. 
xi (km) 

ring area 
Di (ha) 

I .. 1. 
0' 

POPULATION DENSITY P/Ai 
123 

(p/ha) 
4 

I 
5 

1 314.20 33.90 45.50 33.90 33.90 33.90 33.90 
2 942.60 33.90 45.50 33.90 33.90 33.90 33.90 
3 1571.00 20.05 25.40 19.00 19.00 -19.54 19.00 
4 2199.40 2.27 0.64 1.52 0.64 1.55 2.51 
5 2827.80 1.87 0.64 1.55 0.64 1.43 

. 
2.09 

6 3456.20 1.61 0.64 1.38 0.64 1.35 0.64 
7 4084.60 1.44 0.64 1.27 0.64 1.44 2.65 

8 4713.00 1.31 0.64 1.18 0.64 1.10 0.64 
9 5341.40 1.22 0.64 1.12 0.64 1.54 1.41 
10 5969.80 1.14 0.64 1.07 0.64 0.83 1.33 

RB 13821.29 0.64 . 0.64 1.17 2.42 1.05 0.64 

TOTALS 45241.29 2.74 2.74 2.74 2.74 2.74 2.74 

Table 4.2 The population density in each ring of the urban and rural 
hinterland, and of the rural background, for each of the settlement 
patterns 0-5 (RB rural background). 
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SETTLEMENT PATTERNS 0-5 : INDUSTRIAL/COMMERCIAL FLOORSPACE 

ring rad. FL0ORSPACE FB (m2) 
xi (km) 012345 

1 108608 173909 108608 108608 108608 108608 
2 325824 521844 325824 325824 325824 325824 
3 321255 480101 321255 321255 335910 321255 
4 50873 0 33278 0 34148 70028 
5 53840 0 43784 0 38417 70028 
6 56807 0 43784 0 41974 0 
7 59826 0 43784 0 56202 14055 
8 63007 0 43784 0 36944 0 
9 66240 0 43784 0 81814 70028 
10 69574 0 43784 0 19209 70028 
RB 0 0 124185 420167 96754 0 

TOTALS 1175854 1175854 1175854 1175854 1175854 1175854 

Table 4.3 Industrial and commercial floorspace in each ring of the urban 
area and rural hinterland, and in the rural background, for each, of the 
settlement patterns 0-5 (RB - rural background). 

SETTLEMENT PATTERNS 0-5 : EDUCATION/COMMUNITY/HEALTH etc. FLOORSPACE 

ring rad. FWORSPACZ FC (m2) 
xi (km) 012345 

1 16401 25975 16401 16401 16401 16401 
2 49202 77929 49202 49202 49202 49202 
3 49062 77709 49062 49062 51397 49062 
4 8738 0 5303 0 5441 11158 
5 9013 0 6976 0 6121 11158 
6 9279 0 6976 0 6688 0 
7 9543 0 6976 0 8955 22316 
8 9843 0 6976 0 5895 0 
9 10123 0 6976 0 13036 11158 
10 10409 0 6976 0 3061 11158 
RB 0 0 19789 66948 15416 0 

TOTALS 181613 181613 181613 181613 181613 181613 

Table 4.4 Education, community use, health and indoor recreation floor- 
space in each ring of the urban area and rural hinterland, and in the rural 
background, for each of the settlement patterns 0-5 (RB = rural background). 
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evaluation model, zonal distributions of population, 

floorspace, etc., are required, and the transformation of 

annular distributions to zonal ones provides an'opportunity 

for more detail to be included, thus defining and distinguish- 

ing the patterns., u re, precisely. The zoning pattern chosen 

for tie regional energy evaluation model exploits the 

symmetry embodied in the regional configurational model upon 

which each of the six settlement patterns is based. Figure 

4.2 shows the city-region which, in the regional configury 

ational model, repeats continuously in both directions 

across an infinitely-extensive theoretical plane landscape. 

For the purposes of the regional' energy evaluation model, 

the city-region is divided into four numbered quadrants, 

each of which is identical. Figure 4.3 shows the first 

quadrant divided into thirteen zones, each of which is 

numbered according to its position (the first digit identifies 

the quadrant, the second digit identifies the annular position, 

and the third, digit- identifies -the sector),., The boundaries 

between zones are approximated to the divisions between the 

rings by means of which the settlement patterns have so far 

been described; zones cover up to four of the original rings 

radially and approximately one sixteenth of each ring orbitally. 

This combined annular and sectoral (i. e. radiocentric) zoning 

system improves the precision of the previous annular system, 

because orbital as well, as radial distributions of population, 

floorspace, etc., are represented. The system of 52 zones is 

set out in table 4.5, in which the zones are also numbered 

sequentially, as has been done for simplicity in the computer 
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PATTERNS 0-5 

quadrant 1 
zones 

quadrant 2 
zones 

quadrant 3 
zones 

quadrant 4 
zones 

zone areas 
Az(ha) 

100(1) 200(14) 300(27) 400(40) 314.16 
111(2) 211(15) 311(28) 411(41) 412.35 
112(3) 212(16) 312(29) 412(42) 412.35 
113(4) 213(17) 313(30) 413(43) 412.35 
114(5) 214(18) 31401) 414(44) 412.35 
121(6) 221(19) 321(32) 421(45) 471.24 
122(7) 222(20) 322(33) 422(46) 471.24 
123(8) 223(21) 323(34) 423(47) 471.24 
124(9) 224(22) 324(35) 424(48) 471.24 
131(10) 231(23) 331(36) 431(49) 1290.17 
132(11) 232(24) 332(37) 432(50) 1691.78 
133(12) 233(25) 333(38) 433(51) 2788.13 
134(13) 234(26) 334(39) 434(52) 1691.78 

Table 4.5 Zone numbers and areas by quadrants. Figures in brackets 
are zone numbers used in the computer model. 
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model. In this chapter zone data are identified by both 

zone-numbering systems, and figure 4.3 and table 4.5 provide 

the key. Table 4.5 also presents the zone areas, which are 

data required by the land-use model and which are common to 

all six patterns. Because the quadrants are identical, data 

will only be presented for quadrant 1. Indeed data has only 

been prepared for quadrant 1, because the computer model 

incorporates a special copying routine which constructs the 

data for the other quadrants. This procedure has permitted 

a much more detailed analysis to be carried out than might 

otherwise have been possible, a fifty-two zone model 

(incorporating all inter-quadrant interactions) being 

achieved with a thirteen-zone database for each pattern. 

Preparation of data for the Zand-use model 

In the transformation of annular distributions of land-use 

data (tables 4.1 to 4.4) into zonal distributions, great 

care has been taken to preserve the spatial characteristics 

of each pattern (as described in the last chapter and in 

figures 3.15 to 3.20). Tables 4.6 to 4.8 record the 

transformation process for pattern 0. In table 4.6, 

population, industrial/commercial floorspace (F$), and 

education/community/etc. floorspace (Fc) are evenly 

distributed from rings to zones, reflecting the annularly- 

even distribution of developed land in the rural hinterland 

in pattern 0. In table 4.7 the number of households has 

been calculated on the-bgsis bf'2". 5 persons per household, 
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PATTERN 0 (existing configuration) QUADRANT 1 

zone zone area 
(ha) 

population 
(p) 

pop. den. 
(p/ha) 

F 
(m') a F 

(m') C 

100(1) 314.16 10651 33.90 108608 16401 
111(2) 412.35 4497 10.91 45854 7192 
112(3) 412.35 725 1.76 7392 1160 
113(4) 412.35 4497 10.91 45854 7192 
114(5) 412.35 725 1.76 7392 1160 
121(6) 471.24 715 1.52 7290 1176 
122(7) 471.24 715 1.52 7290 1176 
123(8) 471.24 715 1.52 7290 1176 
124(9) 471.24 715 1.52 7290 1176 
131(10) 1290.17 1403 1.09 9854 1505 
132(11) 1691.78 1658 0.98 11645 1779 
133(12) 2788.13 2358 0.85 16560 2529 
134(13) 1691.78 1658 0.98 11645 1779 

TOTALS 11310.38 31032 2.74 293964 45401 
REGION 45241.52 124128 2.74 1175856 181604 

Table 4.6 Populations, population densities and floorspace by zones 
for pattern 0, quadrant 1. 

PATTERN 0 (existing configuration) QVADRANT 1 

zone population 
(p) 

number of 
households 

average house 
area (m3) 

residl, floorspace 
FA (s' ) 

100(1) 10651 4260 70 298200 
111(2) 4497 1799 80 143920 
112(3) 725 290 80 23200 
113(4) 4497 1799 80 143920 
114(5) 725 290 80 23200 
121(6) 715 286 100 ' 28600 
122(7) 715 286 100 28600 
123(8) 715 286 100 28600 
124(9) 715 286 100 28600 
131(10) 1403 561 120 67320 
132(11) 1658 663 120 79560 
133(12) 2358 943 120 113160 
134(13) 1658 663 120 79560 

TOTALS 31032 12412 87.53 1086440 
REGION 124128 49648 87.53 4345760 

Table 4.7 Households and residential floorspace by zones for pattern 0, 

quadrant 1 (2.5 persons/household assumed throughout). 
House area data estimated from Stone (1970). 
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pATTERN 0 (existing configuration) QUADRANT 1 

zone households 
(-jobs) 

FB 
(m') 

FB 
(%total) 

distribn. 
jobs (-F %) 

basic employment 
(30% jobs) 

100(1) 4260 108608 36.94 4585 1375 
111(2) 1799 45854 15.59 1935 580 
112(3) 290 7392 2.51 311 93 
113(4) 1799 45854 15.59 1935 580 
114(5) 290 7392 2.51 311 93 
121(6) 286 7290 2.49 309 93 
122(7) 286 7290 2.49 309 93 
123(8) 286 7290 2.49 309 93 
124(9) 286 7290 2.49 309 93 
131(10) 561 9854 3.35 416 125 
132(11) 663 11645 3.96 492 148 
133(12) 943 16560 5.63 699 210 
134(13) 663 11645 3.96 492 148 

TOTALS 12412 293964 100.00 12412 3724 
REGION 49648 1175856 - 49648 14896 

Table 4.8 Distribution of basic employment by zones for pattern 0, quadrant 
1. Jobs are distributed in the same proportion as industrial/commercial 
floorspace (F8), and basic employment is assumed to be 30% of all jobs. 
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and residential floorspace has been calculated according 

to an assumed distribution of average dwelling sizes. 

Dwelling size is assumed to vary in four annular steps from 

70 square metres in the city centre zone to 120 square metres 

in the rural background zones. This distribution is based 

on data from stone (1973). In table 4.8 the number of 

jobs is calculated on the basis of one job per household, 

and it is assumed that thirty percent of jobs are in basic 

employment (i. e. manufacturing) and the remaining seventy 

percent are in service employment (cgmmercial, retail, etc. ). 

Industrial/commercial floorspace (F. ) is therefore distrib- 

uted from rings to zones in proportion to the distribution 

of jobs. Zonal distributions of basic employment and 

floorspace are data required by the land-use model. 

Land-use data for patterns 1 to 5 has been transformed from 

rings to zones and elaborated in exactly the same way: 

variations reflect only the spatial difference between the. 

patterns. The redistribution of rural-hinterland population 

in each of patterns 1 to 5 has been embodied in calculated 

zonal distributions of population and in assumed zonal 

distributions of dwelling sizes. Thus zones containing 

linear development along major or minor roads (patterns 2 

and 4) or satellite towns (pattern 3) or new villages 

(pattern 5) have appropriate populations calculated from 

the densities derived in each case in chapter 3. Similarly, 

in all patterns dwelling sizes range from 70 square metres 

in urban areas to 100 square metres (pattern 4) or 120 square 
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metres (all other patterns) in the rural background, but 

denser linear developments, satellite towns and'new 

villages have been assumed tobe slightly "more urban" 

than the remainder of the rural hinterland. Therefore 

orbital variations in dwelling size have been introduced 

in these cases such that dwellings in urban development in 

one ring of zones (e. g. zones 131-134) are of the same 

average size as dwellings in the rural areas in the next 

ring, of zones towards the city centre (zones 121-124). This 

procedure ensures that an increase in dwelling size is 

always maintained with increasing distance from the city 

centre., but urban. dwellings. (at greater specified resident- 

ial densities) are always one size smaller than rural ones 

at the same distance from the city centre. 

Tables 4.9 to 4.14 present the, zonal. land-use data for all 

six patterns: populations, population densities, residential 

floorspace, industrial/commercial floorspace, community/edu- 

cation/etc. floorspace and basic employment are tabulated. 

Of this data only the basic employment and floorspace are 

input data required by the land-use model. The floorspace 

data used by the model are compound values for each zone, 

obtained by adding residential floorspace (FA) to education/ 

community/etc. floorspace (FC), and to one third of the 

industrial/commercial floorspace (FB); the apportionment 

of the industrial/commercial floorspace (FB) is made 

because the model assumes that industrial_floorspace is part 

of a separate market which is not explicitly represented 
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PATTERNS 0-5: POPULATIONS (QUADRANT 1) 

zone 
0 1 

population 
2 

(p) 
3 4 5 

100(1) 10651 14298 10651 10651 10651 10651 
111(2) 4497 5126 4383 3869 4034 3869 
112(3) 725 264 263 263 708 1290 
113(4) 4497 5126 4383 3869 4024 3869 
114(5) 725 264 263 263 811 1290 
121(6) 715 300 990 300 559 300 
122(7) 713 300 300 300 796 1327 
123(8) 715 300 1022 300 559 300 
124(9) 715 300 300 300 817 1327 
131(10) 1403 822 1962 2560 1401 823 
132(11) 1658 1078 1078 1078 2102 2105 
133(12) 2358 1776 4359 6201 2510 1776 
134(13) 1658 1078 1078 1078 2020 2105 

TOTALS 31032 31032 31032 31032 31032 31032 
REGION 124128 124128 124128 124128 124128 124128 

Table 4.9 Population by zones for patterns 0-5, in quadrant 1. 

PATTERNS 0-5: POPULATION DENSITY (QUADRANT 1) 

zone population density (p/ha) 
0 1 2 3 4 5 

100(1) 33.90 45.51 33.90 33.90 33.90 33.90 
111(2) 10.91 12.43 10.63 9.38 9.78 9.38 
112(3) 1.76 0.64 0.64 0.64 1.72 3.13 
113(4) 10.91 12.43 10.63 9.38 9.76 9.38 
114(5) 1.76 0.64 0.64 0.64 1.97 3.13 
121(6) 1.52 0.64 2.10 0.64 1.19 0.64 
122(7) 1.52 0.64 0.64 0.64 1.69 2.82 

123(8) 1.52 0.64 2.17 0.64 1.19 0.64 
124(9) 1.52 0.64 0.64 0.64 1.73 2.82 
131(10) 1.09 0.64 1.52 1.98 1.09 0.64 
132(11) 0.98 0.64 0.64 0.64 1.24 1.24 

133(12) 0.85 0.64 1.56 2.22 0.90 0.64 
134(13) 0.98 0.64 0.64 0.64 1.22 1.24 

AVERAGES 2.74 2.74 2.74 2.74 2.74 2.74 
REGION 2.74 2.74 2.74 2.74 2.74 2.74 

Table 4.10 Population density by zones for patterns 0-5, in quadrant 1. 
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PATTERNS 0-5: RESIDENTIAL FLOORSPACE (QUADRANT 1. ) 

zone residential floorspace F (m2) 
012 A3 45 

100(1) 298200 400330 298200 298200 298200 298200 
111(2) 143920 164000 140240 123840 129040 123840 
112(3) 23200 8480 8400 8400 22640 41280 
113(4) 143920 164000 140240 123840 128800 123840 
114(5) 23200 8480 8400 8400 25920 41280 
121(6) 28600 12000 31680 12000 22400 12000 
122(7) 28600 12000 12000 12000 31800 42480 
123(8) 28600 12000 32720 12000 22400 12000 
124(9) 28600 12000 12000 12000 32700 42480 
131(10) 67320 39480 78500 81920 56000 39360 
132(11) 79560 51720 51720 51720 84100 84200 
133(12) 113160 85200 174400 198400 100400 85200 
134(13) 79560 51720 51720 51720 82400 84200 

TOTALS 1086440 1021410 1040220 994440 1036800 1030360 
REGION 4345760 4085640 4160880 3977760 4147200 4121440 

Table 4.11 Residential floorspace by zones for patterns O-, 5, in 
quadrant 1. 

PATTERNS 0-5: INDUSTRIAL/COMMERCIAL FLOORSPACE (QUADRANT 1) 

zone industrial/co amercial, floorspace F (m2) 
012 3' $45 

100(1) 108608 173940 108608 108608 108608 108608 
111(2) 45854 60012 15929 51590 36687 51590 
112(3) 7392 0 0 0 6440 11225 
113(4) 45854 60012 14964 51590 36596 51590 
114(5) 7392- 0 0 0 7396 11225 
121(6) 7290 0 20756 0 5084 0 
122(7) 7290 0 0 0 7239 11547 
123(8) 7290 0 21721 0 5084 0 
124(9) 7290 0 0 0 7430 11547 
131(10) 9854 0 34272 23173 12741 0 
132(11) 11645 0 0 0 19117 18316 
133(12) 16560 0 77714 59003 22827 0 
134(13) 11645 0 0 0 18735 18316 

TOTALS 293964 293964 293964 293964 293964 293964 
REGION 1175856 1175856 1175856 1175856 1175856 1175856 

Table 4.12 Industrial/commercial floorspace. by zones for patterns 
0-5, in quadrant 1. 
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PATTERNS 0-5: COMMUNITY/etc. FLOORSPACE (QUADRANT 1) 

zone 
0 

community/etc. floorspace F 
123c 

(m=) 
4 5 

100(1) 16401 25979 16401 16401 16401 16401 
111(2) 7192 9712 2492 8072 5740 8072 
112(3) 1160 0 0 0 1008 1756 
113(4) 7192 9712 2341 8072 5726 8072 
114(5) 1160 0 0 0 1154 1756 
121(6) 1176 0 3248 0 795 0 
122(7) 1176 0 0 0 1133 1807 
123(8) 1176 0 3399 0 795 0 
124(9) 1176 0 0 0 1163 1807 
131(10) 1505 0 5362 3626 1994 0 
132(11) 1779 0 0 0 2991 2866 
133(12) 2529 0 12160 9232 3572 0 
134(13) 1779 0 0 0 2931 2866 

TOTALS 45401 45403 45403 45403 45403 45403 
REGION 181604 181612 181612 181612 181612 181612 

Table 4.13 Community/etc. floorspace by zones for patterns 0-5, 
in quadrant 1. 

PATTERNS 0-5: BASIC EMPLOYMENT (QUADRANT 1) 

zone 
0 

basic 
1 

employment 
2 

(jobs) 
3 4 5 

100(1) 1375 2202 1376 1376 1376 1376 
111(2) 580 761 202 653 465 653 
112(3) 43 0 0 0 82 142 
113(4) 580 761 190 653 464 653 
114(5) 93 0 0 0 93 142 
121(6) 93 0 263 0 64 0 
122(7) 93 0 0 0 92 147 
123(8) 93 0 275 0 64 0 
124(9) 93 0 0 0 94 147 
131(10) 125 0 434 294 162 0 
132(11) 148 0 0 0 242 232 
133(12) 210 0 984 748 289 0 
134(13) 148 0 0 0 237 232 

TOTALS 3724 3724 3724 3724 3724 3724 
REGION 14896 14896 14896 14896 14896 14896 

Table 4.14 Basic employment in patterns 0-S quadrant 1. 
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(though commercial floorspace is). Industrial location 

is represented through the location of basic employment. 

The model is calibrated (for pattern 0) against the 

remaining data, which are also presented here in order to 

complete the description of each pattern. Constant regional 

totals are maintained for all patterns, as in chapter 3 

(except for residential floorspace which varies between 

patterns as a result of variations in the size and distribu- 

tion of dwellings). Minor discrepancies occur in totals in 

table 4.13 because of quartering of uneven numbers and 

subsequent rounding. 

Preparation of data for the transport model 

The transport model incorporated in the regional energy 

evaluation model requires a description of the transport 

network for each of the six settlement patterns. Figure 

4.4 shows the network of major and minor roads which was 

arrived at in earlier chapters and which is part of all the 

patterns. The transport model deals with trips between 

zones, and for the purposes of the model the origins and 

destinations of"'all trips are assumed to be the centroids of 

zones. It is important therefore to locate the centroid of 

each zone accurately, and the location of zone centroids 

varies between the patterns because of differences in the 

distributions of populAtion, employment and floorspace. 

Figures 4.5 to 4.10 show the assumed locations of zone 

centroids for the six settlement patterns. In each case 
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centroids have been placed in positions judged to be the 

centres of population of their zone. This is a relatively 

straightforward process for the patterns of linear settle- 

ments (patterns 2 and 4) and for the nucleated patterns of 

satellite towns and new villages (patterns 3 and 5), in 

which the appropriate locations of zone centroids are 

readily apparent. Where the distribution of population, 

etc., is more complex, as in patterns 0 and 1, judgements 

of appropriate centroid locations have been made based on 

the geometry of each zone and on the pattern of-land-use 

within it. Distances shown on figures 4.5 and 4.10 locate 

zone centroids in relation to the nearest two road junctions; 

the dimensions. of the coep Plate network are shown in figure 

4.4. 

Within the transportýmodei the road network is represented 

by a much simpler spider network of direct Zinke between 

zone centroids. Each link is a representation of the route 
tr 

alongthe_road network between two centroids, and it is 

described in some detail. The description includes the 

length of the link, its capacity (for both private cars 

and public transport vehicles), maximum speeds (for both 

private cars and public transport vehicles), and the cost 

per unit distance of travelling along that link (again for 

both modes)., "Figures 4. 'ii to 4.16 show the lengths 

specified for all the links in the spider network, for each 

pattern. These distances have been obtained from the 

previous set of figures by addition of road distances along 
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the shortest route between each pair of zone centroids. 

Links have been designated as major or minor according to 

whether major or minor roads predominate in the original 

route. Links have been assigned various capacities: for 

the public transport mode 250 passengers/hour (5 buses with 

50 passengers each) in urban areas, and 50 passengers/hour 

(1 bus with 50 passengers) on minor rural routes doubled to 

100 passengers/hour (2 buses with 50 passengers each) on 

major rural routes; for the private mode 2000 passengers/hour 

on major routes and 1000 passengers/hour on minor routes, 

whether urban or rural. Speeds for private cars vary from 

30 km/hr in urban areas to 80 km/hr in rural areas. Public 

transport vehicles have lower speeds: 20 km/hr in urban 

areas and 50 km/hr in rural areas. All these figures are 

maximum average speeds for the whole linke they are automat- 

ically reduced within the model as the volume of traffic 

assigned to a given link increases, the minimum speed being 

5 km/hr (see the appendix for a more detailed explanation of 

this). Costs for both modes have been set at £0.10/km. Thus 

the detailed description of the transport network takes into 

account both the distribution of land uses and the character- 

istics of the transport system, for each pattern. 

The operation of the land-use and transport models 

Figure 4.17 is a simplified diagram of the modelling and 

evaluation process. The land-use and transport network data 

for each pattern are constructed as described above, and 
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form six sets of pattern data, each of which is a detailed 

description of one settlement pattern. The regional energy 

evaluation model has three component submodels: a land-use 

model, a transport model and an evaluation model. The land- 

use and transport models operate iteratively, and deal with 

each of the six settlement patterns in turn. 

First, the transport model makes use of link data to calculate 

the costs of trips between each pair of zones. These costs, 

and the appropriate land-use data, are then used by the land- 

use model, which locates residential population and service 

employment in each zone, and predicts both the rents (or land 

prices) in each zone and the daily flows of people to and 

from each zone in travelling to and from work and services. 

The location of activities is controlled by the availability 

and price of land (floorspace) and by the cost of essential 

trips. The relevant equations within the land-use model are 

calibrated parametrically, so that the total values for each 

zone match the derived land-use data as closely as possible. 

The transport model takes the data on flows, calculates the 

number of trips resulting from them, assigns them to routes 

and adjusts the speeds of travel to take account of congestion 

before calculating new costs. Trips are split by mode 

(public or private transport), and routes are determined by 

the time a trip will take, its cost and its importance. 

Journeys to work are assumed to be more important than other 

trips and so travelling time for these trips is valued more 
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highly. From all this information new composite travel 

costs can be calculated and supplied to the land-use model, 

and the two models then recalculate iteratively until the 

costs and flows are stable. (Both the land-use and trans- 

port models also have internal iterations, and the costs 

and flows stabilise very quickly, after only two or three 

complete iterations). This process is carried out for each 

of the six settlement patterns in turn; the-operation of the 

land-use and transport models is described in more detail in 

the appendix. 

Once equilibrium has been reached, the land-use and transport 

models are assumed to provide a realistic simulation of the 

behaviour of the population of the particular settlement 

pattern being modelled, with respect to the location of 

activities and to travel., Calculations may then be made of 

the amount of fuel used in. the city-region, in both building 

services and transport. The land-use model deals with fuel 

for building services (termed within-place energy), and the 

transport model deals with fuel for transport (termed 

between-places energy). Each of. these will be dealt with in 

turn and then the description of the modelling and evaluation 

process will be completed. 

Calculation of mithin-place fuel consumption 

The term within-place energy refers to the energy used in 

heating and lighting buildings of all types, and to the energy 
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used by activities carried on within them, such as cooking 

in homes and industrial processes in factories. It is 

usual in energy research to distinguish sectors of energy-use: 

domestic, industrial/commercial, educational, agricultural, 

and so on. This study considers within-place energy only 

in the domestic sector. There are a number of reasons for 

this. In the case of the agricultural sector, and of the 

industrial sector with respect to process fuel (as distinct 

from space-heating fuel), it is assumed that the same amount 

of fuel is used in each of the patterns to support the same 

amount of agricultural and industrial activity, so both 

sectors may be excluded from the comparative evaluation 

without affecting the results. Space heating in the indust- 

rial/commercial sector poses a more complex analytical 

problem, and has been excluded from the analysis because 

reliable data has not been found on the likely variation 

across the patterns in this sector of energy-use. 

In the case of industrial buildings (i. e. factories and 

warehouses) the present-day stock appears to consist partly 

of old, centrally-located buildings constructed to very low 

thermal standards, and partly of newer buildings constructed 

to much better standards and located in suburban and rural 

areas and in satellite towns. At the time horizon of this 

study, it might be a reasonable assumption that present-day 

thermal standards for new industrial buildings will have 

become the average standard for the whole stock. However 

since the turnover of the industrial building stock is also 
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likely to be sensitive to the state of the national 

economy, this must be considered a speculation rather than 

reliable prediction; in any event it provides a distinction 

between the scenarios but not between the settlement patterns. 

It might be argued that economies of scale will operate in 

the heating of industrial buildings (Owens 1978), so that 

concentrated settlement patterns (containing possibly 

agglomerations of industrial floorspaäe) might use less fuel 

in industrial space heating because of a reduction in the 

average ratio of building envelope area to floorspace or 

through the introduction of local, fuel-efficient combined 

heat and power systems. Again, there appears to be little 

'reliable data to support these speculations, and an entirely 

contrary argument suggests that less densely-developed 

industrial buildings in the dispersed settlement patterns 

might take advantage of developing techniques innpassive 

solar space heating which would not be available in'densely- 

developed concentrated settlements. 

Similar arguments may be made about commercial buildings 

(i. e. offices). Large, centrally-located buildings dominate 

the present-day stock, but recent developments ih teleconmun- 

ications and computer technology suggest a possible move 

towards the dispersal of office floorspace into smaller 

suburban and rural units, or even into homes (see chapter 1, 

pp58-61). Again large concentrations of offices might benefit 

from economies of scale, while smaller, dispersed ones might 

exploit solar heating techniques. Present=day thermal 
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standards for new commercial buildings, both large and 

small, suggest a gradual improvement in the average fuel- 

efficiency of comnercial space-heating and lighting, but 

it remains unclear how specific future improvements might 

be attributed to particular scenarios or to particular 

settlement patterns. 

In the education/community/etc. sector, it might be argued 

that large centrally-located buildings might be more fuel- 

efficient than their smaller rural counterparts, or vice- 

versa. However, in the case of school buildings (which form 

a significant proportion of the stock in this sector) new 

buildings (post 1975) of all sizes are generally more fuel- 

efficient than older ones (Page 1982), and there is no 

apparent evidence that new schools are particular concentrated 

in either urban or rural locations. Exactly the same argument 

may be made about hospitals and health-care buildings. The 

distribution of schools, hospitals and health centres is 

clearly related to population distribution, but their built- 

form varies little in relation to urban or rural location. 

Therefore space-heating energy-use within these buildings is 

unlikely to be affected by settlement configuration, and may 

be assumed constant across the six settlement patterns. 

All the above arguments lead to the conclusion that for the 

present exercise it is more appropriate to exclude within- 

place energy-use in the industrial/commercial sector and in 

the education/community/health/etc. sector from the 
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comparative evaluation of the six settlement patterns than 

to prejudice the evaluation with unreliable, speculation. 

The within-place energy-use in those sectors is therefore 

assumed to be constant for all of the six patterns. Further 

work is required to address the problems presented by 

inclusion of the non-domestic sectors. 

in the case of the domestic sector this assumption is not 

valid. This sector accounts for approximately 30% of 

Britain's primary energy use and 40% of electricityconeum-- 

tion (Leach et al 1979). Though the total city-regional 

population does net; vary. between. patterns, there is consider- 

able variation in the distribution and size of dwellings, and 

thus in the total amount of residential floorspace. Only the 

use of energy for cooking and water-heating may be assumed 
, d. 

constant for all patterns, and the predominant domestic use 

of energy, for space-heating, must be dealt with more care- 

fully. Leach et. al ; (1979) present sopie rather. limite& data 

on the variation in the specific fabric heat-loss of dwellings 

with their floor area. This data forms part of the IIED low- 

energy strategy for the United Kingdom (Leach et al 1979; and 

see chapter 1), and this is'projected for the year 2010 from 

an assumed stock of houses and flats at that time. Figure 

4.18 presents this data in graph form, and shows a fitted 

exponential curve of the form 

H-c+Xe 

where H is the'specific fabric heat loss of the dwelling, 

A is the floor area, c is a. -constant, and A and dare. 



- 264 - 

SPECIFIC FA UC 5 
HEAT LOSS, H 
W rn = oC -1 y H=0.4.0AOle°4'2° 

0 data from tauch it of MM 

" 

" 

30 40 50 60 70 80 90 100 

3 

2 

1 

0 

FITTED CIRVE FOR WITHIN-PLACE ENERGY CONSUMPTION 

SPECIFIC FABRIC 
HEAT LOSS, H 
WW oc'l 4 H=h (0,4+0.001e ° 

dWELUVG AMA Amt 

4.18 

H, : 25 
3 

2 aiosi 
high 
mid 
Iow 

1 

00 
10 20 30 40 50 60 70 60 90 100 

WVELUNG AREA Amt 

ADOPTED CURVES FOR Wt1HIN-PLACE ENERGY CONSUMPTION 4: W 



- 265 - 

parameters. This curve is adopted as the "least unlikely" 

relationship between H and A. - The underlying assumption 

is that on average detached: and semi-detached rural dwell- 

ings are likely to have fewer storeys, and a greater ratio 

of building envelope area to floor-area, than smaller urban 

terraced houses and flats. Therefore larger rural dwellings 

are likely to use more fuel for space heating than smaller 

urban ones, per unit area. Again the counter-argument is 

that fuel-saving solar technology may be exploited to a 

greater extent in the less densely-developed rural areas 

(where there is likely to be less overshadowing of buildings) 

thus reducing the fuel demand of rural dwellings. However 

the data provided by Leach et al incorporate assumptions 

about both future insulation levels and the future 

penetration of solar heating technology, consistent with 

the LIED low energy strategy, and thus take both arguments 

into account. Leach et al are able to make relatively 

authoritative predictions for domestic buildings (in 

comparison with other building types) because the properties 

and development characteristics of the domestic building 

stock have been extensively researched (see the bibliography 

in teach et al 1979, chapter 4) and are better understood 

and more readily predictable than the equivalent properties 

of non-domestic building stocks. 

The three scenarios adopted in chapter 1 assume different 

levels of thermal insulation in domestic buildings (see 

pp76-78 and scenario suaenaries pp65,87,96). Thus fuel 
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consumption for domestic space heating is greatest in 

the business-as-uauaZ (high) scenario, less in the LIED 

Zow-energy strategy (mid scenario), and less again in the 

very low energy (low) scenario. For the purpose of the 

regional energy evaluation model a simple domestic 

insulation parameter, h has been added to the above equation, 

which becomes 

H=h(c+Ae6A). 

Table 4.15 and figure 4.19 show values adopted for the 

domestic insulation parameter, for each scenario, and the 

figure shows the resulting curves for the relationship 

between specific fabric heat-loss and dwelling area. The 

value h=1.00 is adopted for the mid scenario, because that 

is the same LIED low-energy strategy from which the original 

data is taken (Leach et al 1979). Some technical improve- 

ments in building design and insulation, compared with 

present-day practice, are therefore inherent in these 

projections (see p87). The value h=0.75 adopted for the very 

low energy scenario reflects the better insulation, and 

increased use of solar and district heating specified in 

that scenario. The value h-l. 25 adopted for the business- 

as-usual scenario reflects the (perhaps unrealistic) assump- 

tion in that scenario that technical improvements in dwellings 

are not made. The calculation of within-place energy-use is 

clearly sensitive to the value of h, and it is acknowledged 

that the validity of the curves shown in figure 4.19 is 

questionable, but they are put forward as reasonable 

assumptions in the range of dwelling sizes from 50 to 80 



WITHIN-PLACE FUEL CONSUMPTION PARAMETERS 

scenario HIGH MID LOW 

parameters 
h 1.25 1.00 0.75 
c 0.4 ' 0'. 4 0.4 
x 0.001 0.001 0.001 

0.092 0.092 0.092 

Table 4.15 Within-place fuel consumption parameters by scenarios, as 
used in the model to-calculate, specific fabric heat-loss, H from 
H-h (c+Aedt), where A is the dwelling area; curves are as shown in 
figure 4.19. 
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square metres, with a distribution weighted towards the 

smaller units. A maximum value of 2.5 Wm-2 T-1 has there- 

fore been adopted for the specific fabric heat-loss of 

dwellings, as shown in figure 4.19. 

The land-use model calculates the location of all dwellings 

in each settlement pattern and determines the average size 

of dwellings in each zone from a demand curve fitted to the 

dwelling size data described above. In this way the land-use 

model relates dwelling size to land rent, which is itself 

affected, in the overall modelling process, by transport 

costs (see figure 4.17). Through this mechanism the regional 

energy evaluation model takes account of the interaction 

between land-use and transport. The effect of this inter- 

action on within-place energy-use is also accounted for when 

the model calculates fuel consumption for domestic space 

heating, in each settlement pattern. This is done according 

to the equation 

E =HnAt6T WP 

where for each zone E 
VP 

(within-place energy) is the fuel 

consumed for domestic space heating, H is the average 

specific fabric heat-loss of dwellings in that zone, n is 

the number of dwellings, of average area A in that zone, t 

is the time period of the model, and 6T is the average 

internal-external temperature difference. The version of 

this equation used in the regional energy evaluation model 

includes conversion factors to produce a value of Ewp in 

gigajoules, and assumes a time period of one year and an 
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average internal-external temperature difference of 8° 

Centigrade (taken from Leach et al 1979, appendix B). 

The land-use model makes this calculation for each zone, 

and supplies the results to the evaluation. model. 

Calculation of between-places energy oonswmation 

The fuel consumption of transport vehicles is a subject 

which has been very thoroughly studied during the past 

decade, and. there exists a , wealth of research about present- 

day vehicles and much speculation about future vehicles. 

Road, rail, and air vehicles are used to nave both passengers 

and goods. Both rail and air transport are significant 

consumers of fuel (see figure 1.12, p79), but their role is 

predominantly in long-distance transport and metropolitan 

commuting, rather than in the internal transport typical of a 

provincial city-region such as is the subject of this research. 

Rail and air. transport have therefore been excluded from the 

regional energy evaluation model, on the assumption that their 

inclusion would not significantly affect the comparison of 

the six patterns. Goods transport has also been excluded 

from the exercise, on the grounds that a large but not 

easily-identifiable proportion of it is inter-regional, and 

that the more localised distributive goods transport is 

likely to be affected by variations in regional spatial 

patterns to the same extent as, the predominant passenger 

transport sector. The exclusion. of goods transport greatly 

simplifies-the regional . energy evaluation model, and ensures 
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that the results of the exercise, in respect of transport 

fuel consumption, will err on the conservative side. 

As has already been described, the transport model calculates 

the daily total number of passenger trips made by the 

population of the city-region, for each of the six settlement 

patterns. Three types of trip are considered, and simulated 

separately: trips between homes and places of work, and 

trips between homes and two types of services (designated 

service 1 and service 2) which are distinguished by different 

levels of benefit to the consumer making the trip. This 

differentiates, in the simulation, between relatively frequent 

trips, for example to buy groceries, and less frequent, less 

essential trips, for example to department stores or to places 

of entertainment. The model assigns all these trips to modes 

(public or private vehicles) and to routes through the spider- 

network which represents the pattern of major and minor roads. 

For each trip, the length of the journey and the average 

speed are calculated, link by link. In order to calculate 

the fuel consumption of the city-region's vehicles, it is 

necessary to combine this information with data on the fuel 

consumption of vehicles in relation to their speed. Table 

4.16 presents such fuel-consumption data for two typical 

British cars, the Ford Granada 2000GL Mk 2 (1983), and the 

Vauxhall Cavalier 1300SL (1983). These data were obtained by 

plotting and interpolating the manufacturers' official 

figures, which are displayed on vehicles in showrooms and 

widely published in motoring journals. The Ford Granada has 
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FUEL CONSUMPTION DATA (CARS) 

speed (km/hr) r-------fuel consumption 
GRANADA 

(1/km)---, 
CAVALIER 

10 0.151 0.114 
20 0.132 0.100 
30 0.117 0.089 
40 0.103 0.079 
50 0.092 0.072 
60 0.084 0.068 
70 0.079 0.062 
80 0.076 0.061 
90 0.077 0.064 
100 0.082 0.070 
110 0.090 0.079 
120 0.101 0.088 
130 0.120 0.100 

Table 4.16 Fuel consumption data for typical British cars. GRANADA= 
Ford Granada 2000GL NK2, -1983, modolt CAVALIER " Vauxhall Cavalier 1300 
Si,, 1983 model; source: manufacturers' published figures, plotted and 
intermediate values interpolated. 

FUEL CONSUMPTION DATA (BUSES) 

speed (km/hr) fuel consumption (1/km) 

10 0.47 
20 0.43 
30 0.40 
40 0.39 
50 0.39 
60 0.40 
70 0.44 
80 0.50 
90 0.59 
100 0.73 

Table 4.17 Assumed fuel consumption data for typical British buses, 
source: British Roads Federation figures for 32-ton vehicles, 
multiplied by 2/3 and plotted with intermediate values interpolated. 
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been adopted as a representative larger car which might 

be considered a typical car in the business-as-usual (high) 

scenario. In that scenario the average fuel consumption of 

cars is expected to increase, relative to the present day. 

The Vauxhall Cavalier is a typical medium-sized car today, 

and the 1300SL is one of the more fuel-efficient models in 

the range. This vehicle is adopted for the LIED low-energy 

strategy (mid scenario) and the very low energy (low) scenario, 

in both of which the fuel consumption of average present-day 

cars is assumed to be reduced by half. The fuel consumption 

data for the Vauxhall Cavalier have therefore been plotted 

and then transformed so that the consumption is halved at the 

most efficient speed, without the shape of the curve being 

altered. Figure 4.20 shows the two adopted fuel-consumption 

curves, for cars, in the three scenarios. These curves are 

incorporated in the model as fitted curves of the form 

F=c+Xeav 

where F is the fuel consumption per unit distance travelled, 

and V is the vehicle's average speed (measured over one link 

of the spider-network); c is a constant, and X and 6 are 

parameters. Table 4.18 shows the values of c, A and 6 for 

the fitted curves; these parameter values give good corres- 

pondence between calculated and plotted values of F for the 

range of average speeds permitted in the transport model 

(5-80 km/hr). 

Public transport vehicles can be treated in a similar way, 

although reliable data have not been found on the fuel 
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BETWEEN-PLACES FUEL CONSUMPTION PARAMETERS 

scenario j---HIGB---l r---MID--ý r----I+OW---ý ; 
mode pub pri pub pri pub pr 

c 0.325 0.065 0.125 0.025 0.125 0.025 
A 0.175 0.110 0.175 0.083 0.175 0.083 

-0.025 -0.025 -0.025 -0.025 -0.025 -0.025 

Table 4.18 Fuel consumption parameters for curves of the form 
F= c+Ae6V, where F is the fuel consumption of the vehcile and V 
is the vehicle speed, pub = public mode (buses), pri private 
mode (cars). 
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consumption of typical British buses in relation to their 

speed, Public service buses have a high overall fuel 

consumption compared with other vehicles of similar weight 

because of repeated halts at bus stops and in congested 

urban traffic. Table 4.17 presents the assumed fuel-consump- 

tion data for buses, which for the businea8-a8-u8ual (high) 

scenario is estimated to be two thirds of the consumption of 

a typical present-day 32-ton heavy goods vehicle. (This 

method of estimation has been suggested by the British Roads 

Federation, which also supplied the data). For the LIED Zow- 

energy strategy (mid scenario) and the vary Zow energy (low) 

scenario the assumed fuel consumption of buses has been 

reduced by the same proportion as for cars, in order to 

represent equivalent improvements in efficiency' compared with 

the present clay. Figure 
. 
4.21 shows the two adopted fuel- 

consumption curves for, buses, in the three scenarios. 

Exponential curves have been fitted to those shown, in exactly 

the same way as for cars, and the parameter values are 

included in table 4.18. 

From the above fuel consumption data the transport model is 

able to calculate the daily consumption of fuel by cars and 

by buses in each of the six settlement patterns. Volumetric 

quantities of patrol (for cars) and diesel fuel (for buses) 

are then converted into gigajoules. Petrol is assumed to 

provide 34.945 NJ/litre and diesel fuel is assumed to provide 

38.242 MJ/litre. Total annual between places energy-use may 

then be estimated from 
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Ebp=300(fp+fd) 

where Ebp is the annual (between-places) energy-use for 

transport, fp is weekday energy-use in petrol-powered 

private cars, and fd is weekday energy-use in diesel-powered 

public service buses. The factor 300 represents 261 annual 

working weekdays and thirty-nine additional working days 

which are assumed equivalent to fifty-two weekends; this 

convention is applied to all six settlement patterns and so 

does not prejudice the comparison. The transport model makes 

the above calculation for each pattern, and supplies the 

results to the evaluation model. 

The operation of the evaluation model 

The evaluation model is only brought into operation when all 

of the six settlement patterns have been simulated by the 

land use and transport models. The input for the evaluation 

is therefore the complete output of the other two models, 

for the six patterns. These data include the location of 

activities, the amounts and rents of floorspace they occupy, 

the number and characteristics of trips, and their costs, 

plus the information about within-place and between places 

energy-use calculated as described above. The evaluation 

model compares pattern 0 (the existing configuration) with 

the other five (modified patterns). 

The evaluation model has two tasks, the first of which is to 

calculate benefits. These are indicators, measured in 
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arbitrary units, of the value to the population of living 

and working in a particular. settlement pattern, as compared 

with pattern 0. Pattern 0 thus scores no benefits, by. 

definition. For each of the other five patterns, benefits 

are calculated from the aggregated difference in utility to 

the population of the particular configuration of land-uses 

and consequent rents and travelling activity in that pattern. 

utility is related through the model's central utility 

function to the cost of residential, industrial and commercial 

floorspace and to the cost of travel by both public and 

private modes. The evaluation model calculates benefits by 

zones for each type of activity and each type of trip, the 

procedure for this is described in detail in the appendix. 

Benefits for each of the six patterns are aggregated in 

various ways, by simple addition, and, presented in the form 

of a series of comparat. ve tables. 

The other task of the evaluation model is toperform simple 

accountancy on the data for within-place and between places 

energy-use, which is obtained from the land-use and transport 

models. These data are simply aggregated in the same ways as 

benefits are aggregated, and then presented in a similar 

series of comparative tables. Finally the evaluation model 

compares the benefits obtained in each pattern with the 

difference in consumption of fuel between that pattern and 

pattern 0. For: -each pattern this provides a form of coat- 

benefit indicator, which can be viewed either as a cost (in 

lost benefitst) of fuel-conservation, or, as the benefit gained 
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by consuming more fuel. Thus the differential cost, 

between the patterns, of saving a unit of fuel, provides 

a measure of the energy-efficiency of that particular 

regional configuration. 

Tuning the mod6 L to fit the scenarios 

All of the above evaluative procedure is carried out in 

the context of one or other of the three energy scenarios 

adopted in chapter 1. The way in which the calculation of 

within-place and between-places energy-use varies between 

the scenarios has already been described. That variation 

reflects technical improvements in the design of buildings 

and vehicles. Such improvements are assumed in the scenarios, 

but they are not the only differences which have to be taken 

into account. There are also variations in behaviour to be 

considered, particularly with regard to travelling. For 

example, in the very too energy (low) scenario, though the 

fuel-efficiency of vehicles is assumed to be the same as in 

the LIED Zorn-energy strategy (arid scenario), less journeys 

are assumed to be made, and of those journeys that are made, 

a greater proportion is by public rather than private 

transport; at the same time the average occupancy of both 

public and private vehicles is assumed to increase. Some of 

these differences can be incorporated in the transport model, 

by adjustment of the parameters included in its formulation. 

Table 4.19 shows the transport model modal split parameters 

by scenarios, these parameters are used to Control the 
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MODAL SPLIT PASS 

scenario 
mode 

r---HIGH---n 
pub pri 

r--MID--i 
pub. pri 

r---IOW---. --1 
pub pri 

calibrated modal split. target (t) 20.00 80.00 25.00 75.00. 50.00 50.00 
calibrated modal split obtained ($) 19.69 80.31 25.26 74.74 49.99 50.01 

slowbus rate F----0.20--, ( -0.18--io # 0.17--9 
public transport captivity A 0.16 -a -f---0.20--* '4 0.36--). 
vehicle occupancy rate 40.00 1.85 40.00 1.85 50.00 2.50 
mode specific constants 1.00 0.50 1.00 1.00 0.50 1.00 

Table 4.19 Modal split parameters used in the transport model, by 
scenarios; pub- public mode (buses), ' pri + private mode (cars). 
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division of trips between the public mode (buses) and 

the private mode (cars). For the purpose of tuning the 

transport model to the scenarios, the most important of 

these parameters are the public transport captivity (which 

is the proportion of trips which must be made by public 

transport because no car is available), and the vehicle 

occupancy rate (which is the average number of passengers 

in each car or bus). The scenarios assume percentage 

publics-private modal splits ranging from 20: 80 in the 

business-as-usual (high) scenario to 50: 50 in the very low 

energy (low) scenario. These figures have been adopted as 

target modal splits, to be achieved (to the accuracies shown 

in the table) by calibrating the model using the vehicle 

occupancy rate, public transport captivity and the mode- 

specific constants. The average vehicle occupancy rate for 

cars is assumed in the scenarios to rise from 1.85 persons 

per vehicle in the business-gas-usual (high) scenario and the 

LIED low energy strategy (mid scenario) to 2.5 persons per 

vehicle in the very tow energy (low) scenario, and these 

values have been adopted. Average buses have been assumed 

to carry forty passengers in the high and mid scenarios, and 

fifty passengers in the low scenario in which public tYafspo3 

is predominant. The fourth parameter, the elowbus rate, 

reduces the speed of bus trips to reflect the effects of 

congestion and of waiting time at bus stops and termini. 

The slowbus rate has been set at roughly the same value for 

all the scenarios. Given these assumptions the values of th 

public transport captivity and the mode specific constants 
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that produce the required modal splits are shown in 

table 4.19. 

The results of the evaluation 

The output of the regional energy evaluation model is 

extensive. It consists of numerical tables, describing 

for example the allocation of land and floorspace, the 

rents, the paths through the spider-network, the origins, 

destinations, routes, speeds and costs of all trips, 

and the use of energy both within and between places. 

There is a set of output tables from the land-use and 

transport models for each settlement pattern as modelled 

in the context of each scenario (eighteen sets in all). 

There are three sets of output tables from the evaluation 

model, one for each scenario. Much of this output is 

not pertinent to the comparative evaluation of the six 

. settlement patterns. Z7q%c too point of view of energy-use 

and accessibility; it Is used in the calibration of the 

models, and to provide a check on their correct 

operation. The output which is relevant is of little 

value until it is aggregated to zonal and regional 

totals. The evaluation model. produces these aggregations, 

suemiarising the results of-the evaluation process, and 

they are presented in, tables 4.20 to 4.29. 

These tables allow comparisons to be made between the six 

patterns: tables 4.20. to 4.22 deal with the bueineas-as-usuaZ 

(high) scenario, tables 4.23 to 4.25 deal with the IIED ZOW 
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PATTERNS 0-5: LAND USE EVALUATION SUMMARY (HIGH SCENARIO) 

pattern 0 1 2 3 4 5 

urban land ha 45242 45242 45242 45242 45242 45242 
floorspace F 491.76 465.76 473.24 454.92 471.88 469.28 

basic employt. 14896 14896 14896 14896 14896 14896 
servl employt. 17261 17261 17261 17261 17261 17261 
serv2 employt. 17261 17261 17261 17261 17261 17261 

households 49318 49318 49318 49318 49318 49318 
residl. rent* 18.67 29.05 35.05 37.29 23.98 23.48 
ave. area m' 80.19 75.04 76,77 73.59 76.47 75.91 

lu benefits 0 -56570 -79398 -111450 -20508 -20859 

wp energy G7 6523 4749 5390 4760 5291 5166 

"'able 4.20 Evaluation results: land-use, employment, households, 
land-use benefits and within-place energy-use in the high scenario. 
* notional monetary units 
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PATTERNS 0-5: TRANSPORT EVALUATION SUMMARY (HIGH SCENARIO) 

pattern 0 1 2 3 4 5 

roads km 665 732 726 818 709 693 

public trips 
private trips- 

38245 

. 161598 
43553 

171943. 
, 36987 
155779 

38733 
16. Q22, ß.. 

38168 

.. 
161266 

38914 
163725 

total trips 199843 215497 
_ 

192765 198957 199435 202640 

public 
private 

trips % 
trips % 

19.14 
80.86 

20.21 
79.79 

19.19 
80.81 

19.47 
80.53 

19.14 
80.86 

19.20 
80,80 

public pass-km . 202408,169927 240340 220273 
. . 

202419 197,724. 
private pass-km 1070856 863188 1274275 1147357 1053525 1024011 

public fuel kl 2.35 2.00 2.82 2.55 2.39 2.30 
private fuel kl 58.93 50.54 68.32 61.64 63.13 56.98 

public GJ 89.87 76.. 4,8 107.84 97.52 9.1.40 87.96 
private GJ 2059.31 1766.12!: 2387.44 2154.01 2206.08 1991.17 

bp energy G7 2149.18 1842.60 2495.28 2251.53 2297.48 2079.12 

public benefits 0 -278 -3736 -627 -2515 1826 
private benefits 0 7691 -10327 -4078 -262 20.28 

transp. - benefits 0.. 7405 -14063 -4705 -2777 .. 
3853 

Table 4.21 Evaluation results; roads, -trips, modal split, between- 
places energy-use and transport benefits for the high scenario. 
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PATTERNS 0-5: OVERALL EVALUATION SUMKARY. (HIGH SCENARIO) 

pattern 0 1 2 3 4 5 

land-use benefits 0 -56570 -79398 -111450 -20508 -20859 
transport benefits 0 7405 -14063 -4705 -2777 '3853 

total benefits 0 -49166 -93461 -116155 -23285 -17005 

wp energy-use GJ 6523 4749 5390 4760 5291 5165 
bp energy-use GJ 2149 1843 2495 2252 2297 2079 

total 
energy-use G7 8672 6591 7885 7011 7588 7244 

land use: 
benefits/GTS 0 -31.88 -70.08 -63.22 -16.65 -15.36 
transport: 
benefits/GJS* 0 24.20 0 0 0 55.04 

overall: 
benefits/G7S 0 -23.63 -118.76 -69.93 -21.48 -11.91 

Table 4.22 Overall evaluation summary: benefits and energy-use for the 
high scenario (G7S=gigajoules saved over pattern 0). 
*0 indicates no fuel saving 
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pATTERNS 0-5: LAND USE EVALUATION SUMMARY (MID SCENARIO) 

pattern 012345 

urban land ha 45242 45242 45242 45242 45242 45242 
floorspace F ha 491.76 465.76 473.24 454.92 471.88 469.28 

basic einployt.. 14896 14896 14896 14896 14896 14896 

servi employs. 17261 17261 17261 17261 17261 17261 
serv2 employt. 17261 17261 17261 17261 17261 17261 

households 49318 49318 
. 

49318 49318 49318 49318 
residl. rent* 18.06 31.08 35.87 38.84 23.94 23.30 

ave. area m' 80.15 75.02 76.76 13.55 76.37 75.86 

lu benefit8 0 -74653 -84026 -120403 -32669 -32948 

wp energy. GT 5232_, 3798 4309 3781, " 4200 4111 

Table 4.23 Evaluation results: land-use, employment, households, 

within-place energy-use, and land-use benefits in the mid scenario. 
* notional monetary units 
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PATTERNS 0-5: TRANSPORT EVALUATION SUMMARY (MID SCENARIO) 

pattern 0 1 2 3 4 5 

roads km 665 732 726 818 709 693 

public trips 40942 45648 40266 41484 39775 41104 
private trips 125925 132192 122224 124704 125258 127255 

total trips 166867 177840 162490 166187 165034 168358 

public trips % 24.54 25.67 24.78 24.96 24.10 24441 
private trips % 75.46 74.33 75.22 75.04 75.90 75.59 

public pass-km 221556 182488 285271 255444 219631 213778 
private pass-km 858866 701971 1047349 936140 867026 831772 

public fuel kl 1.49 1.25 1.98 1.70 1.51 1.43 
private fuel kl 24.36 21.62 28.55 25.56 27.77 23.86 

public GJ 56.98 47.80 75.72 65.01 57.75 54.69 
private GJ 851.26 755.51 997.68 893.19 970.42 833.79 

bp energy GT 908.24 803.31 1073.40 958.21 1028.17 888.47 

public benefits 0 -147 -4506 -760 -2435 2303 
private benefits 0 10935 -19058 -8805 -2644 2389 

total benefits 0 10789 -23564 -9564 -5079 4693 

Table 4.24 Evaluation results: roads, trips, modal split, between- 
places energy-use and transport benefits for the mid scenario. 
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PATTERNS 0-5: OVERALL EVALUATION SUMMARY (MID SCENARIO) 

pattern 0 1 2 3 4 5 

land-use benefits 0 -74653 -84026 -120403 -32669 -32948 
transport benefits 0 10789 -23564 -9564 -5079 4693 

total benefits........ a _. _ 
0 

.. . -: fi3864_ r107590, -129968 , . x37748 . T28255. 

wp energy-use GJ 5232 
. _3798. 4309 

. 
3781 4200 4111 

bp energy-use. GJ 908 803 1073 958 1028 888 

total 
energy-use G7 -6140 4601. 5382 4739 5228 4999 

land use. 
benefits/GJS 0 -52.06 -91.04 -82.98 -31.66 -29.39 
transport: 
benefits/GJS* 0 102.75 0 0 0 234.65 

overall: 
benefits/GJS 0 -41.50 -141.94 -92.77 -41.39 -24.76 

Table 4.25 Overall evaluation summary. - benefits and energy-use for the 
mid scenario (G78=giga06ules' "saves , over' pattern 0) . 
*0 indicates no fuel saving 
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PATTERNS 0-5: LAND USE EVALUATION SU)QARY (LOW SCENARIO) 

pattern 

urban land ha 
floorspace F 

ýrrrýnrwl 

0 

45242 
491.76 

 r rýwrrrrrl 

1 

45242 
465.76 

rn r wr rýg 

2 

45242 
473.24 

r^rýr 

3 

45242 
454.92 

4 

45242 
471.88 

. 

5. ' 

45242 
469.28 

basic employt. 14896 14896 14896 14896 14896 14896 
servl employt. 17261 17261 17261 17261 17261 17261 
serv2 employt. 17261 17261 17261 17261 17261 17261 

households 49318 49318 49318 49318 49318 49318 

residl. rent* 20.07 27.12 32.26 38.37 25.92 26.47 
ave. area m 80.58 75.41 77.07 73.89 76.84 76.42 

lu benefits 0 -28763 -61053 -84205 -20646 -13416 

wp energy GJ 4024 2951 3313 2894 3268 3234 

Table 4.26 Evaluation results: land-use, employment, households, 
within-place energy-use, and land-use benefits in the low scenario. 
* notional monetary units 



- 289 - 

PATTERNS 0-5: TRANSPORT EVALUATION SUMMARY (LOW SCENARIO) 

pattern 0 1 2 3 4 5 

roads km 665 732 726 818 709 693 

public 
private, 

trips 
trips 

89007' 
88987 

93729 
100014 

100406 
74150 

98176 

, _79951 

89644 

,,. 
87949 

., 

92643 

_ 
88147 

total trips 177995 193744 174556 178128 177594. 180791 

public 
private 

trips % 
trips t 

50.01 

,, 
49.99 

48.38 
51.62_ 

57.52 
42,48 . 

55.12 
44.88 

50.48 

. 
49.52. 

51.24 
48,76 

public 
private 

pass-km. 
pass-km 

510319, 
506783 , 

378492 
452271 

872233 
396002 

730310 
407435 

530285 
492773 

522000 
464982 

public 
private 

fuel kl 
fuel kl 

2.81 
11.38 

2.12 
10.69 

5.00 
9.22 

4.03 
9.19 

2,96 
11.87 

2.84 
10.62 

public GJ, 
private 

GJ 
107.46 
397.67 

81.07 
373.56 

191,21 
322,19 

154.12 
321.14 

113.20 
414.80 

108.61 
371.12 

bp energy GJ 505.13 454.64 513.40 475.26 527.99 479.72 

public 
private 

benefits 
benefits 

0 
0 

-2059 
7686 

'-9743 
2654 

-8104 
3266 

-3905 
670 

2384 
2590 

total benefits 0 5627 -7089 -4838 -3235 4974 

Table 4.27 Evaluation results: roads, trips, modal split, 'between- 
places energy-use and transport benefits for the low scenario. 
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PATTERNS 0-5: OVERALL EVALUATION SUMMARY (LOW SCENARIO) 

pattern 0 1 2 3 4 5 

land-use benefits 0 -28763 -61053 -84205 -20646 -13416 
transport benefits 0 5627 -7089 -4838 -3235 4974 

total benefits 0 -23136 -68142 -89044 -23882 -8442 

wp energy-use GJ 4024 2951 3313 2894 3268 3234 
bp energy-use GJ 505 455 513 475 528 480 

total 
energy-use GJ 4529 3405 3826 3369 3796 3714 

land-use: 
benefits/GJS 0 -26.81 -85.87 -74.52 -27.31 -16.98 
transport: 
benefits/GJS* 0 112.54 0 -161.27 0 198.96 

overall: 
benefits/GJS 0 -20.58 -96.93 -76.76 -32.58 -10.36 

Table 4.28 Overall evaluation summary: benefits and energy-use for the 
low scenario (GJS=gigajoules saved over pattern 0). 
0 indicates no fuel saving 
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PATTERN$ 0-5: OVERALL EVALUATION SUMMARY (ALL SCENARIOS) 

overall benefits/GJS ----ý 
pattern 012 345 

business-as-usual 0 -23.63 -118.76 -69.93 -21.48 -11.91 (high scenario) 

IIED low energ y 
strategy 0 -41.50. -141.94 -92.. 77 -4.. 39 -24.76 (mid scenario) 

very low energy 
(low scenario) 0 -20.58 -96.93 -76.76 -32.58 -10.36 

Table 4.29 Overall evaluation summary by scenarios: benefits per 
gigajoule saved (QJS). 
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energy strategy (mid scenario), and tables 4.26 to 4.28 

deal with the very low energy (low) scenario. In each 

case there is a land-use evaluation summary, a transport 

evaluation summary and an overall evaluation summary. Table 

4.29 presents the benefits gained in each pattern per giga- 

joule of energy saved, for each scenario. 

The results of the evaluation are also presented graphically 

in the form of comparative histograms: figures 4.22 to 4.27 

are derived from tables 4.20 to 4.28, and compare land-use 

and transport benefits, and energy-use, in all six settlement 

patterns, for each scenario. Figure 4.28 presents the 

benefits gained in each pattern per gigajoule of energy saved, 

for each scenario. 

Detailed examination of these results leads to a number of 

conclusions about the relative merits of the six regional 

settlement patterns in each scenario. These conclusions, 

and the process by which they are reached, are presented in 

the next chapter.. 
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5 CONCLUSIONS 

A discussion of the implications for policy and 
for further research of the results of the 
comparative evaluation of six regional settlement 
patterns 

The results presented in the previous chapter represent 

only a small part of the complete output of the regional 

energy evaluation model. They nevertheless paint a 

complex picture of the relationship between the spatial 

arrangement of a region and the use of energy within it. 

Interpretation of this picture leads to a number of 

observations about the nature of the relationship, and 

a number of conclusions may be drawn from the results. 

This final chapter sets out those observations and 

conclusions. General observations are followed by a 

discussion of each of the five modified versions of the 

existing regional settlement pattern. Implications for 

policy are then discussed in the context of each of the 

three adopted scenarios of future conditions in Britain, 
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and in relation to other possible circumstances 

(for example a need to conserve a particular primary 

fuel such as oil or coal). Finally, since it is 

almost inevitable that research of the kind reported 

here raises as many questions as it answers, possible 

improvements to the methodology of this project, and 

directions for future research, are set out. 

General observations 

A study. of the results obtained from the regional energy 

evaluation model leads to a number of general observations, 

some of which will be qualified by more, detailed discussion 

later in this chapter. The first observation is that the 

results show substantial variations in fuel consumption 

between the scenarios. This is of course to be expected 

because the scenarios are described in the input data in 

terms of reductions in fuel consumption. The results show 

a reduction in overall energy-use in pattern 0 ('the 

existing configuration) of approximately 29% from the 

business-as-usual (high) scenario to the LIED Low energy 

strategy (the middle scenario). The reduction from the 

business-as-usual scenario to the very Low energy (low) 

scenario-in approximately 48%. These figures represent 

savings in only the passenger transport and domestic 

space heating sectors of the energy economy, whereas 

the scenarios'deal with many other sectors-as well, but 

as far as can be assessed they substantiate either the 
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analysis made by the authors of the adopted scenarios 

(see chapter 1) or the calibration of the regional 

energy evaluation model to fit the scenarios, or both. 

Thus the model and the scenarios appear to be 

consistent with each other. 

Perhaps the most important observation arising from the 

results is that in all of the modified settlement 

configurations (patterns 1 to 5) less energy is used 

overall than in the existing configuration (pattern 0). 

This is true in all three scenarios, and though the size 

of the fuel saving varies between the scenarios, if the 

five modified settlement patterns are arranged in order 

of the size of fuel saving then that order (1,3,5,2,4) 

does not change between the scenarios. Equally important 

is the observation that all overall fuel savings in all 

scenarios are associated with a loss of benefits relative 

to the existing configuration (pattern 0). This appears 

to suggest that there is an inevitable price to be paid 

for fuel-conservation, through a loss of accessibility of 

workplaces and services from homes, or through increased 

costs of accommodation or travel. However, a more detailed 

examination of the results reveals that this is not always 

the case: it appears that substantial loss of benefits is 

associated with fuel savings in domestic space-heating, 

but in the passenger transport-sector two patterns (1 and 

5) show fuel savings associated with increased transport 

benefits in all scenarios. These results together suggest 
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that the existing configuration (pattern 0) is relatively 

"efficient" in terms of accessibility and cost, (as might 

be expected of a pattern that has developed under the 

relatively mild and only recent constraints of the British 

planning system), but that other, more efficient and less 

fuel-intensive spatial arrangements do exist, at least 

from the point of view of passenger transport. 

The results also indicate that for any particular settlement 

pattern the cost of fuel conservation (in relation to 

pattern 0) varies only slightly between scenarios. However 

the cost of saving a unit of fuel varies substantially 

between patterns, and savings in the "least efficient" 

pattern cost approximately four times as much (in lost 

benefits) as savings in the "most efficient" pattern. 

In all the modified patterns, across all the scenarios, 

much more fuel is saved in domestic space-heating than 

in passenger transport. This result is consistent with 

results obtained by Owens (1978), but is also related to 

the assumptions made here about the size of dwellings in 

relation to their location. in each of the modified 

patterns, a proportion of the population'of the rural 

hinterland has been "redistributed" into smaller urban 

dwellings, and since smaller dwellings are also assumed 

to use less fuel for space heating, the results are not 

very surprising The substantial loss of land-use 

benefits in all the modified patterns results from the 
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restriction of dwelling-sizes compared with the existing 

configuration (pattern 0), and this loss tends to over- 

whelm the losses or gains in transport benefits in each 

case. The validity of the assumptions about the 

distribution of dwelling sizes (which are described in 

detail in chapter 4) is questionable, and there is scope 

here for further research with more detailed data. Given 

the assumptions that have been made, the differences in 

domestic fuel savings between patterns must be related to 

the configuration of the settlements, because the avail- 

ability of dwellings of each size is constrained by the 

configuration in each case. In. the passenger transport 

sector, variations in the use of fuel are more clearly. 

related to variations in trip lengths, and in congestion, 

between the patterns, and losses or gains in. benefits can 

be attributed to the same causes because transport 

benefits are related to travelling time and distance. 

Pattern Z (the concentrated-nucleated configuration) 

In pattern 1 (figure 3.16, p213), the population of 24652 

removed from the rural hinterland (the "redistributed 

population") is all located in the central urban area. 

The population density within the central urban area is 

increased from 33.9 persona/hectare to 45.5 persons/hectare, 

and the pattern represents the possible result of an 

aggressive and long-term policy of urban containment. 

In comparison with pattern 0, there is an overall fuel-saving 
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in pattern 1 of 24% in the business-as-usual (high) scenario, 

25% in the LIED low energy strategy (the mid scenario), and 

25% in the very low energy (low) scenario. Within-place 

fuel savings, for domestic space heating, are 27% in all. 

scenarios. Between-places fuel savings, for passenger 

transport, are 14% (high scenario), 12% (mid scenario), 

and 9% (low scenario). Within-place fuel savings cost 32 

benefits/G7 in the high scenario, 52 benefits/G7 in the 

mid scenario, and 26 benefits/GJ in the low scenario. The 

between-places fuel savings are associated with positive 

transport benefits in all scenarios: 24 benefits/G3 in 

the high scenario, 103. benefits/G7 in the mid scenario, 

and 113 benefits/GJ. in the low scenario. The costs of the 

overall fuel savings are 23 benefits/GJ in the high 

scenario, 42 benefits/GJ in the mid scenario, and 20 

benefits/GJ in the low scenario. These results lead to 

the conclusion that in comparison with the existing 

configuration this pattern provides substantial fuel 

savings in the transport sector, and improved accessib- 

ility. It also provides substantial fuel savings in 

domestic space-heating, though these savings have an 

associated cost in restricted dwelling-sizes and 

locations. Amongst the five modified settlement patterns, 

this pattern ranks first for overall fuel-saving in two 

out of the three scenarios, and third tor. the cost of fuel 

savings in all three scenarios. 
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Pattern 2 (the concentrated-linear configuration) 

In this pattern the redistributed population is located 

in eight spokes of linear "ribbon development" radiating 

from the urban area along 76.8 kilometres of main roads. 

The linear development has an average width of 200 metres, 

and the overall population density is 16.96 persons per 

hectare (see figure 3.17, p214). In comparison with 

pattern 0, there is an overall fuel-saving in this pattern 

of 9% in the businese-as-ueuaZ (high) scenario, 12% in the 

LIED low energy strategy (the mid scenario), and 16% in 

the very tow energy (low) scenario. Fuel savings in 

domestic space-heating are approximately 18% in all 

scenarios. In passenger transport, more fuel is used 

in this pattern than in the existing configuration: 16%. 

in the high scenario, 184 in the mid scenario, and 2% in 

the low scenario. There appear to be two reasons for 

this: increased trip lengths resulting from a substantial 

portion of the redistributed population being located 

further from central higher-level services than in pattern 

0, and congestion of the main roads within the development 

ribbons because of the concentration of trips on to them 

(this situation is alleviated in the low scenario, in 

which there is a substantial shift from cars to buses, 

reducing the number of vehicles). The costs of fuel 

savings in domestic space-heating are 70 benefits/GJ in 

the high scenario, 91 benefits/GJ in the mid scenario, 

and 86 benefits/GJ in the low scenario. The costs of 
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overall fuel savings are 119 benefits/G7 in the high 

scenario, 142 benefits/G7 in the mid scenario, and 96 

benefits/GJ in the low scenario. These are the most 

costly fuel savings obtained from any of the five 

modified patterns. Thus of the five patterns, this is 

the least efficient option for fuel-conservation. This 

result is largely attributable to traffic-congestion, 

and it is therefore possible that other transport systems 

operating along the development ribbons might produce 

fuel savings at. acceptable cost, For example, the cheap 

"light-rail" rapid transit systems which are being 

introduced in North America might well be appropriate to 

this concentrated-linear pattern of settlement. This is 

a topic for further research and modelling exercises. 

Pattern 3 (the satellite towns configuration) 

in this pattern the redistributed population is placed in 

eight satellite towns, all of which occur mid-way between 

two major centres. The four "primary satellites" all have 

populations of 18000 at 33.9 persons/hectare. The four 

smaller "secondary satellites" all have populations of 

3534 at a density of 28.9 persons/hectare. Since all the 

satellite towns are "shared" with the next adjacent major 

cities in the settlement pattern, only one quarter of the 

population of each primary satellite town, and one half 

of the population of each secondary satellite town, is 

included in the analysis (see figure 3.18, p216). This 
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configuration produces overall fuel savings, compared with 

the existing configuration, of 19% in the business-as-usual 

(high) scenario, 23% in the LIED low energy strategy (the 

middle scenario), and 26% in the very Zow energy (low) 

scenario. Within-place fuel savings in domestic space- 

heating amount to approximately 28% in all the scenarios. 

In the high and mid scenarios more fuel is used for 

passenger transport than in the existing configuration: 

5% in the high scenario and 6% in the mid scenario. In 

the low scenario there is a fuel-saving of 6% in 

passenger transport, but at the relatively high cost of 

161 benefits/GJ. Once again, this is accounted for by 

increased trip lengths: in this configuration the 

redistributed population is located much further from the 

city centre than in the existing configuration, and so 

journeys to work and to higher level services in the 

city centre are lengthened and subject to some congestion 

of the radial routes. The costs of fuel savings in 

domestic space-heating are 63 benefits/GJ in the high 

scenario, 83 benefits/G7 in the mid scenario, and 75 

benefits/GJ in the low scenario. The overall costs of 

fuel savings are 70 benefits/GJ in the high scenario, 

93 benefits/GJ in the mid scenario, and 77 benefits/GJ 

in the low scenario. Thus concentration of population 

into distant satellite towns, as in this pattern, appears 

to be a less attractive option than concentration of 

population into the existing city, as in pattern 1, at 

least from the point of view of fuel-conservation. 
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The savings to be made in domestic space-heating are 

approximately the same, but pattern 1 provides additional 

fuel savings in passenger transport, with the associated 

positive benefit of increased accessibility. 

Pattern 4 (dispersed linear configuration) 

This settlement pattern is based on speculations by 

March (1967), in which minor rural roads are developed 

in a linear-network pattern (see pp208-209). The 

redistributed population is located in 238.8 kilometres 

of linear development along minor rural roads. The 

average width of the linear development "ribbon" is 100 

metres, and the density is 10.96 persons/hectare. Main 

roads are not developed, so that high-speed inter-city 

travel is unrestricted (see figure 3.19, p218). The 

overall fuel savings in this pattern, compared with 

pattern 0, are 13% in the business-ae-uauaZ (high) 

scenario, 15% in the LIED Zow energy strategy (the mid 

scenario), and 16% in the very Zow energy (low) scenario. 

Fuel savings in domestic space-heating are approximately 

19% in all scenarios, at a cost of 16 benefits/GJ in the 

high scenario, 32 benefits/GJ in the mid scenario, and 27 

benefits/GJ in the low scenario. In the passenger 

transport sector, more fuel is used than in pattern 0: 

7% more in, the high scenario, 13% more in the mid scenario, 

and 5% more in the low scenario. Trip lengths in this 

pattern are shorter than in patterns 2 or 3, but still 
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longer than in pattern 0, because some of the 

redistributed population is located further from the 

central city than in the existing configuration. The 

costs of overall fuel savings in this pattern are 21 

benefits/GJ in the high scenario, 41 benefits/GJ in 

the mid scenario, and 33 benefits/GJ in the low scenario. 

These savings are more expensive than those of patterns 1 

and 5, but much less expensive than the overall savings 

in patterns 2 and 3. 

Pattern 5 (dispersed nucleated villages configuration) 

In pattern 5 the redistributed population is located in 

twenty-four small villages, all of which are within the 

original rural hinterland of the existing city. Each 

village has a population of 1050 at an overall density 

of 28.9 persons/hectare, and their distance from the 

central urban area varies from 1.7 kilometres to 7.2 

kilometres (see figure 3.20, p220). Of the five 

modified settlement patterns, this one incorporates the 

distribution of population, employment and services 

which is closest to that of the existing configuration. 

It is also similar to the possible results of current 

settlement policies in some parts of England, where new 

development is directed into selected existing villages 

close to the urban area. Overall fuel savings, compared 

with the existing configuration, are 16% in the business- 

as-usual (high) scenario, 19% in the LIED low energy 
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otrategy (the mid scenario), and 18% in the very Zow 

energy (low) scenario. Within-place fuel savings in 

domestic space-heating are a little over 20% in all 

scenarios, and between-places fuel savings in passenger 

transport are 3% in the high scenario, 2% in the mid 

scenario, and 5%. in the low scenario. The costs of 

within-place fuel savings. are lower than in any o¬. the 

other modified patterns; 15 benefits/GJ in the high 

scenario, 29 benefits/GJ in the mid scenario, and 17 

benefits/GJ in the low scenario. There are substantial 

positive benefits in the transport sector, compared with 

pattern 0: 55 benefits/GJ in the high scenario, 234 

benefits/G7 in the mid scenario, and 200 benefits/GJ in 

the low scenario. Thus it appears that modest concentration 

of development into local centres within the hinterland of 

the existing city both saves fuel in transport and improves 

accessibility. Overall, the fuel savings in this pattern 

are not as great as those in patterns 1 and 3, but the 

costs of the savings are lower: 12 benefits/GJ in the 

high scenario, 25 benefits/G7 in the mid scenario, and 10 

benefits/GJ in the low scenario. These costs are about 

half of the equivalent costs in pattern 1 and about one 

quarter of those in pattern 3. Overall, in all scenarios, 

pattern 5 ranks third in overall fuel-use, better than 

patterns 2 and 4, but not as good as patterns 1 and 3. 

However, in pattern 5, the fuel savings are less costly 

than in any of the other modified patterns, and in the 

transport sector there are additional benefits from 

improved accessibility. 
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Implications of the results for planning policy 

The three scenarios adopted in chapter 1 characterise 

the range of possible contexts for strategic planning 

policy in Britain (if there is to be any such policy) 

during the next thirty years. Any interpretation of 

the policy implications of the results obtained from 

the regional energy evaluation model must therefore be 

made in the context of the adopted scenarios. This 

section will deal with each scenario in turn, then with 

the appropriateness of the six settlement patterns to 

other possible circumstances, and finally with their 

robustness across the range of scenarios. 

The business'-as-usual (high) scenario is one of sustained 

economic growth in which fuel-conservation has a lower, 

priority than other economic factors (see summary on p65). 

In this context, the best of the six patterns would 

appear to be pattern 0, the existing configuration. All 

of the modified patterns involve a loss of benefits, 

indicating higher costs of travel and accommodation, and 

in three out of the five patterns a lower level of 

accessibility. However, although the loss of benefits 

signifies higher costs in the modified patterns than in 

the existing configuration, this does not necessarily 

mean that they are economically less efficient. This 

would depend on the price of fuel, and therefore the 

patterns in which substantial fuel savings are combined 
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with only slightly reduced benefits might well be more 

appropriate to busines8-ae-ueuaZ than pattern 0. 

Pattern 5 (the dispersed nucleated villages configuration) 

provides substantial fuel savings associated with only a 

small loss of benefits. Furthermore this pattern 

provides increased passenger transport benefits, 

signifying improved accessibility and reduced travel 

costs. Thus pattern 5 may well provide a realistic 

alternative to the existing configuration in the context 

of business-ae-usual. 

The LIED Zow energy etrategy (the middle scenario) 

involves assumptions of economic growth similar to. those 

of business-as-usual, but combined in this case with 

technical improvements aimed at saving fuel in all 

sectors of the economy without significant changes in 

lifestyle (see summary on p87). Fuel efficiency is 

therefore important in domestic space-heating and in 

passenger transport, but loss of benefits must be 

minimised. In this context, pattern 1 (the concentrated- 

nucleated configuration) and pattern 5 (the dispersed- 

nucleated villages configuration) both appear appropriate. 

Pattern 1 provides 25% overall fuel-saving at moderate 

cost in lost land-use benefits (i. e. smaller or more 

expensive accormiodation), combined with increased 

transport benefits (i. e. improved accessibility). Pattern 

5 provides a 21% overall fuel-saving at approximately. 

half the cost of the savings provided by pattern 1, also 
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combined with increased transport benefits. Therefore, 

in the context of the LIED low energy strategy, the 

dispersal of new development to villages appears to be 

more appropriate than its concentration into the 

existing urban area. 

in the very Zow energy (low) scenario, the technical 

improvements of the LIED low energy strategy are 

combined with changes in lifestyle aimed at further 

reductions in fuel consumption. The philosophy of this 

scenario is one of low economic growth combined with the 

intensive conservation of fuel (see summary on p96). In 

this context, in which changes of lifestyle are acceptable, 

fuel savings might well be considered more important than 

losses of benefits. The settlement pattern which produces 

the greatest fuel savings is pattern 1, the concentrated 

nucleated configuration in which all new development is 

directed into the existing urban area. This pattern 

combines substantial fuel. savings in both. sectors with 

improved accessibility. Pattern 1 also seems compatible 

with most of the conditions assumed in the very Zow energy 

scenario: a decline in personal mobility and a 

significant shift from private cars to public transport, 

combined with increased use. of district heating systems. 

However, one assumption of the scenario which may not be 

compatible with pattern 1 is a significant increase in 

the use of solar heating in dwellings. This is unlikely 

to be easily achieved because pattern 1 involves an 
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increase in the density of the city from 33.9 to 45.5 

persons/hectare. If a rural context is considered 

more appropriate, then pattern 3 (the dispersed-nucleated 

satellite towns configuration) provides very similar 

overall fuel savings at the lower densities of 33.9 

persons/hectare and 28.9 persons/hectare. Unfortunately 

the overall fuel savings provided by pattern 3 are twice 

as costly as those of pattern 1, 'and incorporate an 

increase in fuel-use in passenger transport. Pattern 5 

once again provides a more acceptable alternative, in 

which new development is concentrated in villages at 

28.9 persons/hectare, and substantial fuel savings in 

domestic space-heating and passenger transport are 

combined with significantly increased accessibility. 

The size of the villages and their relative proximity 

to the urban area also appear compatible with district 

heating and with a 'shift from private cars to public 

transport. 

The two sectors of the energy economy included in the 

analysis made by the regional energy evaluation model 

make use of different primary fuels. The domestic space- 

heating sector is fuelled predominantly by natural gas, 

and by electricity generated from coal and by nuclear 

power. The passenger transport sector is currently 

dependant upon petrol and diesel fuels refined from oil 

(though this may change if electric vehicles are 

introduced in significant numbers within the time-horizon 
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of this study). The supply of these primary fuels is 

by no means reliable, and it is therefore important to 

evaluate the six regional settlement patterns against 

possible shortages or restrictions in supply affecting 

only one sector. 

A long-term need to conserve oil would strongly support 

the adoption of strategic planning policies aimed at 

reducing the total amount of travel, in Britain (particularly 

in relation to the journey-to-work), and at promoting a 

shift away from private cars and towards the more fuel- 

efficient public transport modes. A reduction of trip 

lengths would also encourage the adoption of electric 

vehicles, which at present are more restricted in range 

than petrol driven vehicles. Under. these circumstances, 

the most appropriate of the six settlement patterns would 

be pattern 1, the concentrated-nucleated configuration 

in which all new development is directed into the existing 

city. This pattern provides fuel savings in passenger 

transport of 14% in the high scenario, 12% in the mid 

scenario, and 9% in the low scenario. There is also a 

reduction of approximately 18% in the total passenger- 

kilometres travelled, in all scenarios, in comparison 

with the existing configuration. Reduced trip-lengths 

are associated with the existing configuration. Reduced 

trip-lengths are associated with increased transport 

benefits (because of improved accessibility) in all 

scenarios. Alternatively, pattern 5 (the dispersed 
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nucleated villages configuration) also provides fuel 

savings in passenger transport, a reduction in travel, 

and improved accessibility in all scenarios. The fuel 

savings and benefits provided by pattern 5 are not as 

large as those provided by pattern 1. Patterns 2,3 and 

4 do not provide fuel savings in the transport sector, 

or improved accessibility. Thus a strategic planner 

wishing to alleviate the effects of possible oil short- 

ages appears to have two options: to direct new 

development into the existing urban area, thereby 

increasing its density, or to direct new development 

into small satellite centres within the city's hinterland. 

A long-term need to conserve the primary fuels used. in 

domestic space-heating (coal and gas) presents the 

strategic planner with the same options. Of the six 

settlement patterns, the concentrated-nucleated 

configuration (pattern 1) provides the greatest fuel 

savings in this sector (approximately 27% in all 

scenarios), at moderate cost in lost benefits. Pattern 

3 (the dispersed-nucleated satellite towns configuration) 

provides similar fuel savings (again approximately 27% in 

all scenarios) but at twice the cost of those provided by 

pattern 1, and with an associated increase in fuel-use in 

passenger transport. Once again, pattern 5 appears to be 

the most appropriate configuration, providing 20% fuel 

savings in domestic space-heating in all scenarios, at 

half the cost of the savings provided by pattern 1, and 



- 318 - 

with associated fuel savings and improved accessibility in 

the passenger transport sector. 

Circumstances such as oil shortage, the need to conserve 

coal and gas, or the conditions described in the three 

adopted scenarios are all possibilities for Britain 

during the next thirty years. Since 1979 the energy- 

economy appears to have followed a course somewhere 

between business-as-usual and the LIED low energy strategy. 

Since 1973 Britain has experienced temporary shortages of 

both oil and coal. Therefore, in any evaluation of 

regional settlement patterns it is important to examine 

the robustness of the patterns across the range of 

possible circumstances. The adoption of robust policies 

is a technique for maximising security against an 

uncertain future. This argument leads to the question 

"which of the six settlement patterns appears to be the 

most robust, across the adopted scenarios? " Since the 

ranking of the patterns (by fuel-saving or by benefits) 

does not change between the scenarios, this is a 

relatively simple question to answer. Patterns 2,3 and 

4 may be discounted immediately because they do not 

provide fuel savings in the passenger transport sector. 

This leaves the familiar options, pattern 1 (the 

concentrated-nucleated configuration) and pattern 5 (the 

dispersed-nucleated villages configuration). Pattern 1 

provides consistent overall fuel savings of approximately 

25%, compared with overall savings in pattern 5 varying 
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from 16% to 19% (according to scenario). However the 

cost of the fuel savings provided by pattern 1 is 

approximately twice the cost of fuel savings provided 

by pattern 5. Since the concept of robustness must 

embrace not only the conservation of fuel but also its 

implications for accessibility and the cost of travel 

and accommodation, pattern 5 appears to be the best 

option amongst the five modified patterns. Whether 

pattern 5 is a better option than the existing 

configuration (pattern 0) is more difficult to assess. 

The low cost of the substantial fuel savings provided 

by pattern 5 suggests that this pattern is likely to 

be more appropriate if there is any significant rise in 

fuel prices, or serious fuel-shortage in any sector, 

during the next thirty years. The probability of such 

circumstances arising is a matter for speculation! 

The issue of concentration versus dispersal of settlements 

The results obtained from the regional energy evaluation 

model appear to be consistent with those obtained by 

Owens (1978), in suggesting that in a high-mobility 

society some concentration of development into existing 

centres is effective in saving fuel. In this study, the 

strategy of concentration is most clearly exemplified by 

pattern 1, in which all new development is concentrated 

into the existing urban area. This results in less 

fuel being used overall than in any of the other five 



- 320 - 

patterns (including the existing configuration), in both 

the business-as-usual scenario and the LIED low energy 

strategy. In the very low energy scenario, in which 

personal mobility is much reduced, slightly more fuel 

is used than in the dispersed pattern of satellite 

towns (pattern 3), though at considerably less expense. 

Pattern 5 (the dispersed nucleated villages configuration) 

makes substantial and inexpensive fuel savings and would 

also involve, in reality, the concentration of new 

development into existing centres, in this case into 

existing villages within the city's hinterland. 

In general, it appears that the concentration of new 

development into smaller centres outside the existing 

urban area (satellite towns or villages) saves less fuel 

than concentrating it into the urban area itself, but 

that the fuel savings are less costly because of reduced 

traffic congestion and greater availability of accommod- 

ation. However, when the centres into which new develop- 

ment is concentrated are relatively distant from the main 

centre, as are the satellite towns in pattern 3, then 

fuel savings are lost because of the length of the trips 

to those jobs and higher-level services which remain in 

the city centre. Thus it seems that centres into which 

development is concentrated should be located as close 

as possible to the existing centre, but not so close as 

to cause either congestion of the road system or 

restrictively high development densities. This suggests 
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a settlement pattern in which the existing urban area 

is surrounded by a cluster of spatially separate but 

economically dependent sub-centres. Improvement of 

the orbital links in the existing radiocentric road 

network might then allow more economic interaction 

between the sub-centres, as in the "federation" of 

interdependent towns proposed by Meier (1982) or the 

"polycentric cluster" settlement pattern proposed by 

Beaumont and Keys (1982). 

The issue of linear versus nuaZeated settlement patterns 

The results of this study indicate that the adoption of 

linear settlement patterns in conjunction with 

conventional transport systems (cars and buses) is 

unlikely to save fuel in passenger transport. Instead, 

more fuel is likely to be used, and accessibility reduced, 

because of congestion caused by the concentration of 

trips on to a limited set of routes, Fuel savings are 

likely to be made in domestic space-heating, but these 

result from the "urbanisation" of the population into 

dwellings of smaller average size, and are equally 

attainable by the same means in nucleated settlement 

patterns. 

There appears to be an incompatibility between the 

linear settlement patterns investigated in this study 

and a transport system based predominantly on large 
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numbers of private vehicles. However, there are forms of 

public transport to which linear settlement patterns 

might be quite appropriate. These are the "light-rail" 

rapid-transit systems currently being promoted in North 

America and elsewhere, and minibus systems such as the 

one currently in experimental operation in and around 

the city of Exeter. In both of these systems public 

transport is provided by either high-capacity or high- 

frequency vehicles operating on routes which are 

restricted by capital and operating costs to areas of 

high passenger density. Thus the performance of a 

light-rail system in pattern 2 (the concentrated linear 

configuration), and of a minibus system in pattern 4 (the 

dispersed linear configuration) is a subject worthy of 

further investigation with the regional energy evaluation 

model. 

Matters for more detailed investigation or further research 

The results presented and discussed above suggest a 

number of areas where further research may be appropriate. 

These are of two types: areas in which the methodology 

used in this work might usefully be improved or elaborated; 

and new or related areas into which the same line of 

research might profitably be extended in the future. 

All experimental methodologies exhibit advantages and 

disadvantages. In the case of the research presented here, 
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the complexity of the subject dictates that any explanatory 

or descriptive model inevitably presents a very simplified 

account of reality, and in this case this is true of the 

scenarios of future conditions, of the configurational 

model of regional settlement patterns, and of the land-use, 

transport and evaluation model. When the scenarios and 

models are linked together as they are here, some points of 

weakness may be observed. First, the regional configurational 

model can only be as accurate as the data which is used in its 

construction, and this data is not readily available in a 

convenient form. Since the model relies on the averaging of 

measured spatial characteristics over large areas, its 

representative accuracy and general applicability-are related 

to the extent of the observations. 't'his study has relied on 

measurements of a single large region which is believed to 

exhibit many characteristics typical of England as a whole. 

A more reliable technique, given sufficient resources, would 

be to make measurements of many different regions, and thus 

to construct the regional configurational model on broader 

statistical foundations. Such an approach would be 

feasible if digitised land-use data were processed by means 

of a computer based Geographical Information System (Green 

et al. 1985). This approach would also assist in overcoming 

another point of weakness, which is that the published 

land-use data which is combined with empirical data in 

the construction of the model does not refer to strictly 

comparable areas. National average and mean figures are 
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used, and a broadening of the basis of the empirical data 

towards the national scale would make the two sources 

more compatible. 

Another area where improvements might be made is in the 

representation of sub-centres within city regions. The 

techniques adopted for the analysis of the study region 

have been constrained by the form and availability of 

land-use data. Sub-centres are included in the 

distributions of land-uses obtained in the analysis, 

but not explicitly represented with regard to their size 

and location. The results obtained from the regional 

energy evaluation model suggest that the size and location 

of sub-centres are important factors affecting both fuel- 

conservation and accessibility. Thus it will be important 

in future work to overcome this methodological weakness in 

order to investigate these factors in more detail. The 

use of automated two-dimensional rather than simple one- 

dimensional analysis of land-use data should solve this 

problem. 

In the evaluation submodel of the regional energy 

evaluation model, the calculation of fuel consumption 

for domestic space-heating relies on rather sparse data 

about the relationship between fuel consumption and 

dwelling size (see figures 4.16 and 4.19, p264). It is 

clear from the results of the evaluation that the large 

fuel savings in the domestic sector are due to assumed 
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reductions in the average size of dwellings in all the 

modified patterns, in the context of higher overall 

development densities. Thus the fuel savings in domestic 

space-heating are sensitive to the assumptions about the 

size of dwellings and to the data relating dwelling-size 

to fuel consumption. Improvements in this part of the 

analysis might result from the incorporation of more 

detailed data relating dwelling size to fuel consumption 

for space-heating, and more detailed assumptions about 

the distribution of dwelling sizes in each settlement 

pattern. Data is now available from a recent survey of 

the housing stock in Cambridge (Hawkes and Souza 1981) 

and this will enable these improvements to be made in 

future work. 

In the passenger transport sector the evaluation sub-model 

calculates the fuel consumption of vehicles in relation to 

their speed from manufacturers' data about typical 1983 

models combined with the assumptions in the adopted 

scenarios about technical improvements in vehicles during 

the next twenty-five years. Another approach to this 

aspect of the modelling process would be to use the motor 

manufacturers' own-speculations about the future fuel 

consumption of their vehicles. Whether this would be a 

more accurate technique is debatable (and the availability 

of data might be restricted by commercial considerations), 

but such data might provide more detail, and more 

differentiation between types of vehicles, such as cars, 
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minibuses, public service buses and goods vehicles. This 

information would be essential to any extension of the 

model into currently-excluded sectors, for example goods 

transport and distribution. 

Examination of the results obtained from the regional 

energy evaluation model suggests a number of possible 

directions for further research, some of which have already 

been mentioned. Perhaps the most apparent of these is an 

investigation of linear settlement patterns in conjunction 

with improved or innovative transport systems. In the case 

of pattern 2 (the concentrated-linear configuration) it has 

been found that congestion of the linearly-developed routes 

leads to both high fuel consumption and loss of accessibility, 

relative to the other modified patterns. This might not be 

the case, however, if the capacity of the roads within the 

linear development were substantially increased, perhaps by 

the incorporation of service roads running parallel with the 

main routes as is common in "ribbon developments" dating 

from the 1930s. 

Investigation of this improvement would be a relatively 

simple exercise; an improvement necessitating more 

elaborate modelling would be the incorporation of an 

elevated "light-rail" rapid-transit system to replace 

buses, with vehicle speeds and station frequencies matched 

to an appropriate linear development density. There is 

renewed interest in such systems because of recent 



- 327 - 

improvements in their control and fuel-efficiency 

combined with a substantial reduction in capital cost 

(Anderson 1981). In the case of pattern 4 (the 

dispersed linear configuration) where development is 

more dispersed than in pattern 2, a rapid transit system 

would require far greater investment in both vehicles 

and permanent way. However, congestion does not appear 

to be as serious as in pattern 2, because the development 

is dispersed. along approximately three times as much road. 

Thus it may be profitable to investigate the effect of 

improvements in the capacity and flexibility of the public 

transport system, in order to alter the modal split in 

favour of. public transport, and hence reduce the number of 

vehicles on the road. Effective improvements might be 

quite simple, for example the introduction of high-frequency 

minibus service, and such changes would be relatively-easy 

to investigate with the regional energy evaluation model. 

One of the main conclusions of this study is that in high- 

mobility societies some concentration of new development 

into existing urban centres may be effective in saving fuel 

in passenger transport. Another conclusion is that 

concentration of new development into centres outside the 

main urban area may also be effective in saving fuel, and 

less costly, depending upon the distance of the satellites 

from the city. The number, size and location of such 

satellite settlements which is appropriate to a given city- 

region and transport system is far from certain. In the 
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context of this study, a configuration in which development 

is directed into satellites closer to the city than those 

of pattern 3, but larger and denser than the villages of 

pattern 5, might combine the advantages of both those 

patterns. This suggests that further research should be 

conducted into the variation in the fuel-consumption of 

passenger transport with the size, location and density of 

satellite settlements, and the related effects on access- 

ibility. This would be an investigation of similar scope to 

the one reported here, and should extend to an evaluation of 

a related configuration, the polycentric cluster of one 

major and several minor economic centres. This is the 

settlement pattern which appears to be emerging around 

Britain's larger cities (Beaumont 1982) and which is 

advocated by Meier (1982) as an efficient configuration 

for general application, especially in developing countries 

with lower levels of personal mobility. The research 

reported here supports the case for such a settlement 

pattern, and confirms the view of Frank Lloyd Wright, 

expressed in London in 1939: " ... you cannot take the 

country into the city, the city has to go to the country". 
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Appendix 

MODELLING REGIONAL ENERGY-USE 

a land-use, tr neport and energy-evaluation model 

by Tomas de la Berra and Peter Rickaby 

Introduction 

A regional settlement may be seen as a complex system 

containing a large number of social, economic, and spatial 

elements. The use of a mathematical model for the study 

of the use of space or the location of activities represents 

one possible methodological approach to the understanding of 

this complexity.. The structure of such. a model will always 

be a simplified representation of the real system, but the 

analyst should try to represent in his model as much of the 

real system as his limited resources will allow, in order 

to increase the realism of the study. 

The purpose of the model described in this appendix is to 

evaluate several alternative regional settlement patterns 
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from the point of view of their use of energy. The 

different settlement patterns are variations of a base 

case, referred to as the "existing configuration", which 

is derived from empirical data on the settlement pattern 

found in a large area of eastern central England, and 

which embodies many of the characteristics found there 

(see chapter 2). in this way, the existing configuration 

(it is thought) contains most of the complex relationships 

to be found in the real case from which it was inferred, 

but is, at the same time, free from many contingent 

peculiarities. Thus, it can be considered an average 

English urban region, representing the common land-use and 

transport pattern, and topological structure of the real 

case on which it is based. 

The model described here is an attempt to capture some of 

the complexity of the real case summarised in the existing 

configuration. However, the very limited resources that 

are available for the implementation of the model mean that 

there must be a compromise between the complexity of the 

real case and the simplicity of the structure of the model. 

This has been an important point in the design of the model, 

and it is hoped that the simplifications made will affect 

as little as possible the fundamental purpose of the model: 

the evaluation of the use of energy. The basis of this work 

is an assumption that there is a relationship between the 

use of energy and the location of activities in space. 

The objective of the modelling exercise is to explore the 
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nature of this relationship, in order to extend knowledge 

of the subject and provide guidelines as to which urban 

and regional policies might be effective for the conser- 

vation of fuel. 

Two aspects of the use of energy in an urban region are to 

be taken into consideration. in the evaluation. The first 

one, of a static or permanent character, concerns the energy 

that is required for the provision and maintenance of the 

physical infrastructure of the region. Different population 

densities, for instance, imply different energy requirements 

for the construction of buildings, roads, and public-service 

networks. These will represent the 'fixed costs', in terms 

of energy, of a particular regional configuration. These 

fixed energy costs can be compared for different configura- 

tions, with the assumption of a constant level of services 

for the population. The latter point is an important one, 

since there is no intrinsic merit in an arrangement that 

saves a lot of energy simply by reducing the "quality of 

life" of the population. 

The second aspect of energy-use concerns activities. Two 

types of activities can be distinguished. The first type 

of activity occurs in specific, fixed locations: these are 

residential activities, production, service, or cultural 

activities. It can be assumed that there is a substantial 

amount of energy used in these activities, and that the 

amounts of energy vary according to the nature of the 

activities concerned. The second type of activity involves 
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interaction between people in the form of trips, that is, 

movements of people or commodities; these trips are 

important users of energy in the form of transport fuel. 

The location of activities determines the length and 

frequency of trips. However, to minimise the number of 

trips and thus minimise their use of energy, cannot be the 

sole objective of an urban or regional policy. This is so 

because travel demand is a "derived demand"; people 

generally use transport only to do other things at the end 

of a trip, and not because they derive satisfaction from 

the trip itself. Thus, care must be taken when designing 

policies which save transport fuel simply by reducing the 

number of trips, or interactions in general. More trips may 

mean better access to opportunities, and thus, a richer 

life. It must also be taken into consideration that 

travel demand is elastic, so that if transport facilities 

are improved and people can move around more quickly and 

cheaply, more trips are likely to be made. This depends, 

of course, on the purpose of the trip; so that some, like 

trips to work, can be considered of a more compulsory 

nature than others. 

The two aspects of energy-use can be termed within-place use 

of energy and between-plaaee use of energy, respectively. 

They can be considered to have different effects upon 

different social groups. On the one hand, higher-income 

groups consume more within-place energy, because they may 

tend to heat their homes more, be more likely to freeze 
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their food, or to use more domestic appliances; they may 

also consume more between-places energy, because they tend 

to travel more and use, perhaps, more "thirsty" cars 

instead of public transport. Since the cost paid by a 

user of energy will represent a varying proportion of the 

total income of his household, an increase in the price of 

any of the two types of energy will have different effects 

on different parts of the population. Thus, for example, 

a substantial increase in bus fares may result, for lower- 

income groups, in a reduction in the consumption of other 

goods, but might have little effect on the wealthier groups. 

On the other hand, a compulsory shift from cars to buses 

would affect mainly the higher-income groups. 

These are simple examples, but they make it clear that fuel 

consumption in a city or region must be analysed from a 

social point of view and that the analysis must take the 

complexity of the problem into account. It should also be 

clear that, contrary to what happens in a factory, policies 

aimed at reducing the overall consumption of fuel will 

probably benefit some social sectors and adversely affect 

others, so that the final decision will be a matter not 

only of efficiency, but also of political choice. 

Methodology 

In very general terms, the research which is reported here 

consists in part of the evaluation of a range of regional 
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configurations against a base case; all the configurations 

are described in the preceeding chapters. Each regional 

configuration is compared with the existing configuration 

(the base case), which represents the current pattern of 

location of activities and interactions. 

This analytical process implies three distinct stages; an 

information stage, a simulation stage, and an evaluation 

stage. 

The information stage, mostly covered in chapters 2,3 and 

4 consists of collecting the data that describes the 

existing configuration and each of the alternatives. It 

is assumed that data describing the existing configuration 

have internal consistency, since they were derived from an 

analysis of a real region. There is no guarantee, however, 

that the same consistency can be assumed in the-alternative 

cases. A large number of assumptions and estimates have 

been made during their development. A special effort has 

been required, therefore, to maintain consistency. For 

instance, if a particular land-use policy has been devised 

to accommodate development near transport routes, consistent 

industrial-location policy, transport organisation, and 

provision of services and infrastructure are essential. In 

other words, each alternative configuration implies distinct 

alternative policies with respect to the main elements of 

the system. 
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The first step in the simulation stage is to construct 

a computerised model. The structure of the model must 

be simple enough to make its manipulation easy and 

inexpensive, and complex enough to represent adequately 

the various elements of the region, the use of energy 

(both within and between places), and the social and 

economic implications of that energy use.. All elements of 

the model relate to each other through parameterised 

functions representing the way in which the different 

social groups make use of each regional configuration. The 

model is fed with data describing the existing configuration, 

so that the values of the parametric relationships can be 

calculated through a process of calibration. Since most of 

the relationships are nonlinear, the calibration process 

necessarily implies running the model iteratively with 

different values for the parameters until an adequate fit 

is achieved between real and simulated values.., Once a 

satisfactory fit has been achieved the model can be fed with 

data describing the alternative configurations. In this way, 

the analyst can assess the probable effects of alternative 

policies, in terms of the location of activities and in terms 

of interaction patterns. 

The evaluation stage compares the results obtained for each 

alternative with those obtained for the existing configuration. 

To a large extent the evaluation procedure uses information 

produced by the model, but additional information is 

required about the use of within-place energy and this is 

supplied extraneously in the form of parameters (see chapter 4). 
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It has not been assumed that one particular configuration 

will stand out as a 'best solution'. The results of the 

evaluation consist of tables of indices for each alternative 

configuration. The indexes are measures of energy-use and 

of benefits derived from it, by different types of users, 

in each zone of each settlement pattern. Summary tables 

present cost-benefit relationships which permit direct 

comparison between the six settlement patterns. 

General structure of the model 

The model described here is a spatial input-output 

interpretation of an urban region; an interpretation which 

includes simplified representations of a land market and a 

transport market. The design of the model is based on 

previous work by de la Barra (1981), which in turn has 

been influenced by Echenique et al (1978), and more remotely 

by Lowry (1964) and by Leontief and Strout (1963). The main 

components of the system are as follows: 

1A pattern of land use; the urban region . 
is divided 

into zones, each containing a fixed amount of land 

determined exogenously by a land policy. 

2A transport network; represented by a set of 

interconnected links of particular lengths and 

capacities. 

3 Activities; in each zone of the region, a certain 

number of activities are located. Some of these 

activities are defined exogenously; these correspond 
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(in input-output terms) to the final demand sector, 

and other types of activities are considered to be 

induced by the final demand sector, that is, they 

are intermediate demands. ' Activities are of either 

residential or employment types. 

4 Interactions; activities interact by generating trips 

of different types. 

These elements are arranged as in figure A. I. The core of 

the arrangement is the 'intermediate demand matrix' [x n11 

representing the amount of activity n located in zone j 

which is demanded by an activity m in zone i. Activities 

include employment and residence. 

The final demand column, Yi, represents all those' activities 

in sectors m and zones i, which are not demanded (or induced) 

by others within the study area. All sectors are represented 

in the final demand, but it is assumed that the residential 

sectors are never exogenous to the system under consideration. 

Total production, Xi, is the sum of all intermediate 

activities plus final demand, that is: 

Xi = Yi +Ex (1) 
j, n 

This equation represents the main accounting relationships 

of the system. Also included in the matrix are primary 

inputs which for analytical purposes are not. considered as 

produced by the economic system. Two such elements are 

considered. here: land and energy. Theoretically, both may 

be considered as limited resources, that is, only a certain 
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fixed amount of each is available in any zone. Energy, 

though, differs from land in that it can be transported 

or distributed from one zone to another. 

With exogenously defined quantities of final demand 

activities in every zone of the system, induced activities 

are generated by applying equation (1). In this way, a 

given amount of activity in sector m and zone i, Yi, generates 

activities in all other sectors n and zones j, Xj, through 

the application of an [X ) matrix which represents inter- 

sectoral and interzonal relationships. Once all induced 

activities in all sectors and zones have been determined, 

it is possible to calculate the total amounts of activities 

generated in every zone and sector, by adding all appropriate 

flows, that is, by r xv = Xi . In turn, these new 
j, m 

amounts of induced activities induce more activities in a 

second iteration. In this way, the system converges towards 

a solution through successive iterations. Convergence must 

be achieved, because, in each iteration, 
i£n 

Yn > J, 

which is a minimum 'rational' requirement of the system. 

It should be noticed that, at the end of the iterative 

procedure, total production will be considerably larger than 

the original final demand. 

In the first iteration, a fixed amount of final demand is 

distributed to all producing sectors in all zones. This may 

be represented as: 
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Y1aýQj exp(-X j)Ai 
(2) 

where 

Ai =E Qj exp(-XnUij) (3) 
j, n 

and in, 
an, and Uij are defined below. The term xmn 

represents the amount of production in sector n and zone j 

required to satisfy a demand in sector m and zone i. This 

is held to be proportional to the total amount of commodities 

n demanded in zone i, that is Yia.. The terms [amn1, called 

the 'technical-coefficients matrix', transform the demand in 

zone i and sector m into sector n commodities. Assume, for 

example, that the industrial sector m of a zone i requires a 

certain amount of mining commodities, such as coal n from 

any or many coal-producing zones J. The industrial and the 

mining sectors may both be represented in terms of the value 

of production, physical quantities, or employment. The term 

amn represents, in the above example, the amount of coal that 

is required by the industrial sector of zone i per unit of 

production, or the amount of employment generated in sector 

n as a result of the activities of the industrial sector m 

in zone i. This will depend on the technology used by sector 

m in zone i. 

Where this supply of commodities n will come from is dealt 

with by the rest of equation (2) as a probability. The 

first element of the probability, Qj, represents the capacity 

of each zone j to produce the commodity n. It is assumed 

that a larger proportion of the total amount of commodity n 



- 341 - 

will be supplied by those zones with a bigger capacity 

to produce it. This is an "a priori" probability. The 

second term of the probability is an exponential function 

of the utility obtained by producers of commodity n in zone 

j, when supplying to zone i, parameterised by an. It is 

assumed, then, that those producers attaining a better 

utility in the transaction will have a better chance of 

supplying commodity n. Parameter Jan thus represents a 

measure of the relative efficiency of the system; if an 

tends to infinity, only the most efficient supplier will 

dominate the transaction; if an has a smaller value, all 

suppliers will obtain more business, if Xn tends to 0, the 

utility of the producers will not affect the distribution 

and the demand will be allocated only as a function of the 

relative capacity of the producers. 

The variables to be included in the utility function 

represented by Uij will depend on each particular case. In 

an urban situation there are many things that will affect 

the utility of-the producers, but it can be assumed that the 

cost of transport between zones i and j and the land rent 

paid to produce Commodity n in zone j will explain a 

substantial Partbf it. Thews 

Uij - ao + a1cij + a2rj , (4) 

may be a suitable way of representing the utility function, 

where cij represents the cost of transport of commodity n from 

zone j to zone i, rj represents land rent in zone j (land type 

n), and ao, al, and a2 are parameters. Parameters al and a2 
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represent the elasticity of the demand with respect to the 

cost of transport and the cost of space, respectively. The 

parameter a0 represents a random element which accounts for 

all other elements not present in the utility function! 

Hence flows may be distributed from demand zones to supply 

zones and from demand sectors to supply sectors. Once the 

allocation procedure is completed, the total supply allocated 

in every zone and in every sector is given by: 

n_ mit xj 
I'm 

xii (5) 

This completes the first iteration. At this stage, producers 

in zone j and sectors n require further inputs to achieve 

their production. This is calculated in subsequent iterations. 

In the second iteration, we assumed that Xj is now the new 

demand that is to be allocated to producers, so that we make 

xi = Yim , for all j=i, m=n, and introduce this term 

appropriately in equation (2), Equation (5) leads to a new 

iii of 
assignment of Xj - Yi M. After each iteration these 

quantities will be smaller, and once convergence occurs, the 

total production in each sector and zone will be the sum: 

yj + Xjn + Xjn + ..., that is, the original final demand 

plus the production from all intermediate stages. 

Detailed formulation of the model 

In an application of the above general formulation of the 

model to an urban region, the following variables must be 

defined: 
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Activities: these include population and employment. 

Population may be divided into income groups and employment 

into sectors such as industry, central services and local 

services. Activities are denoted as Xi, where n represents 

activity type and i represents zones. 

Land; several types of land may be considered. In this 

formulation, land is classified into property land 
, 

central business district 
, and industrial land 

. Property 

land may be used by any of the residential groups and local 

services competing for its use through a market mechanism. 

Central business district land is used exclusively by central 

services, and industrial land is used exclusively by industry. 

Although this is not strictly true in reality, it is assumed 

that central services and industry do not face a market 

situation, and land is therefore assigned to them exogenously. 

Transport: the transport system is defined as a simple 

"spider network", in which Zinke connect zone centroids or 

nodes. An example is shown in figure A. 2. If two zones are 

not directly connected by a link, then they are connected 

through intermediate zones. Two modes of transport are 

considered: public and private. Each link of the network 

has particular attributes with respect to each mode, including 

distance, capacities, and speeds. 

The land-use/transport model is divided into two Submodels 

(a land-use submodel and a transport submodel) which interact 

through time. Figure A. 3 shows the way in which they relate 
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AN EXAMPLE OF A' SPIDER NETWORK" 
A. 2 
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in two successive, exogenously-defined time periods, 

t1 and t2. In the figures, a 'data module' is shown 

preceding each submodel. The land-use data module reads 

data from the run of the model for the previous time period, 

together with data for the current time period. Data from 

the previous time period consist of the composite transport- 

costs and some land-use variables. These will affect the 

location of activities and the use of transport facilities 

for the current time period. 

The land-use submodel uses this information to estimate the 

location of activities, land rent, and flows for the current 

period. 

The transport data module reads data describing the network 

for the current period and the land-use output, and prepares, 

the information for the model. 

The transport submodel uses this information to transform 

the land-use flows into trips, separates these trips by 

mode, and assigns them to the network. From this assignment, 

equivalent to a demand-supply equilibrium, a set of 

composite costs emerges. Composite transport-costs will 

affect the location of activities in the next time period. 

The land-use and transport submodels supply information to 

the evaluation submodel which compares the results obtained 

in this time period with those obtained for the same time 



- 347 - 

period from another run of the model for a different 

configuration. The evaluation is expressed in terms of 

user benefits and fuel consumption. 

In the following sections, these models are described in 

more detail. 

The Zand-use sub, m del 

Inputs to this submodel are the amount of land available 

for development considered by type, the location of basic 

employment, and composite costs. Also input are the values 

of the set of parameters, and the technical coefficients. 

The structure of the land-use submodel is shown in figure 

A. 4. 

After reading the data, the model sets initial values for 

land rent, ri, in every zone i. Any values can be used and 

a good starting point will always be ri a 1. If, however, 

the model is working within a dynamic framework like the 

one suggested in figure A. 3, then land rents in the previous 

time period are the best values to adopt. Then the model 

proceeds in the following way: 

Step Z Induced employment is added to the basic employment 

in every zone. In the first iteration only basic employment 

is known, but in subsequent iterations an increasing number 

of induced activities are added. 
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Step 2 Activities are located. This is done by applying 

equations (2) and (3) several times, once for every 

activity type. The result is a set of (xmn) matrices 

representing residence-work flows for each residential type, 

and residence-services flows for each service type and 

residential type. Total activities by type located in each 

zone are calculated as in equation (5). 

Step 3 Land consumption is calculated. Land consumed per 

unit of activity in each zone j, 1 
j, may be calculated as 

a function of land rent: 

1n (6) 

where µ and 6 are parameters. Equation (6) is a demand 

function, similar to the one in figure A. S. As land rent 

increases, a smaller amount of land is consumed. Parameter 

6 represents the elasticity of demand with respect to land 

price. Total land consumed in every zone by each activity n, 

t, 
jn, 

may be calculated as: 

Lin E Xjljj ne c, t7) 
n 

where n OS c denotes summation over all sectors competing in 

the land market, that is, residential and local services 

(which constitute the set c). 

Step 4 Land consumed in each zone is then compared to 

available property land. If in any particular zone more 

. and is consumed than is available, then the price of land 

in that particular zone must be raised. If more land is 
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available than is consumed, the price must be reduced. 

In the kth iteration, land rent is adjusted in either 

direction by means of the function: 

k= k-l L 
'n k 

(8) rj rj 

Ln 

where Li is the property land available to activity n, and 

Ljn is land consumed by activity n. If, however, land 

consumed and land available are equal for all zones, the 

model proceeds to the next step. Notice that rents are 

adjusted in every activity loop; if activities have not 

converged, rents are adjusted and a fresh iteration is 

started; if activities have converged but the rents have not, 

further adjustments are made and new iterations are performed. 

Thus, if land rents have converged, activities must have 

converged also. Whenever convergence is not achieved, the 

calculation goes back to step 1. 

Step 5 After convergence, the model calculates within-place 

fuel consumption, and outputs the location of activities by 

type in each zone, the activity flows, land and fuel 

consumption, and land rents. The calculation of within place 

fuel consumption has been described in chapter 4. The model 

deals only with the fuel used in space heating in the 

domestic sector, in which consumption may be related to 

dwelling size (and hence location) in the "least unlikely" 

relationship according to 

H- h(c+ae6A) (9) 

where H is the specific fabric heat loss of the dwelling 
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and A is the floor area. The constant c and parameters 

a and d are supplied exogenously to fit the curve 

represented by equation (9) to real data; h is the domestic 

insulation parameter, also supplied exogenously, which 

allows the calculation to take account of projected overall 

changes in the fuel-demand of the housing stock (because of 

improvements in levels of insulation, or increased use of 

solar heating, for example). The fuel consumption for 

domestic space heating in each zone is then calculated 

according to 

E= Hn1 tdT 
WP 

(10) 

where for each zone EWP (within-place energy) is the total 

fuel consumed for domestic space heating, H is the average 

specific fabric heat loss of dwellings in that zone,. n is 

the number of dwellings, of average area A, in that zone, 

t is the time period of the model, and dT is the-average 

internal-external temperature difference. 

The transport submode1 

Inputs to this submodel are a description of the network 

and values for the activity flows produced by the land-use 

submodel. 

The transport network is described as a set of links, each 

link having the following characteristics: 

origin node, 

destination node, 
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distance, 

capacity for the public mode, 

capacity for the private mode, 

speed for the public mode (free-flow), 

speed for the private mode (free-flow), 

distance-related. cost for the public mode, 

distance-related cost for the private mode, 

volume for the public mode, 

volume for the private mode. 

At the beginning, the volume of flow in every link (by 

mode) is not known. The transport submodel has internal 

iterations, so that from the second one onwards, flows are 

known, although their distribution will not be very 

accurate at the beginning. Capacities for the private mode 

do not include the road space used by the public mode or by 

lorries. 

From the. link data a conventional path-building procedure 

may be used to identify the least-costly paths between each 

pair of nodes. A connectivity matrix establishes the set 

of nodes which are directly connected, and a path matrix 

indicates the set of directly connected nodes that must be 

followed in order to connect two nodes that are not directly 

connected. The transport submodel then proceeds as follows 

(see figure A. 6): 

Step Z. Capacity restriction: in the first iteration of 

the model, traffic volumes are not known, but from the 

second iteration onwards all links will have a certain 
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number of private cars or public-transport passengers 

using them. If loads are smaller than capacity in a 

particular link, the original free-flow speed must be 

adjusted slightly, but, after the point is reached at 

which flow is equal to capacity, speeds deteriorate more 

rapidly. This is shown in figure A. 7. Simple polynomial 

functions are used to adjust the speeds on each link, with 

separate parameters for the conditions where flow is under 

or over the capacity. The discontinuity shown in the 

public-transport curve occurs because waiting times increase 

suddenly with congestion. 

Step 2 Travel times and costs: this procedure involves the 

simple addition of all times and costs along a path, from an 

origin zone to a destination zone. These values are then 

stored in appropriate positions in two time matrices, [tij 

and two coat matrices, [cij), where k denotes mode (k -1 

for public model k-2 for private mode). Terminal times 

and costs are then added to these matrices. 

Step 3 Trip generation: the activity flows calculated by 

the land-use model are now transformed into proper trips, 

for either peak hours or for a 24-hour period. This is done 

by multiplying the land-use flows by appropriate trip- 

generation rates. 

These rates are a function of travel times and costs 

(average for both modes): 
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gý v_ (11) 
Cii+ viii 

where gmn is the trip-generation rate for trips with 

origin zone i, destination zone j, and purpose mn; V is 

the value of time parameter, and v and 6 are parameters, 

61fln being the elasticity of the demand with respect to 

transport costs for purpose mn. Equation (11) defines a 

demand function, similar to the land-demand function of 

equation (6). 

Step 4 The zone-to-zone trip matrices, [ I, by purpose 

are split by modes. This is carried out by a binomial logic 

model of the types 

for mode k=1, 

, nnl exp[.. ßm (cij+ vtij)ý (12) 
ij ijk2 

+ vt )l E exp["ßm(c 
kk 

k-1 
ij ij 

where 0m is a modal split parameter for activity in. In 

other words, trips by purpose mit are assigned to mode 1 as 

a function of the relative costs and times of the mode. ' 

For mode 2, 

?2 
Tmn -T1 (13) 

Last, trips are added with respect to purpose: 

mTik (14) 

Step 5 Trips by mode are assigned to the network. This is 

done with a three-path assignment. 
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Step 6A check is made that all volumes are below 

congestion levels. If they are, the calculation proceeds 

to the next step, but if they are not, speeds have to be 

adjusted again, and the calculation returns to step 1. 

Step 7 Once the system has converged, composite costs are 

calculated for both modes. A composite cost is equivalent 

to a weighted average, taking into consideration the number 

of trips between zones by each mode. These composite costs 

are used by the land-use model for the next time period. 

Step 8 Fuel consumption in transport is calculated, for 

each mode, according to 

F=c+ pe°V (15) 

where F is the fuel consumption (by volume per unit 

distance) of a vehicle travelling at average speed V. The 

constant c and parameters p and a are supplied exogenously 

in order to fit the curve represented by equation (15) to 

real or projected fuel consumption data for both public and 

private vehicles (as described in chapter 4). For every 

trip, fuel consumption is calculated using the average speeds 

obtained for each link in the route between origin and 

destination zones. Different average speeds are used for 

each mode. Total fuel consumption during one time period of 

the model is then obtained, again for each mode. It is 

assumed that public mode vehicles and private mode vehicles 

use different fuels having different energy contents per 

unit volume, and appropriate conversion factors are 
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incorporated in the calculation. Total between-places 

energy-use is then estimated from 

Ebp -DZ fk (16) 
k 

where Fbp is the annual between-places energy-use in 

transport. For each mode k, fk is the total energy-use by 

that mode during one time period of the model, and the 

exogenously-specified factor D converts the time period of 

the model into years (with an allowance for non-standard 

time periods such as weekends). A specific example of the 

application of this formula is given in chapter 4. 

The evaluation eubmodeZ 

The evaluation submodel uses information resulting from 

a number of separate runs of the land-use and transport 

Submodels (one run for each of the settlement patterns to 

be compared), and constructs twenty-two tables of output 

data. These tables are of three types: comparative tables, 

user-benefit tables and swiirary tables; in each case except 

the summary tables data for each of the settlement patterns 

are tabulated zone by zone. The evaluation output tables 

are listed in table A. l. 

Comparative tables, (1 to 11,14 to 17) reproduce input and 

output data from the land-use and transport submodels in 

a format appropriate to the comparison of the patterns under 

study. They present the distribution of activities and 

floorspace determined by the input data and by the operation 
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1 Urban land (hectares) comparative 
2 Floorspace (hectares) comparative 
3 Basic employment (jobs) comparative 
4 Service type 1 employment (jobs) comparative 
5 Service type 2 employment (jobs) comparative 
6 Households comparative 
7 Land rent (notional £) comparative 
8 Service type 1 (floorspace (m2/emp. ) comparative 
9 Service type 2 floorspace (m=/emp. ) comparative 
10 Households' floorspace (m2/household) comparative 
11 Households fuel consumption (GJ) comparative 
12 Households' floorspace consumption benefits user-benefit 
13 Land-use summary summary 
14 Public mode trips by origin comparative 
15 Private mode trips by origin comparative 
16 Public mode average trip costs (notional £) comparative 
17 Private mode average trip costs (notional £) comparative 
18 Public mode transport benefits (by origin) user-benefit 
19 Private mode transport benefits (by origin) user benefit 
20 Total transport benefits (by origin) user-benefit 
21 Transport summary summary 
22 Overall summary summary 

Table A. 1 Evaluation submodel output tables and their types 
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of the land-use submodel, and the resultant origins 

and costs of trips determined again by input data, and 

by operation of the transport submodel. The purpose of 

the comparative tables is to illustrate the effects of 

different scenarios of future conditions and of different 

planning policies (represented in the input data) on the 

location of activities, on the use of land and transport 

and on the consumption of fuel. 

The user-benefit tables (12,18 to 20) present comparative 

benefits to the population of each settlement pattern of 

living and working in that pattern rather than the base 

case. Benefits are measured in arbitrary units, and provide 

a measure of accessibility taking into account not only the 

spatial arrangement of a given settlement pattern but also 

the cost of living and working in it, relative to the base 

case. The general equation for these indicators has been 

adapted from Cochrane (1975): 

sn 
1 In E Qn ex Xnvn 

} ýX 

JE 

n 
_ýnun 

(17) 
inj p( ij 

J 4j exp(ij) 
n1J 

ai1 // 

where si represents the benefits obtained by a particular 

user in zone i with respect to the interaction n, and where 

OB and XI represent the base and alternative cases 

respectively. The benefits are positive if the users are 

better off in situation X] , and are negative otherwise. 

Total benefits for all interaction types are simply the 

addition of the partial indicators, which are weighted 
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automatically by a-n (the elasticity parameter). The 

smaller the value of A the more important the user's 

decision. If for example residential location is more 

important than service selection, then in theory residential 

A is more important than service A. Thus simple addition 

provides automatic weighting. The evaluation submodel 

produces user-benefits tables for household floorspace 

consumption, public-mode transport and private-mode transport, 

all by zones. These tables indicate the benefits gained by 

location in expensive, accessible central locations compared 

with less-expensive, ' less-accessible rural locations (or 

vice versa), and the benefits gained from trips originating 

in each zone, by each mode (relative to the base case 

throughout). There is also an overall transport benefits 

table which presents the sum of the public mode benefits 

and private mode benefits for each zone of each settlement 

pattern. 

The summary tables (13,21,22) present the same data as 

the comparative tables and the user-benefit tables, but 

zonal data are aggregated into totals for each settlement 

pattern. The land-use summary (table 13) deals with floor- 

space, households, within-place energy and land-use benefits 

(i. e. household floorspace consumption benefits). The 

transport summary (table 21) deals with trips, modal split, 

passenger-kilometers, between-places energy and transport 

benefits, all distinguished by mode. The overall summary 

(table 22) simply combines the land-use and transport data, 



- 363 - 

presenting land-use and transport benefits, and their 

total, within-place and between-places fuel consumption 

and their total, and land-use, transport and total benefits 

per unit of fuel consumption. Thus the bottom lines of 

the overall summary table provide a direct comparison of 

all the settlement patterns with the base case, in terms of 

fuel consumed and the benefits derived from it by virtue of 

the configuration of each settlement pattern. 

Implementation of the model 

I' 
The model described above has been implemented on the Digital 

Equipment Corporation VAX 11/780 minicomputer of the Design 

Discipline at The Open University at Milton Keynes. The 

operating system of this machine is VAX/VMS 3.4 and the model 

is programmed in FORTRAN 77. The model has been calibrated 

to the data set described in chapter 4 for settlement pattern 

0, which is the base case, i. e. the pattern derived from 

empirical studies of an existing region (see chapters 2 and 

3). The whole model is known as the regional energy 

evaluation model, and figure A. 8 shows the structure and 

interrelationship of its programs and data files. Within 

this structure the land-use, transport and evaluation 

sub-models are implemented as separate programs, and the 

transport sub-model is further split into two programs, one 

of which (the path-building program) identifies appropriate 

paths through the network of road links, and the other of 

which contains the transport sub-model's main procedures 

(as illustrated in figure A. 6). 
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The regional energy evaluation model is designed to 

compare and evaluate the six regional settlement patterns 

described in chapter 3 in the context of any of the three 

scenarios described in chapter 1. Each settlement pattern 

is represented by its own files of land-use data and 

transport (link) data, which are assigned in turn to the 

land-use sub-model, the path-building program and the 

transport sub-model by means of a command file which ensures 

that the correct data files are used in each case. The 

Submodels are all formulated parametrically, and the scenarios 

are represented by different sets of parameters. (For 

convenience within the Model the businese-aa-ueuaZ scenario 

is called the HIGH scenario, the LIED Zow energy strategy is 

called the MID scenario and the very Zow energy scenario is 

called the LOW scenario). Again a comand file is used to 

ensure that, the correct arameter files are used each time 

the model is put into operation. 

Regional settlement patterns are described to the model in 

terms of data for fifty-two zones, but the user is only 

required to enter data for thirteen zones. This is because 

the model assumes that it is dealing with a radiocentric 

arrangement of zones divided into four identical quadrants 

symmetrically disposed around a city centre. Figure A. 9 

shows the road network of such a city region, divided into 

four quadrants, and figure A. 10 shows an arrangement of 
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thirteen zones within the first quadrant of that region. 

The land-use submodel and the path-building program 

incorporate "copying around" procedures that interpret the 

input data for the thirteen zones of the first quadrant 

and construct from them a complete fifty-two zone data set. 

The transformations included in these procedures are only 

valid for a symmetrical pattern of zones as shown in figures 

A. 9 and A. 10j hence the model as implemented will only 

function with this arrangement of zones and data. 

Though the structure of the regional energy evaluation model 

may appear complex, its operation is straightforward and may 

be traced on figure A. 8. First the partial link data for a 

particular settlement pattern is read by the path building 

program, which then constructs the complete fifty-two zone 

data set, and places it in a file (the complete Link data 

file) for later use by the transport submodel. The path- 

building program then identifies paths through the transport 

network between every pair of zones, and sorts them so as to 

find the three least-costly paths by each of two modes (public 

and private transport), taking time, distance and cost into 

account. These three "best" paths for every pair of zones are 

placed in another file (the complete path data file) for later 

use by the transport submodel. Complete output from the path- 

building program (data on all paths) is available to the 

operator for information. 

In the second stage of the process, the transport submodel, 
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parameterized for the appropriate scenario, reads the 

complete link data and complete path data, and performs 

a single iteration of the sequence of operations described 

in figure A. 6, in order to obtain initial travel costs for 

all trips by the best three paths between every pair of 

zones; this data is placed in the costs data file, and read 

by the land-use submodel. 

In the third stage, the land-use submodeZ, again parameterized 

for the appropriate scenario, reads the partial land-uee data 

for the same settlement pattern, and constructs the fifty-two 

zone data set. It then performs the sequence of operations 

described in figure A. 4 to calculate the location of households 

and floorspace, the consumption of land, the levels of rents, 

the fuel consumption for domestic space heating and the flows 

of people between homes, employment and services. Two service 

types are considered, and the model as implemented makes 

fourteen internal iterations. Output data on flows is placed 

in a file which is later read by the transport submodal. 

Output data on the location of floorspace, on the number of 

households, on rents and on fuel consumption is placed in a 

file of output for evaluation which is later used by the 

evaluation submod 1. Complete output from the sand-use 

submodel is available to the operator for information, or for 

use in calibration or checking. 

Next the transport eubmodet is brought into operation again, 

and reads the flows data as well as the complete Zink data 
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and the complete path data before performing the iterative 

sequence of operations described in figure A. 6. Three trip 

types are considered, between homes and workplaces, between 

homes and services of type 1, and between homes and services 

of type 2. Iteration of the transport model continues until 

an appropriate exogenously-specified convergence criterion 

is met; in the model as implemented, using the six data sets 

described in chapter 4, convergence is always obtained in 

the third or fourth iteration. This run of the transport 

submodel produces revised costs data which may be used in a 

repeat of the interaction between the land-use and transport 

submodels, if required. (In practice, with the data from 

chapter 4, costs and flows are found to stabilise very quickly, 

and repeated iteration between the two submodels is not 

necessary). The transport submodel also produces output for 

evaluation, which includes trips, costs and fuel consumption 

for each mode and zone of origin, and these data are used 

later by the evaluation Submodel. Complete output from the 

transport submodel is available to the operator for 

information or for use in calibration or checking. 

The above four stages of the modelling process are carried 

out for all of the settlement patterns being compared. The 

evaluation Submodel then makes a simultaneous comparison of 

six settlement patterns, using the output for evaluation 

data from the runs of the land-use and transport submodels 

for each pattern. The evaluation submodel then produces, the 

twenty-two comparative tables, user-benefits tables and 
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summary tables described earlier, and these are placed 

in a file called rssulta of evaluation. 

The entire modelling process is carried out in the context 

of one of the three scenarios of future conditions 

described in chapter l., and may be repeated for a 

different scenario by substitution of the appropriate Zand- 

use parameters and transport parameters contained in 

separate parameter files for each scenario, and controlled 

via the scenario assignment command files. (The tuning 

of the models' parameters to the individual scenarios is 

described in chapter 4). Similarly the assignment of data 

files describing particular settlement patterns is carried 

out via the pattern assignment command files, one of which 

assigns one set of data files for the land-use and transport 

Submodels, and one of which assigns six pairs of output for 

evaluation files for the evaluation submodal. Within the 

implemented version of the model, all input and output data 

files and parameter files have generic names as shown on 

figure A. 8 in order to facilitate patterns and scenario 

assignments. As implemented on the VAX 11/780 a single run 

of the land-use Submodel requires less than one minute of 

elapsed time, single runs of the path-building program and 

of the transport model require less than five minutes each; 

and the evaluation submodel runs in only a few seconds. 

Excluding data preparation and entry, and output printing, 

the complete process of comparative evaluation of six 

settlement patterns in the context of one scenario may be 
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completed by the regional energy evaluation model running 

on a dedicated machine in between two and three hours. 

The regional energy evaluation model described in this 

appendix has been designed and implemented specifically to 

support the research reported in the preceding chapters. 

It is intended to allow rapid comparative evaluation of 

theoretically energy-efficient regional settlement patterns, 

and of strategic options for regional settlement policy, 

described in each case by minimal data sets. However, the 

uses of the model are not limited to the project reported 

here: the authors intend to make further investigations of 

the energy-related properties of regional settlement patterns, 

and to develop an urban-scale version of the model. That 

work will be reported in due course, in another place. 
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