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1 Introduction
Background

The UK government – ostensibly at least – has adopted, for over half a century, a policy of
urban containment to reduce the intake of greenfield land for urban development (see Hall et
al, 1973). Despite this policy, a strong dispersal trend has persisted over the same period,
fuelled in large measure by rising car ownership and reduced cost of travel.  This trend is
repeated around the world (see Simmonds and Hack, 2000).  However, recent policy
statements (DETR, 2000a) have restated the containment policy by promoting an urban
‘renaissance’ based on the idea of compact high density cities that give priority to urban
regeneration of brownfield sites, mixed land uses and increased provision of public transport.
The compact city strategy is underpinned by research that links the pattern of land use to the
use of transport and its consequential environmental impact, in terms of energy use and
emissions (e.g. Hillman and Whalley, 1983; Newman and Kenworthy, 1989; Owens, 1992;
ECOTEC, 1993; Headicar and Curtis, 1995).  It is a strongly held view that the pattern of
land use is the primary cause of the pattern of transport, that is to say the suburbanisation of
England has led to high car dependency, which in turn, reduces the sustainability of urban
development in the long run.

However, the effectiveness and desirability of the compact city has been challenged on many
fronts, not least by market interests, arguing that it flies in the face of expressed preferences
of firms and households.  Academics have contested its efficiency in reducing transport
emissions (Breheny, 1996).

Objectives of the Study

The Independent Transport Commission was particularly concerned to throw light on the
extent of suburban England, its likely growth, the implications this might have for travel and
what might be done to alleviate any resulting problems

This study accordingly set out to understand the pattern of land use in England and the
resulting pattern of transport.  It plots the evolution since 1981 and the likely future up to
2021. The study relates the observed land use patterns to the observed transport patterns over
the same period in order to confirm or not claims of the link between land use development
and its transport consequences. By relating land use to transport use it is possible to estimate
the likely transport consequences if the land use trends are extrapolated to the year 2021.

The study speculates on the likely impact of alternative policies aimed at avoiding the
problems arising from the trends. The polices are grouped in three sets: regulatory policies
aimed at constraining land use; investment policies aimed at easing future congestion by
increasing the transport capacity; and finally, pricing policies aimed at changing travel
behaviour to reduce congestion.
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Limitations of the Study

The study uses two main data sources: the Census of Population (ONS, 1981, 1991 and
2001) and the National Travel Survey (DTLR, 2001). The Census of 1981 and 1991 provides
the basic data. Presently, the 2001 Census is only available at the district level. In order to
use the 2001 information to extrapolate the trends it was necessary to aggregate all of the
ward information of the 1981 and 1991 Census to district level, to make it compatible with
the available 2001 Census information. 

The National Travel Survey is a sample survey and is not representative of a particular
geographic area. It does however relate traffic patterns to broad categories of settlement
sizes.  Unfortunately the categories used are not the same as the land use classification of the
Census by the DETR that forms the basis for the present study (see Appendix A). To achieve
compatibility between the two sources of information a transformation of the Travel Survey
data into DETR land use classification was devised. The method employed was based on
probability estimation and is explained in Appendix B. The transformation, although it uses
all available prior information in a mathematically consistent way, nevertheless reduces the
accuracy. However, it is expected, that the method employed in the study is sufficiently
robust to give workable results of the relationship between land use and transport patterns.

One of the land use classes identified by the DETR – Urban – is heavily biased by the
London data.  The population in London accounts for more than 80% of the population of
England classified as Urban.  The other population classified as Urban in large cities and
metropolitan areas outside London account for a relatively small proportion of the total, due
to continuous decline of the population in those places.  This bias in itself is not a problem,
but of course the results obtained in this study are not particularly representative of urban
population of declining large cities and metropolitan areas outside London, which makes up
less than 2% of the total population of England.

Organisation of the Report

In section 2 the patterns of land use in England from 1981 to 2001 are analysed and its future
evolution projected until 2021.

In section 3 the pattern of land uses is related to the transport pattern, establishing whether or
not there are clear and consistent relationships between the type of land use development and
the resulting pattern of transport.  Using the established relationships it forecasts the future
transport as a result of the land use projections.

In section 4 the main outcomes of the trends and potential policies to improve the transport
conditions in the future are summarised.

In section 5 the main relationships established between the pattern of land use development
and the transport patterns are explained.  It summarises the likely effect of the policies
considered.
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2 Land Use Patterns

Classification of Land Uses

The classification by Department of Environment Transport and the Regions (DETR, 2000b)
of the 1991 Census wards in England provides the basis for describing the land use patterns.
The classification, which is further described in Appendix A, groups all wards into five
types:

1. Rural
2. Suburban /Rural
3. Suburban
4. Suburban/Urban
5. Urban

These types provide an adequate representation for the purpose of this study of the
distribution of land uses in England as illustrated in figure 2.1. It can be observed that the
‘Rural’ wards are mainly in agricultural areas. The ‘Suburban/Rural’ wards are distributed in
agricultural areas that include isolated villages. ‘Suburban’ wards are concentrated on the
fringes of towns. ‘Suburban/Urban’ wards are in the suburbs of the metropolitan areas and
larger towns. Finally ‘Urban’ wards are generally located in inner London Boroughs and the
city cores of the Metropolitan areas.  Figure 2.2 focuses on the area of Cambridge to
illustrate the classification.  It can be observed that the City centre ward is classified as
Urban, as illustrated in photograph 2.1.  In this area there are practically no houses, only
high-density flats that are mixed with non-residential uses. The streets in the area give
priority to pedestrian and public transport use.  The surrounding ring of wards is classified as
Suburban/Urban and covers mainly the inner areas, containing a mixture of medium density
terraced and semi-detached houses.  Beyond this ring are the Suburbs proper containing
lower density semi-detached houses.  Further away are the Suburban/Rural areas that have a
mixture of agricultural land and villages that house mainly commuters to the urban areas.
The remaining wards are classified as rural, where there are isolated farmhouses and hamlets
within agricultural land.

Main Characteristics of the Land Uses

Table 2.1 summarises the main characteristics of the land use types. 

84% of the English population live in suburban type wards: ‘Suburban /Rural’ which are on
the outer fringes of towns account for 16%, ‘Suburban’ which are the proper suburbs of the
majority of towns accounting for 44%, and ‘Suburban /Urban’ which are the inner suburbs of
the major conurbations accounting for 25%.  Probably the main characteristic of suburban
types of wards is the predominance of individual houses with gardens varying in density,
from terraced houses in the ‘Suburban/Urban’ class, semi-detached houses in the ‘Suburban’
class and detached houses in the ‘Suburban/Rural’ class.  The Suburban type wards share
similar characteristics as will be seen further on. 

It is interesting to note that in 1991 only about 8% of the population of England lived in
Urban wards. This is about the same percentage as live in the Rural wards. The implication is
that as only 1.31% of the national population (ONS NOMIS, 2003b) work in agriculture, a
large percentage of the people living in Rural areas must commute to towns offering non-
agricultural employment or are not economically active.
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Figure 2.1 England showing the DETR 1991 Classification of Wards

The Rural wards occupy about 55% of the total area of England, whilst the Suburban wards
cover about 44% of the total land. Urban areas comprise less than 1%. Within the Suburban
wards the Suburban /Rural is about 24% of the land with the inner and outer suburbs taking
up 21%. Figure 2.3 illustrates the correspondence between the land use and population in
percentage terms in each class of ward.
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Figure 2.2 Cambridge Area showing DETR Classification of Wards (Inset: Cambridge
Centre). Background map reproduced by permission of Ordnance Survey on behalf of Her Majesty’s Stationary Office © Crown
copyright. All rights reserved. Licence No 100041063
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Figure 2.3 Relationship between Population and Land Use in England by Classification of
Wards in 1991
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Photograph 2.1 Illustration of Land Use Classes as applied to Cambridge Sub region
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by district 1           
RURAL

2 
SUBURBAN/ 

RURAL

3           
SUBURBAN

4 
SUBURBAN/ 

URBAN

5           
URBAN

            
ALL AREAS

Population 1991 3,542,873 7,467,510 20,521,268 11,676,276 3,847,277 47,055,204

Percentage of Total 7.53% 15.87% 43.61% 24.81% 8.18% 100%

Land Area  1991 (hectares) 7,108,800 3,056,384 2,201,780 562,097 68,234 12,997,295

Percentage of Total 54.69% 23.52% 16.94% 4.32% 0.52% 100%

Weighted Ave Pop Density 
1991     persons per hectare

1.17 2.14 12.13 28.24 69.15 17.24

1991 SEG Groups 1-4 
Managerial & Professional

17.26% 18.71% 17.86% 13.81% 16.29% 16.78%

1991SEG Groups 5-7 
Clerical & Administrative

13.94% 14.77% 16.26% 15.95% 21.95% 16.24%

1991 SEG Groups 8-10 
Manual Workers

16.93% 17.30% 19.11% 20.82% 13.47% 18.65%

1991 SEG Groups 11-16 
Unskilled & Others

14.36% 12.05% 9.10% 7.99% 8.09% 9.59%

1991 Economically 
Inactive & Unassigned

37.52% 37.17% 37.67% 41.44% 40.20% 38.75%

1991 % population over 65 17.64% 17.20% 15.79% 16.06% 13.74% 16.05%

2001 Weekly Household 
expenditure (a)

£455.14 £386.16 £372.26 £374.72 £479.17 £390.92

2001 Housing expenditure 
(net)

13.64% 14.82% 15.30% 15.57% 17.11% 15.33%

2001 Travel expenditure 
(all modes)

17.93% 15.99% 15.41% 15.46% 14.55% 15.65%

2001 Other expenditure 68.43% 69.19% 69.29% 68.96% 68.34% 69.02%

2002 Ave cost 4/5 room 
house (b)

£100,547 £115,913 £119,380 £103,236 £256,165 £121,054

2001 Ave number of rooms 
per Household ( c)

5.81 5.71 5.41 5.10 4.39 5.33

Table 2.1 Main Characteristics of each Land Use Class in England
(a) Source: ONS Family Spending (2001); (b) Source: Wilcox (2003); (c) Source: ONS UK Census (2001)

Population Density

The gross density is the total number of people living within the area of each ward. In this
case it includes not only the net housing land but also all land in the ward (e.g. roads, public
spaces, non-residential uses, etc). The number of people in each ward is used as a weight to
obtain an average gross density in each class:

Dn=Σi (Pi
n/Li

n) x Pi
n/Σi Pi

n

    
where Dn = Gross density for class n (n = 1 - Rural, n=2 - Suburban/Rural, ….)

Pi
n = Population of ward i belonging to Class n

Li
n = Land area of ward i belonging to Class n

The overall density is also weighted by the number of people in each class i.e.

D = Σn Dn x Pn/ Σn Pn

It can be observed that Rural wards have an average of just about 1 person per hectare whilst
the Urban wards have an average of 69 people per hectare. The overall weighted average
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gross density at district level for the whole of England is about 17 people per hectare (see
figure 2.4).  However, it must be noted that districts on the fringes of cities that are classified
as Suburban or Suburban/Rural sometimes contain a large proportion of agricultural land.
The outcome is that average gross density appears to be lower than reality.  Their density is
probably closer to the Suburban/Urban than to Rural densities. 
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Figure 2.4 Gross Weighted Average Population Density by DETR Classification in 1991

In 1991 Rural and Suburban/ Rural areas held the highest proportion of Over 65’s at over
17% of the population. The Suburban and Suburban/Urban area population are close to the
national average of 16% whilst the Urban areas are significantly below at 13.7% (see figure
2.5).  The proportion of younger people in urban areas is due to the proportion of foreign and
national immigrants who tend to be younger.
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Figure 2.5 Proportion of Over 65’s by DETR Classification in 1991
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Socio-economic Distribution across the Land Use Classes

The socio-economic composition of the population has been split into five groups:
managerial and professional (SEG 1-4) that make up around 17% of the national population;
clerical and administrative (SEG 5-7) that make up around 16%; manual workers (SEG 8-10)
accounting for 19%; unskilled (SEG 11-16) accounting for 10% and economically inactive
and unassigned accounting for 39% of the population.  Figure 2.6 shows that the managerial
and professional group is slightly more concentrated in Suburban, Suburban/Rural and Rural
areas.  The clerical and administrative group is concentrated in Urban areas while the manual
group is concentrated more in Suburban/Urban and Suburban areas.  The economically
inactive, including unemployed people, tend to concentrate in Urban and Suburban/Urban
areas.
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Housing and Household Expenditure

The Household Expenditure Survey for 2000 (ONS, 2001) provides information on the
breakdown of expenditure for a typical household across areas of England, which has been
converted using the probability matrix (see Appendix B) to relate to the DETR classification
used in this study. This shows that typical housing expenditure per household is at least 30%
higher in the Urban areas than any of the other categories.  It must be emphasised that the
Urban class is heavily biased towards London data.  Other areas do not differ greatly
although Rural areas are slightly higher than any of the Suburban categories (see figure 2.7).
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Figure 2.7  Weekly Housing Expenditure in 2000

When house prices (Wilcox, 2003) are analysed for the same size of dwelling and grouped in
to the DETR land use classes, the pattern is similar, with urban house prices far higher than
anywhere else (see figure 2.8).
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Figure 2.8 Average House Prices compared for 4/5 room Dwellings in 2002
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Since, on average, households in urban areas spend only 30% more on housing, the
difference is they have less space than people living elsewhere (see figure 2.9).  The reduced
space standard may be less of a problem in Urban areas as a higher proportion of households
living in these areas are younger people with no children and, in some cases, are sharing
accommodation.
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Figure 2.9 Average Number of Rooms per Household in 2001

The overall weekly expenditure is illustrated in figure 2.10.  If expenditure is used as a proxy
for income, it is possible to say that suburban households have similar incomes, while urban
and rural households have higher incomes.  Probably these last two groups contain a wider
variety of incomes with a mixture of higher and lower income households.
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Analysis of the breakdown of the household expenditure in figure 2.11 indicates that
although the percentage of the expenditure for housing and travel combined is similar in all
areas (about 31%) there is a systematic difference in the expenditure on travel and housing in
the different areas. In Suburban areas the expenditure on Housing and Travel is balanced
with a similar proportion going to each type.  In Urban areas housing expenditure is higher,
with over 17% of the total, and travel expenditure lower, at 14.6%. In Rural areas this
proportion is almost reversed, with housing expenditure being lower at 13.6% of the total and
travel expenditure higher at 17.9%. Clearly the savings from lower housing expenditure in
Rural areas are balanced by increased travel expenditure.  Thus, the empirical evidence
supports the ‘trade-off’ theory between travel and housing (Alonso, 1964).  

Some people have a preference for a living style requiring more space and thus are able to
acquire it in cheaper rural areas, but this entails higher travel costs.  Other people have a
preference for a living style requiring more social interaction and are able to realise this by
paying more for their housing, but saving in travel costs.
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Figure 2.11 Housing and Travel Breakdown of Typical Household Expenditure in 2000  

Trends in Land Use 1981 to 2001

The population of England has been growing steadily over the 20 years – 1981 to 2001 – by
between just under 3% in the first decade to around 4.5 % in the second (ONS, 1981, 1991,
and 2001). 

In order to understand the trends, the ward classification has been maintained, i.e. that once
classified in 1991, each ward or district remains in the same classification for previous and
subsequent years.  Although the character of some areas may change over the years through,
say, development or migration, the area has not been reclassified so that a consistent base for
comparison and trend forecasting can be maintained.



16

Taking the 20-year perspective, Suburban areas have grown the most in absolute numbers,
but at a rate near to the average for the country.  This is the result of being the land use class
that contains the highest proportion of the population of England.  The Rural and
Suburban/Rural areas show the highest rate of growth in population at above 15%, double
the national average over the period (see figure 2.12). The Urban areas rate of growth is at
slightly over the national average, with the Suburban/Urban, practically static. This confirms
the trend of dispersal of the population to suburban and rural areas.  The urban areas have
maintained their share due to the international migration into London.  Figure 2.13 illustrates
the change in absolute numbers of people for each land use class.
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Figure 2.13 Population Change in Absolute Numbers 1981 to 2001
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Population Forecasts

The population projections published by the Government Actuary in 2000 (Government
Actuary’s Department, 2002), based on estimated population figures for 2000, give annual
figures to 2024. These start at a slightly higher figure for 2001 than the UK Census has
demonstrated, and also are based on immigration stabilising by 2003 at 128,000 per annum.
The totals were adjusted in this study to correspond to the 2001 Census data and therefore
give a forecast of 53 million for the total population of England in 2021 representing a 12.7%
increase in population. The share of population for each of the DETR classifications was
extrapolated using shift and share analysis techniques (see Appendix C).  The technique
involves the allocation of the total growth (shift) to each class according to their forecasted
proportion (share).  Figure 2.14 illustrates the real and forecasted share up to the year 2021,
based on extrapolating the past trends.
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Figure 2.15 incorporates the final results with the absolute increases in population 2001 to
2021 for each of the classes. The extrapolation shows that Suburban areas marginally reduce
their share of population as well as Suburban/Urban areas.  These areas are more
consolidated and present fewer opportunities for new development.  In contrast the Urban
areas increase their share, as more ‘brownfield’ areas are redeveloped.  This extrapolation
confirms the trend of the 1991-2001 period.  The Suburban/Rural grow in line with the
national average, while the Rural areas grow above it.
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Figure 2.15 Population Change in Absolute Numbers 2001 to 2021

From these population figures the trends in gross density were estimated for the five DETR
classes, indicating relatively minor increases in density in all classes except Urban areas
where rises are substantial approaching 100 persons per hectare (see figure 2.16).
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Figure 2.17 gives an example of the underlying internal population movement in London
over the last 20 years compared to the Census. It uses the information for UK residents re-
registering addresses within the National Health Service (ONS, 2003a). The net movement is
outward; comprising an outward migration compensated somewhat by inward migration of
population. However, although the net result is consistently negative, over the 20 years the
total population in London has risen. This infers that the difference is made up of substantial
immigration from outside the UK, which actually exceeds the annual volume of the net
internal balance by between 30 and 80%.

There could be many reasons behind the net outward internal migration of London.  One of
the causes could be that as households become wealthier they tend to move out of reduced
accommodation to the more spacious Suburban/Rural areas and beyond.  Another reason
could be that retiring households can trade their valuable urban dwellings and move to
cheaper accommodation outside Urban areas, making a capital gain for their older age.  But
there are other reasons that are not part of this study, such as better schools, less crime, etc, in
non Urban areas that certainly contribute to the internal exodus.

It is also worthy of note that there is internal inward migration to London, probably by
younger people in search of jobs and social opportunities, that compensates in some measure
for the outward internal migration.
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3 Transport Patterns

Sources of Information

The main source of information for travel patterns in England is the National Travel Survey.
The survey started with ad hoc surveys in 1965 which were updated in 1972/73, 1975/76,
1978/79, 1985/86 (DTLR, 2001). Since 1989/91 the survey has been continuous and the
sample size held at about 9000 households who keep a seven day diary of all travel over 50
yards in distance. The latest published information covers the period 1998/2000 (DTLR,
2001). The survey is a sample of and is not representative of a particular area within a region
but gives a reasonably accurate estimate of the patterns over broad areas. The Department for
Transport gives other sources of travel information used – in bulletins and on their web site.

Linking Transport with Land Uses

The NTS publishes extensive statistics on overall travel but only limited data by settlement
size, which does not correspond exactly with the land use classification used by DETR as
defined in Section 2. The list of settlement types in the 1998/2000 survey (DTLR, 2001) is as
follows:

• Rural
• Small Urban 3-10k people
• Small/medium Urban 10-25k people
• Medium Urban 25-250k people
• Large Urban over 250k people
• Metropolitan
• London Boroughs

In previous surveys the classification differs slightly.

In order to link the land use classes in Section 2 with the transport statistics available, a
method has been employed that involves the estimation of the probability of people living in
one of the land use classes belonging to a typical settlement used for recording the transport
data (see Appendix B). The probability matrix estimated for 2001 is illustrated in Table 3.1.
Having obtained the probabilities it is possible then to estimate the travel characteristics of
each land use class.
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NTS Settlement types

DETR 
Land use
Classification Rural

Small
urban
3k to 10k

Small/
medium
urban
10k to
25k

Medium
urban
25k to
250k

Large
urban
over
250k

Metrop-
olitan
built-up
areas

London
Bor-
oughs  Total

1 Rural 0.077 0.000 0.000 0.000 0.000 0.000 0.000 0.077
2 Suburban/
Rural 0.003 0.080 0.080 0.000 0.000 0.000 0.000 0.162

3 Suburban 0.000 0.010 0.020 0.197 0.107 0.065 0.033 0.432
4 Suburban/
Urban 0.000 0.000 0.010 0.103 0.028 0.068 0.035 0.244

5 Urban 0.000 0.000 0.000 0.000 0.006 0.007 0.072 0.085

 Total 0.080 0.090 0.110 0.300 0.140 0.140 0.140 1.000

Table 3.1 Probability Matrix for Population Distribution in 2001

Main Characteristics of Travel by Land Use Class

Tables 3.2 and 3.3 summarise the main travel characteristics of each land use class. 

DETR
CLASSIFICA-

TION

1
RURAL

2
SUBURBAN/

RURAL

3
SUBURBAN

4
SUBURBAN/

URBAN

5
URBAN

ALL AREAS

TRAVEL
CHARACTERIS-
TICS

UNITS

Trip Generation Trips pp pa 1,016 1,021 1,020 1,014 992 1,019

Travel Distance Miles pp pa 8,889 7,957 6,351 6,127 5,493 6,815

Trip length Miles 8.7 7.8 6.2 6.0 5.5 6.7
Car Ownership
by Household

No car % 18% 18% 24% 34% 47% 27%

1 car % 44% 44% 44% 44% 40% 44%
2 or more cars
%

38% 38% 32% 22% 13% 29%

All % 100% 100% 100% 100% 100% 100%
Modal Split by
Person

Walk % 20% 25% 26% 27% 30% 26%

Cycle % 1% 2% 2% 1% 1% 2%
Private vehicle
%

75% 69% 64% 62% 52% 65%

Public
Transport %

3% 4% 8% 9% 17% 8%

All Modes % 100% 100% 100% 100% 100% 100%

Table 3.2 Basic travel statistics for 2001 for each land use classification
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2001 DETR
CLASSIFICA-

TION

1
RURAL

2 SUB-
URBAN/
RURAL

3
SUB-

URBAN

4 SUB-
URBAN/
URBAN

5
URBAN

ALL
AREAS

TRAVEL CHARACTERISTICS UNITS

Travel to Work Time taken Minutes 23 24 25 26 34 25
Distance Miles 8.7 7.8 6.2 6.0 5.5 6.7
Speed MPH 23 19 15 14 10 16

Motoring Cost £ pp per week £30.00 £22.92 £21.79 £22.39 £18.91 £22.51
Distance miles per week* 151 134 98 93 71 107
Cost £ per mile* £0.20 £0.17 £0.22 £0.24 £0.27 £0.21

Public Transport Cost £ pp per week £2.00 £2.10 £3.54 £4.31 £7.71 £3.73
Distance miles pp per week 14 14 19 21 34 17
Cost £ pp per mile £0.14 £0.15 £0.19 £0.21 £0.23 £0.18

All modes travel Cost £ pp per week £32.00 £25.02 £25.33 £26.70 £26.62 £26.24
Distance miles pp per week 171 153 122 118 106 131
Cost £ pp per mile £0.19 £0.16 £0.21 £0.23 £0.25 £0.20

Fuel cost Cost £ pp per week** £8.91 £6.29 £6.01 £6.09 £4.38 £6.13
Distance miles pp per week* 151 134 98 93 71 107
Cost £ pp per mile* £0.06 £0.05 £0.06 £0.07 £0.06 £0.06

Car Occupancy No. persons per vehicle* 1.49 1.58 1.60 1.60 1.64 1.57
* includes both driver & passenger miles
** uses per vehicle proportionate cost x per person cost

Table 3.3 Travel time, costs of travel and motoring derived by land use classification in 2001

The number of trips per person per year does not vary significantly by land use class. Thus
there are no implications on travel generation with different types of land development (see
figure 3.1).  However, there are important implications in terms of travel distances, car
ownership and modal split for each land use class. Further on it can be seen that there is a
consistent variation in travel patterns according to land use classes.
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Figure 3.1 Number of Trips per Person in 2001

The distance travelled varies considerably according to the land use class.  Suburban area
distances approximate to the average annual distances travelled by the population of
England.  People in Urban areas travel the shortest distance on average whilst people in
Rural areas travel 62% further on average (see figure 3.2).
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Figure 3.2 Trip Distance per Person by Mode in 2001

Car ownership within households varies by land use class (see figure 3.3). Suburban area
figures again approximate to the average car ownership of the population of England.
However, it is significant that one quarter of the Suburban households do not have access to
cars.  This must create considerable disadvantages to those households because alternative
public transport is not universally available in these areas.  47% of households do not run a
car in Urban areas, reducing to 18% in Suburban/Rural areas, that is to say 90% more cars
per person.  It is remarkable that Suburban/Rural  and Rural areas have the same car
ownership.  It does confirm that people living in these areas, who can be called ‘exurbanites’,
have very similar lifestyles.
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Figure 3.3 Household Car Ownership in 2001
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The resulting modal split is not as pronounced in terms of car use with 54% of travel by
private modes in Urban areas increasing to 74% in Rural areas, that is to say 50% higher car
use. The provision of relatively frequent public transport in Urban areas allows a higher
percentage (10%) of trips by that mode which in Suburban/Rural and Rural areas reduces to
2% (see figure 3.4).  In all Suburban areas the percentage of people walking is significantly
higher than in Rural areas and even more in Urban areas.
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Figure 3.4 Travel Modal Split in 2001

Figure 3.5 illustrates the average time of travel for all modes of transport in each land use
class for 2001.  What is significant is that in the different land use classes the average time
taken travelling to work is fairly constant at around 23-26 minutes except in Urban areas
where it increases by 28% to 34 minutes.  Average travel to work time in Urban London is
even higher, at 43 minutes (DTLR, 2001).  The corollary is that speed of travel varies
significantly with an average of just over 10 mph achieved in Urban areas increasing by
more than 100% to 23 mph in Rural areas. The cost of transport varies by land use class, with
the lowest overall travel and cost per person for both private and public transport modes in
Suburban/Rural areas (see figure 3.6). This is a very significant result, as the people in
Suburban/Rural areas have high mobility but with no increase in the cost of travel.  It can
also be argued that in Urban areas there is not need to have high mobility (expressed in
higher distance travelled) as the opportunities for work, shopping and recreation are more
closely at hand.
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Figure 3.5 Mean Travel Time to Work in 2001
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Figure 3.6 Travel Costs per Person 2001

Average car occupancy increases (see figure 3.7) as one moves from Rural through Suburban
to Urban areas and this means that when passenger miles are taken into account, motoring
costs per person-mile in Urban areas are lower.  
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Figure 3.7 Car Occupancy in 2001

Density, Travel and Sustainability

It is possible to relate the density of development in each land use class to travel costs and
energy use (as estimated by fuel expenditure in motoring). Figure 3.8 illustrates how travel
expenditure varies with population density that corresponds to each land use class. There is a
big reduction from Rural to Suburban/Rural and thereafter expenditure increases with
density. The fuel cost per person does not increase at the highest density due to lower use of
cars and increased car occupancy or car sharing.  What is significant is that the lower density
development reduces overall expenditure per mile in travel, being up to 36% lower in
Suburban/Rural areas than that in higher density areas.  Also the time taken travelling is less.
The result of this study throws some light on the applicability of the international finding by
Newman and Kenworthy (1989) that underpins the sustainability arguments of Lord Rogers
(1999) for increased density in England.  The results obtained show that there is indeed a
reduction of fuel consumption per person with increased density but not as dramatically as
suggested by Newman and Kenworthy (1989).

From the behavioural point of view, the cost of travel in Suburban areas does not differ
significantly from Urban areas, which implies that there is no incentive to live at higher
density to reduce the cost of travel.  The cost of fuel per mile increases with density
reflecting the reduction in average speed.  
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Motoring Costs

The effect that car occupancy has on the cost of motoring has previously been referred to.
Occupancy is defined as the total number of person motoring miles divided by the number of
driver miles; this gives an occupancy rate in people per car.  Between 1981 and 2001 the
general trend was for occupancy to fall (from 1.66 persons per car to 1.57 persons). Whilst
the occupancy rate does not vary greatly across the land use classes (within about 5%) in
1981 (all except the Rural areas being very similar), by 2001 there is a distinct gradient of
occupancy reducing from Urban to Rural areas.

When motoring costs are analysed using weekly household expenditure converted to per
person costs, it shows Rural costs are well above the national figure of £22.51 per person and
Urban costs well below (see figure 3.9).  All suburban areas have similar cost while the
urban areas are well below the national figure, due to an increase in car occupancy, less use
of cars and lower car ownership.
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Figure 3.9  Overall Motoring Expenditure in 2001

If this is looked at in terms of costs per person-mile the results are very different (see figure
3.10) with Urban motoring costs being almost 30% higher than the national rate of £0.21 per
person-mile and Rural and particularly Suburban/Rural areas being significantly below.   The
reason for the variation in cost per person-mile is that the cost of owning a car in urban areas
is more expensive (e.g. insurance, parking), and the running costs are also higher due to the
lower speeds and thus less efficient use of fuel.
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Transport Forecasts

Using the population projections and trends in the National Travel Survey data, it is possible
to estimate trip generation, car ownership, distance travelled, modal split, and travel time to
work for future years. 

The average total number of trips per person has remained fairly consistent in all the land use
classes from 1981 to 2001, hovering around the 1000 trips per year level. There has been a
small reduction of total trips between 1991 and 2001, reaching the same level as in 1986.
The forecast (see figure 3.11) is that numbers remain stable with a possible slight increase to
1100 trips per year by 2021.

0

200

400

600

800

1000

1200

1976 1981 1986 1991 1996 2001

A
ve

ra
ge

 N
um

be
r o

f T
rip

s 
pe

r P
er

so
n 

pe
r Y

ea
r

Figure 3.11 Forecast Trip Generation 1975 to 2021

Overall the trend for the proportion of households with no car is to decrease and those with 2
or more cars is to increase, with the proportion of single car households remaining relatively
constant. The overall number of cars is therefore predicted to continue to rise (see figure
3.12).
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Figure 3.12 Forecast Car Ownership
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The average distance travelled per person seen since 1981 continues to increase steadily to
2021 and this comprises almost entirely private motoring miles. The overall picture shows
the national current mileage increasing by 1000 miles to nearly 8000 miles per year in all
modes, of which nearly 7000 miles is private motoring (representing 85% of the trip miles
travelled (see figure 3.13). 
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Figure 3.13 Trends in Travel Distance per Person 1985 to 2021

Between 1981 and 2001 the proportion of journeys by private motoring has steadily risen
with the percentage of walking trips falling equally and other modes falling slightly or
remaining steady. This trend is set to continue through to 2021 by which time private
motoring accounts for over 70% of trips nationally and walking has reduced to 20%. The
percentage of public transport journeys slowly drops to 7.3% by 2021 from the 10% level
seen in 1981 (see Figure 3.14).
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31

Land use and transport forecast

Trip generation by land use class is expected to remain fairly constant in the future (see
figure 3.15).  Distance travelled is expected to increase above the national average in
Suburban/Rural areas while the Rural areas will grow about the same as the national average.
In contrast, the growth of travel distance within the Urban areas is likely to be well below the
national average. Figure 3.16 illustrates the evolution and forecast change in travel distance
by mode of transport and land use class from 1985 to 2021.
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Figure 3.15 Trends in Annual Trip Generation 1986 to 2021
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The forecast in vehicle-mileage from 2001 to 2021 is illustrated in figure 3.17.  The total
additional 78.5 billion private vehicle-miles per annum represent an increase of about 28%
for the 20 year period, or 1.2% per year.  People living in Suburban areas generate the
biggest absolute increase in vehicle miles.  This is the result of the average increase in
distance travel per person applied to the largest proportion of the population.  Traffic
congestion in Suburban areas is bound to become more apparent given the increase in travel
distance involved.
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Figure 3.17 Trends in Private Vehicle Miles 2001 to 2021

Figure 3.18 illustrates the resulting increase of 40% in travel time to work (14% due to
increases in distance and 26% due to increased congestion) for non-Urban areas, and a 32%
increase for Urban areas.
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Figure 3.18 Forecast Mean Travel Time to Work



33

4 Policies
Impacts of Trends

From the previous section it is possible to conclude that the process of suburbanisation and
exurbanisation will probably continue, adding an extra 3 million people to Suburban and
Rural areas by 2021, representing 90% of the total population. This process will add about 80
billion annual passenger miles, mainly through increased in car use. This addition represents
an extra 28% over the existing volume of traffic on the road network.

There are many advantages to the people who move to the suburbs and rural areas. Amongst
the most significant are the following:

• Increased space standards (i.e. more land and bigger houses) for the same expenditure
• Increased personal mobility (i.e. higher mileage with no increase in monetary cost and

lower travel times)
• Other factors such as low crime, better schools, etc, that are not part of this study

The increase in space and mobility standards contributes to perceived improvement in quality
of life, giving access to a greater choice of jobs, social and recreational opportunities.

The negative impacts of these trends are:

• Increased congestion leading to time wastage
• Increased emissions and use of non-renewable resources (but less than the increase in

traffic would indicate)
• Reduce transport options for people not having car available to them

It is important to note also that the forecast is for a probable extra 1.1 million people living in
Urban areas by 2021. There has been a small increase in people moving to Urban areas since
the 1991 Census; probably the younger adults are attracted by city life styles. This increased
movement to Urban areas is more than compensated for by people moving out from Urban
areas. The net internal migration of people between Urban and non-Urban areas is therefore
negative for the Urban areas. The overall increase forecast for Urban areas to 2021 is thus
effectively a product of external immigration. The external immigrant is, in general, poorer
and thus perhaps accepts lower space standards more readily (i.e. high-density living) and
lower mobility. The people in Urban areas will probably have a 27% increase in population
density compared to the national average of 8.5% and a 33% increase in travel time
compared to the national average of 40%.

Policy Options

There are three types of policy instruments that can be implemented to alter the trends. These
are:

• Physical regulatory policy: where the use of the land and/or transport networks is
restricted. Land use policies are a typical example of this. The Government White Paper
(DETR, 2000a) tries to control the process of suburbanisation and exurbanisation by
promoting the use of brownfield land in Urban areas (e.g. derelict land left unused by the
closure of industrial operations) to reduce the intake of greenfield  non-Urban land.



34

• Investment policy: where there is an increase in the capacity of networks to
accommodate the increases in traffic. This may entail an expanded road network and/or
public transport network.  This expansion can be financed by general taxation or charging
users for it.

• Pricing policy: where charges, taxes or subsidies are imposed on the use of the land and
networks to reflect the costs of their use. In theory differential variable values can be
introduced to reduce the intake of greenfield land. In practice this instrument is not
permitted at present.

Physical Regulatory Policy

This policy aims at preventing the further suburbanisation and exurbanisation of England by
restricting the use of greenfield land.  The Urban White Paper (DETR, 2000a) acknowledges
the exodus of people and jobs out of urban areas and into suburbs and exurbs (i.e.
Suburban/Rural areas).  However, the policy aims to encourage people to remain and/or
move back into urban areas.  The main justification behind this is to reduce the wasteful use
of land and natural resources (i.e. fuel) and to minimise increased pollution.  There is strong
belief in the relationship between density and consumption of petrol.  Based on international
comparison the increase in density is assumed to substantially reduce transport energy use.
As it has been explained in the previous section, this is not necessarily the case in England. 

The key question for the regulatory policy of containment is how ‘to make sustainable urban
living practical, affordable and attractive’ (DETR, 2000a).  The centres of Urban areas are
being improved, but have not attracted a sufficient number of people from non-urban areas
within England to make a positive impact in internal migration to urban areas (although
London is attracting external immigrants).  The availability of brownfield sites does not
necessarily correspond with the location of  new jobs and the Government diluted the impact
of the policy by announcing substantial development of greenfield areas in South East
England – Ashford, Milton Keynes and the M11 corridor.

Even if the policy of containment is successful it would mean the densification of existing
Urban and Suburban/Urban areas.  Essentially the 1.5 million extra people that are expected
to locate in Suburban/Rural and Rural areas should be shifted to the Suburban/Urban and
Urban areas, in addition to the 1.5 million extra people that are expected to locate there.

The consequence will probably be a reduction in the space standards of the population (i.e.
less land and less building space), reduced mobility and possibly, reduced opportunities, as
well as an increased cost of living – housing and travel.  It is unlikely that this policy would
make the urban areas ‘affordable and attractive’ to a substantial sector of the population.

Investment Policy

This policy aims at improving the congestion in the transport system by increasing its
capacity.  The UK Government ten year plan (DETR, 2000c) aims at improving the transport
system by a combination of policies, but with strong emphasis on railway investment, local
transport and strategic roads. Table 4.1 summarises the main investments.
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The plan envisages a substantial private investment as well as investment from public
resources (e.g. fare and charge revenues).  The lion’s share of the investment is in the
railways, including the completion of the Channel Tunnel Rail Link to St Pancras,
modernisation of the West Coast Main Line, upgrading the East Coast Main Line, Great
Western Main Line and a number of other capacity enhancements (see figure 4.1).  It is
expected that these investments will result in faster, more reliable and frequent railway
services that, in turn, will increase by 50% the number of passenger journeys by this mode of
transport. 

£ Billion Public Private Total Public
Resources

Total
(Investment)

Railways 14.7 34.3 49.1 11.3 60.4
Strategic Roads 13.6 2.6 16.2 5.0 21.3
Local Transport 19.3 9.0 28.3 30.6 58.9
London 7.5 10.4 17.8 7.4 25.3
Other Transport 0.7 N/a 0.7 1.5 2.2
Unallocated 9.0 N/a 9.0 N/a 9.0
Charging income N/a N/a N/a 2.7 2.7
Total 64.7 56.3 121.0 58.6 179.7

Table 4.1: The Ten Year Plan (DETR, 2000c)

The investment in strategic roads is rather modest, especially in comparison with present use.
The main investment is geared to improve management, build bypasses and widen the most
congested corridors.  It is expected that the investment will reduce existing congestion by
5%.  The investment in local transport focuses on better public transport such as light rail
lines, bus priority schemes, park and ride schemes and support for bus services.  It is
expected that there will be a 10% increase in bus passenger journeys and an 8% reduction in
congestion in Urban areas.  London receives a substantial investment to improve the
underground, bus and rail services.

Recent revision to the Plan (DfT, 2002) forecasts that congestion would grow faster than
previously anticipated and thus the effect of the Plan, although large, will still see an increase
in congestion on all roads of between 11% and 20% in 2010.

It is probable that the plan will miss its target, especially on the improvement of railways,
due to the increased cost of upgrading the services.  Also, the accidents that have occurred
have resulted in a less reliable network that may take years to resolve.  This may reduce the
attraction to passengers and also affect location decisions by firms and households in the
future.
  
However, if it is assumed that the investment goes according to plan but over a longer period
and the results are those expected, the impact on the land use pattern in England could be
important.  Hall and Marshall (2002) have explored, for the Independent Transport
Commission, the likely consequences of the investment plan as follows:

• Faster and more dependable journeys by road and rail would enable more city workers to
live further from their jobs.  This could, in turn, retard urban regeneration in towns such
as Manchester, Leeds and Birmingham.

• The extension of London’s commuter hinterland would be particularly marked. 
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Figure  4.1 The Ten Year Plan: Map Rail Projects (DETR, 2000c)
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• In towns and villages subject to increased commuter inflows house prices would rise; in
districts closer to metropolitan centres which were failing to attract residents, prices
could stabilise or fall – though it is not expected that this would apply to London.

• Modern manufacturing and distribution would tend to become more concentrated at
locations offering opportunities for road and rail interchange.

The predictions of Hall and Marshall are consistent with the observed patterns analysed in
the present study.  As transport improves, more suburbanisation and exurbanisation will take
place.  People will be attracted to better housing as it becomes more accessible by better
transport.

However, the Ten Year Plan would not alleviate the congestion in Suburban areas as there is
little investment there, in spite of having the largest increase in vehicular travel in absolute
numbers.  In addition, the current revision to the Plan accepts that road congestion will get
worse, even if the Plan is successfully implemented (DfT, 2002).

Pricing Policy

This policy aims at restricting car use by increasing the price of travel in congested areas.
There is substantial literature that supports the management of demand when faced with
scarce resources.  The recent example of the London Congestion Charging scheme has
demonstrated that it is an effective policy for reducing congestion.  The traffic delays in
London have reduced by 30%, journey times have decreased by 14% and reliability has
improved by 30% (see TfL, 2003).  Thus, it has been demonstrated that pricing is effective in
changing travel behaviour, leading to less use of the car in congested areas.

If a charging system is implemented to all areas suffering congestion, a substantial impact on
private travel would be expected.  The work of Glaister and Graham (2003), for the
Independent Transport Commission, provides the basis for considering on the likely impacts
of pricing policies.

The authors tested a number of pricing policy combinations through the use of a computer
model.  Each of the policy combinations is compared against a base case (i.e. ‘do nothing’
case) in which the traffic is assumed to grow by 20%  (because of growth of incomes) and
there is no change in the current charges or taxes and also that infrastructure investment will
be as proposed with the Ten Year Plan. Two pricing policies are worth considering:

(i) The introduction of an environmental charge plus a congestion charge but with a
compensating tax rebate so the total tax revenue is not increased (EC & CC, revenue
neutral policy.)

(ii) Abolition of fuel tax with the introduction of an environmental charge plus a congestion
charge, increased in such a way as to return the same fixed tax revenue as today ( zero
tax, EC & CC, revenue neutral mark-up policy).

All other policies, which may have some positive benefits, greatly penalise the transport
users or the Government purse, which makes them highly unlikely to be acceptable in
practice.
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The results of Glaister and Graham indicate a reduction of traffic, between 28% and 10%, in
London and the big conurbations respectively.  The traffic is shifted to suburban and rural
areas, by up to 10%.  Travel speed in the congested urban area improves by up to 18%, while
speed is reduced in rural areas by less than 1%.  The results indicate that the growth of
potential traffic can be avoided with benefits to transport users (see table 4.2).

Change Relative to Current Situation
£ billion @ 2003 prices

Policy Traffic Impact
Savings in
Environmental
costs (£ billion)

User
Benefits
(£ billion)

Net Total
Benefits 
(£ billion)

‘Do Nothing’ 1.20 -1.19 n/a n/a
EC & CC, Revenue
Neutral 1.01 0.28 0.88 1.8

Zero Tax, EC &
CC, Revenue
Neutral Mark-up

1.04 0.32 0.15 2.9

Table 4.2 Impact of Pricing Policies 

While the authors do not refer specifically to the impact on land uses, it is clear that the
introduction of congestion charging would accelerate the suburbanisation and exurbanisation
of England.  If traffic is shifted from urban to suburban and rural areas it must mean that
more jobs and houses are located in these areas in the long term.
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5 Conclusions

There is a clear relationship between land use and transport patterns in England.

• Suburban areas contain 84% of the population and this is expected to grow by a further
2.5 million up to 2021.  The gross population density ranges from 2 to 28 persons per
hectare.  The proportion of people over 65 years is similar to the national average and
housing expenditure is again similar to the average.  The suburban population spend
about the same proportion of their total expenditure on housing and on travel.  Mobility
in suburban areas is higher, especially in exurban (Suburban/Rural) areas.  Households
tend to have higher car ownership and about 65% of the journeys are by car.  Travel costs
are less than in urban areas and people spend less time than in Urban areas on journeys to
work.  A substantial increase in congestion is expected due to 25 billion vehicle miles of
extra traffic forecast up to 2021.

• Urban areas contain about 8% of the population and use 1% of the land.  The gross
density is about 70 persons per hectare.  The population in urban areas is expected to
grow by 1 million by 2021 if international immigration continues.  But this result is due
to the weight of London within the Urban land use class.  The gross density of these areas
would reach about 100 persons per hectare in the year 2021.  The urban areas tend to
contain a larger proportion of younger people.  Housing costs are higher and thus space
standards are lower than in other areas.  Despite this people spend a larger proportion of
their expenditure on housing and relatively less on transport.  In urban areas the mobility
is less than in other areas, with less car ownership and less use of cars (about 50% of all
journeys are by car).  The cost of travel is higher than the national average and
considerably more time is spent in travelling to work.  It is forecast that congestion will
continue to increase, but not as much as in Suburban areas.

• Rural areas contain 8% of the population and use 55% of the land.  The gross population
density is about 1 person per hectare.  It is expected that a further half million people will
live in these areas by 2021.  Rural areas contain a larger proportion of the over 65 age
group and tend to have a higher concentration of managerial and professional groups.
Housing costs are the lowest of all areas and thus the average house size is larger than in
other areas.  The households living in rural areas tend to spend a higher proportion of
their total expenditure on travel and less on housing.  Mobility is high, and travel
distances are 60% longer than people living in urban areas.  Car ownership and car use is
high, accounting for 75% of journeys.  Travel costs tend to be higher than average
because of lower car occupancy and extensive use.  However, the travel time to work is
low, reflecting low congestion.  It is expected that there will be an increase in congestion
in these areas.

As a conclusion, the pattern of land and transport use in England is consistent.  The trends
show a continuation of suburbanisation and exurbanisation of England.  This is logical, as the
suburbs and exurbs offer higher space standards (i.e. more land and bigger houses) on lower
prices.  Although it is predicted there will be a reduction of households sizes and an ageing
population, there is not evidence of a corresponding reduction of space.  As households are
more affluent they tend to demand higher space standards.  The Suburbs and Exurbs also
offer higher mobility for the same monetary cost and considerable lower travel time.  It can
also be said that there is no significant difference in terms of transport sustainability between
Urban and Suburban areas.  Suburban areas will become more congested as the forecast of
increased vehicle miles will concentrate in those areas.  In the last two decades important
road investments helped vehicular traffic in Suburban and Exurban areas (e.g. M25 Orbital
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road and numerous bypasses around towns and cities), but these roads have become very
congested.  There are few policy initiatives to confront the problem of Suburban and
Exurban congestion.  

Urban areas will continue to grow provided that international migration continues and
because  they are attractive areas for young people who want inner city life styles.  The result
of the trends is that there will be more congestion in the future, with a probable increase in
travel time, leading to more emissions.

The alternative policies to prevent the deterioration in transport congestion have been
grouped in three sets: physical regulation, investment and pricing policies.  It is probable that
investment in transport capacity and congestion pricing would accelerate the process of
suburbanisation and exurbanisation of less congested areas.  But this in itself may produce
considerable benefits as overall congestion would reduce with the shifting of population out
of the more congested areas.  Policies of physical regulation on the use of the land to prevent
the further suburbanisation and exurbanisation of England are probably not workable and if
successful would affect the quality of life of the population by reducing space standards and
mobility, with the consequential restriction of opportunities and choices and increased
congestion and pollution.
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Appendix A: Definitions of Land Use Classes

The following extract (DETR 2000b) defines the 1991 classification of UK wards into
5 categories:

A definition of urban, suburban and rural areas in England

A ward-based classification of suburban areas has been developed in the
Department to allow further analysis of geographically referenced datasets.
The classification has been derived from a classification of areas developed by
ONS (Meryl Wallace and Chris Denham: The ONS classification of wards
SMPS 60, London, HMSO), which categorises wards using 1991 Census data.
The classification identifies 43 clusters and 14 groups.

The mean population density for each cluster was derived, and clusters were
then cross-tabulated against the 1996 English House Condition Survey, which
includes a surveyor’s assessment of the type of area each dwelling surveyed is
located in. Clusters where more than 65% of dwellings were deemed to be in
suburban areas according to the EHCS were initially regarded as suburban.
However, this identified several anomalies, and the classification was further
refined by examining population density information, the 1998 Index of Local
Deprivation, and the geographic location of anomalous wards classified as
suburban.

In broad terms this area classification can by described as follows:

• Urban Inner city areas and centres of towns
• Suburban/urban: areas close to urban centres, includes many 

social housing estates
• Suburban: typical suburbia, includes some housing estates well 

outside city/town centres
• Suburban/rural: estates in rural type areas
• Rural: more isolated rural areas

Table A1 sets out further details of the classification of areas. The classification also
has some limitations. Although it is largely data driven, it also relies on a degree of
judgement both by EHCS surveyors, and ultimately decisions about which type of
area each ONS cluster falls into. Whilst these decisions are broadly empirically sound
and have been subject to intuitive scrutiny, it is likely that there is a small margin of
error in the way some wards have been classified.

It should be noted that there is an on-going review of definitions of rural and urban
definitions being undertaken by Department of the Environment Transport and the
Regions, Office for National Statistics, Ministry of Agriculture, Fisheries and Food
and the Countryside Agency. This was prompted by the Performance and Innovation
Unit report on Rural Economies and will conclude in summer 2001.
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Table A1 Criteria for Classification of Wards across England in 1991(DETR, 2000b)



44

Appendix B: Data transformation

From the census of population the total population of people living in each land use
class m, Tm, can be calculated.  From the National Travel Survey it is stated (DTLR,
2001) the total proportion of people living in each settlement size n, Tn .  The problem
is to estimate the proportion that live in each land use class, m, belonging to each
settlement n, Tmn, such that conforms with the total observed proportion living in each
class and in each settlement size.

Furthermore it is known a priori that some proportions must be 0.  For example,
people classified as living in rural areas are unlikely to belong to settlements of any
kind (including Metropolitan or London Boroughs).  Equally, people classified as
living in Suburban/Rural areas are unlikely to live in medium to large settlements or
in Metropolitan areas or London Boroughs.  At the other end of the scale, people
classified as living in Suburban/Urban or Urban areas are unlikely to live in Rural or
small urban settlements.  This prior knowledge is expressed in a Matrix of yes or no
(binary) probability.  In addition the classification of land uses in the London
Boroughs is known, so the prior probabilities were calibrated to reproduce the
observed pattern for London.  Table B1 illustrates the weighting matrix of prior
knowledge.

Rural

Small
urban 3k
to 10k

Small/
medium
urban 10k
to 25k

Medium
urban 25k
to 250k

Large
urban
over 250k

Metropolitan
built up areas

London
Boroughs

1 Rural 1 0 0 0 0 0 0
2 Suburban
Rural 1 1 1 0 0 0 0

3 Suburban 0 1 1 1 1 1 1
4 Suburban/
Urban 0 0 1 1 1 1 1

5 Urban 0 0 0 0 1 1 10

Table B1 Prior Knowledge Weighting Matrix (2001) – Wmn

Given these assumptions it is possible to estimate the most probable distribution (see
Jaynes, 1957) of probabilities, Pmn, for people living in land use class m, belonging to
settlement type n, giving the weighting values Wmn, subject to

Σn Pmn = Tm (B1)
Σm Pmn = Tn (B2)

The result is 

Pmn = Tm Tn Am Bn Wmn (B3)

Where Am = [Σn Tn Bn Wmn] –1 (B4)
and Bn = [Σm Tm Am Wmn] –1 (B5)
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Am and Bn are balancing factors to assure that the constraints in (B1) and (B2) are
satisfied.  The equations (B4) and (B5) are solved iteratively, starting by setting Am =
1 and then calculate Bn, substituting this value in (B4), and thus obtaining a new
estimate of Am, and so on until the equations converge to an equilibrium.  The
resulting probability table is illustrated in B2.

Settlement size n

Class m Rural

Small
urban 3k
to 10k

Small
/medium
urban 10k
to 25k

Medium
urban 25k
to 250k

Large
urban
over 250k

Metropolitan
built up areas

London
Boroughs  Tm

1 Rural 0.077 0.000 0.000 0.000 0.000 0.000 0.000 0.077
2 Suburban/
Rural 0.003 0.080 0.080 0.000 0.000 0.000 0.000 0.162

3 Suburban 0.000 0.010 0.020 0.197 0.107 0.065 0.033 0.432
4 Suburban/
Urban 0.000 0.000 0.010 0.103 0.028 0.068 0.035 0.244

5 Urban 0.000 0.000 0.000 0.000 0.006 0.007 0.072 0.085

 Tn 0.080 0.090 0.110 0.300 0.140 0.140 0.140 1.000

Table B2  Probability Matrix used in Calculations (2001) - Pmn

Given this probability table, all the values from the National Travel Survey are
transformed to the land use classification.

Probability matrices were constructed for the years 1991 and 1981 and transformation
of earlier data carried out similarly. Some of the Transport Survey data from 1975/76
and 1985/6 was used where exact census year matches are not available. In these
cases the 1981 probability matrix was used for the transformation of data.
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Appendix C: Trend Predictions

The classification of wards in England are those of 1991.  The ward values of the
1981 and 1991 censuses were aggregated into districts for comparison to the 2001
census.  With this procedure and adjusting for changes in ward/district boundaries,
three data points were obtained for extrapolating the trends to 2011 and 2021.

The resulting district classification is a composite of wards that may in some cases,
belong to different land use classes.  However, the districts were classified into a
single class (1 to 5) using the land area of each ward as a weight and obtaining a
resulting average class number for each district.  The boundaries of the class number
were defined such that the results in terms of district land area in each class
corresponded to the observed ward land area in each class.

The technique for forecasting is ‘shift-share’ analysis.  The overall forecast to the
years 2011 and 2021 is either given externally (i.e. for the overall population) or
projected by a best fitted function (e.g. logarithmic, power or linear) extrapolating the
observed trends (1981 to 2001).  The total obtained represents the shift element (e.g.
increment of population, travel distance, car ownership, modal split, cost and time).
The proportions in each class are also projected based on extrapolation of the
observed trends.  The total proportions obtained represents the share element.  The
combinations of the shift and share are the results described in the main report.
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