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•TRANSPORT PLANNING in London has existed for many years. The first recorded 
general plan was drawn up in 1634 and was concerned with improving the streets for 
the passage of coaches, carts, and horses and with providing for the convenience of 
pedestrians. But it is the 20th century that has brought about a continuous stream of 
studies; including a Royal Commission in 1903-5, the Arterial Road Plan in 1910, the 
General Road Plan in 1911, the Highway Development Plan in 1937, the Greater London 
Plan in 1944, the LCC Development Plan in 1951, and the Nugent Report in 1959. All 
of these studies were conducted along traditional lines, in which an eminent engineer 
or planner heads a small inquiry team that takes evidence from other experts, sieves 
the limited factual information, and finally makes informed judgments and recommen
dations. This procedure was almost inevitable because no single administrative body 
existed over the London metropolitan area and no more scientific methods of analysis 
were known. 

During the 1960s things changed dramatically. Transportation planning models were 
developed in the United States and Europe that appear to permit a more thorough and 
comprehensive analysis to be made of urban transport problems. Also the whole ad
ministrative structure in London has been changed, so that in 1965 the Greater London 
Council (GLC) was formed as a metropolitan authority with strategic planning 'respon
sibilities. 

Transport planning models were first discussed in London during 1960. They were 
viewed as essentially an American planning tool and, as such, were the subject of some 
skepticism. By the mid-1960s the possibilities of transport planning models were more 
generally recognized, although their proponents almost certainly oversold their advan
tages and the solutions that would flow from using them. Today, transport planning 
models are firmly established as an analysis tool available to a metropolitan authority. 
It is recognized that they do not generate transport solutions but evaluate alternatives 
and that there are still technical improvements to be made. But decision-makers now 
want to know what a transport planning model analysis reveals about the alternatives 
open to them. 

This paper is concerned with the lessons learned in London as the use of transport 
planning models has matured. As with many other technologies, their development 
has been influenced by the institutional framework of government and by the planning 
issues of the time. These are discussed first, followed by an account of the models 
used and the technical issues that have arisen. 

THE PLANNING CONTEXT 

In 1960, when a comprehensive traffic survey was first being considered, the ad
ministrative responsibility for transport was divided among more than 100 authorities. 
In the center the London County Council was the largest, covering 118 square miles 
and having a population of 3.2 million. The conurbation had an area of about 730 square 
miles and a population of 8.2 million. Responsibility for the road system was the most 
divided function. Public transport was principally the responsibility of the London 
Transport Board (LTB) for buses and subway and the British Railways Board (BRB) 
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for suburban and intercity railway services. The main sponsors of the initial traffic 
survey and studies were therefore the London County Council and the national Ministry 
of Transport, which represented all of the other authorities. Both bodies were pri
marily responsible for highways in London, and it was increasing concern about the 
road system that led to the suggestion of conducting a comprehensive survey. The 
London Traffic Survey (LTS) Phase I was the:refore predominantly concerned with 
movement by road, even though a great deal was also learned about public transport. 
Apart from the intrinsic value of each major item of data, the whole collection of in
formation was of immense value because it had all been collected at the same time 
and could therefore be more easily related. 

The home interview was the heart of the data collection process: 38,539 car-owning 
households were interviewed, representing 3. 5 percent of all car-owning households; 
10,042 non-car-owning households were interviewed, representing 0.6 percent of all 
non-car-owning households. The results provided a full account of all traffic flow 
characteristics in 1962, and even today these prove useful for many purposes. A 
great deal of information was gathered and correlated on the development character
istics of London. The data on employment were unique at the time. The passage of 
time has revealed deficiencies, and the Greater London Council employment survey 
provides a better basis. But for 5 years the socioeconomic data collected as part of 
the LTS provided the main basis for strategic planning. The characteristics of person 
journeys were probably the most valuable data collected and the most revealing. 

The survey provided useful data on the movement of goods vehicles. Freight is a 
difficult aspect of transport studies because the movements, although not large , are 
so numerous that they cannot be ignored. On the other hand, to study the problem 
comprehensively requires a seemingly disproportionate amount of resources. The 
compromise adopted in London, and many other studies, provides adequate data on 
commercial vehicle movements but hardly appears sufficient to provide a behavioral 
explanation equivalent to person movements. Nevertheless, the movement of goods 
vehicles, in terms of quantity and location, was put into proportion by the survey. 

The LTS Phase I has provided the basis for all the transport planning models that 
have been developed in London. Arrangements are being made to update some of the 
basic transport information in 1971. The first series of transport planning models 
was developed during Phase II of LTS. The obj ectives of Phase II followe<i directly 
from Phase I: (a) to develop models from which reliable estimates of future t r affic can 
be prepar ed; (b) to pr ovide planning data for 1971 and 1981; and (c) to provide estimates 
cf 1971 and 1981 traffic using t.11.c traffic models, t..'ie planriing forecasts, and provi
sional road networks for 1971 and 1981 provided by the London County Council. 

It should be noted that the objectives did not include recommendations on a future 
road system or costing of the systems tested. Public t ranspor t was not to be consid
ered in any detail at this stage, but the travel forecasting process did in fact produce 
some useful information about public transport. 

The LTS was started in the midst of a period when London was debating the future 
form of its administrative structure. The final decision was to create a strategic au
thority, the GLC, and 33 local authorities that would work in the strategic framework 
provided by the GLC. The GLC, initiated in 1965, covers an area of 616 square miles 
and had a 1966 population of 7 .9 million. The number of authorities was reduced by 
this reorganization. More significant, however, was that, by creating two tiers of 
government, the relationship between the remaining authorities was more clearly de
fined. 

In the transport field all authorities have some responsibility for roads, but the 
GLC has to plan, maintain, and construct the main road system, including any future 
urban motorways (freeways). When it was created the GLC had no specific powers or 
responsibilities for public transport. The GLC was, however, required by statute to 
produce a strategic development plan for London and as part of this to make a "state
ment indicating proposals with regard to special roads, trunk roads, and metropolitan 
roads, having regard to all other methods of transportation, including public transport," 
as well as "a statement indicating the major traffic interchange points which form, or 
should form, part of the Greater London pattern of communications," and "a statement 
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The emphasis during this period was therefore to broaden the considerations behind 
the proposals made for new roads. The institutional framework provided, however, 
does not require the GLC in its Development Plan to make proposals for any other 
form of transport. Furthermore, the GLC was not given any power over the public 
transport boards, who remained responsible for planning and operating the buses and 
trains. The scope of the traffic studies was extended to embrace the broader consid
erations, and Phase ill of the work (called the London Transportation Study) involved 
both LTB and BRB as partners with the GLC and the national Ministry of Transport. 

The results of transport studies all over the world have emphasized the need to 
treat the urban system as a whole. Very often institutional barriers exist that are 
more difficult to overcome than the technical issues of transport integration. This 
is certainly the case in many American cities. In London the creation of GLC was a 
giant stride forward, but in 1969 the potential of that first difficult step was further 
exploited by new legislation that made the GLC both financially responsible for London 
Transport and also the transport planning authority for all forms of transport in Lon
don. These new powers were effective January 1, 1970. 

The 10 years in which transport planning techniques have matured are also ones in 
which the administrative framework in which they are used has also changed dramat
ically. To look for cause and effect here would be to overstate the case, but there can 
be no doubt that the spur to technical development has been aided by the creation of a 
better institutional setting. Likewise the changes in administrative structure have been 
eased by the knowledge and understanding flowing from the technical studies. 

THE PLANNING ISSUES 

While the administrative structure sets the scope of the type of studies that can be 
financed and executed, the planning issues define the problems studied, which in turn 
will also affect the type of transport models developed. Undoubtedly, the planning is
sue of the 1960s and probably of the 1970s has been whether London should build an 
urban motorway system. The benefits of a motorway system have been better under
stood both as the nature of the transport problem has been analyzed and as the consid
eration of other planning issues such as the deterioration of the urban environment has 
been encompassed in the studies. 

In the 1950s the problem was defined in the rather restricted terms of congestion 
on city streets. How can this congestion be removed and provision be made for future 
growth of traffic? This was certainly a major consideration in defining the initial ob
jectives of the London studies in 1960. Car ownership was expected to increase rap
idly, but there was no basis to estimate how large the increase in road traffic would 
be and how the nature and pattern of travel would be influenced. There were few people 
who thought that the demand for road travel could be fully met. Until some estimate 
was available of what that demand might be, it was impossible to assess what propor
tion could be satisfied, given the measures available to authorities for controlling 
levels of demand. Phases I and II of the LTS were primarily concerned with these 
issues. 

The results of these studies demonstrated that both the planning implications and the 
financial costs of meeting the potential demand for road travel were unacceptable. There 
were only a limited number of locations where large urban motorways could be built 
without totally destroying community life. Even many of these locations would require 
great engineering and planning skill if satisfactory results were to be achieved. But 
if motorway construction posed great difficulties, the studies also clearly implied the 
even greater problems of doing nothing. 

The requirement, therefore, was to determine the level of demand to be met by 
combined motorway and public transport systems, given that only certain levels of 
restraint of demand are administratively and technically feasible and that investment 
resources are limited. Phase III of the LTS had to give guidance on this issue. The 
well-tried and traditional transport models were not sufficient because the demand 
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could not be related to the level of network service offered. A restraint model was 
therefore developed and this is discussed in the next section. 

Phase III of the LTS did not demonstrate that one particular course of action was 
conclusively the best. It is not likely that any study of this kind ever has, ever will, 
or even should. The LTS did provide insight into the costs and benefits of alternative 
levels of road investment and the level of restraint implied by each. The impact and 
relationship of road and public transport investment was explored. The background 
was provided, in fact, for the GLC to put forward a specific motorway plan. 

THE PLANNING MODE LS 

The LTS was conducted for the GLC by the consultants Freeman, Fox, Wilbur 
Smith, and Partners who have described the Phase II and Phase m models summa
rized below in more detail elsewhere (1, 2, 3, 4). The LTS Phase II traffic model had 
four main elements: - - - -

1. Trip generation, 
2. Modal split, 
3. Trip distribution, and 
4. Traffic assignment. 

The first three of these elements were developed to suit London conditions from the 
Phase I data. The fourth element, traffic assignment, was imported directly from 
the United States. The whole approach was, of course, derived from earlier Ameri
can studies . l l'ips were classified under three general headings: inter nal, external, 
and through; by three purpose groups-work (to and from) , other home bas ed, and 
nonhome based; and wher e appropriate by four modes-private traQ.sport (dr iver ), bus, 
rail, and other passengers (mos tly car passengers). Goods journeys were treated 
separately by light and heavy classifications. All analyses were made on a 24-hour 
basis. 

The trip generation model was based on regression equations developed from the 
survey data. These equations very adequately reproduced the 1961 situation (as would 
be expected if the regressions were any good), but the equations did not contain param
eters that reflected the level of service provided by the transport network. The equa
tions were sensitive to socioeconomic changes, which were the largest relative changes 
expected over the forecast period, particularly income and car ownership. 

To estimate road traffic generation it was obviously necessary to deduct puhlic 
transport trips from total travel expectations. The modal split calculation was made 
using category analysis. The categories were as follows: 

1. Cars owned (o, 1, 2, or more); 
2. Household income-low (up to £1,000), medium (£1,000 to £2,000), or high (over 

£2,000); 
3. Employed residents (0 , 1, 2, or more); 
4. Rail accessibility (low, medium , or high); and 
5. Bus accessibility (low, medium , or high). 

For forecasting purposes, rates were calculated for each category by travel mode and 
by trip purpose, and for Central London and the remainder of the survey area. The 
modal split for attractions was obtained by regression equations using the previous 
category analysis and regression results as control totals. 

The traffic model included distribution functions for private and commercial vehicle 
trips. The basic form was the Interactance Trip Distribution Model, a version of the 
gravity model, with travel time being used in the distribution function. The model was 
calibrated against survey data by trip purpose, and three distribution functions were 
derived depending on the attraction zone. This represented a simplification and, in my 
view, an improvement over separate functions for each zone as used in some studies. 

The final element of the model is the traffic assignment process. An "all or nothing" 
approach was adopted, the U.S. Bureau of Public Roads program suite being used. The 
use of unrestrained assignment techniques does introduce a number of fundamental 
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problems. It has been argued (a view once held by me) that unrestrained techniques 
are of little use because it is likely that congestion in some form will always be pres -
ent in large cities. The experience in London does show, however, that unrestrained 
assignments are of use in the very first tests undertaken on a network, particularly if 
the travel demand is in excess of the network capacity. In these conditions capacity
restrained techniques tend to spread the traffic across the network but, because of the 
imbalance of supply and demand, loadings still exceed capacity. The net result is that 
the true demand pattern is obscured at the early stage of the analysis when it may be 
more important than the absolute level of loadings. 

The Phase II model forecasts indicated that either very large sums of money had to 
be spent on roads, the demand had to be "managed" in some respect, or, more likely, 
a combination of these policies was required. Whichever way the problem was finally 
approached, the implications for the technical work were the same. The techniques had 
in some way to reflect the effects of congestion on trip generation so that guidance could 
be given on the main issues raised by the Phase II results. For example, what effects 
would different parking policies have and how would road pricing change the situation? 

Although the Phase II results did not provide detailed information on public trans
port, the overall estimates indicated that, even in the free demand situation for roads, 
significant movements by public transport were forecast. This led to further questions 
being asked; for example, how would improvements in public transport affect the sit
uation, and how would different road policies affect public transport? The issues raised 
were not only confined to transport networks but also included the land use pattern. For 
example, if large investments were made in transport in the context of the present land 
use, would they hold good in the future if land uses changed? 

The issues raised by the planning models had outstripped the technical capability of 
the models being used in London. The Phase II traffic model could not directly provide 
technical information that would give, the more detailed guidance now demanded. A re-: 
vised traffic model was therefore developed for Phase m of the work. The traffic model 
developed for Phase III had seven main elements, as follows: 

1. Trip generation, 
2. Trip distribution, 
3. Modal split, 
4. Traffic assignment, 
5. Speed reduction, 
6. Restraint procedure, and 
7. Economic analysis. 

The analyses were made with the same trip purposes and modes as Phase II and 
wer e made on a 24-hour basis except for public transpor t assignments , which wer e 
for the peak hour (these were derived from 24-hour estimates). Early in the devel 
opment work, it became clear tnat the model s hould be based on traffic dis tricts (186) 
ins tead of traffic (933) as used in Phase Il. (An exception to this was the assignments 
to public transport, which were made on a zone basis.) This was because of the com
plexity of the process and the size of London, but it introduces the use of a model heir
archy in which each level is more detailed and deals with fewer alternatives. 

The trip generation procedure estimated the total travel demand by car-owning and 
non-car-owning households. Generations were obtained from a category analysis, the 
groupings being as follows: 

1. Cars owned-0, 1, or 2; 
2. Household income - low (up to £1,000), medium (£1,000 to £2,000), or high (over 

£2,000); 
3. Employed residents -0, 1, or 2; and 
4. Density (persons per acre)-0 to 3 5, 3 5 to 6 5, or over 6 5. 

The analysis was undertaken for the central area and noncentral area. Attractions 
were based on the Phase II regression equations, but additional factoring was necessary 
to divide them between car-owning and non-car-owning households. The car-owning 
household travel demand was considered separately in the model from non-car-owning 
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households because the modal choice problem is most relevant to the former. For car
owning households, total travel was distributed using an interactance model similar to 
that used in Phase II. Travel time diversion curves were used to obtain public and pri
vate transport journeys. The private transport journeys were then assigned by an "all 
or nothing" procedure. 

The resulting loadings exceeded the capacity of the links, as was the case in Phase 
II. The fifth element of the modeling is a speed reduction process in which the analyst 
lowered the motorway speeds by inspecting the loadings, with the objective of obtaining 
an equal overload condition in which the overload on the primary and secondary system 
is approximately equal. With the networks tested in Phase m, two speed reductions 
were necessary to achieve this balance. For each speed reduction a corresponding 
traffic distribution and modal split were made. 

The speed reductions reduce vehicle mileage, alter the modal split, and reallocate 
demand between routes, but the overall level of trip-making demand is not altered so 
some overloading may still occur. In reality, the shortage of capacity will limit trip 
generation, and regulatory measures, such as parking controls, may also be intro
duced to manage the demand. It is clearly difficult to develop a rational procedure for 
simulating this process when so little is known about the demand curve for transport. 
The consultants chose to use a linear programming procedure to relate link capacity 
and travel demand. The objective function was to maximize the total number of trip 
attractions subject to the link capacity of the system. The final assignments obtained 
gave loadings at or within the capacity assumed for links. 

The journeys restrained by U1e capacity of t.'1.e system are divided into t-v...-o groups: 
those made by public transport and those not made at all. This is achieved by assum -
ing that, in total, restrained car-owning households behave as if they were non-car
owning. This is not meant, necessarily, to imply lower car ownership but lower trip 
generation in all car-owning households. 

The public transport journeys estimated during the modal split are re-expressed as 
trip ends, the public transport portions of the restrained trips are added, and the total 
is combined with non-car-owning trip ends to give the total public transport demand. 
These trips were distributed by a separately calibrated interactance model and as
signed to a public transport network. 

The planning models used in the LTS have been of immense value in providing un
derstanding of the transport situation in London and in the guidance they have given to 
the selection of a road investment program. The models can still be improved tech
nically, especially for the analysis of more detailed situations, but further technical 
improvement is unlikely to yield a different strategic answer to the problems of London. 
In the field of public transport, further developments that would be useful include the 
ability to analyze n1ultin1ode s ituations such as pn.rk-and- ridc and kiss -and- ride . 

FINAL REMARKS 

The purpose of this paper has been to show how transport planning models have been 
used in London and how their development has been related to the institutional and plan
ning framework of the period. Today the models are used to evaluate the significance 
on strategic policy of changes in population, employment, and income forecasts; to 
assess the effects of variations in design standards; and to provide a better basis for 
engineering design. In other words, the various models have become the tools of the 
transport planners. Technical problems still remain, ranging from the behavioral ex
planations the model provides to the often excessive computer time required to use 
them. As time passes the tools are being made more appropriate to the tasks they have 
to perform-macromodels for major strategic alternatives, and more detailed models 
for tactical problems. 

Although planning models have assumed a more appropriate role as part of the con
tinuous process of planning cities, the need for the development of new ideas is still 
urgent. An interesting comment was made in London recently by a group of profes
sionals who oppose the GLC motorway plans: "While accepting that car-ownership will 
continue to grow rapidly and fully recognizing the advantages of the car we reject any 
attempt to predict what the pattern of transport will be in the distant future, because 
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we believe that the pattern is largely within the control of the GLC and the government." 
From this comment one assumes that this group is looking for alternatives and con
cepts far beyond those that are presently being offered the urban community by engi
neers and planners. 

If this view were right, and there is growing evidence that urban communities 
throughout the world are seeking better alternatives, we may well be back to placing 
more emphasis on creating new ideas and environments in the manner of 300 years 
ago, as was discussed at the beginning of this paper. We are now able to evalute these 
ideas to a greater extent than ever before. In fact, perhaps the emphasis of our pres
ent work should move more toward the creation of new ideas and alternatives for the 
future urban environment and less on the precision and sophistication of urban models. 
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