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SUMMARY

The work is concerned with the measurement and prediction
of the environmental effects of traffic in ufﬁaﬂ situations,with a
view to contributing to the development of theory and the provision
of techniques in transportation planning which will allow such effects
to be taken into account explicitly in the evaluation of transport
proposals and projects. Its main emphasis has been on the problems
of streets typical of urban areas as opposed to urban motorways on
which most research has heretofore concentrated. The study has
focused attention on the environmental effects measurable at the
kerbside and involved the review and development of traffic and built
form related models of traffic noise, pedestrian delay and atmospheric
pollution. The issues of vibration, pedestrian risk and visual
appearance have also been examined. The work has not only been
concerned with 'objective' measures of environmental impact but also
with 'subjective response' and the results of testing a series of
hypotheses based psychometric approaches to stimulus/response issues
are reported.

The research methodology for the development of the 'objective'
models was based on the regression of observed variables on simultan-
eously measured independent variables. The 'subjective' aspects of
the study were based on a survey of pedestrian response at the
kerbside. Two direct methods of measuring pedestrian annoyance were
used -~ cross modality matching and magnitude estimation.

The results of the 'objective' model development work produced a.
traffic noise model in terms of L10 for non free flow conditions with
a standard error of 1.4dB(A) which is approximately half that found

in models to date. Extremely good fits for pedestrian delay were



found with models based on the adaptation of models for 'free flow'
conditions.

Less progress has been made in the prediction of pedestrian
response. While, in some cases, very highly significant correlations
were observed, the wide range of responses relative to the range of the
traffic variables on the road network made it impossible to define
the correct form of the relationship between the responses and the
traffic. However, in the cases where the relationships were highly

significant, a log/log relationship was the closest.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND TO THE PROBLEM

The last decade has been marked by increasing concern with the
quality of the environment, by the general public, politiciens and
planners. One of the chief causes of concern has been the rising volume
of road trafficl and highway proposals which have been made for coping
with it. This is demonstrated by the unprecedented scale of public
campaigns against the building end urban motorways in London, Birmingham
and many other citie32 and by recent legislation on the amelioration of
the environmental effects of road traffic. It is probable that the sal-
iency of the problem of the environmental effects of traffic will continue
to increase as people become more environmentally concerned in a context
of increasing environmental decay.

The degree to which people's consciousness of the different ways in
which road traffic affects the environment varies considerably, and this
may affect public policy. Ilegislative response to the environmental
effects of traffic has varied in different countries, partly because of
variations in cultural awareness and partly'because of different physical
conditions. In Britain the greatest concern in legislation and planning
seems to be with traffic noise. In the USA the emphasis is probably on

the air pollution caused by traffic. While in France accident prevention

1. Between 1964 and 1974 the passenger milesge by private cars rose by
70/ (Advisory Council on Energy Conservation, 1976) in the same
period the number of heavy commercial vehicles, over 8 tons (unladen
weight), rose by 375% (DOE, 1975a).

2. See Commumity Action, (1972-1975).

3. The DOE forecasts that the number of cars and taxis will increase
by 365 between 1976 and 1986 and that the number of heavy goods
vehicles (over 1525 kg. unladen weight) will increase tw'16% in the
same period (DOE 1975b).



appears to be the main issue., Many other undesirable effects of traffic
have been listed in official and semi-official documents. The Buchanan
Report (1963) was an early and indeed seminal example of such a document
in the United Kingdom. In it four main ways in which the quality of the
environment is affected by road traffic are listed:
(1)  Pedestrian/vehicle conflict
(a) Safety
(b) Constraints on the freedom of movement

(ii) |Noise |
(iii) Fumes and smell
(iv) Visual intrusion.
These four types of environmental impact are listed in all authoritive
publications on the subject.1 At this level of generality there is
little disagreement on the list of impacts. However, many problems arise
when more precise specifications are attempted“. This is partly because of
the reason mentioned above, i.e. the variation in cultural awareness, but
it is aléo because of the sheer conceptual compléxit& of identifying both
the "environment" end "environmental effects". Perhaps it is with a
tinge of concebtuﬁl desperation that some economists refer to environ-
mental externalities as “impondérables", (Gwilliam, 1970). IThe most
common approacﬁ to such specification has been t; define such impacts
largely in terms of factors which are measurﬁble and predictabie;

One of the prerequisites for controlling the effects of the environ-
mental "imponderables" from road traffic in a balanced and systematic way
is the development of the ability to measure environmental quality and to

predict and evaluate it at the plarning stage (Waller, 1970). It is the

1. See for example the Report of the Urban Motorways Project Team (1973)
or publications of the DOE (Watkins 1971, or lassiere, 1974).
Similar lists have been compiled by academics, e.g. Foster (1970) end
Appleyard and Lintell (1972). Some of these include other less
intrusive impacts such as vibration, loss of privacy.



remit of the present work to contribute towards this requirement of

making environmental "intangibles" tangible.

1.2 I1EGISLATIVE CONTEXT

Since the Buchanan Report debate on the means of controlling the
ever increasing environmental effects of road traffic has been gathering
momentum. This has resulted in a series of Acts requiring end enabling
local authorities to tackle Qifferent aspects of the problems The 1968 |
and 1971 Town and Country Planning Acts provided local authorities with |
powers to restrict the movement of vehicles in streets on environmental
grounds. These powers have been used in implementing numerous pedestrian-
ization schemes in shopping areas (Hills, 1975).

The Heavy Commercial Vehicles (Controls and Regulations) Act 19?31
requires local authorities to define routes for heavy goods vehicles on
environmental grounds. The Land Compensation Act 1973 requires local
authorities to consider the environmental consequences of new or improved
roads. It provides for the payment of compensation for the loss of
value of residential prcperty caused by the environmental disamenity of
such schemes, as well as for the payment of grants for sound insulation.
Previously owners were limited to seeking rate reductions. These Acts
were supplemented by the revision of earlier environmental legislation
imposing standards at a national level for the specification of new
vehicles and for the use and repair of vehicles.

Common to the implementation of each of these four Acts is the
requirement that local authorities be aware of the environmental costs
and benefits of schemes and to compare them with the other costs and
benefits. In the past such comparisons tended to be made by planners

using their professional judgements to trade-off the costs and benefits.

1. Frequently called the "Dykes Act".



However, as Pearce (1975) hes shown, this led to unsystematic plenning.
Rational planning, on the other hand, requires that the environmental
goals are translated into operational criteria so that the environmental
effects of schemes may be exemined and evaluated (Rothblatt, 1971). The
need for defining these criteria will become more clear in the following

section.

1.3 THE CPERATICNAL CCNTEXT

Highway and traffic management plamning are largely within the dom-
ain of local authority decision making. Research which is intended to
contribute to the evaluation of the envircnmental consequences-of such
planning must, therefore, be oriented towards the practical proﬁléms
faced by local authorities. This entails investigating the cdntexts in
which they efdiuaﬁe the environmental effects of traffic and in particular
the béafing of urban motorways and the scale of plans on research design.
There are four contexts in which the‘problems of the environmental
evaluation of schemes arise for local authorities (3.U.R.U.E. 1972)3-

(1)  The Planning of new roads |

(ii) The design of new roads

(iii) Improvements to existing roads

(iv) Traffic management of the existing road network.

In each of these decision-making situations comparisons may have to
be made between alternative proposals, even if one of the alternatives is
the "do nothing" situation. Each of the proposals may affect the users
of the environment in different ways. Some may experience more noise in
their homes, others less. Some may be subjected to greater pedeétrian

risk snd others segregated from road traffic and so on.



An overall picture of the environmental consequences of a scheme
cen only be obtained by the systematic aggregation of the predicted
changes to the quality of the environment which would be caused by the
scheme. As well as the varying costs and benefits to the users of the
environment, there are also costs and benefits to the users of the road
network, and to the local authority, which have to be aggregated in the
evaluation.
A qualitative distinction between urban motorways and other urban
roads nay be found in the aggregation of their environmental effects, as
well as in their other costs and benefits. Urban motorways are primary
links on the road network, where through traffic is segregated from local
traffic end pedestrians, and vhich conform to certain design specifications.
Thus there is no risk to pedestrians, and their delay depends on
access to subways or bridges. The inconvenience of finding crossing
points often inhibits pedestrians, causing what some planners heve called
"severance". One of the ways in which the environmental effects of urban
motorways are different from other roads is the extensive visual intrusion
which they cause when they are elevated. There is also less variation in
the noise levels on motorways because the traffic is free-flowing, on the
other hand traffic noise is usually much louder beczuse the flow is greater.
Public attitudes to the environmental effects of urban motorway
traffic tend to be also affected by the relative suddeness of their
appearance in comparison to the environmental effects from traffic on
other roads which has usually built up over a long period of time. The
public outery at the building of a number of urban motorways in the late
1960's led the Department of the Environment to set up the Urban Motorways
Committee, which made an extensive study of the environmental effects of {
urben motorways. Similar research has not been conducted on the environ- |

nental effects of traffic on the remainder of the urban road network,



vhere the problem is arguably much more widesprecad.

The mileage of urban motorways built or planned in the United
Kingdom is minute compared to the mileage of the remaining primary,
secondary end local road networks. Apart from the imbalance of existing
research and the greater éxtent ;f environmental problems on the non-
notorway pért of the networﬁ, there is another reason why research should
be focused on fhe non-motorway-network. This is because the increased
cost of building new roaﬁs and the present restrictions on public
expenditurel make 1t likely that little if any urben motorveys will be
built in the near future. Further, once motorwafs have been built, there
is little that can be done about their environmental effects, except for
some emelioration through design changes. On the other hand, there is a
whole series of tools which planners can use to restrain traffic flows
and thereby impfove the qﬁality of the environment on the rest of the
road networg; Tor thesé reaséné the present study is directed towards the
environmental ﬁrobiems’of traffic on the non-motorway categories of urban
road netwofks. However, it will also contribute indirectly to the eval-
uation of urban motorway;,.és one of tﬁe arguments used in their favour is
the environmental improvement which they cduse on adjacent secondary roads
by attracting traffic off then.

Apart from the mbto;ways/hon-motofﬁéﬁs diﬁeﬁéioﬁ, tﬂe scale of high-
way and fraffic manﬁgemenf proposéls ma& affect the methodé of evaluation.
For small scale pro?oéals, such as the closing of the end of a roed in a
residential afea; it may ﬁe possible to compare direcfly the benefits
which would accrue to one group of individuals with the disbenefits

which would abcrue to enother. It would be possible to censider atithis

1. See Vhite Paper on Public Expenditure (EMSO 1976).

TPt e



scélehihé detailed characteristics of the land-use and eatimateé of
exposure to the environmental effects of the trﬁffic. With medium‘ﬁcale
proposals, such as pedestrianizing a group of shopping streets, forming
en&ironmental arcas or the delineation of lorry routes involving a number
of streets, the degree of accuracy in the predicted traffic flows that
could be achieved in the necessary‘micro-assignmentdcwould preclude thel
consideration of the same level of detail in evaluation as in small scale_
pfoposals, Similarly the degree of accuracy, which can be achieved in
the assignments on design year networks defined in transportation studies
allows even less detail of environmental effects to be considered in
evaluation. | |

However, for each type of proposal, it may be noted that the sensit-
ivity of the evaluation depends on the facility with which the various
costs and benefits for each group of individuals may be identified,
predicted and aggregated.

.The relative importance-of environmental improvement. as an objective
in the formulating of highwey and iraffic management proposals has tended
to be related to the scale of the proposals. This is largely a reflection
of the difficulty of translating the environmental goals into operational
criteria for:which the technical knowledge is available for measurement
and prediction at the macro level. For example, it was stated explicitly
in the West Midlends Transportation Study that’ environmental evaluation
was not undertaken for precisely these reasons (West Midlands Transport-
ation Study, 1974). s

The awareness of the environmental problems of road traffic, which
héé developéﬂ Qiﬁée the Bﬁchanan_Report, ﬁas led-to.many researﬁh - -
projects being sponsored by central and local government. These héve

contributed in many weys to the quantification of the quality of the



environment which has enabled progress to be made in the systematic
evaluation of the environmental benefits and disbenefits for all scales
of highway and traffic managemént'proposnls; In fact research on the
qﬁantificatioﬁ”df the quality of the environment has been an explicit
objective in the generation of a number of these proposals. The
Waﬁdéﬁdrthl'and'Cétford'(Peéfde'and'Sténnard; 1973) studies are examples
of these at the medium scale of proposal.

The environmental evaluation undertsken ‘in the Coventry Transportation
Study (1973) owed much to it having been selected by the D.0.E. for the
development of methods df'measuring, predicting and evaluating the

environmental effects of transportation plans.’

1,4 THE THEORETICAL CONTEXT

Even though the environmental effects of trgffic on urban motorwayéi
are not included in this study, the methodological context for the
evaluation methods by the Urban Motorways Project Team (1973) is of part-
icular relevance to this work. They postulated three types of environment-
al evaluations O '
1) The environmental Modelling Technique
2) The Environmental Evaluation Index
3) Cost-Benefit Analysis including "environmental cost".

The Environmental Modelling Technique does_not go beyond the display, in
tubular form, of the_envi:onmental effects by physical measures of the

nunmber of people;affected and the degrée t6 which they afe affected. The
results are based-dn the application of a set of predictive technidue; to

a set of design parameters. This technique, when used with orthodox cost

1. There have been a number of separate publications by the G.L.C. on
different aspects of their research in the Wandsworth L.T.S. Traffic
Zone 277. An outline of the project may be found in Eyles (1969).



benefit analysis, is similar to lichfield's Planning Balance Sheet
(Lichfield 1970), in that the results are not expressed in common units.
It does, however, provide the relevant information in a systematic and
comparable way and may prove useful in short listing options for a more
comprehensive evaluation. The U.M.C. Project Team concludes that the
viability of the technique still needs predictive equations to be more
robust, and fabric descriptions (for exposure assessment) which are
more successfully defined. .

The Environmentel.Evaluation Index is a representation of the total
environmental effects in one figure which can-be considered alongside
the other costs and benefits of the scheme. It is formed by the sum of
the products for each environmental factor, of the intensity of response,
the relative importance of the factor and the number of people affected. .
The U.M.C.-Project Team-concluded that this method would not be practic-
able until there was more knowledge on the basic processes of- quantifying
people's.subjective responses, firmer conclusions. on.-the thresholds of
acceptability, the establishment of the relationships between impact and
response, and more confident grounds for ranking the relative importance
of the various environmental factors.

The remaining system of evaluation investigated by the Project Team
was an adaptation of-the orthodox costs benefit technique to include |
monetary values of the environmental-externalities. Prest and Turvey
(1966) in their classic review of »the subject describe it-as'a technique -
which draws on welfare'economics, public finance and resource economics*
to enumerate and evaluate all the relevant costs and benefits of projects.
It has an established use in the evaluation of ‘major road proposals. 4ll
the capital costs are included, plus the estimates of net savings in

vehicle operating costs, imputed values of savings in leisure and work



time and savings in the costs of accidents. No attempt has been made to
solve the problem of ascribing values to the eha;ges in the quality of

the environment caused by the_traffic over and above the payments required
by the Land Compensation Act 1973. Clearly if this problem could be
solved one ‘of the major obstacles to rational environmental control
would be eliminated. |

The Project Team's consultantsbtried to tackle this question of putt=-
ing a value on the environment by using a series of social surveys to
monitor the behaviSQr of households in response to the bundle of environ-
mental effects which goes with the traffic on urban motorways. They had
only limited succesa in sumounting the reaeafch problems which they
encountered but they were successful in showing the potential usefulness
of cost=benefit analfsis in this context.

These three types of evaluation which were investigated by the U.M.C.
Project Team were outlined mainly to demonstrate and emphasize the
elements of environmental evaluation in the context of transportation
planning. These may be broken down into three categoriess
(1)  Identification
(ii) Prediction
(11i) Valuation
The first of these is the formulation of environmental goals and as
stated earlier, the translation of these into operational criteria. This
includes the identification of all the relevent physical varisbles and
the development of the means of measuring them. The second may be divided
into two sub-categories. On one hand there is the prediction of all the
physical variables affected, and on the other hend there is the prediction
of the number of people who are exposed and the length of time for which
they are exposed to the various levels of the physical variables. In many

cases the methods of prediction would have to be developed prior to the



actual prediction itself. Iastly, there is the ascription of_value to
each of the environmental repercussions. Though these categories have
been presented as an analytical chain they are in fact closely inter-
related. vC |

The identification of the environmental effects is particularly
dependent on the value system adopted by the evaluator. The methodology
of predicting the environmental effects of traffic also depends on the
facilities which are available for valuation. In a study contributing to
the methods of evaluating the environmental effects of traffic, the
research desipn depends on the type of valuation being used. It is there-
fore necessary to outline the existing limitations in valuation methods
and to specify the research objectives more precisely, before embarking on

a critical review of present state of'knowledge relevant to the research

design.



CHAPTER 23 THE VALUATION OF ENVIRONMENTAL EFFECTS OF TRAFFIC

In each of "the ‘three types of evaluation studied by the U.M.C.
Project Team, values have to be ascribed to the environmental effects of
the traffic at some stage in the decision making process. In fact the
different methods could be distinguished by the stage at which values
are applied, as well as from whom the values Are derived. For example in
the Environmental Modelling Teclmique the planners and politicians implic-
itly put values_on the different aspects of the environmental effects when
tﬁey make déciéioné on the basis of the statement of environmental effects
with which they are presented. This has been called thé "suthorities
approach" by Walters (1975) and the "elitiat approach" by Pearce (1975).
At the other end of the spectrum there is what Waltera called the "prices
approach" and what Pearce called the “populist approach" The latter is
vhere the population affected by a proposal vote on it on the basis of
one man, one vote. This is not to say that the planners end, to a greater

extent, the politicians would not be aensitive to the 1ikely outcome of
such a vote when using the "authorities approach". On the other hand, the
"prices approach", of which_cost benefit analysis is a prime example, may
contain elements of élitigm. It entails the ascript?on ofrvgluea in

monetary terms to the environmental disbenefits.

2.1 THE VALUATION OF THE ENVIRQVMENT IN MONETARY TERMS

Monetary units have always been the meat of orthodox economists.
There are, however, unresolved arguments, on their ‘meaningfulness in
contexts other than in exchange value, and money problems of incorporating
distributional issues in methods of economic evaluation have, also yet to
be resolved. On the other hand the development of a method for expressing

environmental disutilities in monetary units would have tremendous
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heuristie value in the evaluation of highway and traéfic ﬁanagement
proposalé, and unfortunately previous efforts in this difection have been
at the hesf only partially succeséful. | |

Two broad approaches have been used‘iﬁ‘attempta to defermine tha-
moﬁetary value of the environment. One is to observe the revealed
behaviour of people in response to the environment, (i.e. the ecénometric
approach). The other is by soliciting peoples' valuations (i;e. the

questionnaire approach).

2.1.1¢ The Econometric Approach

.Three main methods have been used in this.approach. They are to
observes
(i)  The change in the market price of a commodity because of exposure
to environmental disbenefits, (e.g.'house price differentials)
(i1) = Costs incurred to avoid the greater cost of environmental dis-
benefits (e.g. the installation of sound insulation).
(1ii) Other costs similarly incurred to which only shadow prices can be
ascribed (e.g. diversion of journeys by pedestriens).
Much of the research on the effects of environmental disbenefits on prices
has been in the context of the housing market largely because there is
usually a degree of choice available to potential buyers of houses with
a-wide range of exposure to the environmental.effects of road traffic.
However, even under conditions close to and distant from urban motorways,
the U.M.C. Project Team were not able to isolate what théy.called the
"house price differential". This was partly because of multicollinear-
ity between the determinants (e.g. between noise and access) and partly
because thé price differentiai was to some degree offset by some house-
holds being less susceptible to the environmental effects of traffic than

- »

others. But, a major research problem in th1s an& the other approaches
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is the gap in the knowledge about the relationship between actual
behaviour and underlying preference functioré; As Johnson and Joyce
(1975) state in this respect "a crucial vacuum exists regarding the
nature and the relative importance of constraints that exist in different
markets and among different socio-economic groups".

Starkie.and Jghnapn (1975)_were partially successful in determining
thé relationship between the acceptance of grants for sound insulation
and noise levels from aircraft, although, ironically, one of the variables
which they had problems in controlling for w;s noise from road traffic.
Many of the same research problems arise when'using‘thrs_approach as in
the prices approach. Where "shadow prices" have to be imputed for beh-
aviour modification even greater problems arise.

However, even if the research problems in impnting monetarf values
to the environmental disbenefits of traffic were overcome the trenchant
arguments of Self (1970 and 19?5) on the validity of the results and
their compatibility with other monetéry values rhouid not go unnoted.

Partly because of these arguments, btut to a greater exteﬁt berause
of the apparent intractability of the research problersloutlined above,
it ;ould not seem appropriate to attempt to-put a value on the environ-
mental disbenefits of road traffic on the non-motorway network by econo-
metric methods. This point is substantiated by the lack of success by
the U.M.C. Project Team in a more favourable research context. - Some
progress may be made in resolving the research problems particularly when
psychologists and economists learn more about the relationship between

market behaviour and preference functions.

2.1.2. The Questionnaire Approach
The last resort, in imputing monetary values to environmental dis-

utility, has usually been to assume that elicited responses may be used.
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One approach has been to ask respondents how much they would be willing

to pay to avoid the environmental disutility. Another has been to ask how
little they would be prepared to accept as compensation. Not only do the
same problems of validity arise in this approach as in that of studying
economic behaviour, but also there is the additional set of research
problems associated with attitude measurement. In this context probably
the most sérious of these is the propensity of respondents to overstate
their case in the hope in-influencing policy. Ambiguous results were
obtained from this method by the Roskill Commission (1971) and by the
Urban Motorways Project Team. For example'the Project Team found that
almost 60/ of their respondents stated that they would prefer the removal
of all the environmental problems to any.amount of compensation. Similarly,
a significant proportion<said that no amount of money would induce them
to move. Unless some correspondence can be found between this approach
and the econcmetric approach, in a favourable research environment where
there is one major environmental stimulué,-theré'ia little point in using
the approach in relation to more complex environmental states which are

caused by road traffic. (Joyce and Johnson, 1975). = ' e

2.2, ENVIRONMENTAL INDICES

It has been shown that the valuation of.;he environmental effects
of road traffic is not made explicit when environmental impact statements
(e.g. the en#ironmental modelling technique) ﬁre used. _This leads to
inconsistent and unsystematic valuations being made, It has also been
shown above that the problema of attaining monetary values are relat1vely
intractable. Th13 leaves the intermediate type of valuation, which is |
the representation of all the environmental effects of the traffic in

one index. This overall index of the quality of the environment may be

formulated by comparing people's solicited responses with traffic variables.
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However, there are many reasons, both theoretical and practical, why an
overall in&ei‘of environmental quality should best be derived from the
combination of responses to the separate environmental variables affected
by ﬁhe traffic. IThe main theoretical reason is that the analysis of the
felafionship between subjective responses and individual environmental
stimuli enﬁbles the testing of hypotheses based on psychological theory.
Ohé of the practical reasons is that the already existing body of know-
ledgehoﬁ the identification and prediction of the environmental variables
would.ﬁof be used. There is also the point that present planning practice
is oriented towards the use of environmental variables.

The .development of an environmental index from people's subjective
responses leaves three problems unresolved. . The first is at the stage of
overall evaluation, where the planners or politicians still have to use
their "authority” to evaluate the environmental index which is not in
monetary units along with the other costs end benefits which are. The
second problem arises in the research design. It springs from the diff-
iculty of isolating individuals' subjective responses to the environment
which they perceive, from. both their beliefs about harmful the unpercept-
ible aspects of the environment.and .their feelings about other people's
exposure to environmental.states. .Though useful information on these
points may :be elicited from respondents they should not be incorporated
in an-index.of the quality of the environment. Logically, if health
issues were to-be included, the subjective responses of those affected
should be included in,the-index, but it would be much more practicable to
follow the current practice of applying standards as a preventative meas-
ure, and to -include.the predicted losses to public health.as.a.separate
category to be evaluated. Peoplés views on the equitable distribution of

environmental exposure are an important issue-which raises many thomy .
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éueations in ethics and political theory. However, distribution issues
can only be discussed in ihe most general terms until significant progress
has been made in measuring the quality of the environment. The third
problem relates to the validity of comparing the overall response elicited
from one individual to that of another even when every effort has been
made to have them on a common ratio scale; There seems no way round this
problem aﬂd all conclusions would have to te circumscribed by this caveat

on commensurability.

2.3 ACTIVITY CONTEXT OF RESPONSE

The change in the utility experienced by an individual due to a
change in the flow of traffic may be caused by a number of the different
types of changes in the quality of the environment which have been listed
above, e.g. noise, air pollution, etc. Each of these may affect people
along the same route in different woys depending largely on their activit-
jes within the existing lend uses, e.g., people in hospitals and libraries
would be more concerned about noise than pedestrian delay, while people
working in noisy environments may not notice a change in the noise on the
street. The number of people affected depends mainly on the land-use and
the time of day, and the same people may be affected in different ways
at different times, e.g., school children being affected by noise at one
time and pedestrian risk at another.

It was decided to concentrate research on one activity context, that
of pedestrians. This was done for a number of reasons apart from the
obvious constraints of time and resources. Firstly, interviewing on the
kerbside, where there was a close proximity between the respondents and
specific obsevable environmental status, afforded the empirical testing

of hypotheses on the relationship between people's responses and a number
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of different aspects of the environment which are not directly perceptible
in ‘other contexts. For example, the attitudes of people sitting in their
home, towards pedestrian delay or risk in crossing the road, would be
general in nature and would be more difficult to relate to particular
traffic flows.

The concentration on pedestrians responses thus allows the greater
facility for formulating the rules foé'predicting overall responses from
a number of sebaraté responses.' Unless we can determine fﬁé methods for
6ombining responses in one user context, it would not be possible to
combine peop;g's.overall responses in that context with their overall
responses in other contexts.

Apart from the kerbside context being more suitable for testing these
hypotheses, its study of the quality of the environment also contributes
to thq study of environmental_quality in other contexts,.;n that the
prediction of noise at the kerbside is an input to*predicticn models for
noise at points away from the road. Further, many of the methodological
problems which have had to be solved in this user\context are common to
others.

A further restriction was a decision to limit the research to
people's direct and personal responses to the environmental effects of
traffic. This, insofar as it was successful, ruled out the responses
being affected by more general attitudes on environmental control and

attitudes about the effects on-other people.

2.4 RESEARCH DEFINITICHS

2.4.,1. Environment
Restricting the study to the relatioﬁship between the diredt effects

of road traffic and people's affects with the environméﬂt leads to a



Text cut off in original
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very specific definition of the word "environment". It excludes that
part of people's surroundings which is affected when they are using a
vehicle. It also excludes that part of their environment which is
affected indirectly by the use of roads, such as benefits gained as a
consequence of people or goods heaving been moved. .As will be seen, the
study is - further restricted to the environment of individuals in one
specific land-use, which is in this capacity as pedestrians, although
many of the conclusions may be extrapolated to other lsnd-use environ-

ments.

2.4.2. Annoyance

So far in this introduction, a number of words have been used to
describe the relative value which people put on the environment as affect-
ed by traffic. These include "consciousness with disamenity", "social .
cost", "subjective responses", "affects" and "disutility". None of these
lend themselves to being operationalised in the context of kerbside
interviewing. Because of the constraints of kerbside interviewing, the
respondents attention was focused on one concept which it was hoped -
would represent all of the relevant subjective responses of the respond--
ents. A similar decision was made in the designing of the home interview
questionnaire used in the National Environmental Survey where there were:
fewer --~ time constraints on the interviews. They used the.concept of
"being bothered by", which was taken "to cover such connotations as annoy,
irritate, worry, trouble, or 'to be concerned about'", (Sando and Batty,
1974).

The concept of ammoyance was used in a corresponding survey of the
Urben Motorways Project Team (19?4). It was also used as the central
concept in the present study, because it is a word of everyday meaning

which refers to affects of a fairly transitory nature which could be
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related to specific enviroﬁmental conditions. Klternative words such as
"attitude’ of "opinion" refer to more long term affects or beliefs which
would not fit this criterion. "Impression" could be teken to refer to
sensations as well as affects. "Being bothered" was not used because its

meaning was considered to be less direct than that of "annoyance".

2.4.3, Indices snd Variables

One of the purposes of the rescarch could be Qieﬁea as attempting to
define and éalibfaté‘fhe psychological ééalé of'éﬁﬁoyéﬂbe; In a survey
context fespondents can only represent their annoyance along objective
scales. Inferring the psychological scale from such objective measure-
ments is one of the critical problems in. the research design. But though
it may be represented in terms of the scales in which it was originally
encoded, it is usually .more helpful in the context of .environmental plan-
ning to represent it as an environmental index...An environmental index
is defined here as a numerical representation of one or more environmental
effects of road or air traffic which is proportionate to the annoyance
caused. ,It may be expressed as a transformation of one or more environ-
mental variables (e.g. LlO)! or a combination of both (e.g. the Noise and
Fumber Index). - . L

_ An environmental variable is a physical variable effected by traffic,
but defined independently of the environmental context and arbitrarily
selected on the implicit assumption that a trensformation.of-it would
contribute wholly or partly to the composition of an environmental index.
The environmental variables and those indices which are not based solely

on traffic variables-are purely-of heuristic value.
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CHAPTER 3: A CRITICAL REVIEW OF THE PRESENT STATE OF KNOWLEDGE

This work finds its focus within the broad body of theory and
practice forming transportation planning and management. As such the
criteria used both to select and review the relevant literature stem
from this orientation and from the specific objective of contributing
to the assessment and evaluation of transport proposals against the
criteria which have been defined above. This chapter, therefore, places
its eﬁphasis on attempts to model and predict traffic-related environ-

mental indices.

3.1 MODEL EVALUATICN

The criteria by which the models are judged range from general
assessments of the environmental indices, to more specific tests of
their reliability. Each of the six en?ironmental effects of road traffic
which have been listed in chapter 1, noise, pedestrian delay, air
pollution, risk in crossing the road, vibration and visual intrusion will
be discussed in the following section. The validity of the dependent
variables in the light of existing evidence will be feviewed first. This
will be followgd by a description of the available models and an assess-
ment of their reliability. Whgre possible their reliability will be
judged according to their accuracy, robustness and simplicity. The
accuracy of the models will be determined from their residual errors and
multiple correlations, in the cases where these are published. The models'
robustness will be assessed from their construct validity. Simplicity in
the specification of models is a merit when it comes to application, and
it also contributes to their robustness where there is a possibility of
error in the data (Alonso, 1968). As well as these criteria, there is a

more immediate concern with relevance as the specific interest focusses
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on the kerbside environment for the reasons discussed above. The final
section looks at models for predicting overall and relative resﬁonses to
the environmental effect of road traffic. The space devoted to each of
the environmental factors is a reflection of the extent of the relevant
knowledge in these areas, and should not be taken as an indication of

their relative importance. : I ;A

3.2. TRAFFIC NOISE

iy

3e2.1. Indices Developed
Indices of noise have usual}yhbeen based on transformations of sound

levels. The standard units for measuring these have now become "A weighted"

decibels (df(A)) which are a function of sound pressures weighted in hccord

with the response pattern of the humen ear.l As decibels only refer to

instantaneous sound some measure has to be developed to express sound

levels over a period of time which may also act as an environmental index.

Many such indices have been developed, but notwithstanding the strong

cases which have been made for a number of indices; (Griffiths and

Langdon, 1968 and Robinson, 1969 and i9?5). since the publication of the

Wilson Report (1963) the L o has become the index of traffic noise which

is almost universally used in the U.K. The L10 is the sound level which

is exceeded ten percent of the time.2 As the sound levels from free

flowing traffic and to a lesser extent, non-free flowing traffic,3 are

1. Glbssaries of the technical terms applicable to the measurement of
sound may be found in many sources, e.g. British Stendards Institute
(1963) Lassier (1974) or Architectural Journal (1969). :

2. The Lj0 is usually discussed in terms of hourly periods. The 18 hour
Iy0 is the arithmetic mean of the hourly Ijp between 6.00 a.m. and
mid-night.

3. Free flowing traffic is defined as where the distance between vehicles
is randomly distributed, such as occurs on motorways which are not.
over loaded. Such conditions do not occur where traffic lights etc.,
tend to platoon the traffic, or where the inability to overtake causes
the headways to tend towards uniformity.
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approximately normally distributed, the L10 approximates to:

Lo = L + 0.5 (I10 - Lyp) (3.1)
= Lgp + 1,28 o

Where o is the standard deviation of the distribution and Lsg and Lgg
are the sound levels exceeded 50&35 and 90‘,713 of the time. The mean energy
level (Leq) is widely used in some European countries to measure traffic
noise and is strongly advoqgted for use in the U.K. by Robinson (1975)

on the grounds of simplicity end, to.introduce a new criteria, standard-

isation. It is calculated as follows:‘

Leg =K log L fj - jols/K (3.2)
100 |

Where K is a constant,

- fj is the percentage time that a sound level is in the i th
interval, _
L; is a medisn sound level of the 5 dB(A) interval i

The same author (1969) had previously developed the Noise Pollution lLevel
(1yp) which tekes the form:

Iyp = Lgg *+ (Iyo = Igo) + 0.0175 (Inq = Igg)® (3.3)

The Traffic Noise Index (T.N.I.) which was developed by Griffiths and

Langdon (1968) placeé much greater emphasis on the variation in the noise

levelsi

TN I = Lgg + & (I = Ig0) =30 .. (3.4)

In each of these four indices there is a different emphasis placed
on the variation in the sound levels. The grééter the emphasis, the

more likely the index is to decrease as traffic flow increases. It has



- 24 -

been shown that the L p begins to deécroase for free flowing traffic after
1000 vehicles per hour (Waller, 1973).

There is no evidence from social surveys which definitely attests to
the validity of ome of these rather than another. Some of the difficulties
in desigﬁinghéuch a survey may be noted from the fact that the same data
which was used to develop the MI was also used to justify the L, and
the iB hﬁuf ng, igbholes.énd Sérgént, i971)."There ia also sdci&l survey
evidence to suppof{ the Leq! which gives'ihe variation of sound a zero
weigﬁ%iné;‘(ﬂational Swédish Institute, 1968).1

One of the main research prubiema, which has not yet been overcome,
is that of defining the psyéhbioéical.cbntinuumqon which subjective resp-
onses nay %é meﬁéured. A high'cofreiation between a measure of annoyance
and an environmental varieble (as for example in the National Swedish
Institute's survey) is no proof that the variable should be regarded as
an index of environmental ghiality unless there is also evidence that the

measure of ennoyance is a linear function of the actual annoyance experienced.

3e2e2e _Existing_Noise Hodelg . _
Fortungtely, almost all of the models which have been developed for
predicting noise from traffic are relevent to kerbside predictions. This
is because models for predicting noise levels at facades are best devel=-
oped in two stages, (Deleny, 1974), the first predictipg\ihe_goise levels
at a reference point close to the road, and the second the rate of
attenuation. e

 Three approaches have been used in the development of prediction

1. Quoted from OECD (1971) and Build International (1968).
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models for road traffic noise, (Nelson, 1973). The most frequently used
is the simultaneous measurement of sound levels and the characteristics
of the traffic flows which are believed to influence the sound levels.
The relationships are then determined by multiple regression. The other
approaches are to develop theoretical models or to use scale model tech-
niques. The latter method has been little used and though it may have
potential in developing attenuation models, (Delany, Rennie and Collins,
1972); a method has not yet been developed for simulating the accoustics
of road traffic (Nelson, 1973).

A number of workers have developed theoretical models for predicting
noise from free flowing traffic e.g. Galloway (1962), Kurze (1971),
Nelson (1973) and Delany (Vass, 1972), but more have been developed for
non-free flowing traffic, and the complexity of these models and the
large computer space required mekes it unlikely that such theoretical
models will be developed for non-free flowirig traffic.

Field work measurements, as Nelson (19?3) has stated, provide the
closest contact with reality, though as a basis for model development
the researcher has little control over the parameters affecting the
noise level, and interactions between the various parameters cennot be
readily separated. However, for non-free flowing'traffic, it appears
at the moment to be the only practicable approach, and it does not rule
out the recalibration of the whole or parts of models designed for
free-flowing traffic.

By far the most important variable in predicting Lo is the number
of vehicles passing the measurement point. This is usually expressed in
vehicles per hour. The sound pressure emitted by vehicles is approximately
proportionate to the rate of flow and without exception it figures in

logarithmic form in regression models where the dependent variable is in
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decibels. The specification of the composition of the traffic raises
more of & problem. Johnson and Saunders (1968) used a relatively simple
specificatibn, which consisted of the percentage of heavy vehicles.

They were responsible for one of the first systematic attempts to develop
a noise prediction model from field measurements. In a reanalysis of
their data Delany (1972) recalibrated the regression equations for
estimating the LlO’ L50 end L90. In each case the models were in the

form:

L= a+blogV+ClogQ+dP (3+5)
Where V = mean gpeed of the vehicles

Q = total flow in vehicles per hour, (v.p.h.)

p = percentage of heavy vehicles.

This model has the merit of simplicity. Its accuracy is difficult to
assess,’though the multiple correlation in the case of 15¢ was 0.92.
However, these models were based on data from free flowing traffic and
the range of variables was outside that found in most non-free flowing

traffic situations. The minimum speed was higher than the 30 m.p.h.
limit on most urban roads, and the minimum flow was 780 v.p.h. These
models would, therefore, at least neéd to be recalibrated from measurements
of non-free flowing traffic. ‘
Gilﬁert end Crompton (Crompton, 19713 Gilbert 1973) have developed a
nunber of models for predicting the kerbside noise from non-free flowing .
traffic, using methods similar to Johnson and Saunders. The following |

1
regression equation 1s a typical result:

1. This model was developed for low flow streets. The equation quoted
by Wigan (1975) where the constant was 58.58 had been corrected, as
above (Gilbert, 1973).



Lo = 573 + 9.2 log Q (1#0.09p) = 4.2 log Vy + 2,37 (3.6)
Where y is the distance between kerbs in metres and

T is an index of the degree of platooning of the traffic.1

Common to all of their models is the specification of the flow-
composition element. It could also have been written: "9.2 log (L + 10H)",
where "L" and "H" are the flows per hour of light and heavy vehicles
respectively. It is submitted that the constant relative weight, which
they postulate for heavy vehicles compared to light vehicles, contains a
theoretical weaskness. This may be seen from a-look at level recorder
traces. As individual vehicles pass a microphone, dB(A) traces are
described which approximate in shape to isosceles triangles. For similar
speeds the angle at the points of these triangles remains fairly constant

for both heavy and light vehicles, though the heavy vehicles tend to be

L or 5 dB(4) louder than the light vehicles. It will be noticed that if
a line is drawn through the triangles, corresponding to.some Lyq, the.:
ratio of -the length of the line within a triangle described by a heavy
vehicle to that described by a light -vehicle depends upon the level of
the LlO’ and of course the L10 depends upon the flow and the proportion
of heavy vehicles, The greater the flow or the higher the proportion
of heavy vehicles, the greater is the relative effect of heavy vehicles

on the Ll compared to that of light vehicles.” This also holds true when

0
the sounds of the vehicles coincide with each ‘other.
Equation 3.7 shows how this flow/composition element may be expressed

in another way. - 34 2 e e

L - - g - LE g . RN

1. This index .of platooning (or dispersion) was arrived at by counting
the number of vehicles in successive ten second intervals, and div-
iding the variance of the numbers by their mean. ,




9.2 log @ (1 +.0,09P) = 9.2 log @ +.9.2. log (P +.11.1) = 9.6 (3.7)
This would-add enother degree of freedom in the calibration, which could
improve the goodness.of_fit._ The,fiqagle tail of 1l.1 has the e:fect of
moving the values of. the element further along the logarithmic curve to
vhere it is straighter and more similar to equation 2.5. However, it
does suggest another‘specifiqation_wh;chlcould be tested, which ia the
logarithm of;the percentage oﬁ_hgayy vehicles. Another specification
which deserves testing for goodness of fit on the grounds of its simplic-
ity is one in which the fégression set contains the logarithm of the number
of 1light vehicles and the }ogarithm of the number of heavies.

The residual errorlof regression equation 3.6 also causes concern.
It was 2.7 dB(A) The 95¢5 confidence bands round the estimated Ly
are therefore approxlmately equivalent to multlplying or dividing the
traffic flow by four. This-range of errors, whlch makes its application
in planning terms questionasle, is the result of the logarithmic format
of the specification. It is not possible to say from Gilbert and
Crompton's publications whether -the size of the residual error is signifi-
cantly affected by the specification.

In a reanalysis of a limited number of measurements published by
Crompton (1971), it was found that the equation 3.5 type of specification
and a theoretically based formula defeldﬁéd for free flowing traffic by
Delany (Vass, 1972), 5oth gﬁve as good results as Gilbert and Crompton's
own specification, (Hodgins, 1972). The multiple correlations were
approximately 0.93 and ‘the.residual errors were 2.2 dB(A). Delany's
model was based -on the distribution of individual vehicles' sound patt-
erns in drive-past recordings. Negative exponential distributions were

used to describe the random pattern of headweys between vehicles in each

lane. An increase of 9 dB(A) in the peak noise levels of cars was taken
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as given for each doubling of speed and 4 dB(A) for heavy vehicles.
Variation from the mean speed was allowed for, both with end between
lanes. A close correlation was found between estimates using this model
with a propogation element and the observed Ino at up to 160 metres from
alrange of traffic conditions, (r = 0.984 end R.E. = 1.32 dB(a)).
Equation 3.8, which was quoted by Vass, is a simplified version of the

original model developed by Deleny:

-L10 =a+blogV+c logQ (j.B)
Where a = 11 + 43 (i-eﬁp/zs) -
b = 5.5+ 16.55P/6
S pe-p/12
P = the percentege of heavy vehicles

V = the mean speed of vehicles in k.p.h.

Q = the traffic flow in vehicles per hour.

The Department of the Environment (1975b) has published another1
model for predicting the L;5 from non-free flowing t;affic. Its chief
feature is the specification of the interaction element involving the
speed variable:

LlO = 10 log Q + 33 log (V + 40 + j%g) ' ' ' (?.9)

+ 10 log (1 + 5P) - 26.7
v
Nothing is stated about the degree of accuracy that might be expected
from it, or :about how it was developed. However, it.can be shown by the
manipulatian of the elements that the specification of the traffic and
composition variables have similarities to Gilbert and Crompton's

specification.
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10 log Q + 10 loé (1 + 5P) = 10 (1og Q + log 1 + 5P) (3.10)
rr _ A

= 10 log Q(1 + 5P)
v

3e2.3 -The Effect of Vehicle Speed on Noise

There arc a number of ways in which the sound emitted by moving
vehicles is affected by the speed at which they are travelling (R.R.L.
1972). This is probably reflected in the various specifications of the
speed element in models described above. Waters (19?4) has shown that
engine speed is the most important single parameter in determining the
noise of a modern deisel-engine commercial vehicle. The extent to which
noise varies with speed depends on the vehicle load (Olson 1972). The
rattling noise which some vehicle loads make may vary with the road
speed of the vehicle. At high speeds, tyre noise and aerodynemic noise
become more significant (Rucher and Gliick, 1965). - The variation in
speed also affects the noise emitted (Harland, 1970). - >

There is evidence ‘that indices of noise are related to the logarithm
of the speed of the traffic flows, which is based on the observation of
individual vehicles. Pried (1967) reported that for various sized
stationery engines running between 500 and 3000 revolutions per minute
there was a fairly consistent linear relationship between sound pressure
and revolutions per minute when plotted on 10g/10g axes, for each engine
size. Lewis (1973) in a study of pesk noise values of individual comm-
ercial vehicles driving under freely flowing traffic conditions, found
that the peak decibel level was linearly related to the logarithm of
their speeds The maximum speed in his study was 50 k.p.h. Waters (1974)

found similar results at slower speeds under test conditions.
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Harland (1970) found the same type of relationship in tests done
with ‘an 1100 cc motor car driven under experimental conditions. -He "also
found, however, that particularly-in first gear there was little relation-
ship between speed and sound when the vehicle.was accelerating. Similar

'reaulta'were found with a sample’of :six lorries over eight tons.gross
weight. -From this he' assumed that under 32°'k.p.h. there is no relation-
ship between speed:and-sound emitted. Implicit in this assumption is
that vehicles are always accelerating under 32 k.p.h. which is not
necessarily the case in non-free flowing traffic.

However, thére is no direct comnection between using a logarithmic
function for ﬁescribih&vihie relationship and for describing the
relationsﬁip between‘eenindex of-hoisa'deef a péiibh of time anﬁ the mean
speed ef vehicles in.a tiéffic floﬁ. Johneoﬂ.and Saunders (1968) foun&:
that the relatlonshlp held good between the LIO and the speed of free
flowing traffic, but there is conflicting evidence on whether it does for
non-free flowing traffic. In some studies of non-free flowing traffic,
Gilbert and Cromﬁton found no significant relationship between Iy0 &nd
speed. For example this was the case in their analysis of 200 observations
taken in Edinburgh (Crompton, 1971). In fact they found a slight negative
correlation between the L50 and the logarithm of the mean speed when the
traffic flow was controlled. On the other hand they found a significent
jnteraction between the logarithm of speed and the width of the road as
shown in equation 3.6. They also postulated yet another type of inter-
action between sjEed and an independent variable, this time with the
traffic flow. They stated that, for a given flow, the higher the speed
the greater would be the spacing, with a consequent reduction in the

sound lefel.
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Vulkan, (1970) in discussing the interaction between speed and the
proportion of heavy vehicles also noted that the composition of traffic
is less important as speed increases, because the difference in noise
emission between lorries and cars becomes less. A similar effect is
described by the " log V" element in Delany's model (equation 3.8).

The D.o.E. model (equation 3.9) is a more complex specification involving
speed. In figures in two elements. In the first (i.e. 33 log (V + 4O +
500/V)) the value of the element is "U'"shaped with respect to the value

of the mean speed. The noise descreases as speed increases up to b;tween
20 and 25 ke.p.h. when it begins to increase. The second element (i.e.

+ 10 log (1 + 5P/V),) involves an interaction with the percentage of
heavy vehicles. It entails that for any given percentage of heavy
vehicles the estimated L10 decreases as the speed increases. It will be
necessary to test each of these specifications empirically, but, other
things being equal, the Johnson-Saunders specification has a considerable

advantage in simplicity.

3.3 PEDESTRIAN DELAY

Two pedestrian delay variables exist which may serve as indices.
They are the mean time that a pedestrian is likely to be delayed and
the proportion of times that he would be likely to be delayed. Not other
indices have been developed, and no research has been conducted which has
definitely discriminated between them. Measurement of pedestrian delay
will pose a number of problems. These will be discussed in the following

chapters on the research methodology.

3.3.,1 The Development of Adam's Formulae

The models which have been formulated for predicting pedestrian
delay from the characteristics of traffic flows are theoretically based.

The seminal research was conducted by Adams (1937). He determined that,
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assuming the pattern of arrivel of vehicles is rendom, and that the
headways between them are exponentially distributed in time, then the

mean delay of pedestrians crossing the road would bes

D - (% - et -1)/Q (3.11)
WherelD = fhe mean delay in time kéeconds) thﬁt the pedestrians
would be delayed, inclﬁding those times when thére
would be no delay; |
Q= tﬁe total flow in vehicles per second
t-- the minimum gap in seconds between vehicles that the

pedestrian would accept.

Adems showed that it also followed from these assumptions that the

percentage of time delayed would be:

%D = 100 (1 - =) (3.12)
Where %D = the percéntagé of people arriving contintoﬁély

at the kerbside who would be delayed.

However, in practice, on many roads the pattern of arrival may be
significantly non-random due to, for example, traffic lights, pedestrian
crossings, and bus stops, which may cause vehicles to group.  This,
Adems stated, causes a.greater proportion of very short and very long
headways between the vehicles. Dowell (1967) attempted to test whether
Adens' equations held true in such a context. He observed the headways
between vehicles at a number of sites in central Oxford where the flow
was affected by traffic lights. He compared the estimated mean delay
calculated from Adams' formula with the mean delay calculated from the
observed distribution of headways. Using various minimun acceptable

headways between 2 and 10 seconds, he found that there was little differ-
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ence between the estimates for the lowest flows (170 vehicles per hour),
but that for flows between 300 and 800 v.p.h. the estimated mean delay,
when the random flow assumption was made, was generally much lower,
ﬁlthough, as he points out, his sample was small and the "non-randomness"
éf the flows varied from sfreet to street. It is noted that the "non-
randon" delay was 80 greater than the "random" delay at a 4 second
ninimum acceptable headway (MAH), and that it declined relatively to
being 107 greater at a 10 sec. MAH.

In a follow-up survey Dowell fqﬁnd that the median asccepted head-
way by pedestrians was between 4 and 5 seconds. fhia he fouﬁd vas not
greatly dissimilar to that found in previous research. The MAH varies
from person to person depending on their mobility and their motivation
etc., and indeed it varies for each person depending on numerous subjective
and objective factors.

Ashworth (1971) notes that the observed MAH may vary according to
£he method of observation. For example, the low correlation found
between pedestrian delay and traffic flows measured in the Coventry
iransportation Study (1973) has been attributed to the difficulty of
knowing when a pedestrian has decided to cross the road (Bowers, 1972).
Where delay is measured by observing pedestrians, no delay would be
measured on cases vhere the pedestrian watched the traffic while walking
and only attempted to cross when a suitable opportunity hrose. In such
a situation the degree of delay would depend on where the pedestrian was
going rather than the flow of traffic.

Ashworth also stated that if it was assumed that people's MAH's
are normally distributed with a variance of s end a mean of e, then the
mean deley is:

D= (e +e%?/2-at-1) /o (3.13)
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Like Adams' model this assumes that each pedestrian behaves independ-
ently of each other. As Asghworth points out, this is not so. If two
or more pedestrians are waiting to cross the road at the same time, those
who have the longest MAH tend to cross the road with those who have
shorter MAH., He used the results of a computer simulation model to
describe how the increase in pedestrians decreases the mean delay for
given traffic flows. The rate of decrease is positively related to the
traffic flow and negatively to the number of pedestirians crossing. The
estimated mean delay fell by 4% when the pedestrian flow was changed
from zero to 500 per hour for 1500 v.p.1 flows. Tanner (1951) also
developed models incorporating the behaviour of groups of pedestrians.
Neither however discussed the effect of pedestrians on the distribution
of headways.

Thus, it has been shown how there are considerable grounds for
expecting that the Adams' formulae or some modification of them should
provide a relatively good description of the form of the relationship
between pedestrian delay and the characteristics of the traffic flow
when it is not free flowing.

Having said that, it is still germane, in a critical review of the
models which have been developed for predicting pedestrian delay, to
report a model which was not based on Adams' formula. In the data which
was published by Crompton (1971) only statistics on the percentage of
time delayed were given. As the number of observations was limited,
only a simple additive model was tested in the reanalysis of this data
(Hodgins, 1972). In fact, only the logarithm of the total flow was

gignificant:
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7D = 58.5 log Q = 113.5 | (3.1L)
‘-'-’herg %D = Pefcentage of timé delayed
| Q = Traffic flow in vehicles per hour
Multiple Correlation = 0, 81 |
Re31dual error = 5.9

Sampie size ‘ = 36

While this specification gives.a relatively good fit, its robustness
still needs to be tested with a much larger sample, where its accuracy
can be compared with that of the Adams specification. It still remains
to be seen whether mean delay or percentage of time delayed has the

greatest bearing on annoyance delay.

3.4 ATMOSPHERIC POLLUTION

The problem of developing an environmental index fof air bollution
are quite different from the case oflﬁoise or pedéstrian delay. The
fact that little progress has been made in this direction may be due to
there be1ng a large number of different pollutants emltted by vehicles,
and that the degree to which they are emitted varies according to the
type of the vehicle and the way in which it is dr:ven (Sherwood and
Bowers, 1970) thereby making it unwise to use one pollutant as an
indlcator of the general pollutlon, although CO is sometimes so used.
The problem is further compounded by the fact that the pollutants may of
may not be pérceptible aﬁd they méﬁ or may not be injurious to health.

Those which are perceptible may not in some cases be found to be

unpleasant.

3.4e1 Air Pollution Models.

The methods for formulating models for the prediction of the pollut-

ants tend to be similar regardless of whether they are environmentally
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undesirable or not. Also there may be cases where measurement of an
undesirable pollutant may be difficult and the measurements of another
environmentally neutral pollutant may be used as a surrogate for it.
Therefore, the existing knowledge on model development of the non-
environmentally intrusive pbllutdnts'will be reviewed as well as that for
intrusive ones.

A great number of chemical compounds are emitted from the exhausts
of vehicles, but the mostﬁimportaﬂt ones are éhrﬁon mohoxide, lead
compounds, oxides of nitrogen and smoke (Urban Motorways Project Team,
1973). Road traffic also épreads dirt aﬁd dust. Carbon monoxide, which
is emitted ﬁainly By petrdl engines, can be lethal in large quéntities.
There is some evidence that it may be hamful in the concentrations found
on city pavements; forlexample the length of the time periods which
policemen do on duty: at one cross road in Vienns,is restricted because
a number had been overcome by the effects of carbon monoxide poisoning
(Ritter, 1964). Lead pollution from exhausts is caused by ‘the addition
of lead to petrol to increase its efficiency. It can be a health risk
because of its tendency to accumulate in animal and vegetable tissue
where exposure takes place over a period of timé. Neither lead nor
carbon monoxide are perceptible.

Smoke consists almost entirely of carbon particles emitted by diesel
driven vehicles. It is not considered to be a health hazard (Sherwood
end Bowers, 1970) but it may act as a nucleate in héée formation,

(Buchan and Charlson, 1968) which may absorb other gasédﬁs pdllutants
end cause bronchial trouble (Bowen, 1964). It is ﬂiéhly perceptibl&
end probably the most objectionable pollutant, (Sherwood and Bowers,
1970). Nitrous oxides have little direct effect, but they tend wnder

certain climatic conditions to react photo-chemically with other chem-
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icals to cause smog and increased ozone levels. Aldehydes and hydro-
carbons are less important emissions which are perceptible and sometimes
cause discomfort. Dust and dirt dispersed by vehicles can effect the
quality of the environment, particularly where the concentrations are
high (e.g. Urban Motorways Project Team, 1973).

While a number of surveys have been made in Britain of the levels
of concentration of these atmospheric pollutants which are caused by
traffic, there have been few systematic measurements of the character-
istics of the traffic flows at the same time as of the pollutants, which
would enable the development of ' models for predicting the air pollution
from the traffic flow. Those surveys which were systematic tended to
include a large number of measurements taken at one site over a period of
time. Colwill's (1973) study in Reading is an example of this kind. He
regressed the observed values of carbon monoxide, nitric oxide?'smoke end
lead concentrate on the traffic flow,l. ‘The accuracy of his models
appeared to_be fairly good; the correlations renged from 0.73 to 0.92.
However, his observations were taken within 5m of a set of traffic lights
and were, therefore, not typical of urben roads. In a similar survey of
carbon monoxide levels in Birmingham, Bayley and Dockerty (1972) were
less specific about the relationship found between the dependent and
independent variables. ,

Gilbert and Crompton (1970a .and 1970b) included carbon monoxide in
their series of simultaneous measuremeﬁts of environmental variables and
their determinants, but the results of their enalysis were not available

until they were reported by Wigan (1975). They found a multiple correlat-

1. In the latter case the regression was only on the flow of petrol
driven engines.
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ion of approximately 0.8 between the observed CO and the independent
variables. This was similar to that found (Hodgins, 1972) in the re-
analysis of the data-which they publiahed (Cromptdn,‘1971). Their ﬁred-

iction model was:

CO = 2,26 + 0.14R = 0.63A + Q/V(203T + 2,37/W) (3.15)

Where R

ambient temperature in degrees centigrade

A

mean wind speed (m.p.h.)q

Q

two-wey traffic flow

<
"

mean speed in (m.p.h.)

Lo
-

traffic pattern of arrival index

=]
]

=
n

‘road width in feet.

The reasons for including third order interaction elements, which add to
its complexity, were not given. However, it did include some variables
in the climatic conditions at the time of measurements, which are a
necessary indicator of rate of dispersion. Though values for these
variables would not be available for prediction purposes, they do add to
the rohustnéﬁs of the model,.énd éstiﬁateépaf:their mean values 6ouié;5e
used in predictidn;

The concentration on défeloﬁing ﬁddéls-fdf carbon monoxide iﬁpiieﬁ
that it may be teken as a surfagate for other variables. Apart from
further research that may be needed to improve the model, e.g. by
including an element on the composition of the traffic, it is also
necessary to formulate-a model for predicting the concentrations of

smoke on the kerbside, The environmental index of air pollution from

traffic also remains to be devéloped. ~~~ =7 T 0 moTem e
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3.5 PEDESTRIAN ﬁISk
| It was found in the National Environmental Survey that danger to
pedestrians was the factor which bothered the respondenéé moét; (Sando
and Batty, 1974) yet little research has ﬁeen done on iherdeveléﬁment of
mode%s for predicting tﬁe”;ﬁﬁber ofrAGEiaents-from the t;;ffic variaﬁies
for given flows of pedestrians. Researéh which has been carriéd oﬁf, has
tended to concentrate on éther determinants of accidents, e.g. the age,
sex and exposure of vulnerable groups (Howarth, Routledge and Repetto-
wright, 19?&); exposure and distance to zebra crossings (Jacobs and Wil-
son,1967) ,and’ the installation of zebra crossings (Duff,1968).-

The only available model for predicting aécidents from both ped-

estrian flow end traffic’ flow was developed by Bayliss (1967);l
N = 0.0012 FFp - 5.28 (3.16)
Where N & pedestrian accidents per annum
FIII = 24 hour traffic flow
Fp = 24 hour pedestrian flow
A characteristic which is unique to this model, amongst those reviewed,
is that the environmental variable is partly dependent on the number of

people exposed. However, the expectation of one person being involved

in an accident may be estimated by rearranging the formulas.

Np = 107 (7.9Q - 1450) (3.17)
Where Np = the probability of the pedestrian being involved in
an accident . - - szie TR

Q = the traffic flow in vehicles per hour.

l. Quoted from Wigan (1975).
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The model is irrespective of the length of road involved. The accuracy
of the model was not given.

Pedestrian risk is a health matter, and we are therefore not
directly concerned with it. We are howevertconcerned with the subje;tive
responses of the pedestrians. No research reports are available connect-
ing risk with people's perception of it, or connecting their feelings of

annoyance with risk to their perception of it.

3.6 VIBRATIQN

Little research has been done relating vibration to pedestrians
responses or to the characteristic of road traffic.l There are, therefore,
no indices of vibration or prediction models for fhis environmental
faétor. The following is a brief outline of the subject. _

Vibration from road trafflc may travel through the ground or through
the atmosphere, (Urban hotorways Project Tean, 1973), Ground-borne
vibration is caused by heavy vehicles passing over irregularities in road
surfaces. Little is known aboﬁt its transmission or attenuation, but it
is a problem which ought not to arise on modermn roads (Whiffen and Leonard,
1971). _ : v e ot

Air-borne vibration or infra-sound, as it is sometimes called, is
low frequency sound which is largely emitted by deisel engines. It
attenuates and is absorbed at little more than half the rate of sound in

the normal audible renge.’

3.7 VISUAL INTRUSICH

Research commissioned for the Urban Motorways Project Tean (2973)
was based on the use of the solid angle subtended by motorways. Environ-
mental indices which were developed from relatively large samples of
interviews included the tfaffic flows and the solid engle subtended by

the motorways, (Lassiere, 197%). The index built for situations on the
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existing road network did not include an element for the solid angle

subtended by the road:

V, = 3.42 + ,16C - .0005Q - 0,013P (3.18)
Where V4 = visual satisfaction score, on a 1 to 7 scale.
C = context constant, which can take the values 1, 2
" or 3 depending on the visual quality of the surround-
ing buildings.
. Q = traffic flow in vehicles per hour.

P = percentage of heavy vehicles.

Theﬂéquation_;s valid for flows between 300 and 4,500 v.p.h. and for
percentages of heavy vehicles of up to 60,

The methods used for eliciting the responses were not given. Neither
is the accuracy which might be expected. However, the implication of
the report is that the solid angle subtended by the traffic is not a

necessary element in the model.

3.8 OVERALL AND REIATIVE INDICES

No research reports, known to the writer, either establish indices
of the various environmental effects of road traffic, which are on a
common ratio scale, or an overall index of environmental quality. A
number of writers have submitted methods of weighting exposure levels
for different-activity contexts for different numbers of people, e.g. -
Lassiefé, (1974), or Veiner snd ﬁeak, (1972). IWheré weightings have
been suggested; tﬁéy may have been based on the best available information,
but the definitive research has still to be reported.

The results of the National Environmental Survey reported by Sando
and Batty (1974),indicate, by the percentage of people "bothered" and

"seriously bothered", the relative importance of the main environmental
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effects of traffic both indoor and outside,

Overall traffic
Individual disturbances
i. Pedestrien danger .
ii. Noise at home
iii. Noise out .
ive Fumes at home
ve Fumes out.
vi. Dust and dirt
vii. Vibration
viii. Parking
Any of these éight disturbances
Any disturbance when outside the home
(i, iii. end v. above)
Any disturbance when in the home
(ii. ive vi. vii. viii above)
kny noise or fumes

(ii. v. above)

See Table 3.1.

Percentage of respondents

Bothered
at all

64

69
49
gl
7

b7 .

36
27
21
88

82

66

73

Seriously

bothered

21

27

16

23
15

12

33

Table 3.1 Percentage of people "bothered" and "seriously bothered" with

environmental effects of traffic (From Sando and Batty, 1974).

As may be seen pedestrian danger caused the greatest bother, this

was followed by fumes outside and noise outside . Approximate linear

relationships between the percentages and the logarithm of the traffic

flows may be noted, for the various types and levels of disturbance for



which they published graphs. In some survey results published by the
Urban Motorways Project Team (19?4)‘there vas npproximateiy linear |
relationship between the percentage of people annoyed and the diatﬁnce
from the motorway for the various environmental factors,-though the
relationship between the percentage of people annoyed with noisec was also
approximately linearly related to the dB(A).

Hills and Rees, (1976), found in their survey of spontaneously °
given impressions by pedestrians that 18.4% mentioned pedestrian delay
and 12.8% mentioned danger. This was compared to 4.5% for noise and 2%
for air pollution. - A1l their interviews were on one street and they did~

not attempt to relate their responses to the traffic flows.

3.9 smmmr

2 Pl »y . v . ERE A
g L3

In thlB rev1ew of the present state of knowledge on the prediction
of the env1ronmenta1 effects of road traffic, it was found that there was
little agreement on the definition of an index of noise_annoyanee. The
Lo has eecome y;delyreecepped in the U.K., but models for its prediction
on the kerbside of stree@s_eith non-free flowinglerafficnwere‘relatively
inaccurate._ ihe reanalyeienof a_limiﬁed_number_of fieldwork measurements
made by Gilbert and Crompton indicated that the recalibration of models
developed for free flowing traffic may provide the‘beat results from the
point of view of accuracy as well as constructvalidityw This however
needed to be checked from a much larger sample. The difference_between
the existing noise indices cpuld be largely defined in terms of the weight
vhich is placed, in the index, on the variation in the index, on the var-
iation in the sound levels. It is necessary to test whether the Iyg
could be 1mproved upon as an 1ndex of noise.

In the case of pedestrian delay there are two environmental variables

- the mean delay and the percentage of time delayed. While, in practice,
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these variables may be closely related, there is no evidence as to how

an index of delay should be defined. Most of the research on the predict-
ion of delay has concentrated on the development of Adems' theoretically
based model for predicting delay caused by free flowing traffic. Dowell's
limited work suggests that Adams' formulae are relevant to non-free
flowing traffic. However, further research is needed to substantiate
this and to determine the degree of accuracy which might be expected. It
is also necessary to determine whether other traffic variables such as
speed and composition have an effect on delay.

There is a problem in the prediction of annoyance from air pollution
fron road traffic in that there are a number of pollutents emitted by
vehicles, and that their rate of emission varies differently according
to the way the vehicle is driven, end the type of fuel that is used. Some
pollutants are not perceptible, but are injurious to health. Carbon
monoxide is sometimes regarded as an indicator of air pollution, but it
is not perceptible. It has been submitted by some workers that smoke
is probably the most offensive of the pollutants, but rmch more work
requires to be done before an index can be defined or predicted.

No research reports were found connecting pedestrian risk with the
perception of it, or connecting feelings of annoyance with risk with
the perception of it, It has been shown that risk in crossing the road
is one of the environmentel factors which concerns people most about
traffic. The one model which has been developed for predicting pedestrian
accidents shows a linear relationship with the traffic flow.

No indices or prediction models for vibration have been developed.
Air-borne vibration is emitted largely by devised engines and travels
much further than noise. Little is known about the transmission eand

attenuation of ground-borne vibration.
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An index of the visual intrusion of vehicles has been developed. It
vas found that satisfaction was linearly related to the traffic flow and
the proportion of heavy vehicles. The relationship with the solid angle
subtended by the traffic was tested but it was not included in the model.

The definitive research has stillfto be reported on the development
of indices of the various environmental effects of traffic, which are on
a common scale, or an overall index df environmental quality as affected
by traffic. If was founﬁ from graphs publishéd by Sénﬁo and Batty, and
the Urban Motorways Project Team that the proportion of feople annoyed or
bothered tended to be linearly related to the logarithm of the indepénd-

ent variables.




CHAPTER 4: RESEARCH METHODOLOGY: ENVIRONMENTAL VARIABLES

4,1 INTRODUCTION

Environmental indices and environmental variables were defined in
Chapter 2. The latter were objective measures of aspects of the environ-
ment and the former were specified functions of environmental variables
and/or traffic variables which were believed to be proportionate to
subjective response. Environmental indices may be expressed as a function
of traffic variables, for example, the index of visual intrusion reported
by Lassiere (equaticn 3.17). However, there are two reasons why attempts
should be made to define the indices in terms of environmental variables,
and to develop models for predicting the variabies. The first is that
the use of variables affords the-opportunity of testing theoretically
based hypotheses on the relatidnship betﬁeen subjective resﬁonses'and the
environmental vafiablea. Similafly, theﬁries'on the ﬁdditivity of
responses to determine the overall response coui& be testeds If such
theories could be establiéhed the index models would be more robust.

The second reason islthat many of the existing indices which are used

in planning, are expressed in terms of environmental variables. To

ignore the indices would not only be flying in the teeth of planning
practice, but would also be running the risk of submitting inferior models.

When it ceme to fieldwork design a problem arose. It was not feas-
ible to collect at the same time, the data necessary for the development
both of the models for predicting the physical environmental variables,
and the responses éf_the pedestriens to the environment. This was
partly due to the risk that the team of five observers and their equip-
ment for measuring the physical environment would affect the responses
of the pedestrians and partly that.the interviewing might also interfere

with the physical measurements. There was the further probability that
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at a number of sites the pavement would become obstructed, which could
add to the inaccuracies of the data.

This left no alternative but to conduct two surveys, the first to
make fieldwork measurements which would enable‘the development of models
for predicting the physical variables and the second for predicting the
pedestrians responses. In the second survey either the environmental -
variebles or-the traffic variables have to be measured. It was decided
to measure the latter for four reasons. Firstly, it was not feasible
to measure some of the environmental variables at the same time as the
pedestrians"responseé, (e.g. pedestrian risk, and vibration). Secondly,
the measuremént of environmental vafiables éione wbuld predlude the
development of indices based on traffic variables. Thirdly, there wés
still the risk that the equipment and observers would distract the
respondent's attention and bias his responses. Lastly, the initial
result of analysing the data from the first survey showed that relatifely
good estimates could be made of the ehvironméntal variéﬁles whibh were
measured.

Wathen thces practioal consteaints, Wils chapter catMines the methods
olégy adopfed fofvae;eiopiﬁg models for the pfediction of the énvifonﬁené—
al variables. The methodology adopted for_predicting the pedestrien

responses is contained in Chapter 5.

4,2 THE ENVIRGWMENTAL VARIABLES

4,2,1 Traffic Noise

As has been seen in Chapter 3, the characteristics of the variables
which constitute the existing envirénmental indices vary considerablj.
In the case of noise, one of the main problems is that of converting a
complex series of sounds over a period of time into a single index. The

existing indices were shown to consist, in varying forms, of an element
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representing the central tendency of the sound distribution and one
representing the dispersion (although the latter may be given a zero -
weighting). It was, therefore, decided to record the sound in "A"
weighted form, in such a way that the indices of central tendency and
dispersion, as well as the noise indices mentioned above, could be
ascertained. However, because of the extent to which the Llo‘has become

established as the index of traffic”noise in the U.K.,bthe emphasis in

the analysis was put on formulating a model for its prediction.

4,2,2 Pedestrian Delay

Observations of pedestrians delay depend on how the delay is defined
end measured. In this study we are concerned with the quality of the'
environnent atuépecific ﬁoin&s on the kéfbaide, and therefore a very‘
epsoific definition of deley has been edopted. This 18 the tims in
seconds in whlch one or more.t;akﬁad observers decide that it would be
possible to crosé_to the far side of the road, at a normal pace, without
pausing. From this the mean delay and the percentage of time delayed by
a continuous stream of pedestrians arriving at the kerbside could be
calculated, assuming the pedestrians judgements to be similar to those of
the observer.

An alternative to this method is to observe. the delay caused to .
pedestrians. Apart from the obvious constraint which this method imposes,
that of only being able to observe delay where there are pedestrians cross-
ing the road, this method entails a different concept of delay. In the
case of noise and the other environmental factors, the variables and
indices have been defined and measured without respect to pedestrian
exposure. The observation of the delay which pedestrians are exposed

to while they are waiting to cross excludes the time that some pedestriens

take in diverting their journey in order to use crossing facilities, and
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the loss which they exﬁerience if thgydecide not to cross the road
because of the traffic. It records no delay where pedestrians can walk
along the pavement while looking for the opportunity to cross. The
point where this type of pedestrien behaviour might be considered is in
the application of prediction models for delay to pedestrian trip desire
lines. The obéervation of the modification of pedestrians' behaviour
due to t&affic.flows may be considered as an indicétion of en%ironmental
cost to the pedestrian, but as stated in Chapter 3, thefe are many
disadvantages in this approach.

Once pedestrian delay has been defined and measured in these terms
the problem of choosing the index of delay might appear straight forward,
as there are just two possible variables; the mean delay and the percent-
" gge of time delayed. Both could be measured end it could be left to the
analysis of the subjective data to determine which, if not both, should
be adapted to form the index of delay. However, it may be found that
the relevant index would be a transformation of one of these variables
which would be more appropriately predicted directly from the traffic

variables.

4,2.3 Atmos]:_)heric Pollution

It was not practicable to measure the concentrations of all the air
pollutidns nentioned in Chapter 3 because of the cost of the eqﬁipment
end the difficulties of transporting to a large number of sites and sétt-
ing it up each time. It-was decided to measure two pollutants, partly
because, as stated earlier, it would be unwise to rely on one pollutant
as an indicator of general poliution and partly because it would be
desirable to test whether the error in one model was due to variation in

dispersion or measurement and specification errors. Smoke was chosen
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because of its widely noted unpleasanthess (e.g. Sherwood and Bowers,
1970). Carbon monoxide was chosen as the second pollutant, paftly
becausé of its-eésa 6f neasurement, and partly because of t;o facfors
which would diatinguish its readings from smoke. Firstly,.it is a gas
unlike smoke which is a particulate. And secondly, it is producéd almost
enfirely froﬁ the petrol drivén enéinea, smoke being produced mainly by
diesels. I% was also possiblé that the CO might be found to act as a

surfogate for other perceptible and annoying pollutants.

L,2,4° Other Variables

For the remaining three environmental factors, pedestrian risk,
vibration and visual intrusion, traffic variables rather than environ-
mental variables will be used to form the énvironmental indices. This
is largely because of the difficulty of measuring and predicting the
variables associated with these environmental factors. In the case of
risk, the development of a model for the prediction of pedestrisn fatal-
ities, serious injuries and slight injuries would need a separate survey
requiring data overla long period of time; Rather than conduct such a
survey it was decided to concentrate éitention on other aspects of the
problem.-PThis-was partly becausé the probability of accidents is:ﬁ
matter of public health and the relationship betweeﬂ.riak in the object-
ive sense and people's pérception of it is not yet known. Secondly, the
existing model for predicting risk shows that where pedestrian flows are
constant, risk is proportionate to traffic flow, (anliss,-196?). The
relationship befween.pedestrian risk énd delay has been commented on
(Burt, 1972 and Ganguli, 1974). It may be found that the index of ped-
estrian delay will be closely related to Ennoyance with pedestrian risk.
There were technical problems of measuring ground and air bome vibrations.

The use of noise indices as surrogates will be tested. Traffic variables
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were relied on for the prediction of annoyance with visual intrusion,

as in equation 3.18. This was partly because the consultants who were
employed by the Urban Motorweys Project Team spent considerable effort
defining variables in terms of solid angles subtended, without being able
to relate these variables convincingly to subjective response, and
partly because the visual intrusion of traffic was not found to be a
major determinant of overall subjective response to the environmental

effects of traffic.

4.3 RESEARCH DESIGN

The most appropriate way of empirically testing hypothetical relat-
ionships between the eﬁvironmental variables and the characteristics of
the traffic flow was to take simultaneous field work measurements of all
the relevent variables and to assess the results of regression analyseés.
The relevent independent variables cover a number of aspects of the built
form and climatic conditions as well as vafious characteristics of the
traffic flows which were believed could be relevant. The specification
of many of these variables has been discussed in the literature review.
Other variables which are hypothesised to be determinants of noise,
pedestrian delay and air pollution, will be discussed in the following
sections. The sampie and fieldwork design are discussed in Chapter 6.

The criteria which were used in assessing altemative regression
models were similar to those used in reviewing the existing models for
predicting the environmental variables. These were essentially validity
end reliability. The validity of the models depends on the specification
of the elements. This includes whether the correct variables are used

end whether they are transformed in the correct vay. In many cases the

1. An outline of the computer procedures used in the study may be found
in Appendix 1.
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specification of -the independent variables could be ascertained deduct=-
ively. In other cases they were found by induction, where the construct
validity of elements making a significant contribution to the statistical
explanation of the dependent variables could be tested.

The concept of robustness includes aspects of validity and relidability.
It refers to’'the accuracy of predictions in circumstances other ihan ®
those in which the data, 'on which the model was based, was collected.
Thus it depends in part on the construct validity’ of the specification,
the size of the sample and the accuracy of the data collected.
Simplicity contributes to the robustness of models. ‘It may be that the
specifications which give the best fit are not necessarily the best
according to this criterion. Another factor which contributes to the
robustness of models is the validity of using regression analysis. One
of the requirements for using regression'analysis is that 'the residual -
errors should be normally distributed and that the variance of these’
distributions should be constant for all values of the dependent variable.
Regression runs which did not pass this test were rejected, though in
' some instances they gave indications of what a more correct specification
might be. )

The accuracy of the models was measured by the residﬁal erfors and
multiple correlations. It was assessed by standard Student's t and
analysis of_variance tests. ﬁlemgnts were excluded at the standard 5%
level, unless there was some reason for not doing so. In theﬂchapters on
the enalysis, the t statistics of each of the elements is given, so that
the reader may note the significance of the regression coefficients. A-
stepwise regression procedure was used in a number of instances to assess
the result of the inductivg‘upproach. This routine is described in

Appendix 1 .
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Observations, (i.e. sets of simulteneously taken measurements)
which had a residual error more than three times the standard error,
were omitted from the data set, when the specification of the model
appeared to be correct. The probability of such a residual happening by
chance would be less than 1 in 1,000 times. Attempts were made to see if
these observations contained any measurement errors or if they provided
any useful information on the circumstances vhich caused large residuals.
These observations were omitted without measurements errors being found;
the results of the regression analyses both before and after the omission
are given. (c.f. Draper and Smith, 1966 and Anscombe, 1960).

Judgements have to be made in determining which specification to
recommend as well as on which data base it should be used. - Upshaw's
(1971) corment in a similar circumstance is accepted "In the final analysis,
however, the decision is likely to be based on ad hoc evidence, which the
reader may or may not credit in the same way as the investigator". For

these reasons, alternative models which the reader may deem more approp-

riate than the one recommended are reported where possible.

L4, TRAFFIC NOISE

The main variables which contribute to the prediction of traffic
noise on the kerbside have been listed in the review of existing prediction
models. Where possible these, &and others gleaned from a literature
review of prediction research, were included in the fieldwork measurements.

A number of writers have listed the variables which contribute to
the prediction of sound emission within the context of noise control,

(e.ge Rucher and Gluck, 1965, R.R.L. 1970 and Priede, 1971). While
these lists overlapped considerably, they did provide another source from
which variables for measurement could be selected. The latter lists also

provided, in some cases, indications of the form of the relationship
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between the variables and the noise. Apart from the criticisms expressed
in Chapter 3, three main ways in which the models could be improved are

postulated here.

L,4,2 Traffic Composition

The first postulate is that the specification of the composition of
the traffic could be improved by a more detailed classification of
vehicle types. Vulkan (1970) show how in a sample of 1400 vehicles, the
meen noise level of cars, light commercial and heavy commercial vehicles
was 71, 74 and 78 dB(A). It was calculated from the statistics which he
published that there was a significant difference between these means.
An extra category was therefore défined for light commercial vehicles up
to a load carrying weight of 35 cwts. DBuses and coaches were also
counted separately from heavy commercial vehicles, and ﬁotor cycles

separately from cars.

4,4.,3 Vidth of Carriageway and Parking

Delany (1972) has shown that sound from traffic can be well approx-
imated by a linear function of the logarithm of the distance to the
traffic stream. The rate of attenuation depends partly on the type of
ground that the sound travels over. Therefore, given that the specificat-
jon of the relationship is correct, the regression coefficient would still
need to be calibrated. There are two problems in determining the distance
to the traffic streams from the kerbside. Firstly, the existence of
parked vehicles .close to-the observation point would have.the effect of
moving the traffic flow away from the kerbside if they were on the near-
side, and towards the kerb if %hey were on the far side. Secondly, what
may be called the centre of gravity of the traffic flow is affected where

there are two-way flows, by the proportion of the traffic which is
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travelling in each direction.

Apart from affecting the centre of gravity of the traffic flow,
parked vehicles could be expected to affect the passage of sound from the
traffic to the kcrbslde, by either acting as a barrier or by reflection.
Formulatlng the relatlon;£1§ between the precise positions of the parked
vehicles and thq_sounduon_the kerbg%de would require a more complicated
specification than could be tested empirically from fieldwork measurements.
It vas, therefore, decided to represent the existence of parked vehicles

e

within 20 metres of a.line. across ‘the’carriageway through the observation
point, by g ser;;s of four dummw,variables.l The dummy variailes
demonstrate whether there is parking on the nearside of the road to the
observation point or the far side, and also whether the parking is to the
left or the right of the observation point. In figure 4.1 two of the
dummy variables equal 1 and the other two O.

A nunber of different specifications of these parking variables,
the distance fo the centre of the road and the proportion of the traffic
in the near and far side flows could be postulated. The simplest way
would be to treat them ﬁs thfee éeparate elements in the regression set.

(Another method would be to combine them into one index). A crude index

of parking could be achieved by combining the four dummy variables:
Index of parking (Pk) = Py, + Pyg - Ppy, - Ppg (%.1)

The assumption in this index is that the sound is increased or decreased

1o The ternm "dummy variable" is used throughout the text to mean dis-
continuous~dichotomous variables with values of O or 1. In many
instances independent variables were measured on nominal or ordinal
scales. These were converted to series of dummy variables, to
whic? the methods of analysis being used were applicable (Chiselli,
1964) .
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by equal smounts by parking in the near end far quadrants respectively.

E
FLL. N iﬁrn
P 20m _,{‘_ Y __ _20m 5
P | '
NL NEAW&DE .
LEFT SIDE (w] RIGHT SIDE
Observation

Point

Figure h.i:' Definitigﬁ of parking dumﬁy éariabléé (P). Sﬁb;criﬁts?ﬁLand
" 'F refer to the near and far sides, end L and R to left end
. rigﬁt sides reépectively.’ | ”
Another methoa'of specifying these va?iusles would be t; comﬁine-
then into one index of the distancé from the kerb to the centre of gravity

r

of the traffic flows, as follows:

Deg = By * Bir + (W - P) (@ + Qp) /% (t.2)

Where ch = Distance to centre of gravity of traffic flow in metres.

W = Width of carriageway in metres. . s

EP = The sum of the four parking dummy variables (PNL, PRy Ppy,
and Ppp)e .. . i

Q = Traffic flow (Subscripts_N and F refer to the near side and

far side flows respectively, e.g. Q = QN and QF).
The assumption iﬁ'thié‘formula is that the existence of parked vehicles
within 20 m of a line across the road through the observation point would

cause the traffic flow to be a metre‘closér tb the bentre of thé road.
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4,44 Proposation of noise

The propogation of traffic noise is affected by climatic conditions
and the surrounding physical design. Of the climatic conditions, by far
the most important is the speed and direction of the wind. Témperature
and humidity have some effect, but it is too slight to have a significant
effect on kerbside noise levels (R.R.L. 1970).

Buildings adjacent to the road may reflect sound from the traffic
back to the kerbside. This may have a cumulative effect if there are
buildings also on the far side of the road (Dickinson, 1971). The extent
to which the sound is reflected depends on the distance of the buildings
from the kerbside, and in the case of the buildings on the opposite side
of the road, on the width of the carriageway. Reflection also depends on
the size and form of the buildingé and the accousiically absorbent quality
of their exterior. As in the case of parked vehicles, it would be
impracticable to measure and specify, and to test the significaﬁce, of
all the relévant variables in a field work study. It was therefore
decided, in the first instance, to measure the distance of buildings from
the kerb, up to a maximum of 100 metres, and to take a crude measure of
their height in storeys, for each side of the road. Their distance from
the kerbside affects the degree to which the noise is reflected both
through the inverse law of sound attenuation and the angle subtended by
the buildinés. A crude index of these variables would, therefore, be
formulated by dividing the number of storeys by the 1ogarithm of the

distance of the buildings to the observation point.

4,4.,5 Other Independent Variables

A number of other built form and traffic condition varisbles which

have been postulated by other writers to affect traffic noise to some
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degree need to be measured so that this significance could be determined.
These include the type and quality of the road surface and whether it is
wet, (R.R.L. 1970). There is conflicting evidence on the significance of
the effect of the gradient of the road, (Johnson and Saunders, 1968 end
Blitz, 1974). Whether the road is a one-way street and whether the

traffic becomes congested are further variables which should be tested.
Gilbert and Crompton's (see Crompton, 1971) index of the pattern of arrival
also deserves measurement. While the results would be biased by taking
neasurements where there was a noticeable noise coming from some other
source, it might still be found that the land use of the area adjacent to

the observation point would affect the measurements.

L,5 PEDESTRIAN DELAY

Much of the methodology of predicting pedestrian delay has already
been discussed in the context of reviewing the application of Adams'
formula. In testing the reliability of the models in non-free flowing
traffic, the observed mean delay will be compared with the estimated
deley from Adams' formula, (see equation 3.11), and the observed percent-
ege of time delayed with the estimate using equation 3.12. It may bte
found that the observed delay where the pattern of arrival of traffic is
non-random may be significantly different from the estimated delays where
it is assumed that the pattern of arrival is random. It may be inferred
from the diagrams in Dowell's (1967) paper, that it may belpossible to
develop a model for the estimated observed delay from non-random flows by
either calibrating the minimum acceptance time in Adams' formula to give
the best fit, or that the coefficient for the Adams' specification or the
constant in the regression enalysis are greater than uﬁpublished research.
Goldschmidt (19?6) also found that mean delay increased accordingly as

vehicles become grouped, but that the percentage of people delayed decreased
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in the same circumsfances. It may be found in the regression anelysis
that the proportion of heavy vehicles and the speed of the traffic flow
would make a significant contribution to the statistical explanation of
the unexplained variance of the dependent variables.

There are statistical reasons why it is inappropriate to regress
the percentage of time delayed on the independent variables. For certzin
values of the independent varisbles the predicted percentage could be
outside the range of possible values, from 0 - 100. Cne way round this
problem is to take the logistic transformationl of the percentage of time
delayed as the dependent variable. This may be regressed on a correspond-

ing transformation of Adams' formula:

log ___%D _ log 10001 - =) (4.3)
100 - %D 1C0 - 1C0(1-c-<¥t)

= ' log (th - 1)

4,6 ATMNOSPHERIC POLIUTION

The methodological problems which may arise in developing models
for predicting the concentrations of air pollutants are more ineccurate
than for the other environmental variables. As has been seen in Chepter
3 the proportion of the variance of air pollution variables which has been
satisfactorily explained by independent variables in existing empirical
research has been much less than in the case of noise end pedéstrian delay.
The reasons are partly in the considerable variation in the emission of
pollutants by vehicles because of the varietion in the way which they

are driven (Sherwood and Bowers, 1970) and partly becauss of the reletive

1. This transformation is described in grester detail on pages 77 and 78.
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difficulty of modelling the micro climate which affects the dispersion
of the pollutants.

‘The principle determinant of the dispersion of the gases and part-
iculates from the exhausts of vehicles is the movement of air; the
effects of the humidity and temperature are secondary. The movement of
the air may be caused by the balance from the speed of the vehicles or
by wind. The direction end speed of the wind were, therefore, measured.
The speed of the vehicles and all of the other relevant independent
variables measured for the prediction of noise and delay were tested in

the regression analysis.

4,7 SOURCES OF ERROR

The error in the prediction models falls lafgely lnto two categorieo,
that which springs from the methodology, as has been dlscussed in this
ohapter, and that which is caused by random sampling and fieldwork design,
the subject of Chapter 6. There io, however, one aspect of the sampling
design which feooired a ﬁajor methodological docision.l This 1nvolves the
concept of what is "typical" of the environmental conditions on the kerb-
side. There are mony varigbles which affect the environment which are
typical of urban streets, but which are not typical to a particular point
on eny one street. These include such things as building works, road
works or refuse collection lorries. These variables could not be
included in prediction models because of the difficulty. They were,
therefore, controlled for by not taking observations where there was  °
reason to expect that they would bias the results.

There is another category of variables affecting the environment
vhich are related to traffic and are predictable. These include traffic
on' other roads, bus stops and pedestrian crossings. Because their

effects are largely specific to particular points on the streets and
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typical of all parts of streets, it was decided not to take observations
within 25 metres of a node defined on the Hammersmith Trensportation Study
road network, a bus stop on the near side of the road, or a pedestrian _
crossing.

Even though the environmental conditions on the kertside which were
measured were selected as being representative in this way, it was post-
ulated  that some of the residual error particularly in the model could
be caused by factors peculiar to the site. For example, built form var-
iables which might not be measured, such as the reflective quality of
ad jacent buildinés, could uniquely affect the noise measured, also the
location apd phasing of traffic lights could uniquely affect the traffic
flows and in turn the physical environmental variables. In an attemﬁt_to
isolate the part of the residual error unique to the si@e, a second_aet of
observations was taken at a number of the sites. The residual errors
from these .observations could then be compared with those of the first
set and the correlation between .them would give a measure of the error
which was caused by the independent variables which are constant for both

sets of measurements.

L.8 SUMMARY

It has been shown in this chapter that it was necessary to conduct
the research in two stages; the first consisting of'tﬁe development of
models for predicting the pﬁysical environmental vaiiables, and the
second, of the development of models for predicting pedestrian annoyance.
The latter is discussed in the following chapter. In the case of the
physical environmental variables a decision was made, for a number of
reasons, to limit the measurements to noise, pedestrian delay and air

‘

pollution.
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The methods of developing the models by regression of the measurements
of environmental variables on simultaneously peaaured traffic end built
form variables were discussed, as were the criteria which should be used
in evaluating alternative models. However it was noted that in the final
analysis the model which should be chosen is to some extent, a matter of
judgement, and therefore, where possible, altemative models are presented.

Because of its status, as ean index of traffic noise in current
planning practice in Britain, it was decided to concentrate on the pred-
iction of the ILyq. A number of traffic eand built form variables were
added to the list of independent variables discussed in the literature
review. These included a sub division of commercial vehicles into heavy
and light vehicles, and indices of parking, of the "centre\of gravity" of
the traffic flow, and of the sound reflected from adjacent buildings.

It was decided that pedestrian delay would be measured by an observer
recording when he deemed it possible to cross the roads From this the
mean delay, and the percen£age of time delayed, could be calculated.
While it seemed clear that the bases of the prediction models would be
Adems' formulae, it was also postulated that other variables such as the
traffic flow and composition could have an effect on pedestrien delay.

In the case of air pollution, smoke and carbon monoxide were chosen
as the dependent variables. No additional independent variables were

postulated as being determinants of these two variables.



CHAPTER 5: THE METHODOLOGY OF RESPONSE MEASUREMENT

5.1 INTRODUCTION

The concep£.of pedestrﬁana‘ annoyance with the environmental effects
of traffic has been defined.in chapter 2. It is taken to mean the negative
subjective responses of the pedestriens to traffic induced or related
environmental effects at the time of interviewipg. A number of reasons
have been discps;ed as to why it is desirable to measure such responses
on a ratio scale. They are essentially that systematic environmental .
evaluation requires that individuals' responses to the separate environ=-
mental effects of traffic be predicted and aggregated to form their over-
all response; and that these overall responses can then be aggregated for
all the individuals affected. At the moment, the relationship between
people's annoyances and the physical environmental variables is not known.
Responses to a given change in an environmental variable at one level
cannot, at the moment, be compared with the same cﬁange at another level
of that variable, let alone with a given change in enother environmental
variable.

Yo standagd method has been developed for measuring.the subjective
responses to the environmental effects of traffic. Even in the more
general field of measuring attitudes to thélenvironment there are a great
number of competing methods which have e developed (6ane, 1973). Meny
of the existing attitude scales have been developed with the use of
sophisticated measuring techniques, and are, therefore, open to criticism
by those who say that the researcher is imposing his own rules of infer-
ence on the aggregation of unique measures of the subjective properties
of environmental states. "Measurement by fiat" was the epitaph ascribed

by Cicourel (1964) to all such sceles which are alien to the "structure of

social reality". One of the prerequisites for avoiding this type of
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criticism is to use a means of encoding attitudes which are of everyday
familiarity to respondents. Another important prerequisite is that the
attitude scale should be based on a sound theoretical foundation. Many
of the existing indices of subjective response have little theoretical

basis.

It is therefore necessary, in determining the methodological
implications of developing a model for predicting pedestriens' respoﬁées,
to begin from scratch and to feview critically, albéit briefly,'the
theoretical assumptioﬁs which previous writeré have made about the form.
of the reiationshiﬁs between subjective responses and physical variables.
Apart from indices of subjective responses which have been developed
arbitrarily or empirically, psychophysical theories have been used as
the basis for prediction. These refer to sensations or perceptions, and
stimuli, and not'to the relationéhips between stimuli and the effects
which they engender, which is the interest of ‘this research. On the other
hand however, consistent results have been‘obtained in developing
psychological scales using the methodology of psychophysics. A problem
of some importance in this.context is that there are two competing:
theories of psychophysics and two consequential schools of thought on how
subjective responses should be measured. It is therefore necessary to
make a critical analysis of the evidence which has been submitted in
favour of each-school; ﬁéforé deciding on whiéh method of measurement
should be adopted. But first it is helpful to review the competing laws
of psychophysics, so that their methodological implications may be under-

gtood in the context of the measurement of people's annoyance.

5.2 THE STEVENS/FECHNER CQITROVERSY

In 1850, Fechner developed his famous law, which was based on the

assumption that each time a just-noticeable difference is added to a
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stimulus, the sensation increases by jumps of a constant size (Stevens,
1972). This assumption, together with Weber's law, that just noticeable
differences grow in direct proportion to the size of the stimulus, led
him to the supposition that_sepsation was linearly related to the log-

arithm of the stimulus (Fechner, 1966):

R=Clog(s) = - (5.1)
Where R and S represent response and stimulus respectively, and
C is a constant depending on the units in which the response is meas-

ured, and the sensory mode.

The other "law" of psychophysics, which has tended to supercede
that of Fechner's, was formulated by S.S. Stevens.. Stevens made a major
contribution to the theory of measurement of sensation, and, it is sub-
mitted; of attitudes. - He observed in:a large number of experiments, that
equal stimulus ratios produce equal subjective ratios, i.e. that the-log-
arithm of the response.was linearly related to the logarithm of the
stimulus, This relationship has come to be called the "Power lLaw of
Pgychophysics", because, ‘according to it, response is linearly related to

the stimulus raised to the power of somé'éonstantxl

p _
R« (S _ o (5.2)
Where C is a constant depending on the units in which the measure-
ments are made, and alpha is a constant which varies according to

the type of stimulus.

Stevens (1961) later found that the relationship only held true over an

1. Stevens discussed his "Power Law of Psychophysics" in greater depth
in later papers, but the first clear formulation of it was in an
abstract in Science (Stevens, 1953).
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effective threshold of the stimulus, values below this being not percept-

ible. Thus his law in its complete form should be expressed:

Rwc(s-m) (5.3)

Where T is the threshold value

Psychologists have used both of these theories of sensory psycho-
physics as the bases of hypotheses on the relationship between attit-
udes and stinuli: Stevens (1972) has shown how both these theories had
been postulated by mathematicians in the eighteenth century to explain
the relationship between money and the subjective value which people
place on it. The curve describing the relationship between utiles1 and
noney may be similar under both theories in some circumstances, which may
explain why they have éoexisted for so long.

Thurstone assumed that the perception of a particular stimulus on
eny given presentation is distorted somewhat by random end independent
factors (Upshaw, 1971). It follows that if a stimulus is presented an
infinite number of times the responses will be normally distributed
about the best estimate of the response. Stevens has shown how what he
believed to be the mistaken theory of Fechner was used by Thurstone in
developing his poikilitic (confusion) scales. We have seen how Fechner
assumed that just noticeable differences (i.e. measures of sensitivity)
could be regarded as measures of sensation. Thurstone, similarly, assumed
that the dispersion of his, correctly conceived, normal distribution of
the respondents confusion could be regarded as a measure of attitude.

From this he proceeded to develop the "lew of Comparative Judgement",

1. Units of utility.
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(Thurstone, 1927). This depended on the following relationship between
the distance between responses "on a psychological continuum correspond-
ing to two stimuli and the variabilities of the subjective impressions

produced by the stimuli:

.
Rl.nz..zlz\/o'1 +0,° -2 0 0 (5.4)

Where Rl and R2 are the means of the distributions of the responses
produced by the two stimuli.

U:ia.nd Oizare the variances of these distributions.

Z is the normal equivalent deviate corresponding to the proportion of
times one stimulus is judged to rank higher than the other.

r is the correlation between the judgement for the two stimuli.

212 is, of course, the only gmpirically determinable element in this
equation and in order to solve it, it is necessary to make a number of
simplifying assumptions. Thurstone lists a number of "cases" where
different assumptions are made. The most commonly used is "Case V" where
he assumed that the variance of the responses to different stimuli were of
equal distance on the psychological continuum. This is in theory the
same type of mistake that Fechner made that all just noticeable differ-
ences (jnd) are subjectively equal. The units which describe the psycho-
logical distance between the responses to stimulus (1) and stimulus (2) are
not the same as those which describe the difference caused by stimulus (2)
end stimulus (3) because the sensitivity of the responses is related to
the magnitude of the stimulus.

Torgerson (1958), amongst others, developed Thurstone's methods to
cover cases where the variance: of people's responseé was found to be
insufficient to evoke confﬁsion when stimuli were presented from a
relative long continuum. The gist of his idea was "that when an observer

sorts stimuli into categories he will exhibit errors and confusions;
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and, from assumptions designed to relate these confusions to dispersions
on the underlying psychological continuum, distances are established
along the subjective scale", (Stevens, 1961). He called this the "Law
of Categorical Judgements", and it is, of course, subject to the same
criticisms as the "Law of Comparative Judgement".

Stevens, (1968 and 1972) has’ reported how magnitude estimation has

"been used to scale such variables as strength of expressed attitude,
pleasantness of musical selections, seriousness of crimes, and other
variebles for which the stimulus can be measured (even if) only on a
non-metric or nominal scale". Magnitude estimation is one of the means
by which his subjects were required to directly encode their responses
in the experiments which led to his conclusions. They were simply
presented with a stinmulus, asked to ascribe any number to it which seemed
appropriate, and then to assign successive numbers to further stimuli
in such a way as reflected their subjective impression compared to the
first stimulus and its number, -Another method of directly scaling sub-
Jective responses which is frequently used is ratio estimation. This
involves observers stating their estimated ratio of response to stimuli
in comparison to a prior stimulus.

Most -of the early experiments using ratio or megnitude estimation of
subjective response were designed to determine the relationship between -
such -direct methods of scaling and the indirect methods of the Thurston-
ean style. In a wide range of studies it was found almost without
exception that the indirect scale was a logarithmic function of the
direct scale. Some minor exceptions have been attributed to the range - of
the stimuli presented to the subject being considerably outside the
range of normal experience, (Engen and McBurney, 196%4).

In one of the earliest experiments, Indow (1961) presented pictures
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end &escriptions of wristwatches to 127 university students and asked
them to’'say which of each pair of watches they preferred, and also to
encode magnitude estimations of their desirability by marking positions
on 8 cm lines. "The subjects, in effect, matched length of line to
subjective value, a kind of cross-modality procedure. By comparing the
ratio scale determined with the aid of the 8 cm line to the Thurstonisan
scale (case v) derived from the "noise" or confusions in the pair of
comparisons, Indow was able to demonstrate an approximate logarithmic
relation between the two kinds of scales." (Stevens, 1968).

Other researchers produced similar results which were based on widely
Qifferent subject matters. These included occupational prestige (Perloe,
1963 end Kunnapas and Wikstrom, 1963), the seriousness of offences and
delinquency, (Sellin end Wolfgang, 1964), and the aesthetic judgement of
musical excerpts, (Kohl, 1965), but pride of place for research on this
issue goes to Ekman and his collaborators. First Ekman established that
variation in subjective response measured in psychological units is lin-
early related to psychological magnitude measured in the same units,
(Exwen, 1956 and 1959). In a further series of experiments they demon-
strated the invariance of the logarithmic relationship_between the direct
and indirect scales, using subject matters as diverse as the aesthetic
values of handwriting samples and drawings of trees, (Ekman end Kunnapas,
1960, 1962A and 1962B), the political importance of Swedish kings (Ekman
and Kunnapas, 1963&), the seriousness of offences (Ekman, 1962) and the
masculinity of adjectives (Ekman and Kunnapas, 1963b).

Stevens (1968) showed how Thurstone's poikiltic scale is necessar-
ily a logarithmic .-function of magnitude estimation scales, because .it is .
based on the assumption that just noticeable differences are of constant

size instead of being proporticnal to the magnitude of the stimulus. The
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results of this can be seen algebraically by recourse to equations 5.1

and 5.2:
R, = C log (S) -7 (54)
R, = cs ™ (5.2)

. =

R, = C log Ry + C |  ;; 5 (5.5)

. log R =log S+ C

Where Rp is the r%sponse on'a‘poikiiitic scaie and Rm on a magnitude
scale. The constants vary in the,eiuﬁfions.
Stevens (1972) also_vérifieﬁ %his relationship empirically. He

regarded its corresponding'ubiquity in the experiments quoted above,
coupled with what he called "Ekman's law", as a test of the validity of
using magnitude estimation where the stimulus is not on a ratio scale
and where subjective responses rather than sensation are being encoded.
Stevens (1957), showed that when subjects are asked to ascribe
their responses to'physical stiruli to'pféécfiﬁed equai-appeafing cat-
egories such as very small, small, nediuﬁ, large or very large, the
scale obtained was somewhere betweén the scales obtained by magnitude
estimation and by counting just noticeable differences, (see'Figure 5¢1)%
This occurred when the stimuli was on a prothetié Ecale;l. When the
stimuli are on a metathetic scéle,'fhe cafegory scale is ﬁéﬁaliy‘paréllel
to the magnitude estimation scale. Categofyagcales are always some kind
of compromise between the two other scales, depehdihg on the methods
used. The larger the numbér of categories used the closer the category

scale is to the direct measurement scale. The fact that cétegoxy scales

l. Prothetic scales are quantitive. Metathetic scales refer to qual-
itive states (e.g. the amount of one colour mixed with enother). For
further definitions see Stevens (1959).
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in attitude measurement, such as developed by Torgerson, (1958), tend to
be between magnitude estimation scales and poikilitic scales, is further

evidence that the methodology of psychophysics is relevant to the meas-

urement of subjective responses.
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Figure 5.1: A typical example, in linear coordinates of the relationship
between poikilitic scales, category scales and magnitude

scales (From Stevens, 1957).

From the above arguments, it is concluded that not only is it valid
to assume that direct measurements, such as by magnitude or ratio
estimation, are linearly related to response, ‘but also that is is valid
to use magnitude or ratio estimation where subjective responses are being
measured, even vwhere the:stimulus cannot be measured on a ratio scale.:
In a similar context, that of aircraft noise, Stevens (1970) himself
suggested that people's subjective responses to noise was similar to their
perception of its loudness, which he had shown to be linearly related
to the value of the sound pressure raised to .the power of 0.6. This can
be shown to be the szme as the generally accepted statement that addition
of 10 dB(A) being equivalent to doubling the loudness, thoughhthe vriter

does not know of any reference to the equivalence of these statements,
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(the proof is given in Appendix 1). However, it does give added weight
to the acceptance of the Power Law. The graphical expression of a power
law relationship where the exponent is less than unity would show that,
in the case of annoyance with noise, the disutility would increase at en
ever decreasing rate as in Figure 5.2a. Or expressed in economic terms,
the marginal disutility would decrease at an every decreasing rate.

However, Hart, (1973) in a discussion on aircraft noise, speculated
that it is quietness which should be treated as a good. Therefore,
given that its utility would increase at an every decreasing rate, the
disutility of the noise would increase at an ever increasing rate, as
in Figure 5.2b. This raises the question as to what the level of noise
would be when there is no utility. In Fig. 5.2a it is simply at that
point where the person becomes annoyed with the noise. However, in
Fig. 5.2b it is when the sound pressure is at infinity, which is much less
plausible conceptually. Should we conceive of utility when there is no
noise (as distinct from sound) as being et:the maximum for that person?
If so it could be argued that people, having different responses to each
other, would have different utilities from the quietness when there was
no noise.

It may be noted that the shape of the curve ;p Fig. 5.2b, defined
by a maximum utility minus ﬁny noise value to the poweriof an expoﬁent
less than one, is different mathematically from ; disutility de@ined by
noise to thé power of an exponent greater-thaé one. If it coul& be
described by an exponent gﬁeatef then ‘éne it would not be compatible with
the utility of quietness having a power law relationship with any sound
variable, All indices of noise are, in fact, the same as for sound in

that they increase rather than decrease with disutility.
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A third hypothesis is submitted here which has some of the character-
istics of botp Figs. 5.22 and 5.2b. It is that there is a limited range
to any one person's annoyance and that annoyance approximates to zero
at infinitely low values of the environmental index. It then increases
at an ever incrgasing rate, until the annoyance is half way between zero
and the maximum when it increases at an ever decreasing rate, approximat-
ing to maximum annoyance of infinitely high values of the environmental
index. A further reason for testing this hypothesis is that it assumes
a symetrical relationship between the response and the environmental
variable, which entails that the progress along the psychological contin-
uum of responses is by a process of substitution rather than addition,
that is by a metathetic rather than a prothetic process (Stevens, 1959).
Testing this hypothesis determines whether the environmental variable is
on a quantitive or qualitive scale. Whether or not the relationship
between responses and a metathetic scale should be described by a
cumulative normal distribution curve as in Figure 5.2¢c, (and there are
many precedents in psychology for using the normal distribution) it is
more than likely that the curve should give a good description.of the

annoyance. -

Subjectivel

Response

+ Sound Pressure

Figure 5.23 Hypothetical relationships between subjective response and

sound.
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No evidence has been submitted in favour of the latter two models
vhich suggests their superiority over the Stevens type form. The hypo-
thesis chosen to be tested is therefore that annoyance with sound from
traffic is linearly reiéted to the sound pressure raiscd to some power.
In the analysis, though, a briéf look will be taken at the strength of
the relationship between annoyeance and sound using the other two
specifications. ’

All this presuppoées that there is just one dimension to annoyance
or at least that the one environmental impact, such as noise, induces
annoyances which can be aggregated on ; single scale. It isﬂhowever,
quite conceivable that this is an unwarranted assumpticn. Take, for
example, the case of a housewife. She may be annoyed with the noise
from the traffic outside because:-

1. She cannot hear what the children are saying..

2. She is tired and can't relax because of the noise.

3. Some of the traffic is articulated lorries, which she believes should
be on some other route.

4, She knows from the amount of traffic that it is getting late in the
day and that she still has a lot to ‘do.

It is unlikely that her annoyance with each of these would be
linearly related to each of the others for all values of the noise level,
and that when aggregated they would only approximate to the one of the

models whichever was the correct one.

5,3 ‘THE USE OF BINARY RESPONSES

The validity of assuming the commensurability of unique measures
of subjective responses to environmental cormditions has been referred to
above. One of the ways mentioned for resolving this problem is to allow

respondents to use everyday methods of expressing their su%jective
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feelings. One of the most obvious of such methods is to elicit binary
responses by asking such questions as "Are you annoyed or not annoyed

with +.2", While this greatly reduces the response criteria differentials,
it certainly does not eliminate the vériation and{aa has been seen,
according to the Fechnerians, it iéhin féct the”a;fferences in people's
responses which can be used to define the Qtfitude scale.

The theoretical discussion which fqli;ws is set in the context of
attempting to develop a ratio scale_of annoyance, and to establish that
the corresponding index of the quality of the environment is an environ-
nental variable raised to some power, from survey data on the proportions
of people annoyed with different envi?ﬁnmeﬁté;

Little research hﬁs been published on the aubjéct of estimating
the proportion bf people annoyed with given environments, or to put it
more precisely on the distribution of the thresholds at which people
become annoyed. That which exists points to the thresholds'ﬁeihg relat-
ively widely distributed. For example, researchers in the Audiology
Group in Salford University report that a fifth of the population are
sensitive to noise (perturbables) and a third are not bothered at all
(imperturbables), (Bryan and Tempest, 1973). Alexandre (1974) concluded
that there was a linear relationship between the proportions of people
annoyed and existing aircraft noise indices in his review of surveys of
annoyance with aircraft noise. Yet, in a diagram (reproduced below)
where he combines the results of five airport sﬁrveys there is an
implication that the relationship is jn fact sigmoidal, suggesting that
people's annoyance thresholds are normally distributed about the indices

of aircraft noise.
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Figu}e 5.3% Graph showing the relationship between the proportion of
people annoyed and three indices of aircraft noise (from

Alexandre, 1974).

5¢3.2 The Lopistic Transformation

To test the hypothesis that there is a sigmoidal reiationship bet-
ween the proportion of people annoyed and an environmental index, it is
necessary to transform the proportions into normal equivalent deviates
(or "probits") (Finney, 1947), and to see if they are linea'ﬂy related
to the independent variable. This ;type of transformation, which expresses
the equivalent proportion of the area under a normal curve in terms of

standard deviations from the mean, is a complicated process requiring the
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integration of the normal distribution equation. Researchers usually
follow the work of Cox (1970) and use the much simpler logistic trans-

formation. :Cox defined the logistic response curve ast

P w Prob (¥ w 1) w e B> (5.6)
: 1 & e™tex
o B s wapx
~so that log 1-P - P _ (5.7)

In order to see whether this trensformation was dissimilar to normal
deviates, the coordinates of points on a cumulative normal distribution
curve vere taken and the values on each axis were graphically related to
the logistic transformation of the values on the other axis. The effect
of the transformation in linearizing the normal ogee may be seen in
Figure 5.4. It very slightly over compensates for the curves of the norm-
al ogee. The logistic transformation of proportions and percentages is
therefore used a number of times in the following chapters. It is of
particular relevance to the following section where a critical review is
made of an attempt to draw inferences from the relationship between the
logistic transformation of the percentage of people annoyed and the Noise

and Number Index.
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Figure 5.4t The normal distribution and the effects of the logistic

transformation of its axes.
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5¢3+3 A Review of a Paper by Waller

Few contributions to the study of the relevance of Stevens' Power
Law to environmental planning have been made to date. But there is one
stimulating paper (Waller, 1969) which deserves critical attention. In
it he tried to show the relationship between Power law and a "real 1life"
situation, which was the proportion of people annoyed with aircraft noise
as measured on the Noise and Number Index (W¥NI).

He implicitly equated the anti-log of the logistic transformation
of the proportion of people annoyed with aircraft noise P/(1-P) with
aggregate annoyance. He showed, graphically, a relationship found bet-
ween the proportion of people annoyed and the N.N.I. which they
experienced. The proportions are plotted on a normal probability scale
and a linear reiationship is apparent. Later, he describes this relation=-

ship algebraicaliy:l

A 1 entilog, 0.026 (W.r.I.) (5.8)
1-A 12.5

Where A = the proportion of people annoyed.
Thus the logistic transformation of the proportions;is lidehrly rélated
to the N.N.I. which itself is a logarithmic scales
A
log 1-A = 0.026 (N.N.I.) = 1.1 ' (5.9)
Waller implics that the expression of equation 5.8 as a power relation-

ship demonstrates the existence of Steven's Power law in the forms

C ._LA = RJ‘ = a; S,]' 7 (5.10)

1. Two assumed typing errors in Waller's published equation have been
corrected.



Where R = response and S = the level of the gstimulus, 6 = constant, J =

the type of the stimulus. When Equation 5.8 is expressed in power law

forﬁ it becomes:

A [( _L__) o"'.;zs' ( lo//.m'.r.)] 0026 (5.11)

This can be expressed more simply by dividing N.N.I. by 20 (as one does

with dB(A) and rearranging:

52

|- A

: & ¢
VWhere S = IO(M”' )

It is of interest to note that, according to this equation, if the

N.N.I. is on a ratio scale and applies to the annoyance of an average

person, then the constant in its formula should be 122 and not 80.1

1.

The annoyance threshold of the median men is the mean of the normal

distribution described by equation 5.9 type regressions. It may be,
calculated by solving for A = 0.5. In this case the meen is approx.’
42 W.N.I. The standard deviation may be found by dividing eny value

of A (except 0.5) both by the regression co-efficient and the number
rof standard deviations that it is known that the given proportion is

away from the mean in a normal distribution. Here it is approx 25
N.N.I.

We know that the N.N.I. is
N.N.I. = FNdB + 15 log I - 80

Where Il is the number of aircraft passing per hour. As 42 N.H.I. is
the best estimate of zero annoyance for the average person (the
medien person), it follows that if the N.N.I. is on a ratio scale

as was the intention (Wilson, 1963), then it is 42 wnits too high.

In other words, the constant should read 122, when it applies to the
average man. - :
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Unfortunately, Waller did not dwell on the theoretical implications
of the novel ideas which he floated. It is therefore necessary to take a
critical look at his findings and to examine the relationship between
the pormal distribution of people's thresholds and the existing theories
of perception and attitude measurement which we have reviewed above. The
fact that it wao implicit in Waller's argument that a theory could be
established from the observed responses of a number of people does not
meke solving the problem methodologically different from the development
of a Thurstone type scale which is based on a number of responses from
one individual, in circumstances where it may be assumed that responses
are distorted by random and independent factors.

Where Waller went wrong was in uncritically accepting that the,
presumably, significant correlation from equation 5.8 demonstrated the
velidity of the N.N.I. as the correct environmental index.” It may be
-that other indices formed from very different transformations of the
sound measurements would give more significant results. In fact, the
logarithmic structure of the N.N.I. has Fechnerian connotations. It is
not valid to take an equation describing the fEIationship between observed
responses and stimuli, transform it to a power relationship, and then
to say that it is evidence of the bpera'tion- of Stevens Power Law and
that the other side of the equationhéesﬁribes the attitude scale. There
is no apparent jﬁstification in the imﬁliéation of ngler's assumption
that the proportion of people annoyéd divided by the proporﬁion of those
not annoyed is froportionate to agéreg;té annoyance. Hof, indeed does
he offer any arguments in its defence. o

From the poznt of view of the nethodology of the present study,
the critical issue arising out of this review of Waller's paper is

whether or not is is possible to define an attitude scale from observed
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binary responses. The following argument shows that it may not be
possible, unless assumptions can be made about the degree to which
peoples's sensitivity changes over the range of stimuli with which we

are concerned.

If it was given that effectual responses are normally distributed
for any given stimulus, then for any given point on the attitude scale,
such as the most likely annoyance threshold for the median person,
there is a corresponding point on the environmental index scale and the
normal distribution of responses which the given stimulus evokes could
be conceived of as a corresponding normal distribution on the
environmental index scale. This is because the environmental index is
by definition linearly related to the magnitude of annoyance, and
therefore a probability density curve on one axis is of the same form
when mapped on to the other. However it was worng to believe that,
when the environmental index was'ﬁefined as being linearly related to
annoyance, there was a heteroscedestic relationship between the two
secales and that any ﬁoint on our conceptualised normal distribution on the
environmental index scale would evoke proportions of people annoyed
which would have normal equivalent deviates corresponding to the normal
distributionson the annoyance scale. The figure 5.5 shows in exaggerated
form how significant heteroscedasticity would bias the results. The X
and Y axes represent the environmental index and the annoyance scale
respectively, and the diagonal line is the linear relationship between
them. So represents the point on the environmental index which evokes
a mean response Ro which is the annoyance threshold of the median man.
Stimuii S1 and 52 evoke mean responses R1 and RZ' These are equal
distances from S0 and Ro respectively. The distributions of the

responses from the three stimuli are also shown, The normal curves
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are drawn such that'the area under each of them is the same and that

their related standard deviations increase as their means increase.

Figure 5.5: Diagrammatic example of heteroscedasticity bias,

The point of the diagram is to demonstrate graphically how equal
distances on the Y axis (which may be expressed in normal deviates) may
bisect the normal distributions into differing proportions of areas. To
be able to identify the best environmental index through goodness of fit
with observed normal deviates would require that the normal disiribution

of responses evoked by any stimulus would be bisected into the same
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proportions by the mean of eny other response as its mean would bisect
the normal distribution of the other response. If this was the case,
the standard deviations of the distributions in the diagram would be
the same and, as RlRO = RORZ’ the area of the distribution round Ry
which is above Ry line on the Y axis would be the same as that of RZ
below the Ry line, (these are the shaded areas in the disgram).

Ve have seen from Ekman's Law that thevariation in responses is
linearly related to the value of the environmental index. It may be
possible to determine the degree of heteroscedesticity empirically. It
may.transpire thﬁt in.the current survey that may not be a significant
factor. Attempts willliherefore be made to verify the conclusions drawn

from the ratio scale survey data by an analysis of the binsry responses.

5.4 THE COMBINATION OF ATTITUDES

So far in this chapter we have been discussing the relationship
between annoyance with environmental variables end the values of the
environmental variable. It has been argued how the hypothesis should be
that individuals annoyance with the environment are related to the
relevant objective measures of the environment in the same way as sens-
ations are related to stimuli in Stevens' Power law of Psychophysics. In
order to be able to predict pedestrians overall annoyasnce with the quality
of the environment as effected by the road traffic it is necessary to
have some theoretical model of intra-individual additivity of subjective
responses. The results of empirical verification of two hypothetical
models of this type using Power law relationships have been reported. The
first of these is a multiplicative model. Shinn (1969) asked 25 subjects
to make magnitude estimations of the power cf a number of ficticious
nations based on various given combinations of three national attritutes:

population (Pop), gross national product per capita (GNP) and the
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percentage of GNP devoted to its military establishment (Mil). He

found the following equation gave the best fits

’

A1 62 g
National Power =ltl(Pop) x k, (eNP) x k3(M11) e

(5.13)
Where k is a constant depending on the units employed.

The generalised form of this model may be expressed in the context

of the present study:

R =TT A, gk | - (sa8)
Where R = overall index of subjective response

5i = each stimulus

A= the constant to which S; is raised.
Shin also tested a simple additive model, but found that it gave nowhere
near as good a fit. In discussing this research Stevens said simply
"The multiplicative model proved far superior, as it turned out", without
offering any theoretical reasons as to why one should be better thaﬁ the
other, (Stevens, 1972). | | |

Ewing (1973), however, found that the additive model gave the best
resuits in his research oﬁ the prediction of choice of travel ﬁodes, this

form may be expressed:
3
R =2kiS; (5.15)

He quoted Edwardé and Tversky (1967); "One idéé so-éomfiéfely dominates
the literature on riskless choice that it has no competitors. It is the
additive composition notion. It asserts that the utility §f-a multi-
dimensional alternative, such as a commodity bundle or a jobloffér, equals
the sum of the utilities of its components".

It is submitted here, however, that while it is true that the model

should be additive, it is the variables which cause the utilities which
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should be added end not the utilities themselves. This is obvious in

the simple case where three gifts of money are received, the total
utility is (A + B + C)oeand sok & &8 + Coi The same would apply

where the gifts utilities are based on different power functions when

the gifts are converted to common units. This may be done by calculating
the utility of each gift by raising it to the power of its constant
exponent (%) and then taking the ( &, )th root of the utility, where (&)’
is the exponent for calculating the utility from the stimulus in the
units 5f which the gifts are being expressed. The total utility is

then the sum of these common units raised to the povwer of &3
dﬂéﬁ “0 - |
R=(2k;S; ) __ | (5.16)

While this model may be the soundest theoretically and is certainly the
simplest conceptually, its statistical.complexity, may require more
sensitive measurements of subjective response than it is possible to
conduct in the context of kerbside interviews.

For the record, there is a fourth type of model which has been used
extensively partly because of its simplicity and partly because it can

be calibrated by multiple regressiont
R= Xk S; (5.17)

This model, which was postulated by the economist Marshall has been

used to the satisfaction of a number of researchers developing indices

of the quality of the environment, e.g. Troy (1571 and 1972), Peterson
(1967), and Church (1973). In the unique case where the exponents of the
stimuli are all equal to one, it gives the same results as equations

5015 and 5-16-
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5.5 THE SURVEY DESIGN

Hgving developed the theoretical arguments leading up to the design
of the surveylit now remains to present the practical arguments for
chosing the survey methods which we described in detail in the next
Chapter. The reasons for not measuring the environmental stimuli at the
same time as the pedestrians were encoding their responses and the
reasons for deveioping rnodels for predicting the environmental variables
have been discussed already. It was decided that the pedestrians
responses should be reléted to estimates of environmental variables based
on measurements of the characteristics of the traffic flow taken before
end after the interviewing. The measurements were quite Bﬁraight forward
and the relevdnt details are reported in the next chapter.

There were essentially three different criteria for designing the
pedéstrian interviewing procedures. The first was that the interviews
should be sufficiently brief to hold the respondents attention until
completed. Bearing in mind the responses during the pilot survey and
the fact that a proportion of the interviewing would be done during the
morning rush hours it was decided that interviews should not last longer
then 2% or 3 minutes.

The second criterion was that the reliability of the responses should
be maximised by having the pedestrians to encode their responses in as
many different ways as was feasible. It was therefore decided to elicit
magnitude estimations eand ratio estimations from them. The methods and
enalysis methodology will be outlined in the following two sections. The
third criterion was to gather as much control data as was feasible. These

are described in Chapter 6.

"

5.,5.2 The Maemitude Estimation Method

The choice of mode in which people on the kerbside could encode
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their responses was extremely limited. The method had to be relatively
simple, thus not requiring much instruction, and had also to require as
little equipment as possible. The method, used by Indow (1961), of
asking respondents to express the degree of their feelings by the distence
they place a mark along a line fulfilled both these requircments. It
also had the very important advantege that the psychological magnitude of
distance perception is known to be almost linearly related to distance,
i.e. the exponent in the equation 5.3 formula is approximately unity,
(Stevens and Guirao, 1963). It is therefore possible to test the poss-
ible relationships by the goodness of fit between logarithmic functions
of the dependent and independent variables, and calibrate the exponent

by regression.

5¢5.3 The Ratio Estimation Method

Cne of the problems in attempting to elicit peoﬁle's fesponses to
the physical environment in the way which has been diécﬁsse&, is that
different people may use different distences along the line to represent
the same degree of annoyance, and that thke end of the lines, i.e.
"extremely annoyed" means different things in different cases. If this
was due to people using different units of distance to reﬁresent the
degree of annoyance, it should be theoretically possible to control for
this variation in the response criteria by taking the ratio of the
distances marked for one physical environmental variasble to those marked
for another as the dependent variable. This can only be done wh;re

ennoyances are encoded for both physical environmental variables.

1. Stevens and Guirao demonstrated this in a number of experiments using
both cross modallty matching with brightness and loudness, and
magnitude estimation.
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The original hypothesis may be re-expresseds

: %
Dy Ky = ci(si - 'ri) i . | _ - (5.18)

Where Dij is the distance along the line which person (j) places his
mark'to rcpresent his annoyance with the physical environmental variable
(1) end U; is the unit o}gnnoyance that is being used by person (j). In
this case our lack of knﬁ&iedge of U; may be surmounted by dividing the

annoyance encoded for one phyéical environmental variable by that of

anothers b(l
nljxj _' C,(8; - Ty) _
- =) (5.19)
DajKj CZ(SaTa)

The unit of ennoyance which the respondents use is therefore no longer
relevant and given the original assumption, the exponents may be cal-
ibrated by regressing the logarithm of the ratio of the distances marked

on the logarithms of the ratios.o: the physical environmental variabless

Dj "
Log . = &7 log (8) - T,) - &, log (82 -T,) +C ~ (5.20)

D,

The thresholds may be calibrated iteratively as described above. The
constant is the logarithm of the ratio of the constants in equation 5.19.
One problem with this method is that the calibration of an exponent
may be affected by the choice of the other independent variable in the
regression set. A significant difference between the calibrations
would indicate that the method of analysis was not appropriate.
While this method of analysis ha; been described for convenience
in the context of the "lines data", it was originally designed for the
analysis of a different type of data, which was that of the "Environmental

Assessment Recorder" (EAR). This data was collected in a similar way to
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that collected by the consultants (S.C.P.R.) to the Urban Motorways
Project Teanm (19?4). Respondents were shown a board with a card on it
showing a list of predefined environmental variables, such as noise,
pedestrian delay, etc. Theylwere then asked to put pegs opposite the
environmental_variables in proportion to the amountlof annoyancé which
they felt with reaﬁect to them. The point of departure from S.C.P.R.'s
use of the technique is in the method of analysis end the inferences drawm
from the result;. The game bears only a superficial resemblance to the
distribution of counter games used by S.C.P.R. (Hoinville, 1973) or

Wilson (1968).

5.6 SUMMARY

In the discussion of the methodology which should be used in tﬁe
development of models for preaicting pedestrian annoyaﬁce on a ratio
scale, it was argued‘that the annoyance sﬁoul& Se linearly related to
sone function of the environmental variables based on the theorieé-of
perception. Two competing theories of psychophysics were reviewed:.‘These
were Fechner's Law, which postulates a loéarithmic relationship (as in
equation 5.1) and Steven's law, which postulates a bower relationship (as
in equation 5.3). Both of these theories have been used extensively in
attitude measurement, but it was argued on theoretical grounds that att-
itude scales, based upon Fechner's'theory, are not linearly related to
the psychological continuum on which affective responses are experienced.
The central hypothesis to te tested was therefore that pedestrian annoyance
has a power relationship with the physical environmentsl variables.
However, it was also necessary to test that the power relationship was
significantly stronger than either the logarithmic or linear relation-

ships. A further hypothesis which required to be tested was that the
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environmental variables were on a prothetic rather than a metathetic

scale.

The possibility that the annoyance scale (i.e. the environmental
index) could be defined for discontinuous dichotomous responses was
explored in depth. However it was concluded that this would not be
possible without knowing the degree of heteroscedasticity which existed.

A new theory on the additivity of annoyances was developed (see
equation 5.16). This required ascertaining the strength of the relation-
ship between overall annoyance and the sum of the environmental variables,
expressed in common units, and then raised to the power of the exponent
relevant to the units used. The constraints caused by interviewing on
the kerbside necessitated the use of simple methods for the encoding of
the responses by the pedestrians: Hfﬂgver, it was thought desireable to
check the reliability of the resulté.by using more than one method for
the pedestirians to encode their responses. The respondents were therefore
asked to use both a cross-modality and a ratio estimation.technique.
Distance along a line was the response mode used in the former method.

As the perception of distance is linearly related to the distance
perceived, (i.e. the exponent in the Power Law relationship is unity)
the responses, as measured, were assumed to be linearly related to the
subjective response. The use of these two methods, and the other.
measurement methods used in both surveys, will be described in the foll-

owing Chapter. So, also, will be the sampling design.




CHAPTER 6: REPORT OF FIELDWORK

The purpose of this chapter is to report the way in which the theor-
etical and methodologicel issues diacﬁssed in Chapters & and 5 were
translated into a viable set of measurement operations and how these
operations were executed. The practical problems encountered will be
discugsed and their 1mplications for the objectives of the study will be
examined. Particular attention is therefore paid to the issues of
sample and fieldwork design and the preparation of the data before
analysis. The discussion is structured around separate descriptions of
the physical environmental survey end the survey of- the pedestrians

subjective responses.

6.2 SAMPIE DESIGN

6.2.1 Physical Environmental Survey

Ideally, the sample should be selected with respect to all of the
independent variables which were postulated to be determinants of the
variables which it is wished to predict. This was not possible because
of the large-number of independent variables involved and because
information was only availasble on the distribution of a few of them.
Fortunately, those for which information was available included two of
the principal determinants of the environmental variables: the flow and
the composition of the traffic. -

For any given specification of a regression model based on field-
work measurements, increasing the size of the sample causes the accuracy
of the predictions to approximate to that which would exist if the sample
was infinite. Where there is one independent variable (x), the expected

error in a prediction of y for a given value of x, where y = a + bx, is

- 92 =
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-2
1. =-X)

N (6.1)

E(ep) = (R.E-) 1+

Where R.E. is the residual error, and N is the sample size. "GPJ
is t diatributed; (See Huang, 1964).

When the size of a sample is greatér then 30 the ghape of the t
distribution.hecomes similar to the normal distribution. Thus 30-35
observations are considered adequate for constructing a linear fegreasion
model where there is only one independent variable. The addition of
each new independent variable to the regression set.reduces the degrees
of freedom by one and this loss may be made up by increasing the sample
size by one. Yeomans,(1968).shows graphically how the confidence bands
diverge from the point of the means on the diverge from the point of the
means on the regression line. It may be seen how the (xJE) term in
equation 6.1 is the cause of this. The effect of this term may be reduced
by increasing the range of the values of the independent variable in the

sanple, i.e. b& increasing the denominator.

Bearing in mind the sampling theory, the large number of variables
end the need to take more than one set of measurements at a number of
sites, it was decided to play safe and draw a relatively large sample.

A sample of fifty sifes was drawn and two observations (sets of measure-
ments) were taken at each of them. Hﬁlf of this second set of observations
were conducted under circumsfances Qhere the traffié conditionélwere as
similar as possible to the first phase and the other half as different

as possible, (i.e. during peakfhours, if- the earlier meaéurements were

in the off-peak ana vice versa). A furthér 25 observations were taken

at the request of the London Boroﬁgh of Hammersmith in a specific area
which appeared to them to be a ﬁotential "environmental area".. fhese

did not significantly distort the sample which had been drawn. In all



w6l «

there were 125 observations which could be used in the prediction of one
or more of the environmental variabies. in casaé where the equipment
failed in the measurement Qf a physical environmental varisble or where
unusual conditions developed during the time of the observation, affect-
ing the value of the dependent variable, the data was rejécted for‘the
prediction of that variable but not for the others. App;ndix 3 contains
a full list of the sites, showing the completed observations classified
by time of day and environmental variable measured. The right hend
colums refer to the'survey of pedestrians subjective responses. The
Appendix also contains a map showing the location of the sites in the
Boroughe.

In order to draw a random sample of sites it was necessary to have
a list of the road links in the borough with records of main character-
istics of the traffic flows which could be used as a sample frame. The
listing of links was provided by the road network which was defined for
"base year" assignments in the Hammersmith Transportation Study. This
included all the roads in the Borough except those which were regarded by
the transportation study team to be used for access only or were relative-
ly insignificant in traffic terms. However, at the time of sampling, the
base year (1968) a.m. peak assignment flows were the onl& data available
on the characteristics of the traffic. In an analysis of the data |
collected in a cordon origin and destination survey, conducted as part
of the Transportation Study, it was found that the proportion of heavy
good vehicles was significantly lower in the a.m. and p.m. peak hours
than during the day. The peak periods were defined using the Cordon
Survey data as being from 8.00 a.m. to 9.30 a.m. and from 5.00 p.m. to
6.30 p.m. The off-peak periods were defined to bte from 9.30 a.m. to

12.30 p.m. and from 2.CO p.m. to 5.00 p.mn. The sample was therefore drawn
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from the a.m. peak assignment data end otservations were teken from
8,00 a.m. to 6.30 p.m. to ensure a wide distribution of the proportion
of heavy vehicles. In order to widen further the range, a small number
of streets, which were noted during the survey to have relatively large
propoftions of heavy vehicles, were selected for observations.

It was found that the number of roads in each category of flow
decreased as the flow increased, (see Figure 6.1). As the variance of
the traffic flow in the sample would be increased by having approximately
equal numbers of observations at each end of the range of values in the
population, a stratified random sample was drawn from the roads onlthe
network. A larger samﬁle thﬁn’was reqﬁired was draﬁn, because a relatively
large number of streets had to be rejected either because the traffic
system had been changed since the network was defined, or because it was
found that there was noise coming from other sources which could not be
controlled for. This included noise from other roads. (o observation
was taken within 25 metres from a junction with another link on the net-
work). Roads adjacent to flyovers, railways or building construction
were also rejected because of their extra noise, as were those undergoing
repair. In order to minimise the correlation between the number of
véhicles, efforts were made to take an equal proportion of observations

in each category of flow during peak periods.
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Figure 6.1: Diagram showing the number of links per category of traffic
flow in the base year assignment in the Hammersmith Trans=-
portation Study, 1968.

A decision also had to be made regarding the length of time for
which simultanecus recordings of the physical environmental variables and
their postulated determinants should be made. Sampling error caused by
random variation in the effects of the independent variables decreases as
the sempling time is increased. On the other hand, biases may be introd-
uced into the observed relationship between the variables if the values of
the independent variables are changing over time. Therefore a balance has
to be made between obtaining a representative measure of the varisbles
and the risk of the values of the variables changing during the
observation. Johnson and Saundere (1948) recommended a minimum measure-
ment period of 15 minutes. Gilbert and Crompton (1971) made their
recordings for periods as short as 10 minutes. FHowever, in an attempt

to minimise the sample error, measurements were taken Tor 20 minutes
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and care was taken to avoid recording during periods when the traffic |
flows and composition was likely to change, such as at the beginning and |

end of peak periods.

5.2.2 The Pedestrian Responses Survey

As the method of analysis of the data collected in fhe sufvey of
pedestrian responses was similar to that of the physical environmental
survey, the same arguments about the variance of the independent variables
applied. It was not possible, however, for pedestrians to cross a number
of primary roads because of physical barriers. This meant that data l
could not be collected about the respondents amnoyance with the delay !
and risk in crossing the roads. As one of the main objectives in the
study was the prediction of overall annoyance, interviews were not
conducted at these sites because of the lack of compatibility of the data.
This had the effect of considerably reducing the range of traffic flow
at the sites visited. Similarly}as the analysis required sufficient
observations where overall annoyance could be related to estimates of
the physical environmental variables, interviews were not conducted on
one-way streets, because models had not been developed for predicting
delay on them. Altogether, it was only possible to interview at 30 out
of the 75 sites where the physical environmental variables were measured.
' Interviews werc not conducted at some sites because there were insuffic-
jent pedestrians or because the environmental conditions were significantly
affected by sources other than road traffic.

As a wide range of responses was expected from the pedestrians for
any given environmental conditions, the possibility was foreseen that
it would not be possible to find significant relationships between the

responses and the estimates of the physical environmental variables. A



= o8 &

wvay of avoiding this was to take some measure of the central tendency,

for each set of responses where the environmental conditions were constant,
as the dependent variable. Because of this, more than one set of inter-
views was taken at 19 sites such that the number of interviewing periods
was raised from 30 to 50. One set of interviews had subsequently to be
rejected. The number of interviews to be taken during each interviewing
period was also raised to reduce the sample error of the measure of
cgntrol tendency finally adopted. In all a target of 500 interviews was
set, in fact 522 productive interviews were achieved. This was &n average

of 10.7 interviews per interviewing period.

" 6.3 MEASUREMENT METHODS

The main features of the survey designs have already been outlined
in discussion of the methodology of the study. In both surveys a set of
dependent variables was measured simultaneously with a set of independent
varigbles which were postulated to be causally related to them.

In the survey of the physical environment, noise, pedestrian delay
and air pollution lgvels were recorded for 20 minute periods at the same
time as recordings of the traffic flow chafacteristics, climatic
conditions and built-form variables. The following two sections describe
the methods of measurement used for the dependent end independent variables
in this survey. The specifications of the equipment used may be found
in Appendix 4. Exemples of the record sheets used in this survef and in
the survey of the pedestrien responses are contained in Appendix 5. The
description of the methods used in the survey of the pedestfians responses

follows that of physical environmental survey below,

6.3.2 Physical Environmental Survey: Dependent Variables

Sound

A microphone was placed O.3m back from the kerb and at a height
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of 1.2m, The position of the other recording equipment and the observers
is shown in Figure 6.2. The microphone may be seen on the right hand
side of the photograph. It is connected to the recording equipment in
the cabinet. The observer reading the radar meter (on the street) is
seated on the pump which sucks the air through the filter to record the
smoke levels, The two observers on the left of the photograph recorded
the traffic flow on the near and far sides of the road. The observer

in the centre, who is recording the wind speed, also recorded the

pedestrian delay.

Figure 6.2: Photograph showing the relative position of the observers
and the equipment.
The data was collected with reference to a line through the micro-
phone and at right angles to the kerb. In the text 'near side' refers

to the side of the road on which the recording equipment was placed and
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‘far side' refers to the opposite side.

The microphone was connected to a precision sound level meter which
'A weighted' the sound tefore it was recorded. A two track tape recorder
was used and the second track was used to identify the recording and to
record such commentary as was required during the observation.

Prior to recording, the tape recorder and the sound level meter were
calibrated such that the expected range of traffic noise fell within the
dynamic renge of the tape recorder which was 50 dB(A)._ An accoustic
celibrator was attached.to the microphone and a constant sound of a known
level was.fed into the tape recorder via the sound level meter. In the
laboratory.the‘sound recordings were fed through a level recorder and
the constant sound from the accoustic calibrator.was used to calibrate the
output. . A pen recorder. gave a graphical record of the'A' weighted. .sound
levels, examples.of which may be seen in Figure&id_{ . The level recorder
was attached to digital analyser which recorded the length of time that
the sound level was within given 5 dB(A) ranges, This data was graphed
end interpolated to find the LlO' L5O and the L90. The distribution of
sound levels was found to beHapproximately normally distrituted and
therefore by normal probability graph paper was used to increase the

accuracy of the interpolation, (see Figure.A5.2 in Appendix 5).

Pedestrian Delay

A standard cassette tape recorder and = modified microphone was used
to record pedestrian delay. The microphone was attached to a switchable
pattery operated accoustic generator. When the switch (a spring loaded
bell-push type) was depressed a high-pitthed sound signal was fed into
the cassette recorder. The microphone was used for labelling the start
and finish of the recording. During the twenty minute recording period

the observer took into account the traffic flowing in both directions
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end when he felt it was safe to cross to the opposite side of the road
he would préss the switch on the accoustic generator and keep it pressed
for as long as he felt it was safe to cross. Being safe to cross was
defined es being able to cross at a reasonable speed without pausing in
the centre of the road.

The cassettes were ﬁlayed back through a level recorder. The paper
feed was set at lmm per second and an example of the rectangular wave
form of the 'bleep' on the chart is sﬁown in Figure A5.3. Direct measure-
ment of the troughs gave the delsy times from which the percentage of
time delayeda and the mean delay time were calculated. The percentage of
time delayed was simply the sum of the delay periods, multiplied by 100
end divided by the number of seconds in the observation period. The
mean delay was calculated by dividing the sum of the squares of the

length of the delsy periods by twice the length of the observation

periOdo

Smoke

The degree of stain on filter paper, through whichithe«air.was
pumped , was used to determine the level of smoke in the atmosphere. A
battery-powered pump was used to suck sample air through a special filter-
peper at a known rate of flow. The'degfée of darkness of the smoke stains
was later measured in the laboratory with a reflectometer. Reference
was then made to the Warren Springs Smoke Concentration Tables to arrive
at the smoke concentration in microgrammes per cubic meter, using the
reflectometer reading and the known rate of air intake, the time period
of the observation end the diameter of the stain on the filter paper.
The smoke sampling equipment was placed on the opposite side of the
portable trolley to the noise microphonec to minimise its effect on the

noise recorded.
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Carbon Monoxide

The level of carbon monoxide was recorded by pumping a sample of
the atmosphere through Drager tubes. containing CO sensitive crystals.
Three tubes were used consecutively during each observation period, end
the mean of the readings was taken as the level of CO in parts per

million (ppm) for that observation.

6.3.3 Physical Environmental Survey: independent Varisbles

The pattern of arrival of the traffic was recorded by observers
dictating codes into tape recordérs as the vehicles passed the
observation point;l One observer was responéible for the traffic flow in
each direction. The codes indicated types of vehicles which were
passing (i.e. 'one' for cars end taxis, 'two' for light commercial veh-
icles, 'three' for medium and heavy commercial vehicles, 'four' for
buses and coaches and 'five' for motorcycles}. Sometimes arbitrary
distinctions had to be made between the types, for example vans which
were comnercial models of cars, i.e. builf on a car chassis, were given
codes different to those of the cars, yet the difference which they might
meke to the environment could be minimal. Vens and lorries over 50 cwt.
were regarded as being code 'three'.

The 20 minute recordings were afterwards played through a level
recorder with the paper speed set at 1 mm per second. The voicé sounds
appeared as vertical lines on the chart, (sce Figure A5.l4 in Appendix 5).
The recorded speech was also monitored and the operator placed marks on
horizontal colums on the chart according to the code heard. Counts were
then made of the marks in each of the columms which were grossed up to
give the flow per hour for each of the types of vehicle. |

The index of dispersion, as defined by Crompton and Gilbert (1971),

was calculated from the means and variances of the numbers of vehicles
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counted in ten second periods, i.e. the number of marks counted in con-
secutive 10 mm distances on the charts. This was done for the flows in
each direction and for the combined flows.

The speed of the vehicles in the far-side traffic flow was assumed
not to have a significantly different effect on the environment than
that of the near side flow. The speeds were recorded menually by an
observer reading a radar meter. When the -traffic flow was too high for
the speed of every vehicle to be recorded, readings were teken at 15
second intervals. The mean of the readings was then taken.

While the equipment was being placed in position, a note was made
on the fieldwork reference sheet of the existence of bus-stops within
50 mn of the observation point. The meame’ wae done for parked vehicles
within 25 m of the site. The presence of pedestrian crossingswithin
50 m of the site wés‘aiso noted, A number of subjective observations
were made about the road surface and the ciimatic conditions. Sec
figure A5{5 in Appendix 5. A hand enemometer was used for measuring the
wind speed, the mean was taken of three recordings taken before, during
and after the observﬁtion period. The direction of the wind was also
noted. Fhotographs were teken of the buildihgs on eacﬁ sidé of the
roed. |

The width of the highway between the kerbs and the distance from
the kerbs to buildings (if any) on each si&e_of the road, were measured
from 2 1381250 map. 4An estimate of the gradient of the road at the
observation point was made from the heights above sea level given on the
map at each side of the siﬁe.l

Tt was noted at the beginning of the survey that aircraft clearly
had a major impact on the noise climate. It waé essential, therefore,

to identify their frequency and the parameters of their flight-path.
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The study area was approximately 16 km. from.Heathrow Airport and was
crossed by the approach corridor. As aircraft may join the corridor at
any point between 12 and 35 km from the airport, the path of individual
aircraft is variable. Most of them fly:close to the minimum height of
2000 ft. 16 km from the aifport and they descend at a steady rate

tovards the end of the rumvay.” During the survey, aircraft which could
be heard over the noise of the_t;éffic ;ere noted on a reference tape

end subsequenfly during the analysis the dufation of the noise wes
neasured. This was approxiﬁately Sﬁ.of the recording time throughout the

survey .

6.3.4 The Pedestrians Responses Survey: Dependent Variables

The theoretical reasons for the methods which were used to determine
pedestrians' annoyances with the quality of the environment have been
given in chapter 5. It was decided that they should be asked to place
marks along lines, such that the distance from one end of the line
represented the magnitude of their annoyance with aspects of the environ-
ment. The Environmental Assessment Recorder (EAR) has also been
described and how it was to be used to ascertain the relative annoyance
with the various aspects of the environment which the respondents felt.
In this section we are concerned with the procedures followed and the
description of the record sheets and the operation of the EAR.

Every effort was made to introduce the subject to the pedestriaﬁa
end to ask the questions in as standard a way as possible. Throughout

the interview the emphasis was placed on the fact that it was with the

1. Private communication from the London Airport Authority, December,
1974,
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environmental conditions as affected by the traffic at that moment on
that strcet to which we wished them to respond. - An example of an
interview gheet is given in Figure A5.7 in Appendix 5. The interviewer
jntroduced himself by saying "“"Good morning" (or"Good efternoon" as the
case might be) "We are doing a survey.of people's attitudes to the
quality of the environment.. We would be grateful if you would please
put a mark along these lines which would represent the extent of your
annoyance with the items listed here, as they are at this moment on
this road." The top line was used as.a demonstration, the respondents
were told that if they were not annoyed to put the mark on the left end,
if they were extremely annoyed to put- the mark towards the other end, -
and if they were moderately amnoyed to put the mark as far along the line
as would represent the extent of their annoyance. As they were teing
told this, marks were being placed along-the line.

The respondents were asked to express -the magnitude of their
annoyances with the six selected components first end then they were asked
to mark the overall annoyance line.. In an attempt to eliminate bias
which might be caused by the order of the annoyances, two types of
sheet were prepared. and approximately every second respondent was given
a different type of sheet.

"Wot Annoyed' was printed over the left hand end of the line, and
as may be seen in Figure A5.7. a noticeable stop was printed at the end
to signify that the-representations of amnoyance began from that point.
Slight calibrations were placed elong the line at 7.5 mm intervals to
nelp to indicate that the line was a measurement scale. 'Extremely -
ennoyed' was printed close to the end of the line, but no noticeable

mark was printed at this end of the scale.
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The respondents were then asked to describe the traffic by putting
an 'X' in what they thought was the appropriate box between 9 pairs_OF
opposite adjectives, as in a semantic differential test. Finally they
were asked to express the e&tent‘of their aéreeﬁent of* disagreement with
three statements which might give an indication of their predisposition
to be annoyed with the traffic. The'clip board was then taken from the
respondent and the purpose of this trip gnd whether their household had
access to a car, as well as a number of demographic.details,were coded
on the interview sheet.

If the respondentshad expressed any annoyance with any of the items
on the lines they were asked to use the EAR. This consisted of two
pieces of perspex bolted together with a piece of cardboard betweentjem,on
which the environmental items and the instructions were. stencilled. A,
photograph of the EAR is shown in figure A5.8 in Appendix 5. It measured
38 cm by 28 cm. The list of annoying items could be slid out and
turned round so that the list would be in a different order. This was
done approximately half way through each interviewing period.

Verbal statements took precedence over the distance along the line on
vhich the marks had been made, in determining whether the EAR should be
used. Eight pegs were placed opposite.the environmental factor with
which they had expressed the greatest annoyancej the respondents were
then asked "If you used eight pegs to represent your annoyance with seeee
as it is at the moment on this road, how many pegs would you use to
express your annoyance with vesws? i THE respondent answered, the
interviewer would go through the list of items in the order they were on
the EAR. When this was done they were asked to look at the distribution
of pegs and to say if they would like to change them in any way. The
distribution of pegs was then recorded on the interview sheet and the

variable which was given eight pegs initially was noted.
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In the early stages of the survey, for approximately the first hundred
interviews, respondents were asked if there were any other ways in which
the traffic affected their environment. Therc were many answers but
none mentioned anj items which could have becen added to the list. All

referred to aspects of accessibility.

6.3.5 The Pedestrians! Responses Surveys Independent Variables

In the earlier survey of the physical environmental variables,
measurements were made of a wide range of independent variables which
were postulated to have an effect on the environmental variables. The
models which were eventually developed end used for estimating the
values of the environmental variables, which were in turn to be used in
determining the causes of variation in the pedestrians responses, may be
found at the end of Chapter 7. Only traffic and built form varisbles
which featured in these models were measured in the second survey.

It may be seen from the t statistics how the transformations of the
traffic flow and the proportions of the types of vehicles of which it is
comprised are by far the most important determinants of the environmental
variables. The values of these variables were obtained in a similar vay
as in the survey of the physical environmental variables. Recordings
were made of the arrivals of the vehicles (by type) for ten minutes before
end after each intgrﬁiewing period. When the interviewing appeared
1ikely to exceed an hour, an extra recording of the traffic flow was
made during the interviewing.

Heither the speed nor the index of dispersion of the traffic was
measured. It was hoped that estimates of the values of these variables
could be obtained from models developed from the data of the physical
environmental survey. (See section 7.7 ) The built-form data was the

came as collected in the earlier survey. The incidence of parking was
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noted as before.

6.4 COVCLUDING REMARKS

Only thoée aspects of the field work which bear directly on the
analysis have been described here. The more detailed descriptions of
the field work measurement and control are contained in the series of
appendices. In all cases the best available equipment was used and
regular checks were made of their functioning. Thé following three

chapters report the analyses of the measurements.



CHAPTER 7s THE PHYSICAL ENVIRQMENT: PREDICTICN MODELS

7.1 INTRODUCTION

The analysis of the data collected in the sample survey of the phys=-
ical variables is reported in this chapter. The subject matter is,
therefore, confined to the relationship between the three environmental
factors, noise, -pedestrian delay and air pollution, and the traffic and
built form variables.

The problems of defining these physical environmental variables
have been discussed above. In the case of noise, we'hfé'primarily con-
cerned with the development of a model for predicting the sound level in
aB(A) which is exceeded ten percent of the time (Luo): Models are also
developed for predicting the L50 and the L9b so that estimates may be
made of the indices of noise which include the variation of the sound as
a parameter, such as the Iyp end the T.N.I. (see pages 22-24).

de éspects of pedést;ian dela& hafe been defined, and prediction
models will be developed for each of them so that the_ relative value in
predicting subjective responses may be tested. They are the percentage
of time that a person arriving randomly at the kerbside would be delsyed,
and the mean time for which that person would be delayed. As discussed
in Chapter 4, the logarithm of the mean deley and the logistic transform-
ation of the percentage of time delayed are also regressed on the
independent variables. For air pollution, the dependent variables are

the observed levels of carbon monoxide and smoke and their logarithms.

7.2 THE NOISE MOTEL

In Ghapter 3 it was hypothesised that the form of the relationships
between the L10 end the traffic variables described for free-flowing

traffic might provide the best basis for the development of models for
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predicting the noise from noq-free-flowing traffic. In particular, it
was submitted, on the basis of the reanalysis of other.researchers' data,
that specifications in the form of Delany's negative exponential model,
(equation 3.8) and Johnson and Saunders simpler model, (equation 3.5)
might provide the best fit. The Gilbert and Crompton type specification
was also tested in spite of some‘theoretical reservations which have
been made above. Separate sections of this chapter are accordingly
devoted to reporting the results of regressing the observed Llo on each
of these three ways of specifying the traffic flow and composition
variebles. These sections are followed by reports of regressions of the
Lﬁo

variasbles. .First, however, it is necessary to look at the problem of

and the L90 on the various specifications of the independent

how the noise from the aircraft should be controlled for in the regress-

ion enalysis.

7.2.2 The Interaction of Aircraft end Traffic Noise

It was noted in the previous chapter that noise from aircraft
appeared to the observers during the survey to have a major impact on
the noise climate on the pavements. Recording had, therefore, been made
of the number of aircraft heard, the length of time for which they were
heard and the distance.of the.survey point from the centre of.the flight
path.l

The challenge of isolating the effect of this unexpected determin-
ent of variation in the L;y added a new dimension to the methodology of

the analysis. During the survey, and looking at the paper trace of the

1. This was defined as the actual distance to the flight path, and not
to a line beneath it; thus, the height of the aircraft also affects
the value of the variable.
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noise level recordings, it became clear that there was an interaction
between the effects of the eircraft on the L10 end that of the traffic.
Figure 7.1 shows typical examples of the effects of road traffic and
aircraft-on thsan(A):iesél recordings on lsw fiow strests close to
the flight pa%h., In other cases, where there were high traffic flows,
similar aircrafs could barely be heard or identified sn the dB(A) trace.
In early regression analyses, it was found -that accurate estimates
of the L10 from_the two sources could not be derived fgom the energy sum
of estimates ofvtheir separate contributions to the ssﬁnd levels., It

was therefore hypoth051sed that a linear interaction between the estimated

-

contributions of the two sources would give a reliable des scription of the
observed noise levsls. Testing this would require two regression Tuns.
First, an estimate of the sound of the traffic could be found by regress-
ing the observed LlO on the traffic and built form variables, the air-
craft noise being partially controlled for by inclﬁdiné:the logarithm of

the distance1

to fhe flight path and the ratio of sircraft2 to vehicles
as variables in ‘the fegression set. In the second ssn,_the LIO would be
regressed on thé‘ssfimates calculated from the traffic sné built form

model, the logariths.of the distance to the flight ps;h'snd the pfudﬁct

of these two variables. Thus, the first regression eqsation would be

of the form:

-

Lo = £(t;) + €, = C, log D + C, Ra ‘- | (7.1)

Where £(t;) = a*function of the traffic and built form variables.

c = coﬁstants calibrated by regression. (Cl>inc1udes a value

1. The propogation of sound follows an inverse square law and therefore

- dB(AS are llnearly related to the logarithm of the distance to the
source, see Delany (1972). The ratio of aircraft to vehicles is used
to control for the .interaction in this iteration.

2. 'The length of time that aircraft were heard was found to give similar
results as the number heard.
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representing the noise from the aircraft at source)
D = the distance to the flight path.-
Ra 2 the ratio of aircraft to vehicles.
And the second equation would be in the fom:

Lyo = Cyf(t5) + Csf(tg) log D - Cf log D+ C, : (7.2)

7.2.3 The Recalibration of Delany's Model

When Deleny's model was being recelibrated it was found that a
: 2
number of other traffic and built form variables were significant. When

these variables were omitted from the regression set, the result wass

Ly = %+ Blog V+ 0.2 1log Q = 4,06 log D + 8.35 Ra . (7.3)
Vhere X = 3 + 34,9 (1 - e-P/hO)

K = J-I-?.9 + PC“P/g

V = mean speed of the vehicles in the near side flow (k.p.h.)

Hd
n

the percentage lorries, buses and a third of the light
comzercial vehicles is of the traffic flow
§ = the total flow of vehicles per hour
Ra = the ratio of amircraft to vehicles. *
The sample size in this regression and all those which follow was 110.
The multiple ocorrelation was 0.955 and the residual error 1.71 dB(A).

The t statistics for the first two elements were 3.43 end 2.84 respective-

1
1ly.

Gemma and log Q were regressed on as separate elements. Gamma was

not significant with a t statistic of 1.02. Log Q had a t statistic of

1..In two-tailed tests where the degrees of freedom are approxlmately
100, t statlstics greater than 1.99 are 51gn1ficant at the 5% level,
2.63 at the 1% level and 3.41 at the 0.1% level.

2. See equation 7.k
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13.36. Log D was also very highly significant with a t statistic of 5.89,
but Ra was not significent with a t statistic of 1.39.

The percentage of heavy vehicles specified in the negative exponent-
jals of these models includes a third of the percentage of light commer-
cial vehicles. This proportion was adopted from a regression of the Lo
on the percentage of cars, the percentage of heavy vehicles and the other
significant variables, where the regression coefficients of the first two
variables were 10.1 and -5.7 respectively. The model, however, was
relatively insensitive to variation in this sub-division of light
commercial vehicles, thﬁugh the calibration used gave a significantly
better fit than the percentage of heavy vehicles on its own. On the face
of it, this reversion to two categories of vehicles suggests that there
was no advantage in the more detailed classification of vehicles used in
the field work measurements. On the other hand, it may not have been
possible to identify visually the light commercial vehicles which should
have been included with the heavies. The sub-division of the light
commercial vehicles may reflect the average.proportions which are driven
by petrol and diesel oil and thus accord with the work of Lewis (1973)
who found that there were just two distinct'classes of wvehicle (petrol
and diesel driven) froﬁ the point of view of noise emissions.

The calibrationsl when the LiO was regressed on all the significant

variables were:

L],O = + P logV +¥log Q+ 034 Pk + 47 Rg - 8.1 log W (7.4)

+ 0,15 T - 2.71 log D + 12.6 Ra + 35.9

1. The exponents were calibrated iteratively.
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Where o =43.7 (1 - e
-P/12

-P/L}b)

F = 13.2 e
¥ = 0.44 (24.5 + Pe'P/g)

and Pk

= Tndex of parking (see equation L4.1)
Rq = The ratio of the traffic flow on the ncar side to that on
T the far side. L
§: = The width of the street in metres betﬁéen the kerbs.
T = The number of storeys in the near side facade divided by the

logarithm of their distance to the kerbside (in metres)

.(aee page 58).

The multiple correlation was 0,966 and the residual error 1.51 dB(A).

The t statistics for the separate elements in equation (7.4) and for the
other corresponding first stege regression equations are showvn in Table
7.1. The calibrations of all these equations are displayed together in
Table 7.3. In Delany's original equation (3.8) the beta element contained
two constants such that the logarithm of the mean speed.could be included
in the regression set as a separate element. However, it was not signifi-
cant in either regression équatipn 7.3 or %.h.‘

The result of the second regression run, where equation 7.2 was

calibratéd,.hésl

1,10_; 0.1467 r(t}) log D - 0.5% f(ti) - 24y Jog D + 114.21 '(7.5)

P
VWhere f(ti) = 43.7e
8.1 logV+ 0157

40'+|?. logV +¥log'Q+ 34k Pk + .47 Rq -

as in equation 7.&.1

1. lNote that the constent in alpha was not included’to,nvoid repetition
in the constant and the "log D" element.,

b=
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In this regression the multiple correlation improved to 0.970 and the
residual error to 1l.46 dB(A) after the degrees of freedom which had been
lost in the first regression were allowed for.

Figure 7.2 shows grephically the relationship between the percent-
age of heavy vehicles (P) for four selected traffic flows, based on
equations (7.@) and}(?.S). ‘The distance from the flight path was set at
6.5 km, which was approximately the maximum recorded during the survey.
Speed was set at 30 km.p.h. The other variables were set at the observed
mean values, except for the width of the road based on the traffic flow.2
Note howv the four curve¢ lines could be represented by four straight and
parallel 1ipes without any great loss of accuracy. This in fact occurs

in the Johnson-Saunders type model.

7.2.4 The Recalibration of Johnson-Saunders Hodel

As with the previous model, it was found that when the L10

regressed on the basic elements, a number of other independent variables’

. was

which were hypothesised as having an effect on the Lio,were in fact
significant. Equations (7.6) and (7.7) show the results of these

regressions without and with these exira variabless

LlO = 9.95 log @ + 17.0P + 60.74 (7.6)
Multiple correlation (R) = 0,950 |
Regidual error (R.E.) = 1.77 dB(A)h

Log V was not significant with a_?ﬂétatisti# of 1.62. The t statistic

of Ra was 1l.52.

1. The individual statistics are difficult to interpret because of the
multicolinearity of the elements due to the interaction. They were
4,87, 1.55 and 4.25 respectively

2. It was found that there was a significant relationship between the
width of the road and traffic flow, and that the relationship could
best be described by: log W = 0.16 log Q + 0,55,
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L, " 20.88 log Q + .162P + 22,5 log = 6.1 log .log Q (7.7)
& 038 Tk + ¢,+9 Rq - 8.1 logu * OIBT - 2-95 log D

+ 11.25 Ra + 20,58,

The multiple correlation was 0,966 and the residual error was 1.52 dB(A).
Note that: an almost significant interaction element between the logar-
ithm of the total flow and the logarithm of the gpeed was included in
equatlon ? 73 1ts t statistic vas 1 91,

In the second stage regression, (i.e, where f(ti) is based on
equation 7.7) the multiple correlation improved to 0.969 and the residual

error to 1.46 dB(4): C- : o
Ly = 0.43 £(t;) log D - 0.48 £(t5) - 30.36 log D + 119.2 (7.8)

The reasons for expecting an interaction between the effects of speed

and the percentage of heavy good vehicles were discussed earlier. When
such an”interaction element”was included, based on” the existing elements
in the regression set, thé t statistic of the proportion of heﬁvy vehicles

(i.e. P) on its own drops to 1.88. The t statistic of the interaction

element is, however, 6.8:

Lo = 21.47 log @ + 21.7 log - 6.47 log  log @ + 0.38 Pk (7.9)

+ 0,47 Rg - 8.2 log W + 0.19T + 10,96P log - 2:87 log
D+ 11.1&' Ra-"!' 2”’9881.

The nultiple correlation was 0,965 and the residual error 1.53 dB(A). In

the second regression these improved to 0.968 and 1.48 dB(A). This

1. Some statisticians claim that, where a sign of a regression element
is hypothesised, a one-tailed test may be used, in which case
the interaction element would be significant. However, this claim
is not generally accepted, see Lieberman (1971).
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specification gives a marginaily less good fit, but their relative merit

is more a matter of judgement, based on their construct validity.

A

summary of the coefficients in all of the first stage regression equations

is presented in Table 7.3.

this Table.

Some of the equations are described only in

The coefficients from the second stage regression runs may

be found in Table 7.2.

Ho. of lsi f(ti) log D £(ty) log D Constant
Stage . :

Equations
5.15 0.“’6 ‘— "0055 -2“'."4' 111"-2
5.7 0.43 . -0.48 -30.36 119.2
5.9 0.42 -0.46 =29.58 117.3
5.13 0.40 -0.40 730.57 11545
5014 7 20.48 -0.68 =34.12 192.%
5.10 0.42 =0.47 =27.91 115.7
5,11 0.43 -0.49 -30.59 119.4
5012 0038 -0031 -29021 109.“‘

Table 7.2:

Equations.

Regression Coefficients and Constants in "2nd Stage"

The multiple correlation and residual errors for both stages of all the

specifications are shown in Table 7.4. The degrees of freedom and the

error sum of squares are also included for the second stage regressions.

[ First Stare Regression Second Stegze Resression
Equation] Multiplg Resid Equation Fultipled Resid-| degreep Error
Correl- ual - Correl=| ual of Sum of
ation Error ation Error |freedom| Sguares
7,11 0.966 1,51 0.969 1.45 98 205,02
7.7 0.966 1.52 | 7.8 0.969 1.45 98 207.16
7.k 0.966 1.51 | 7.5 0.970 1.46 95 203.32
7.10 0.966 1.52 0.969 1.46 97 207.93
7512 0.965 1.5k 0.968 1.47 97 210.89
7.9 0.965 1.53 0.968 1.47 o8 212,14
7,13 0.965 1.52 0.968 1.48 97 212.43
7.14 0,965 ~| - ~1.53 ©0.967 | 1.52 96 220.75

Table 7.4: Summary of the goodness of fit L10 prediction models tested.
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Three other regression equations were tested which incorporated
modifications to the specification of the traffic/composition elements
in equation 7.7. The insertion of the percentage of cars and the per-
centage of heavy vehicles (i.e. heavy commercial vehicles, and buses end
coaches), instead of P, yielded only marginally different results than
P (see equation 7.10 in Tables 7.2, 7.3 and 7.4). Similar results were
obtained by substituting the logarithm of P for P, but a slightly better
fit was obtained by using the logarithm of (1 - P), i.e. the proportion
of cars and tﬁo thirds of the proportion of light commercial vehicles (see
equation 7.11)s A marginally lower multiple correlation was found by
using the logarithms of the separate percentages. In this-case the
logarithm of the percentage of lorries and buses was not significant,

(see equation 7.12).

7.2.5 The Use of Gilbert and Crompton's Specification

The theoretical weskness of the specification of the.classified
yehicle counts in Gilbert and Crompton's model has been discussed in
Chapter 3. Even so, the similarities between their survey design and
that of the current research, and it being one of the few attempts which
had previously been made to predict the kerbside L10 from non-free
flowing traffic meke it incumbent to test its robustness.

In spite of a large amount of field work, the researchers have not
made a definitive report to their findings.l Because of this,and as

none of their models makes allowance for the effect of aircraft noise,

1. In fairness, of course, this may be tecause they also may have
reservations about the theoretical validity of their specification.
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the most favourable test was made of their model. This was to recal-
ibrate their speéificaﬁion of the classified counts and to add =11 the
significant variables as in the previous cases. The result gave a
multiple correlation of 0.965 end a residual error of 1.52 dB(A). This
was virtually identical with the statistical explanation given by the
othér models described above. However, it was found that thg best
fitting calihra£ion showed a relatively low weighting for heavy vehicles
compared to their original models, though as in the case of the definition
of VP! the model was_insensitive to variations in the calidbration. The
following was the result of regressing L10 on the independent variables

including the Gilbert and Crompton specification.

Lo = 21.9 log (4 + 2L + 3H) + 24.7 log V - 6.79 (7.13)
log V log Q + O.42Pk + 0,51Rq - 7.8 log W +
0,18T - 3.02 log D + 9.83 Ra + 20,02
VWhere A = the number of car and motorcycles passing per hour.
L = the number of light commercial vehicles per hour. - -

H = the number of heavy vehicles per hour.

It was hypothesised that a'better fit could be obtained by having
an extra degree of freedom in the regression set through expressing
Gilbert and Crompton's specification of the classified counts as C, .
log @ + C, log (%A + CB%L + C,%H) - 2, where the percentages are the
classified counts: of the total flow. The hypothesis transpired, in fact,
to be false, the residual error being 1.53 dB(A) and the multiple
correlation 0.965 (see equation 7.14). In the second stage regression

these came to 1.51 dB(A) and 0.967.
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70206 The DQOOE- }'[Odel -

The D.o.E. model wes the least successful in predicting the var-

igtion of L Vhen the L10 was regressed on the elements in equation

10°

3 end the two aircraft noise control variables, it was found that the
"log (V + 40 + 500/V)" element was not near being significant. (t

statistic was 0.46.) Neither was the R, element significants
Iyo = 1043 log Q + 67.92 (1 + H/¥) = bush log D+ 61,53 (7.15)

The t statistics were 23.4, 2.8 and 5.8 respectively. The multiple
correlation was 0.931 end the residual error 2.06 dB(A). However, the
logarithm of the mean speed would have had a t statistic of 5.4 if it

was added to the regression set and "F'" would have had a t statistic of
6.2. These would have riased the multiple correlation to 0.946 and 0,950
respectively if they were added separately. Even when these variables
and the other significant variables: in equation 7.7 were added to the
regression set, the "log (V '+ 40 +.500/V)" still did not become signifi-
cant, though its t statistic rose to 1.7. The interaction element was
significant (t statistic = 2.4), though the "P log V" element, as in
equation 7.9 had a significant partial correlation outside the regression
set. In a stepwise regression run "P log V" replaced "log (1 + 5P/V)"

in the regression set. Thus, the indications arc that neither of. the
D.p.E- elements containing the mean speed variable contributes to the
prediction of Ll0 over and above the specifications which were tested
above. No empirical justification was found for the "lcg (v + 40 + 50q/

V)" element whatsoever, end neither has it been shown that the second

element has merit over "P log V' or indeed over "P". . ;e w
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7.3 DISCUSSICN OF NOISE MODELS

A surprising result of the above regressions is the similarity-of
the multiple correlation, both between the models and between the two
regression stages. However, the higher the mulﬁiple correlation, the
greater is a marginal increase as a proportion of the unexplained
variance. There was an average difference of 0.03 between the nultiple
correlations in the two regression stages. This represents a statistical
explénation of almost 107 of the unexplained variance. The significance
of this, and the other differences between the correlations, depends not
only on the extent of the differences but also on the relative number
of degrees of freedom lost in the equations. The nunber of degrees of
freedom lost in the regression analyses is the number of elements in the
equation (including‘the constant). However, the degrees of freedom are
not the sample size less the sum of the degrees of freedom lost in the
two stages because this would involve the double counting of the logarithm
of the distance to the flight path, the function of the traffic and tuilt
form variables and constant. hhether or not the "Ra" variable should be
counted in the degrees of freedom is debatable as it does not appear in
the final model. The conservative alternative was chosen, end there was
therefore one less degree of freedom in the final models than in the
first stage regression equations. GCiven fhis; the 0.03 difference between
the two stages of the regression is highly significent, it being eduival-
ent to a partial correlation of 0.3.

In order to compare the goodness of fit of the models, two additional
statistics have beén appended to Table 7.4:_the sum of the squares of
the residual errors, and the degrees of freedom. The degrees of freedom

lost are counted from the elements in the regression set plus the constants
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which were calculated iteratively. This places Delany's theoretical
model at a relative disadvantasge when comparing the goodness of fit. The
equations in Table 7.k are written in descending order of goodness of fit
according to the residual errors given the diverse forms of the equations,
there is no one-statistical test of the sipnificance of the differcnce of
goodness of fit between them. However, a difference of means test bet-
ween the "Z" scores of 0.970 and 0,967 yielded a t statistic of 1.71.
Thus, there are no grounds for selecting or rejecting any of the models
on the grounds of goodness of fit. The exception to this is the D.o.E.
rodel where its characteristic elements were found not to have empirical
merit. It was found by uéing chi-squared tests that the residuals were
not significantly differently distributed from a normal distribution in
any of the regressions. The highest single residual was approximately
2.8 standard errors. The discussion proceeds to an inspection of the
construct validity and significance of the separate elements in each of

the models.

7.3.2 The Effect of Aircraft Noise

The logaritkm of the distance to the flight path of the aircraft
approaching London Airport was generally the most significant element
in the first stage regressions apart from the specificetions of the
traffic flow and composition. This element was also found to be very
highly significantl on its own end as an interaction element in the
second stage regressions. It is submitted, therefore, that this form of
controlling for the noise of aircraft is acceptable on the grounds of

construct validity, conceptual simplicity and statistional significence.

1. The standard notation of significance is used: Significant = P 0.05;
highly significant = P 0.01; and very highly significant = P ,001,
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The relationship between the L10 and the distance from the flight
path is shown graphically, in Figure 7.3, for four selected values of
traffic flow. The-percent of heavy vehicles (i.e. "P") is set at 15%
and the other variables as in Figure 7.2. It may be noted how aircraft
do not affect the LlO when the traffic flow is as high as 4000 vehicles
per hour (v.p.h.). Their effect increases as the traffic flow decreases.
Vhen the flow is 500 v.p.h., being close to the flight-path increases the
Lo by an average of 4 dB(4).

Even though the specification of the "log D" element has been shown
to be acceptable, some doubt may be expressed on the inclusion of the
other aircraft noise variable (i.e. the ratio of aircraft heard to the
traffic flows "Ra"). It was originally included to control for the
interaction between the aircraft noise and the traffic noise. It trens-
pired in the analyses to be marginally non-significant (see Table 1)
One of the reasoné for the similarity between the models nay be due to
the multicolinearity of the variables in the regression set. There was
in fact a correlation of almost 0.6 between "Ra" and the logarithm of the
total flow. A third demerit of the element was the subjective nature_of
the measurement of the number of aircraft heard, the observations being
affected amongst other things by the loudness of the traffic noise. This
feature would also make its prediction impossible when assessing design
year noise levels. Equation 7.16 shows the result of omitting the "Ra"

element from the Johnson-Saunders type model (i.e. equation 7.?):

Lo = 22.28 log Q + JU2Pk + .54 Rq = 6.7 log W + (7.16)
27,9 log V + 16.,6P - 3,49 log D + .19T < 175 log Q
log V + 19.55.
R = 0,965

R.E. = 1.53 dB(a)
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The "f(ti)" variable in the second regressions was alvoys non-
significant on its own. For exemple, when it is omitted from equation
(7.8) the multiple correlation drops a point to 0.968 end tbe residual
error rises to 1.47 dB(A). The t statistics of the remaining elements
soar from between 4 and 5 to over 30. Equation (7.17) shows the

calibraticns of equation (7.16) when this variable is omitted from its

Lo = 0.30 £(t;) log D = 24.0 log D + 88.88 (7.17)

In this case the multiple correlation is 0.969 and the residual error

7.3.3 The Effect of Vehicle Speéd

The logarithmic function of the mean speed vériablelhas been
included in the above equations in six forms. In all but equation 7.k
(i.e. the Delany type model) and equation 7.15 (if.e. the D.o.E. type
model) it was included on its own and as an interaction element with the
logarithm of the total flow. In every case it was significant on its own.
In the Gilbert and Crompton type wodel it was very highly significant.
The interaction element was of border line significance, except in the
case of the Gilbert and Crompton type model where it was also highly
significant. This is compatable with their view that other things being
equal the Ll0 is lower when vehicles are eveﬁly spaced. However, this is
not clearly borne out in the other medels, though this may be because of
its greater multicolinearity with the "log Q" element.

There is little to choose between equations 7.7 which contains the
element "P" and equation 7.9 which contains the interaction element con-
sisting of the product of "P" and "log V" instead of "P'. The latter

has the merit of construct'validity while the former is simpler. This is
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particularly a virtue where there msy be a large degree of inaccuracy in
design year estimates of speed; ‘fhe interaction element invélving speed
and the proportion of heavy vehicles in the Delany type model (i.e.
"e"P/lz log V") was also very higﬁly significant. Figure 7.4 shows
graphically the results of this specification for three selected valucs
of "P", where the traffic flow is 2000 v.p.h. and the distance from the

flight-path is 6.5 km. The other variables were set as in Figure 7.2.

7.3.4 The Propogation Variables

The logarithm of the width of the carrisgeway was very highly signifi-
cant in each of the regression equationg. The ratio of flow on the near.
side to that of the far side (i.e. Rq) and the index of parking ("Pk")
were also significant, though the latter's t statistic in one model was
telow 2. The combination of these three variables into one element
representing the distance to the "centre of gravity" of the traffic flow
was discussed in Chapter L (see equation 4.2). When the logarithm of this
variable was included in the regressioﬁ-set, it was found to be consistent-
1y very highly significant (t statistic > 4) and provided almost as good
a fit as the three variables taken separafely. The following is the

result of including this element in the Johnson-Saunders type model:

Lo = 2Lk log @ + 0,187 + 25.1 log V - 7.3 log Cg + (7.18)
15.9P = 6.9 (1og V) (log Q) - 3.6 log D + 21.57
Where Cg is the distance to the centre of gravity of the traffic flow as
in equation 4.2, (its t statistic was 4.6). The multiple correlation was
0.963 and the residual error was 1.55 dB(A). In the second stage

regression of this models
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L= 0.297 £(t,) log D - 23.67 log D + 89.18 (7.19)
R = 0.968
R.E. = 1.46 dB(A)

This may be rewritten:

Ljp = log D (6-55 log Q + 0,0053T + 6.39 log V = - (7.20)
2.17 log Cg + .72 P - 2,05 (log V) (10g Q)
- 7.03) + 89.18 |
The t statistic of "f£(t;)", which was excluded from the regression was

1.53, and that of the one-wsy streets durmy variable 1.52.

The remaining propogation element, which represented the reflection
of sound from adjecent buildings was highly significant for the buildings
on the near side of the road in each of the models. It was not signifi-

cant for the far side of the road, and no interaction was found between

the effect of buildings on each side of the road.

7+.3.5 The Non-sigmificant Variables

The remaining variables, which were hypothesised in Chapter 3 as
effecting the L1o' were not foundi to make a sigrificent contribution to
the statistical explanatory power of the models. There was less noise
in the residential streets, but not significantly so. The other land-
use variables had even less effect on the LlO' None of the dummy
variables representing’ the presence of nearby bus stops or pedestrian
crossings, or any combinations of them which were tésted, ﬁroved to be
significant. Neither did the wind spcédnor-directiﬁn, time of the day,
whether the road was.éry,nor the index-of.queueing have a significant
effect. Unlike iﬁ Gilbert and Crbmpton‘s findings, the index of the

pattern of arrival did not make a significant contribution, neither did
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the individual indices for each side of the road.

The dummy variable representing whether or not the streets had a
one-way traffic flow was not near being significent in any of the first
stage regression equations (the maximum t statistic was 1.4). However,
in the second stage regressions its t statistic rose to between 1.5 and
1.8. There was less noise on the one-way streets. The result of adding

the one-way dummy variable (Fl) to equation (7.19) wess

Lo = 0.309 £(t,) log D - 24.8 log D - 0.74 Fy + 89.07 (7.21)
R = 0.970 o ' :
R-E. = 1.11'5

The t statistic of F_ was 1.78{

1

There was a slight, but not significant, relationship between the

L

of Blitz (1973) who did not Tind positive results in & survey specially

0? end the gradient of the road. This was in accord with the findings

designed to deternine the effect of the gradient on noise in non-experi-
mental conditions. This may be due to the reduction in noise of vehicles
going down hill on one side of the road largely balancing the increased
noise on the other. It should be noted that the D,o.E. (1975) recoﬁmend

the addition of "+ 0,3 G" in this model, where G is the gradient.

7.4 OTHER NOISE MODELS DEVELOPED

The emphasis in the analysis was on the development of models for
predicting the LlO‘ This was because of the position of the index in
current legislation and plenning practice. The . availability of the data,
however, afforded the opportunity of regressing the-L5o end-the~L90 on -
the independent traffic and built form variables which were used in dev-

eloping the Lo models. This will enable the belief that the L is
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superior to the L50 or indices based on the three percentiles to be
tested with the data collected in the survey of pedestrians responses.
The standerd deviation of the distribution of the normal levels (in dB(A))

were also regressed on the independent variables.

7.4.2 The Lgq lodel

The same model specifications were tested in regressing the LSO
as in the case of the Ljp, and similar results were found. There was
little to choose between the models on the grounds of goodness of fit.

The following models are submitted because of their simplicity.

- Lgg = 14.33 log Q + 2.86 log V + 9.61 P + 0.25T - 6.48 Cg - (7.22)
0.95 Iy + 1.26Fy = 3.15 log D + 37.15
R = 0,969
R.E. = 1.67

t Statistic = 26-9, 2.5, 1‘"1’ 3.9’ 3‘6, 204' 205' E‘.nd [}.6 I‘especti\rel}?.

Where Iy represents residential land use,1 and Fy one way streets. The
other symbols are the same as used above. The result of the second stage

regression was:? .

Lyo = 030 £(t;) log D - 15.77 log D+ 79.71 : (7.23)
R= 0-972
R.El = 1-62

t statistics = 23 and 42 respectively.
The nultiple correlations were the same as for the I,y models, but the

residual errors were higher, because of the greater varience in the

LR was defined as being equal to one when the land-use was residential
or predominantly residential on each side of the road and within 50
netres of the observation point, and zero when it was not.
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observed Lgg. None of the interaction elements involving tlog Q',
"log V' or '"P' had significant partial correlations. On the other hand,
dummy variables representing residential lend use and one way streets

were significant.

7.4.3 The LSO Hodel_

W§en L90 was regressed on the independent variables it was found
that the percentage of heavy vehicles (P) the Logarithn of the mean
vehicle speed, and the logarithm of the distance to the 'centre of gravity'
of the traffic flow (log Cg) were not significant as was the-case in the
LlO and L50 models. This was reflected in the relatively low multiple

correlations, and high residual errors.

Loo = 11.83 log Q + 0.26T - 1.301; * 1.65F) = 3.39 (7.24)
log D + 40,7

R = 0.909
R.E. = 2.54
t statistics = 19.9, 2.8, 2.2, 2.2 and 3.l respectively.
If 'P' had been included, its t statistic would have been 1.90 and the’

result would have beent

I.90 = 11.80 log Q + 0.,53P + 0,25T - 1.1815 + 1.671:'1 = (7.25)
3.59 log D + 41.37
R = 0,912
RnEo = 2-50

t statistics = 20.1, 1.9, 2.8, 2.0, 2.2 and 3.7 respectively.

Lo = 0.30 £(ti) log D - 13.40 log D + 74,35 (7.26)
R = 0,912
R.EI = 2050

t statistics = 13 and 23 respectively.
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7.4k The Stendard Deviation of the Noise levels

The controversy about the weight which should be given to the variat-
ion in the sound levels, in a noise index, has been discussed in Chapter :
3. It was therefore decided to test the relationship between the pedestr-
ian responses end the estimated stendard deviation of the noise levels.

To this end the observed standard deviations of the sound levels (in dB(A))
were regressed on the traffic and built form variables? using the step-

wise procedures

S.Ds = - 3.63 (10°%) Q + 2.4 105 (Rq) +1.59 log D+ 4.67  (7.27)
R = 0,657 -

R.E. = 0,70 dB(&) ...
N = 43

t statistics = 3.5, 4.0 and 3.2 respectively.

Vhere Dr1 is the'distance to-buildings behind the observation point.

Less than hélf of the varianné~ in the ét;ﬁ&ard deviation was explaiﬁéd
by the elements in the regressior; modei, cdmpared to over 90% in the
noise models. As expected the standard deviation decreased as the traffic
flow increaéeé. The.second element represents the éreater variation in
the sound 'leQéls when the flow on the ﬁear side 6f the road increases
relative to.the far side. The construct va}idity of the third element

is less easy to confirm. It would eppear that the reflection of the

sound from buildings may be sufficiently distinct in time from the sound

coning directly from the traffic to influence the variation significently.

7.5 PEDESTRIAN DELAY KODELS

7.5.1 Introduction

The same method was used for developing the pedestrian delay models

as was used for the noise models. The observed values were regressed
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on independent variables chosen by deduction, by a literature review,

end in a few cases by induction. There werc two basic dependent variables,
the mean time delayed (D) and the percentage of time delayed (%D). The
logarithm of the former and the logistic transformation of the ‘latter

were also regressed on the independent variables. It was found in all
cases except the "log D" model that the Adems' formula gave a considerably

better fit than simple transformations of the independent variables. -

7.5.2 The Percentage Deley Model

The model for predicting the percenfage of time that the observer
judged that he wéuld not be able to cross the road proved to be the most
accurate in terms of multiple correlation. The minimum acceptable head-
vay (MAH) which gave the best fit in the Adams' type specification was
3.5 seconda. For the 86 observatlons of two-way streets, there was a
correlation of 0.970 betiveen %31 and the Adams' formula (i.e. 100 - .
100e=3+5%, see equation 3.12). When % D was regressed on this specific-
ation, two other variables were found to be very highly significent.
These were the variance of the number of vehicles passing in 10 second
intervals on the near side flow (Dm.),2 and the mean speed of vehicles

in the near side flow (V). The calibrations were:

4 = 116 (@ - &% o ozsnm - 043 V + 12.7 (7.28)
N =86
R = 0.981
R.E. = 5.5 points

¢ statistics = 27.8, 4.0, and S.G'fespeétivéiy.

1. A measurement adjustment, which was made, is described in Appendix 8.

2. This is Gilbert and Crompton's index of dispersion for the near side
multiplied by the traffic flow for 10 seconds.
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where @ = the total flow of vehicles in vehicles for 10 seconds.

The width of the street, the proportion of heaxy'vehiclea, the ratio of
the near side flow to the far side flow, the index .of queueing or the
pattern of arrival of the vehicles in the far side flow were not.  near
being significant'if added to the regression set.

It was found after the above regression that two observations had
residual errors greater than three stendard residual errors. A further
regression analysis was accordingly made,for the reasons stated in
Chapter 4,without these two observations. In this run the index of density
which was described by Gilbert and Crompton (Crompton, 1971) was found to
be significant. This variable.was calculated by dividing the total
traffic flow (v.p.h.) by the mean speed of the traffic in the near side

flgw.l The goodness of fit was much improved:

115.7 (1 - ¢7+59) = 0,017D__ - 0,55V - 11.5Q/V + 16.8 (7.29)
X = 8k

95D

R = 0,989

HnEo = LI'.29

t statistics = 33.0, 3.0, 7.2 and 2.6 respectively.

It was postulated thatIAther variébles night more correctly nffeét
the percentage delaj throush changing the MAH. This was tested in the
case of Dnv' The higher its value the less became %&. Therefore, a
funcfion of D, was subtracted from the MAH (1.e2t) in the Adams!
specificatioﬁ. Dnv was standardised to zero mean and unit varience. A

fraction of this variable -was then subtracted from the MAH in the Adams'

1. The assumption was made here that for all practical purposes the
speed on the far side was the same as on the near side.
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element, to determine whether a marginal chenge in the MAH made a margin-
al improvement in the goodness of fit. This mede the D, variable not
significant, but even when it was included in the regression set, the
multiple correlation was marginally less than in equation 7.32, which

remains the recommended model.

7.5.3  The Logit Percentage Delav Model -

As has been discussed above, models were developed for predicting
the logistic trensformation of the percentage of time delayed (logit 9D)
to enable the prediction of 1D' in such a way that the result would be
constrained between O and 100, '¢D! may be estimated by using the

inverée of thehlogistic transformation:

10
D = 100 — _ : | ~ (7.30)

where x is the estimated 'logit ﬁD*..'

When 'logit ¢D' was regressed on the Adems' specification (equation 4.3)
and'the‘Other'iﬂdepenﬂeht'variables which were hypothesised to be

related to pedestrian delay, the result wass

Iogit % D = 1.41Q - 0,018Duy - 0.0125V + 1.4Dny (107) +  (7.31)
1.99 (1 - 373-59) - 0.637

N = 86
R = 0.970
R.E. =_0.1?1

When Dgn is a second order interaction variable comprised of the total

flow speed and the combined index of dispersion of the two wéy flowss

Dy = &/VDc  (7.32)
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where 'D! ia.the combined index of dispersion for the flow on both sides
of the ro;d. This element was highly significant. The other variables
were all very highly significant. However, as in the case of '¢D' two

observations were found to have unacceptably high residual errors. When

these were omitteds

Logit %D = 0.1Q - 6,70 (10-%) + 0,014V + 0.93 1og (7.33)
(e3+5% - 1) + 0.1 |
Naogh
R = 0,984
R.E. = 0,12

Each of the variables was very highly significant but 'Dgn' was no longer
80.
There was a correlation of 0.9 between the estimate of percentage

delay, wvhich was calculated by applying equation 7.29 to equation 7.33

(6%D), and the observed values.

7.5.4 The Mean Delay Model

The Adems' formula for estimating mean deléy from traffic flows

whose headways afe poisson distributed was described in equation 3.11.

In order to test how helpful it is in estimating the observed delay in
the present context, the delay (D) nay be regressed either on it in its
entirety or on its separate elements. The latter was chosen as there
would be an extra degree of freedom in the regression set. It transpired,
however, that three observations had residual errors greater than 3 R.E.
in the first run, two in the second and one in the third. These tended
to have large values of D and it was noted that there was a_vepy‘pighly
significant correlation (CL86) between the dependent variable and the

residual. Thus there was a degree of heteroscledasticity which rendered
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regression analysis inappropriate with such a specification of the
variables.

Cne way of reducing the correlation between D and D - D is to take
log D as the regressand. There is another reason, which was noted in.
Chapter 5, why a model should be developed for predicting log D. It was
because this specification of the delsy variable would be the most
appropriate to relate to the values of the subjective responses to the
deley in order to test the hypothesis on the relevance of Stevens!

Power Law of Psychophysics.

7.5.5 'The log Delay' Hodel

When the logarithm of mean delay was taken, it was found that it
had a remarkably high correlation (r = 0.976) with the percentage of time
deleyeds The correlation between D and 5D was 0.697. The strength of
the former relationship was due to the similarity between the logarithm
of the sum of squares of the delay periods whiéh was the basis of 'log D!
and the sum of the déiay-péfibds sitoi was used in calculating '%D'., It
followad? therefore, that the specification of the "%D" model should
prove & sound basis for the statistical explanation of the variation in
‘log D'. This transpired to be correct. The L & e'3'5Q)' element had
a correlation of 0.9% with 'log D'. When other ;ignificant variables
were included in the regression set the multiple correlation rose to 0.973.
This was the same as was achieved with the logarithm of the Adems' form-
ula for predicting mean delay. The regression equation containing the
(1 - 9'3'5Q)' element contains two other variables which would themselves
te difficult to predict. There were the 1ogari{hms of the distance to
the centre of gravity of the traffic flow and the variance of numters
of vehicles passing in the 10 second intervals in the near-side flow.

The additional significant variables when 'log D' was regressed on the
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deductively based element were the logarithm of the percent of heavy
goods vehicles and the speed of the vehicles in the ncar side flow. The
former bécame significant when two outlying observations were omitted.
As the Adams specification allowed an extra degree of freedom, 'log D!

was regressed on the two elements:

log D = log (eQ% - 1 - Qt)/ Q

(7.34)
= log (9% -1 - Qt) - 105 Q

However, the 'log Q' element was not significant ‘in the regressions

log D = 0.718 log (e3+59 - 1 - 3.5Q) - 0,020V + 0,15 log P + 1.81 (7.35)
R=0.973 |

R.E. = 0,17
mo=8k '

t statistics = 26.2, 8.0 and 2.8 respectively ‘

where P = % of heavy vehicles + % of the 5 of light commercials.

The corresponding regression equation when all the observations were

including was:

Log D = 0.722 (Log (e3+5Q - 1 - 3.5Q) - 0.019V + 1.62 - (7.36)
R = 0,957 o .

R.E. = 0,21
N = 86

t statistics = 24,1 and 6.2 respectively

The prediction of log D was the only contéxt in which a apecificaiion
other thag that of Adams éave an equally good statisticel exp1a£;£ion of
the variance in the delay variable. This is because of the extremely
close relationship between 'log Q' and 'log (3+5% - 1 - 3.5Q), the

r = 0,999 log D = 1.66 log @ - 0,021V + 0,16P - 3,19 (7.37)
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R = 0,971
R.E. = 0,18
N = 84

t statistics 2 29.7, 8.6 and 2.8 respectively

Equation 7.37 is submitted as being the recommended model because of its
simplicity. It should be noted, though that the correlation between
'log Q' and the Adams' specification tends to reduce ag the values of the

M.A.H. rise, and therefore equation 7.35 may be marginally more robust.

7.6 TIHE ATR POLLUTION MODELS

The models developed for predicting the déérec of carbon monoxide
and smoke in the atmosphere on the kerbside were much less acéurate than
those for predicfing the I or the pedestrinn delay. The proportion of
the variance of the air pollution variables which could be statistically
cxplained varied betwecen 505 and 6075 This appeared to be largely due
to not being able to control for the rate of dispersion of the pollutants.
Unlike in the case of noise and pedestrien delay there is not the same
background of empirical and theorctical research which would require
checking and developing. The models are, therefore, based on induction
to a greater extent then the other models. As many of the models which
emerged uéing the stepwise procedure had similar multiple correlations,
greater reliance was placed on construct validity and simplicity. AS will
be seen in the following chapter,the correlations between both carbon
monoxide and smoke and the annoyance encoded for air pollution were
relatively lowy;the model development, which was intractable anyway, did
not require the same rigerous approach as did noise and pedestrian deley.

One obscrvation, whose very high air pollution values were noted

above, accounted for almost half of the unexplained variance when the
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carbon qonoxide variable (CO) was regressed on the independent variables.
This variable was also an outlier in the smoke (S) regression. When this
observation was omitted other variables had residuals greater than 3
standard errors. These were not the same in each case.

As hypothesised the wind speed was very highly significant in all
the regression analyses. The speed of the traffic in the near side land
was also significant, very highly so in the case of CO., In the case of
both CO and smoke, there was an increase with the traffic flow but at an
ever increasing rate such that the logarithm of the traffic flows gave a
similar degree of statistical explanation as the traffic flow itself.

In both cases when the dependent varieble was regressed on the numbers
of cers (including motorcycles), light commercial vehicles and heavy
vehicles, the numters of light commercials was by far the most signifi-

cant variable.

This was partly due to correlation which existed between the independ-
ent variables and had the consequence that the regression coefficients
were difficult to interpret. It is submitted that the robustness of the
nodel could be improved by avoiding using the numbter of light ccmmercials

as en independent variable.

7.6.2 The Carbon Monoxide Models
Vhen CO was regressed on the independent variables, three observations
were found to have residual errors greater than 3 standard errors. When

these observations were onitted:

o = 4,99 log Q + 0.0022 D, - 18.2 log V + (7.38)
0,38 + 2.43 Wy log V + 15.4
N = 114

R - 0.790
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R.E. = 3.56

t statistics = 5.&, 2.4, 6.2, 2.2 and 2.7 respectively
However, the correlation between CO and the residuals for this equation
was 0.22, vhich was significant. Pecause of this and the nced in latter
analyses for an estimate of the logarithm of the environmental variables,

the following model was developeds

Log CO = 0.56 log Q - 0,135Wy - .O19VV + .026Pe~F/9 (7.39)
log Q + .00024 W, - .46
Where P = 5 of heavy vehicles plus a third of light commercials and Rq =
ratio of nearside flow to that of the far side.
R = 0,801
R.E. = 0.259 -
t statistics =9.5, 3.9, 4.9, 2.2, and 2.4 respectively.

n = 116

7.6.3 The Smoke Models

As in the case of CO, there was a significant correlation between the
residual errors in the smoke model and observed levels of the dependent
variable. The following is the recommended model for predicting the
logarithm of the smoke levels. In this case there was no significant
heteroscedasf{c{ty, but two observations were found to have unacceptably

high residual errors.

Log (Sn) = 0.001 v log Qu - 0.036V + 0,188 log Pn - . (7.0)
0.0275 W, + 0,64

R = 0.734

R.E. - 0.17

t statistics = 9.8, 9.7, 3.0 and 4.4 respectively
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Vhere the subscripts "n" refer to the flows on the near side of the road,
end W, = wind speed. It should be noted that when Log (Sm) is regressed
on the data for the combined flows the two very highly significant

elements involving the speed of the traffic ceases to be significants

Log (Sm) . = 0.345 log (Q) + 0.175 log (P) - 0.031 W, + (7.41)
0.009

R = 0,714

R.E. = 0,179

t statistics

9.3, 2.3 and 4.9 respectively

When smoke was being regressed on the independent #ariablea, in the best
specification none of the residuals were greater then three times the
standard error, even though that was a significant degree of heteroscad-

asticity (p = 0.04). The model is therefore reported for references

Sm = 1.07 (1075)VQ, - 0,185V + 10.41Pn - 0,93Pk,  (7.42)
- O47Ny + 9,94

R = 0.687

R.E. = 3.26

t statistics = 6.5, 4.7, 2.5, 2.4 and 4.0 respectively

7.6.4 The Error in the Air Pollution Fodels

It is argued that a significant proportion of the error in the air
pollution models is the result of the factors. which affect the dispersion
of air pollutants. not being properly defined and specified in the
regression models. While measuring the variables which affect dispcr;ion
may be an intractable problem, it is useful to have an indication of the
proportion of the unexplained variance for which they are responsible.

Such an indication may be had from the correlation between the residuals
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from the smoke and CO models. One of the reasons why CO was chosen for
measurenent was the fact that its emission was inversely related to that
of smoke with respect to the proportion of diesel driven vehicles. Also,
a wide range of independent variables had been placed in both potential
regression sets prior to using the stepwise procedure. Therefore it is.
submitted that the residual error that is common to both models is caused
by the mis;specification of determinants which are common to both the
variables, and that it is unlikely that more than a small proportion of
the common error is due to the mis-specification of the traffic and btuilt
form variables. In fact, as much as 995 of the unexplained variance in
each model could be statistically explained by the residual error in the
other. This statistic was calculated by applying the "logarithmic" models
(equations 7.39 and.?.hO) to all the observations, including the observat-
ion mentioned above where the pollution levels were very high. When this
observation was omitted, the percentage fell to 98%. Thus if, for
example, $ of this error could be accounted for, the multiple correlations
of the air pollu?ion models would be comparable to the noise and pedestrian

delay models.

‘7.7 The Prediction of Vehicle Speed and Pattern of Arrival

Attempts were made to.develop nodels for predicting the speed of
vehicles and their pattern of arrival from the other traffic variables,
so that estimates could be made of these variables which could be used in
predicting the environmental variables in circumstances where their values

were not available. Unfortunately, little progress was made, for a
number of reasons. .Firstly; tﬁé mﬁitiple Eorréiétiéné-iended to be
relatively low. In the case of speed and its logarithm, none of the

independent variables were found to be significantly related to it, except
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the index of queueing.1 Vhen queueing was controlled for, none of the
other variables became significant, except some aspects of the pattern of
arrival.

Only the total flow and its logarithm remained in the regfcaaion set
when the index of dispersion was regressed using the stepwise procedure,

using the 10% significance level.

(1.D.) = 0,19 log Q + 8.3Q(107%) + 0.6 (7.43)
N = 110

R = 0,574

R.E. = 0.24

t statistics

1.96 and 1.81 respectively

Where ID = the index of dispersion, (&s defined by Gilbert end Crompton)
Q = the total flow in vehicles per hour

The goodness of fit was much better when the variance of the numbers of

vehicles counted in the 10 second perieds (Dv) was ;egreased on the

independent variables:

D, = 0,00292 - 1.02 log Q@ - 0.07Wg + 2,53 (7..44)
RtE‘ - 0‘80

t statistics = 17.3, 3.0 and 2.0 respectively
Where Vo = the effective width of the strecet (i.e. the width minus the

of the parking dummy variables).

The corresponding statistic for the nearside flow (Dvn) figures in a

number of the environmental varigble prediction models. The results of

1. This was the frequency of the times that the observer noted on the
tape recorder that the speed of the traffic was zero.




its regrescion were similar to that above, except that the ratio of the

flow on the nearside to that of the far side (Rq) replaced the effective

widths
Diid = 0.0026Q - 1.05 log Q + 0.27Rq + 1.98 (7.45)
R = 0,907
R.E. = 1.01!'

#

t statistics = 13.2, 2.4 and 2.0 respectively.

7.8 SUMIARY

7.8,1 The Noise Models

A feature of the Ijp models which were developed was the close
similarity between their stendard errors. This places a large degree
of responsibility on the judgement of researcher or the reader as to
the relative weight which should be put on the other criteria for assess-
ing the models, such as robustness and simplicity.

The logarithm of the distance to the flight path was found to be
very highly significantly related to the Lj0. It was submitted that there
was an interaction between the noise from the airecraft and the noise from
the traffic. TFigure 7.3 shows how the aircraft have no effect on the 10
when the traffic is over 4,000 v,p.h., but increases the 190 by 4aB(A) when
the flow is 500 v.p.h.

The three types of model which were tested, were identified
according to the way in which the composition of the traffic was specified.
Delany's type of model had the disadvantage of conplexity and of the loss
of a greater number of degrees of freedom. On the other hand, there was
the unknown advantage it may have in robustness resulting from its
theoretical basis. There was a query on the construct validity of

Gilvert and Crompton's type of model though it had an error only slightly
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greater then the others tested. The Johnson and Saunders type of model
was the. simplest mathematically, and its goodness of fit was marginally
better than those above. This model may therefore then be favoured for
planning purposes. The goodness of fit of the DOE model either on its
own or recalibrated appeared to have little empirical merit.

The logarithm of the mean speed of vehicles on the nearside made a
significant contribution to the estimation of 170, both on its own and
interacting with either the logarithm of the total flow or with the =~
percentége of heavy vehicles. The logarithm of the distance to the
centre of the road, the ratio of traffic on the near side to that of the
far side and the index of parking were all significant. Little accuracy
was lost when these variables were combined into an index of the distance
from kerbside to the "centre of gravity" of traffic flow (see equation
4,2). The index of noise reflection was consistently highly significant
for the buildings on the near side of the road, but it was not significent
for the far.side.

Equally good results were obtained when the Lgo was regressed on the
independent variables using the Johnson-Saunders type of specification.
However, when the Lg0 was regressed, a number of the independent variables
became not significent.  Less than half of the varience of the observed
standard deviation could be statistically explained by the traffic and
built form variables. Table 7.5 summarised the accuracy of the models

for predicting the various dependent variables.
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Dependent Equation Multiple Residual
Variable Correlation Error
o 7.8 0.969 1.45 dB(A)
Lso 7.23 0.972 1.62 dB(A)
Lgo 7425 0.912 2.50 dB(A)
(aB(a)) 7.27 0.657 0.70 dB(A)
Table 7.53 The Accuracy of the Noise Models

7.8+.2 The Pedestrisn Delay Models

The highest multiple correlations of the study were found when the

logarithm of meen delay and percentage delay were regressed on the

independent variables.

However, it was found that there was a wider

range of error in the delay predictions then in the case of noise, and a

number of outlylng observations had to be onitted before tha final

regressions.

-

-t

Further, it was found that there was a significant degree

of heterogcedasticity in the mean delay modal, but this problen was

resolved by taking its logar1thm as the dependent varzable.

summarises the accuracy of the models.

Table 7.6 :

The mean vehicle speed was highly

significantly and inversely related to all of the dependent variables.

The percentage of heavy vehicles, eand indices of vehicle dispersion and

density were significant in some of the models.

Dependent Equation Kultiple Residual
Veriable Correlation " Error
<D 729 0.989 4,2%% points
Loglt %D 7.33 0.984 0.12
log D 735 0.973 0.17
Table 7.63 The Accuracy of the Delay Models
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7.8.3 The Air Pollution Modelg

The errors in both the CO and Smoke models were linearly related
to the dependent variabie; to such an extent that it was not appropriate
to use regression analysis. Taking the logarithm of the pollution
levels as the dependent variables eliminated most of the heteroscedast-
icity,-but_it only nmarginally improved the multiple correlations znd it
did not eliminate outlying observations.

Table 7.6 shows the multiple correlations end the residual errors
for each of the models. It is submitted that the reclatively low multiple
correlations are caused by the omission of variables which affect ihe
rate of dispersion. The wind speed was highly significant in all of the
rmodels, but dummy variables representing the direction of the wind were
not. There seens little scope_for improving the accuracy of the models

by changing the specification of the traffic ond built form variables.

Dependent . Equation Multiple Residual
Variable Correlation Error
co 7.38 0.790 3.56 ppn
Smoke 742 0.687 F+26 micro
sr/m
Log (Sm) 7.40 0.734 0.17

Table 7.63 The Accuracy of the Air Pollution Models

7.8.4 The Speed and Traffic Dispersion Models

It was not found possible to develop models for predicting mean speed
from the data collected. This appeared to be caused by the varying degrees

of congestion on a number of the streets.
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Tﬁé index'of-dispersiéﬁlof the t;affic fioﬁ eauld only be descrited
as a'functién of thé traffic flow, and its multiple correlation was
relativély low at 0.574.' Hoﬁever, this was not the case for the variance
of in the traffic flow wherc there was a multiple correlation of 0.947

with the significant traffic and built fom variables.

7.9 YXODELS USED IN RESPONSE SURVEY

.Not all the independent variables which were in the models for
predicting the environmental variables were measured during the pedestrian
survey. Therefore, some of ‘the models had to-be simplified before using
them in the second survey. Decision had also to be made about which
model should bte used,-in ceses where thereé were more than one to choose
from.

In the case of noise, it was decided to use the Johnson-Saunders
type model for both the I)0 end Ls0, both because of their simplicity
and accuracy. However, the mean speed of the vehicles was one of the
variables which was not available and the mean of the speeds for the 110
observations in the data set was substituted for it. Egquation 7.46,
which was based on equations 7.7 and 7.8 , was the model uged for
estimating the I10. Equation 7.47, which was based on equation 7.23 was

used for estimating the Lgg.

L0 = 0.302 (log D) (11.8 log Q + O.ls Pk + 0,54 Rq - (7.46)

6.7 log W + 0,165P + 0,19T = 76.1) + 68.8

Lo = 0.292 (log D) (14.3 log @ + 0.096P - 0,95LUy + (7.47)
0.25T - 6.48 log Cg - 49.0) + 79.7

Equations 7,48, 7.49 and 7.50 show the calibrations used in the response

survey for @D, Logit %D and log D respectively. These were based on
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equations 7.29, 7.33 and 7.35. The mean of the speed levels was sub=
stituted for V,, and D , was estimated from equation 7.45. The

antilogarithm of log D was used for estimating the mean delay,

%D e 1157 (1 - €77 - 0.6Q + 15.1 (7.48)
Logit #D =  01Q + 0.93 log (€>*% = 1) + 0.66 (7.49)
Log D = 0.72 log (83'5Q = 3.,5Q = 1) + 0,15 log P+1.22(7.50)
The same procedures were used in estimating the smoke and CO levels,
In this case the most important missing variable was the wind speed. The

models were based on equations 7.40 and 7.30.

Log (Sm) = 0,030 + 0.19 log P, = 0.3 (7.51)

Log CO 0.518 log Q + 0,033 pe~F/9 log Q + 0.295 Rq=1.07 (7.52)

n



CHAPTER 8: ANNOYANCE WITH THE ENVIRGHMENTAL VARIABLES: PREDICTICH
MODELS : o . ..

8.1 INTRODUCTION

Initial analyées of the retufns éffthe queétionnaire survey of
pedestrian responses to the various én&iroﬁmental effects of the traffic
confirmed that therc was a very ﬁidé raﬁée'of responses from different
people to the seme environment,which would make it difficult to draw
inferendéé on the form'of“tha relationship between subjective responses
and the physical en#ifohaé;t. aSéﬁe respondents stated that they were not
annoyed with noise when thé}-could barely hear what was being said, others
said they were extfem;aly 'aml}ojred where the traffic flow was less than
100 vehicles per hour. Possible reasons fof this will be discussed in
Chapter 10.

Ag wili ﬁe seen, one result of this was that it was not possible to
use the method of gnalysis requireé to develop prediction models from the
ratio of annoyance encoded. The sections discussing the relationships
between individuals_respogses and_ﬁhé environmental variables will be
followed by sections on relationship between the aggregated responses
of individuals and the environmental variables. It was reported in
Chapter 6 how the sample in the subjective responses survey was designed
to meet the contingency of thg variation in people's responses being so
great as to make it very difficﬁlt to draw conclusions from them. This
was done by taking a number of interviews (en averzge of 11) at each of
the observation points under conditi;ns vhere enfironmental_effccts of the
traffic were constant for each set of interviews. This meant that posa-

ibly much of the variation in the responses could be cancelled out by

toking some measure of ceniral tendency of the responses encoded in each
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of the interviewing periods as the dependent variable., The chapter is
concluded with an analysis of the relationship between the proportion
of people annoyed or extremely annoyed and the environmental variables.
Where relevant, the results of analysing the observera own responses
are referred to., A more detailed report may be found in Appendix 7.

The models which have been used for predicting the values of the
environmental variables, which are compared with the subjective responses
in this chapter, have been listed in the concluding section of Chapter 7.
In some cases the results of using alternative noilse models are compared.

The annoyance variables are represented by "A" followed by two
subscripts. The first subscript represents the environmental impact
which causes the annoyance, the second the means which was used to

encode it. The following are the codes which were used:

a Appearance P Air Pollution
v  Vibration n Noise

r Risk in crossing d Pedestrian delay
the road

E represents the data collected with the EAR and L data encoded on the
lines. Thus Ane is the number of "pegs'" representing annoyance with noise

using the EAR technique.

8.2 ANALYSIS OF THE "EAR'" DATA

It was postulated that there was a power relationship between
people's responses and the physicél environmental variables and that
this relationship could be demonstrated by regressing the logarithm of
the ratio of the annoyance values encoded on the logarithm of the relevant

physcial variables. For example if An=Sa and A =D°, then An/ﬁd=sa/nb and

d
Log (An/Ad) =alogS ~blogD (8.1)
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In thiscase'a'and'b'could be calibrated by regression. It was found,
however, in the analysis of the data, that where the logarithm of the
ratio of the (number of pegs repreaenting) annoyance with noise to the
(number of pegs representing) annoyance with delay was regressed on the
estimated Ijp and the logarithm:-of the mean delay, that neither of the
regression coefficients were significantly different from zero. In

fact the multiple correlation waﬁ only 0.035. The corrésponding multiple
correlation for the "lines data" vas similarly not significant at 0,05.
None of the control variables made either of the physical variables near
being significant nor were they significant themselves.

The reduction of the random variation in the responses by aggregat-
ing the data collected during each interviewing period is discussed below.
While this marginally increased the multiple correlation, for both the
EAR and the lines data, it did not make either of the regression.co-
efficients significant.

There was a correlation of 0.51 between the logarithm of the ratios
of the "EAR" data and that of the "lines" data. It might have been
expected that the reduction of random error through the aggregation of
the individuals responses for each of the interviewing periods would
have increased the correlation significantly. In fact, it was only
increased marginally to 0.065,from 0.05,

The logarithm of the ratio of the annoyance encoded for noise to
that of delay was regressed on the physical environmental variables under
the most favourable circumstances. The dependent variable was based on
the means of the responses for the iﬁterviewing reriods and was the mean
of the logarithm of the ratio of the responses from both the EAR and the

"lines" method. The independent variables were the logarithm of the
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estinated Ljo sound pressure over 65 dB(A)1 and the estimated logarithm
of delay. This increased the multiple correlation but the independent
variables were still not significant.

In the corresponding regression analysis, using the responses
vhich the observers themselves encoded,the multiple correlation was
0.39 and the t statistics were 1.5 and 2.5 respectively.2

As stated, it is the variation in pcople's responses to given
environments which is the cause of the lack of success in 'using this
method of analysis. MHowever, the results also show that the variation
in‘individuals responses to one environmental variable is to a large
degree independent of their responses to the other environmental
variables. The "error" in the dependent variable is magnified by the
division of one variable with an "error" by another with an "error".
= The mean number of pegs placed opposite the environmental factors
are displayed in Table 8.1. It is not legitimate to place too much
emphasis on the relative means as the sum of the pegs used by respondents
vas not necessarily proportionate to their annoyance. As they stand,
however, they are significantly different from each other in an analysis

of variance test.

1. The effect of aircraft noise is excluded in this estimate. This
variable was the one which was found to have the highest correlation
with the logarithm of the znnoyance from noise which was encoded.

2. See Appendix 6.
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Means Standard Deviations
Air Pollution | 54 4,10
Risk 5.42 3.97
Noice 5.41 3.92
Delay LTS 3.74
Vibration 3457 3475
Appearance 3.0% 3.26 )

. Table 8.1t Means and standard deviations of the EAR data.

The correlations between the annoyance variables from the EAR are

shown in Table 8.2. Note that 2ll the correlations are very highly

significant.

As hed been expected, the highest corrclaticns were between

annoyance with risk and delay, and annoyence between noise end vibration.

Air Pollution N 36 W56 417 JMEh 436
Risk H36 487 694 15 ALCco
Noise 564 .L87 485 . 671 489
Delay L17 L6694 485 418 Le25
Vibration LEL 415 671 JL18 .516
Appearance L36 400 489 425 516

Table 8.2% Correlations between EAR data.

8.3 ANALYSIS CF MAGNITUDE ESTIMATICNS

In the analysis of the distribution of the respondents' magnitude

estimations which they encoded on the lines, a characteristic "W" shape

was observed. For the seven lines roughly 305 of the respondents stated

that they were not annoyed and another 12> stated that they were

extremely ennoyed. A further 100 of the "Xs" were placed approximately

half way along the line. Even amorpt the rest there was a slight tend-

ency to place the x a quarter or three quarters of the way along the
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lliné.- Tﬁis suggests that the respondents were not using the lines as
sensitively as had been expected, particularly in view of the results of
the pilot survey. This inevitably placed some constraints on what can
be inferred by treating the distance along the lines as being on a ratio
scale.

The means and standard deviations of the distances along the lines
for each of the annoyances arc shown in Table 8.3. As in the case of
the "EAR" dsta, an analysis of variance test showed that these were signif-
icantly different from each other. Table 8.4 shows the correlations
between the annoyances. As feared the correlations between the responses
and the estimates of the physical environmental variables were not
eignificant. The highest correlation was between log Ay and Log D
(¢ = 0.068, to be significant at the §3 level ré\would have to be at
least 0.088). The correlations between annoyance with air pollution and

smoke was negative.

‘Annoyance HMeon " ‘Stendard Deviation
Air Pollution 81.7 63.4
Risk  rsa k.9
Noise. ‘ | 76.0 6.2
Delay o | 68.6 61.0
Vibration 503 59.1
Appearance - | 33.1 48,2

Table 8.3: DlMeens and Standard Deviations of "lines" Responses.
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Annoyance ' R- P - XN D \'f A 0
Risk 35 39 W5k 37 35 .58
Air Pollution 35 M9 35 M3 36 .56
Noise 39 49 34 .60 «39 .68
Delay o S 35 3 31 W2k 54
Vibration 37 W43 60 31 - L2 L5k
Appearance 35 W36 39 W2hk 42 .50
Overall : 58 56 .68 e 54 +50

Table 8.4t Correlations between "Lines" Responses.

8.4 THE AVAIYSIS CF THE AGGREGATED DATA

As referred to above, a possible method of controlling for the
random variation in the responses is to take as the dependent variable
a measure of the central tendency of the responses for each of the 49
interviewing-ﬁériods. This uoﬁld héve the effect of greatly reducing
the degrees of freedom in the analysis but it would also cause much
of the variation in the responses to cancel out. There was a choice of
uging either the mean or the median as the measure of the control tend-
ency of the responses. Whichever should be used would depend on whether
possible inaccuracies due to treating values for the respondents who were
not annoyed or¢extremely amnoyed as being on a ratio scale is outweighed
by the greater sensitivity of the mean to variations in the distributions
of.the responses. While this may be ascertained empirically, there may

be a risk of selective argument in basing inferences on the most favour-

able results. The analysis is therefore reported for both sets of data.

8.%4.1 Description of Annoyance Data

The number of interviewstaken during each interviewing period varied;

therefore. it was necessary to weight the means and the medisns in the
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2
analysis- accordingly. Table 8.5 shows the means and standard deviations
of the weighted means and medians of the annoyances as encoded on the

lines. The levels of the annoyances relative to each other are similar

for both.

Heans Standard.De?iation
Annoyance Mecn Median Meen Median
Risk § 81.7 80.5 18.6 37.5
Air Pollufion ‘ 78.1 | 7542 | 203 40.9
Noise - 76.0 721 23.6 Lh 6
Delay - - 68.7 62.4 20,4 3645
Vibration . 50.3 - 28.0 18.8 1'28.2
Appearance ' 33.1 11.7 15,1 18,9

Table 8.5: The means and standard deviations of the mean and median

annoyance encoded on the lines.

The means and median annoyences were similar except that the var-
iation of the medians was much greater, both between the annoyance factors
and for each annoyance factor. The correlations between the annoyances
follow a similar pattern for both the means and the mediens. Theze may
be seen in Table 8.6. As expected, the correlations between noise
"annoyance" and vibration " annoyance" were higher than any of the others.
However, the relationship between risk "annoyance" and dEIBY."ahno§ance"

was only marginally above average. The correlations between the means

tended to be higher than-between the medians.
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FEANS

Annoyance - R P N D v A

Risk 39 25
Bz Polintion 31 A2 g
Noise TR T
Delay 47 48 17 &
Vibration ' 38 357 .65 |
Appearsnce 28 .50 3 .18 ‘

Table 8.6: The Correlations between the aggregated annoyonces encoded
on the lines (N = 49). (The correlations between the medians
are in the top left side of the table, and the remainder are

the means).

As will be seen’in the report of the snalysis of the median and
mean values for the interviewing periods, the correlations between the
subjective and objective variable were significently higher than when
the individual responses were used. However, the percentage of the
variation in the subjective variables which could be statistically
explained was still relatively low, fér exaﬁple in the casé of noise
annoyance the maximum was roughlj 25%. One of the reasons for this is
the fact that the medians and means are subject to sample error. The
average number of interviews during each period was 10.7 and the standard
deviation of the responses (encoded on the lines) within the periods was
roughly 50 mm. Therefore, assuming that the distribution of responses
was normally distributed roughly 5% of the observed means would be more

than 25 mm from the true mean.
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8.4.2 The Prediction of Noise Annoyance

The strength of the rélationship between the linear and logarithmic
forms of the mean values of annoyance encoded on the lines,and various
transformetions of the estimated Lj,are shown in Table 8.8. Table 8.9
gives the corresponding statistics for the medians. The first column
shows the correlations between the means and the estimated Ijp sound
pressure. The null hypothesis,that the correct relationship between
responses and the physical environment was not in form of Stevens'

Power Law,". i could not be proven if the correlations in this columm were
significantly greater than the others. The third column is the correl-
ation between the median values of the -responses and the logarithm of the
physical variables. If Fechners' Law held true this column should contain
the highest correlations. The last colurm contains the correlations
between the logarithm of the medien values ,and the physical variable is
just for the record. The rows refer to various transformations of the
noise variables. The first is the Ij0 in dB(A). The next four contain
the logarithm of the sound pressure over four arbitrarily chosen

thresholds. . The lowest estimated Lyo was 71.0 dB(4).

Transformation of  Linear . Log/log Linear/log .Log/linear
Physical Variable Relationship Relationship Relationship Relationship
Lo 192 .509 gl 1496
Log(S.P)T=55dB(4) 2492 .510 483 496
Log({S.P)T=604B(4) 492 «512 183 | 496
Log(S.P)T=65dB(4) -l492 .516 481 QLTS
Log(S.P)T=67.5dB(4) 492 .521 480 L96

Ly exc.oircraft noise .526 566 525 537
L10 exc.aircraft noise

7 = 65 aB(4) 526 «593 527 537

Table 8.8 (title on following page)
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Table 8.8: Correlations between the Mean Noise Annoyence Encoded and
Various transformations of the Ljge (N = 49) Where T = the

postulated threshold and S.P. = L10 sound pressure.

Transformation of Linear Log/log Linear/log  Log/Linear |
Physical Variable Relationship Relationship Relationship Relationship
s | 459 40k b .39
Log(s.P)T=55dB(A) A59 405 AT %) 396
Log(S.P)T=60aB(A) 459 407 W37 396
Log(S.P)T=654B(4A) 459 409 433 396
Log(S.P)T=67.5dB(4) 159 113 429 .396
L1p exc.aircraft noise 475 Jb46 458 Jbos
P10 2?“&%%5’““ ROLES. s 463 il 428

Table 8.9t Correlations between the Median Noise Annoyances Encoded

end Various Transformation of the Ljg. (N = 49)

When a sample size is 49, correlations over 0.287 are sigmificant
at the 5% level, over 0.383 at the 1% level and over 0.5 et the 0.1% -
level. Thus all the correlations in Tables 8.10 and 8.11 ere highly
significant and a number are very highly significant. However, the
differences between the correlations are not significsnt.

The correlations for the means were slightly higher than for the
nedians. For the means, the Stevens' type relationship was the stronges}
but in the case of the medians, the linear relationship was the strongest.
For the Stevens relationship there was a slight tendency for the
correlation to rise as the threshold was raised. When the threshold was
raised to 70aB(A), the correlation rose to 0.541 compared to 0.509 when
the threshold was zero. However, the differences between the correlations

are not sufficient to disprove any of the null hypotheses, and no fimm

conclusions can be drawn from these correlations alone.
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It was noted during the analysis that there was evidence that
the respondents may have been followingithéir instéucfiona-m;rqlaccuru
‘ately than they were being givén credit for. They had been asked to
encode their asnnoyance with the noise from the traffic as it was at the
time of the interview. Indications were noted in the analysis that
perhaps it would have been less correci to relate their responses to the
estimated Lio thén to what the sound level would be if the noise from
the aircraft-did not exist. It is reasonable to suppose that people would
say that they were not annoyed with the noise from the traffic in a road
where the flow was low but vhere there was a lot of noise from aircraft.
When the noise from the aircraft was controlled for by substituting 6.5 km
for log D in the model, a closer relationship between the subjective and
objective data was noted.

The estimated noise levels which were used in calculating these
correlations were based on equation 7.46 which was developed from the
Johnson-Saunders type of specification. It was decided to test whether
the noise predicéion model used would have‘;ny effect on the-results.

The model which was the most different from the Johnson-Saunders type was
the one which was based on Délany's theoretically derived nodel (i.e.
equation 7.5 ). Table 8.10 compares the main correlations_using both
models. The pattern of the correlations is virtually identical for the
two models, éxcept that they are slightly lower for the Delany type

model.
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Linear Log/log Linear/log
Relationship Relationship Relationship

MEANS DATA, Equ.ation No.: - 7-“6 7.5 7046 7.5 7.'['6 705

10 W92 478 509 Loy L84 470
Lig T = 67.5 aB(4) 492 478 521 .503 480 U466
Lo exc.a/c noise 526 . .510 . 566 554 « 525 .507

Lo exc.A/c noise T = 65 aB(A).526  .510  .593  .580  .527  .508
MEDIANS DATA . .. ...

Lo 59 WJbhs o LBOK 390 LG4l JL28
Lo T = 67.5 aB(4) A59 W45 WM13 398 Jk29 WHB
Lo exc. &/c noise - B75 W61 b6 435 458 LAY

Lo exc. &/c noige , _
T = 65 dB(A) A75 JL61 L1463 Ls7 oLty 138

Table 8.10: A comparison of -the effect on the'correlations between
"annoyance" with noise and the estimated noise levels using

different prediction models. ("Lines" data, N = 49)

Two further sub-hypotheses on the nature of the relationship between
the encoded responses and the estimated LiO were tested. The first was
that when respondents were placing their marks at the ends of the lines,

they were constrained by the ends, and that in some cases, at least,
they would have placed the marks outside the bounds of the lines if they
had been allowed. This was tested by seeing how the relationship with
the noise was affected by placing the origins of the annoyence encoded
marginally outside the begiming of the line and by assuming that values
at the other end were also marginally-outéide;‘ This was done by adding
30 mm to all the distances measured along the line except where zero annoy-
ance was marked 1 and by adding 30 mm to the distance from the beginning

of the lines for values indicating extreme annoyance. Table 8.11 shows
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the:; results for selected correlations. Again, the correlations were
not significently different. In fact they were marginally less, which

suggests that the respondents were not constrained by the ends of the

lines.
Transformation of Unadjusted Adjusted Extreme Both
Annoyance Sound v for Annoyance ends
zZero Adjusted Adjusted
A Sound Pr 492 490 478 479
Log A Ino .509 .502 492 497
Log A Lo (T = 70 aB(A)) .Sk1 .527 +509 .522
B | A/C controlled S.P.  .526 +523 510 .510
Log 4 - 4/C controlled -
Lo (T = 65) +593 .576 560 . .s71

Table 8.11¢ The Effect of an Assumption on the Ends of the lLines on the

"Means" Correlations.,

The other hypothesis.which was tested has been discussed in Chapter 5.
It was that the relationship could be described by combining Stevens' and
Hart's postulated forms of relationships, whereby there would be a limited
renge of people's poésible annoyances and that their annoyance would
converge on these values as the physical variables increased or decreased.
This was tested by taking the logistic transformation of the proportion of
the distance along the lines that the respondents made their marks and look-
ing at the correlation between this variable and the L10 transformations.
The correlations were only marginally different from those in the Table 8.8.
See Table 8.12. As in the case of adjusting the values at the ends of the
1ines, the correlations were lower and the hypothesis was, therefore,
regarded as being disproved and that there were no empirical grounds for

pbelieving that noise is on a metathetic scale.
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Sound' Pressure Logit An|:
L0 Sound Pressure +501
Lo 499
Lo (T = 70 aB(A) .508
S.P. A/C controlled «535
L0 A/C controlled . 543
Lo A/C T = 65 aB(A) 554

Table 8.12: The Correlations between the Logistic Transformation of
the anmnoyance Encoded for Noise and Transformations of the

I o (Means Data).

8.4e3 Noise -Annoyance and the Lsg

Equally good correlations were found between the noise annoyance
encoded and the Lgo based variables as between the annoyance ond the
1,0 variables. The Lgo itself had a higher correlation than the L0s
but when the aircraft noise was controlled for and an effective thresh-
old assumed, the Ljp correlation was the higher. The difference between
the Ljpo and the L0, or the noise climate as it was called by Wilson
(1963), was found to be closely related to the Lsg. It was used as the
measure of variation in the noise levels, rather than the stsndard
deviation, for which estimates were found to be relatively inaccurate.

Table 8.13 compares the L50 with the 110 correlations.
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Type of Relationship Threshold Lo Ls0 L10-Lg0
Linear 0 L72 485

Logarithmic 0 Ll U487 030
Log/1og 0 .509 515 .030
Linear (A/C controlled) or & ems 198

Logarithmic

(27 controlled) 0 525 515

Log/log (4/C controlled) 0 566 554

Logarithnic 1,0<70dB (A)

(4/C controlled © Lg0=160.04B(4) .527 o547

Log/log (4/C controlled) Iy0=65dB(A)
. Lso=57.5aB(A) 593 613

Table 8.13: A comparison of the correlations .of Ljp and Lgp with noise

ennoyance.

« The exponcents in the power relationship were slightly lower for
the Lso than for the ILjo: O4 compared to 0.5. Vhen aircroft noise
was controlled for and effective thresholds of 57.5 and 65 dB(A) were
assumed, the exponents were 031 for Lgo and 0.33 for I30. Vhen .
various transformations of the noise annoyance were regressed on the ILgg
transformations, the partial correlations with the noise climate (1i.e.
Ijo - Lgo) were not significant. Thus no empirical evidence was found .
to support those noise indices which included a weighted variation
element, nor could it be shown that the 110 was significantly closer

related to subjective responses than the Lg0.

8.4+ Noise Annovance and the Traffic Variables

In order to test whether the noise environmental variable gave

statistically better estimetes of the annoyance encoded than the traffic
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and built form variables, "A," and "log A" were both regressed on all
of the independent variabieé“ﬁéé&’ih'develbbinghthc Llo'modelg. The

results of using the stepwise procedure with a confidence level of 5%

was!
A, = 543 log Q - 3.9Pe"F/9 10z Q - 57.3 (.2)
S P e |
R = 0,559
RnEo - - 20.0 mn

t statistics.= k.6 and 2.2 respectively
Where Q = total flow in vehicles per hour

P = % of heavy vehicles as in equation 5.3

R = 0.596
R.E. : = 0,12

t statistics = 5.0 and 2.4 respectively

These multi?le correlations were, in fact, as good as best correl-
ations between "annoyance" and the estimated environmental variables
using Fecher's and Stevens' forms of relationships. Table 8.14% shows
the corresponding correlations, and those between "annoyance" and the
traffic flow by itself. The logarithm of the total flow gives a better
statistical explanation of the variation in "A," for both the Stevens'
and Fechner types of relationship. Equation 8.3 gives an equal correl-
ation with "log A" as does the best fitting transformation of ILyq.
Thus, it may be inferred that just as good results may be had from
predicting annoyance, es encoded in this survey, from traffic variables’

as may be had from estimates of the noise levels.
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Linear Log/log Linear/log

o S 192 «509 © 0 Wheh
Lo exc. aircraft noise (T = 65 aB(4) 526 593 .527
Equations 8.2 and 8.3 | 592 559
Total flow 432 525 | 489

Table 8.143 The correlations between noise "annoyance" end sound and

traffic variables.

8.4.5 sDascription of Relationships

The previous tables have shown the strength of the relationships
between various transformations of both the subjective and objective
variables. It is also necessary to describe the relationships, part-
jcularly the-calibration of the power law form, to see if the observed
exponent is similar to the 0.68 which describes the sensation of loud-
ness. Table 8.15 shows the results of regressing'the three'trans-
formationslof annoyance with noise on a number of the forms of the
estimated sound variable, for the means of the ten sets of interviews.
In none of the regressions were any of the residuals greater than three

standard errors.
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Dependent Regression Independent Constant R - R.E.
Variable Coefficient Veriable

A 0.0041 S.P.(4) 38 M9 21

A 0.0049 S.P. : 18 .53 20

A 3.2 L10(A) -217 48 21

A 3.63 Lo -204 .53 20

A 36.1 Log SP(T=70 -58 A8 21

(2))

A 46.3 Log SP(T=65) =96 53 20
Log A .50 L0 (&) -1.1 .51 .13
Log A .50 L0 -1.1 .57 .13
Log A .26 2.,?%5??( S- -0.1 o5l .13
Log A A5 Log SP (T=55) 0.1 .57 .13
Log A .33 Log SP(T=65) -0.4 59 .12
Log A 31 I{;fsg(Eqs) -0.7 59 .12
Log A 32 Log Q, 01.0 .58 .13

Table 8.15% Selected Regression equations showing various relationships
between the observed annoyance with noise and the estimated

sound. (4) = Aircraft noise not controlled for.

There were two notable features in the regression equations des-
cribing the power law relationships. The first is that the coefficients
were considerably lower than the 0.6 which is the exponent which describes
sensation. The second, is the way the parameters of the equations vary
when the threshold is chenged. Equations 8.4 and 8.5 show thece differ-
ences when the regression equations are transformed to predict linear

functions of "annoyence". In both these cases "S" represents the
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estimated sound pressure after the effect of aircraft noise has been ‘

excluded. P e . S e
y = . .5 . _ = i ‘
A = 0.079(s) : . e (Bub) ‘
A = 0.4(5-1089/20)e33 55}

It was noted in the analysis of the observers own responses that
the exponent was 1.68 when the threshold vas zero, end that it fell to

0.71 when the threshold was 65 dB(A). (See Appendix 7).

8.5 ANNOYANCE AND VIBRATICN

Vibration was not one of the variables measured during the survey
of the physical envircnment. IHowever, the relationship between annoyance
vith vibration and the LlO is reported because of physical relationship
between sound and vibration and the relative high correlation b;tween
the annoyances'with vibration and noise. Table 8.16 shows the relevant
correlations between transformations of the "annoyaﬁce“ with vibration
end transformations of the Ij0. The correlations were much lower than
for annoyance wiih né};é;Jbﬁi aillof ﬁh;ﬁ.ﬁéfe‘siéﬁifiééﬁt afmthé_5ﬁwm

level end some were significant at the 15° level.
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Transformations of the
Sound Pressure | MEDIANS ° | MEANS

Av Log Av Ay Log Av
S.P. (&) I .330 357 35 340
S.P. <359 + +383 373 +359
Log S.P. (4) 307 - 331 - 326 365
Log S.P. T=55 dBA (4). - .305 ,+329 325 .368
Log S.P. T=65 dBA (A) 4297 .320 321 4380
Log S.P. T=67.5 dEA (4) w290 J1k 319 392
Log S.P. T=70 aBA (&)  .285 .310 321 437
Log S.P. ' 331 361 363 409
Log S.P. T=55.dBA .330 .360 362 118
Log S.P. T=65 dPA .32k .350 .363 L65
Log S.P. Eq. 5.4 (A) 30 320 a1 348
Log S.P. Eq. 5.4 - 327 .352 354 400 -
Log S.P. Eq. 5.4 (4).
T=67.5 dBA 29k 304 305 371

Table 8.16: Correlations between selected transformations of annoyance

with vibrations and of the sound variable. (N=49)

The pattern of the correlations were similar to those of Table 8.9
and 8.10. There was no significant difference between any of the
correlations. The correlations using the mesn values were higher than
those of the median values. The power relationships were stronger than
the logarithmic relationships and the correlations were higher when the
noise from the aircraft was excluded from the estimate.

In the case of annoyance with vibration from the traffic, as well as

for the other annoyances from the environmental variables which were not
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observed during the survey of the physical variables, it is particularly
important to be successful in developing a model for predicting their
variations from the traffic and built-form variables. Decause of the
relationship between vibration and heavy vehicles, a large number of ~
transformations of the numbers of heavy vehicles were tested in regress-
ion analyses, both as separate and interaction elements. IHowever, in no

case was this t statistic greater than 0.95. The following equations are

the results of a stepwise regression using the 5% confidence 1limit:

A, = 23.4 log Q - 20.7 ' (8.6)
N = 49
R = 0.349

R.E. = 1?08 mm

The t statistic of log Q was 2.55.

Log Av = 0,36 log Q + 0.57 (8.7)
R = 0.376 L

R.E. = 0.249

t statistic = 2.78

The multiple correlations are loﬁer than those between noisﬁ annoyance
and the traffic variables. Bﬁt the correlations with the traffic var-
jables are higher than with the noise vafiables. This is not surprising
as the noise variables were écting as a surrogafé for the degree of
vibration. What is surprising,though}is that the heavy vehicles
variables did not have a more prominant_position in the models.

Table 8.17 shows the regression equations for the more important
forms of relationships. Note that the exponent in the lower relationship

is noticeably less than in the case of noise annoyance. The aircraft
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noise was controlled for in each of the noise estimates.

Dependent Regression Independent Constant R. e
Variable Coefficient Variable
A, 0.0025 S.P. +30.5 .3bs
Ay 39.9 Log SP ~103.5 <363
A, 25.4 Log SP -443.0 363
T=65 dBA
Log Av 0.46 Log SP -0,05 465
T=65 dBA
Log Ay 0.50 Log SP (4) -0.25 392
T = 6?05

Table 8.17: Selected regression equations describing various relation-
ships between the mean observed annoyance with vibration

and the estimated round (N=49).

8.6 ANNOYANCE WITH PEDESTRIAN DELAY AND RISK

The relationship between annoyance with pedestrian delay end both
indicators of delay are analysed. The estimated mean delay is tased on
the model for predicting the logarithm of mean delay, (i.e. equation -
7.50). The percentage of time delayed is estimated from equaticn 7.48.
Annoyance is also compared to the estimated logistic transformation of
the percentage of time delayed using equation 7.49.

The annoyence with the risk in crossing the road is also compared
with the estimated values of these pedestrian delay variables, though
greater attention is given to developing a model for predicting annoyance
with risk from the traffic variables, than in the case of ennoyance with
delay, where there were already relatively accurate models for predict-

ing the relevant physical environmental variable. As the lowest values
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of the estimated delay variables are close to zero it is not possible to
test vhether an assumed threshold of annoyance could give a better fit

in the log/log regression.

Annoyance Environmental Variable Total Flow
Variables
D Log D D Logit D Q Log @
M Aq .536 567 565 578 «560 573
E |Log &g 518,592 .586 596 «552  .598
A AL 252,260 275 253 273 J248
N | Log Ap .236 22 .255 235 .25% 229
S Aa+r)/2 L1486 o511 +518 +513 «513 «507
Log Ag+r)/2  -k62  WH91 495 Lol RGN
u Ag 579  .598 .592 .606 601,596
E Log A4 «532 .691 668 669 «587 ' 679
D Ay 267 4236 248 234 275 223
+ s AL 192 L163 .165 158 A92 L7
N Kgsr)fz SO k93 97 496 .19 LAk
S Log A(a+r)/2 541 JLsk A7 L6 L6l 433

Table 8.18:¢ Correlations between "Annoyance" with pedestrien delay and
risk, and the physical veriables (N = 49). A(d+r)/2 =
(g + Ap)/2.

For annoyance with delay, the correlations for the medien values were
higher than those of the means, vhich wes not the case with noise and
vibration. However, as before, the correlations were not significantly
different from each other. The correlations for the Stevens type

relationship (i.e. the log/log form) were higher than the others in the
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case of annoyance with delay, but not so for the correlations between
annoyance with risk and the delay variables. The correlations for ennoy-
ence with risk were lower than those for annoyance with delay as would

be expected dur to the delay variable being a surrogate for the corres-
ponding physical environmental variable for riske The high correlation
between the "4D" and "log D" has already been noted. It vas not curprige
ing, therefore, that the correlations of the "annoyances" with "D" were
very similar to those with "1og.D" end that the partial correlationé
between the "annoyances" and "% D" were not significantly different from
zero when "log D" was controlled for. The high correlation between the
logarithm of the traffic flow and the "log D" has also been noted above.
This has resulted in their correlations with the annoyance variables
being very similar. The hypothesis that the correlations between the
annoyance with delay variables and the delay variables themselves could
be improved by increasing the minimum acceptable headway wag tested. It
was found that this made little difference. Fopr "DV end ":D" the correl-
ations were slightly less uhen MAH = 5 seconds, whereas they slightly
increased for "log D' and "logit o,

The result of calibrating the Stevens type relationship was:

Log (Aq) = 0.54 log D + 0,109 . (s.8)
t = 2.56
R = 0.69

R.E- = 0.2?6
Vhen equation 8.8 is tramsformed to predict Aq:
A = 1.2800.54 (8.9)

Equation 8,10 shows the effect of regressing A3 on the same traffic

end built form variables which were used in the development of the models
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for predicting D and log D. In this, as in all other regressions of
transformations on the traffic and built-form variables, the stepwise
regréssion procedure was used, ﬁ; significance level was used for
including variables in the regression set. Equation 8.11 shows the
results of the corresponding regression where the dependent variadle is

log A3, Both Ay and log A3 are based on the mean velues.

Ag = 41.61 log Q + 89.9 (8.10)
N = 49

R =0.57 )

R.E. = 16,9

t statistic = 4.8 :
Log Aq = 0,29 log Q + 1.97 (8.11)
R = 0.60

R.E. = 0.11

t statistic = 5.1

Neither of the transformations of the annoyance encoded for risk
were significantly related to any of the independent variables.

The observers' own responses exhibited similar features for ennoy-
ance with delay and risk as for the other annoyances. The log/log.
relationships were stronger than the linearflog relationships, which in
turn were stronger than the linear ones. However, the total flow was
more highly correlated with the annoyance than the deley variables, see

Appendix 7.

8.7 MANNOYANCE FROM AIR POLIUTICGN FRCM THE TRAFFIC

In this casc we are looking at the relationships between the trans-

formations of the means of one set of annoyances encoded end the trans-
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formations of the estimates of two physical environmental variables.
As has been discussed in Chapter 4 both smoke and carbon monoxide were
measured because of the relative ease of measurcment. In each case the

correlations will be given for each of them separately and the multiple

correlation for both of them together. It should be remembered, of
course, that carbon monoxide is not perceptible, unlike smoke, and that
is only being used here as an aid to prediction, rather than tracing the

cause of the annoyance.

Transformation of Transformation of Annoyance Variable
Physical Variable Ap Log A,
Smoke .C80 O34
Log Smoke .065 .020
Log Smoke (T = 25) .073 LOUs
co .259 ' 247
Log CO ' +273 .256
Smoke end CO 279 .245
Log Smoke and Log CO .28k ' .277
Total flow .281 «260 -
Log (Total Flow +269 245

Table 8,19: Correlations between annoyence with air pollution and the

physical variables ¥ = 49).

Table 8.19 contains the correlations between the transformations of
the annoyance with air pollution and linear and logarithmic forms of the
mean values of smoke and CO for the interviewing periods. The minimum

value of smoke was sufficiently high to enable seeing the effect of an
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arbitrary threshold on the correlations.

Smoke is more closely related to annoyence than CO and CO does not
make an additional significent contritution to the statisticsal
explanation of the variation in annoyance. Again the Stevens type
relationship is stronger than the linear, with the Fechner type in
between. The relationship between Logit AP and the logarithms of the -
physical variables is only marginally different from that of log Ap-
Neither did the assumptions about the values at the ends of the lincs
affect the strength of the relationship very much. Raising the threshold
to 20 mc.gr./m3 in the case of smoke increased the correlations slightly.
The means yielded slightly higher correlations than the medians, but
there was no significant difference between any of the correlations.

It was found that the transformations of the ennoyonce variable
could be predicted just as well from the traffic and built form variables

~as from the estimated values of the physical environmental variables.
This is probably a reflection of,fhe relative inaccuracy of thefair
pollution models.compared to those of noise end delsay.

The corrclations between annoyance with.air polluticn were not
significantly related to any of the traffic or built fom variables.

The correlations between the observers responses and the estimates
of the air pollution variables were also considerably less than the
corresponding statistics for the other environmental factors. . Neverthe-,
less the log/log reletionship was still much stronger than the others, |

though not significantly. “(See Appendix 7.)

8.8 ANNOYANCE VITH TEE APPEARANCE OF TRAFFIC

For this annoyence with the environmental effects of traffic there

r

was neither an estimated environmental variasble nor one which could
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reasonably be used as a surrogate. Therefore the development of a
.prediction model depended entirely on the snalysis of the relationships
between it and the traffic and built-form variables. Thus the means
and medians of the annoyances encoded and the various transformations
of them were regressedlon all the traffic and built-form varinb}ns which
were used in developing the models for predicting the physical environ-
mental variables, except those which weré not available or could logic-
ally be deemed not to have any effect on people's attitudes twoards the
appearance of the traffic. The regressions werc carried out in the
usual manner using the stepwise method with both the 5ﬁ‘nnd iQﬁ

confidence levels for excluding the independent variables. Unfortunately,

however, none of the independent variables were significantly related
to either the mean or median annoyance encoded for appearance, or with

their logarithms.

8.9 THE PREDICTION OF THE BINARY RESPONSES

The theory of the relationship between the proportion of people
annoyed (or extremely annoyed) with physical environmental variables has
been discussed in Chapter 5. The strengths of these relationships, which
were calculated from the data of the survey of the_pedestriané responses,
are reported in this section. The statistics refer to three types of
binary response: (1) annoyed or not annoyed according to the lines
methods, (2) annoyed or not annoyed according to the EAR game, and (3)
extremely annoyed or not extremely annoyed according to the lines method.
The proportions refer to the binary data collected during each of the 49
jnterviewing periods. Where relevant the data is weighted by the number
of interviews taken during these periods.

The following table shows how the proportion of people annoyed with
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each of the environmental variables corresponds to the order of the

distances marked along the lines and the numbers of pegs used in the EAR:

Annoyance Not Annoyed Not Annoyed Extremely annoyed
(Lines) (EAR)
Risk 25 .19 «19
Air pollution «30 .20 17
Noise 31 21 .16
Delay .28 .20 15
Vibration il o35 .09
Appearance 53 37 Ol

Table 8.,20. The relative proportions of people annoyed with the
environmental variables.

Equation 7.46 was used for the estimation of the L,,. The same pre-
diction models were also used for the estimation of the delay and air
pollution variables as were used in the previous sections.

8.9.1 Noise Annoyance

The correlations in Table 8.21 show the strength of the relationship
between various transformations of the estimated L10 and LSO‘ and the
proportions for the three sets of binary responses., The correlations are
also shown for the mean of the proportions of people annoyed according
to "lines" and the EAR. As in the case of Table 8,16, some random error
cancelled out. The logistic transformations were only marginally different
from the proportions in the strength of their relationships with the noise
variables., They were neither consistently better nor worse. Controlling
the effect of the aircraft on the L10 by substituting maximum distance
from the flight path in the prediction model had the greatest and most
consistent effect in increasing the correlations. Raising the assumed
effective threshold also had as consistent, though not as great, an effect

in raising the correlation,
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Transformation Annoyed Annoyed Annoyed Extremely

of L1o Lines EAR Mean annoyed
Lo (5.P.) .385 .206 319 .299
Lo 375 .228 337 +300
Lo (iéﬁﬁgogﬁg) «397 277 366 <319
Lo (iﬁgligg; 420 «295 .38§ .3i8
Ly, (T = 65) L4l | 306 405 | .319
(A/c controlled) |

Lso (s.P.) = = 381 .320
Lso = . 326 277
Lso (T = 57.5) - - 419 | .338

(A/c controlled)

Table 8.21. The correlations between the proportions of people annoyed
and the noise variables.

One of the reasons for the correlations appearing to be lower than
they really are may be because of the small range of proportions observed.
Table 8.19 shows the mean of the proportions and the maximum proportion
for each of the three types of response. This also had the effect of causing
a high correlation between the proportions and their logistic transform-
ations (see column 3 of Table 8.19). The narrow range of the proportions
was in turn affected by the narrow range of the stimuli. The minimum,
mean and maximum values of the estimated L, were 71.0, 78.8 and 83,3 dB(A)
respectively. This also had the effect of causing high correlations bet-
ween the various transformations of the L10' These ranged between 0.87 and

0.99 where aircraft noise was included.
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Mean Maximum Correlation

Proportion Proportion with logistic
trans.
Not Annoyed (Lines) 31 «79 <936
Not Annoyed (EAR) .21 .70 .883
Not Annoyed (Mean) .26 .68 .921
Extremely Annoyed .16 «59 874

Table 8.22 Characteristics of observed proportions of people annoyed

with noise.

8.9.2 The Effect of Further Aggregation

The wide range of sample error in the means of the lines data for
the interviewing periods has been noted. This also happens in the case
of the binary data (i.e. the percentage of people who are annoyed or not
annoyed, etc.). It was found that roughly 20% of the respondents were
not annoyed and that a similar percentage were extremely annoyed. Table
8,23 shows the sampling distribution in such a case where N=10., If 20%
of the population was annoyed, there would only be a 30% chance of
obtaining a sample of 2 people being annoyed out of 10 and another 50%

chance of obtaining 1 or 3 people being annoyed in the sample.

X Number of people annoyed
in the sample 0 : £ 2 3 4 5 6+

P(X) The probability of obtain-

ing a sample of X people 107 .269 ,302 ,214 .088 .026 L006
annoyed

Table 8.23 The Binomial Distribution, where N=10 and P=0,2.

It has already been shown how the sampling error could be reduced
by aggregating the responses encoded during the interviewing periods. It
was hypothesized that the sampling error could be further reduced by
increasing the sample size through aggregating the interviews taken at
sites with similar environments. It was decided to test this hypothesis

in the case of the proportions of people annoyed with noise.
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Clearly the final results would depend to some degree on how the
interviews were aggregated and one could not stand behind results which
were selected out of a number of different types of aggregation according
to how they fitted the case that one was arguing. Thus, clear rules
were laid out beforehand, in some cases arbitrarily, and adhered to
regardless of the results. It was decided to have 10 groups of obser-
vations with approximately 52 interviews in each. The procedure adopted
to define these groups was to order the observations according to the
estimated level of the Llo’ and beginning at the observation with the
lowest level, to group the observations in such a way that the decision
on whether to add each observation to the group being formed or whether
to regard it as being the first in the next group depended on which
caused the number of interviews in the group to be closest to 52. The
result was that there were 5 observations in each group up to the last
which contained 4, The mean number of interviews in each group was 52.2
and the standard deviation was 4,2, The mean noise level was then calcu-
lated from the estimated Lios for the interviewing periods by changing
the decibels to sound pressure, prior to taking the weighted mean., The
weighting was with respect to the number of interviews taken in the
periods.

Table 8,24 shows the correlations between the proportions of people
annoyed with noise both before and after this second aggregation of the
data. The R2 values are also shown. It may be seen how roughly 4 or 5

times as much variance is statistically explained in the combined data



- 188 -

than in its original statel. The proportion explained is still, however,
very much lower than the 95% noted in the London Airport Survey. To

some extent this is still due to sampling error. The numbers of people

in the London Airport Survey categories varied from 60 to 500, but the
average was 250. The standard error of the sampling distribution is
proportionate to the reciprocal of the square root of the sample size.
Thus sample sizes of 10, 50 and 250 in a category have a relative effect
on the standard error equivalent to multiplying it by .32, .14 and .06
respectively. If all of the unexplained variance was due to random

sample error, and if it was reduced from 55% in the proportion of .06 over
.14, through increasing the sample size from 50 to 250, it (the unexplained

variance) would be reduced to 25%, i.e. if N = 250 then:

o ® G5 . =
r = aj/ 1 T 75 0.85 (8.12)

So, if this reasoniﬁg is correct, and under the given circumstances, there
could be a considerable improvement in the goodness of fit if the total

sample was in the region of 2500.

Not Annoyed Not Annoyed Extremely

(Lines) (EAR) Annoyed |

N r r2 r r2 r rz'

LIO(S.P-) G 1“9 «39 15 o2l Mol 30 .09
10 .69 A48 A3 .18 .83 .69

'1;15 49 .38 Al 23 .05 30,09
10 .69 48 45 «20 .82 .67

L, ET=7o L9 b2 .18 .26 .07 30 .09
Ok 4m(a) 10 .69 A48 47 .22 82 .67

Table 8.24 The effect of aggregating the data on the relationships between
the proportion of people annoyed and the noise levels.

5 1 It should be noted that the confidence limits change also when the
number of measurements is reduced. When N = 10, and needs to be

0.67 to be significant at the 5% Ievel, compared to 0,29 when N = 49,
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The further aggregation of the data had a much greater effect on

improving the correlations for the proportion of people extremely annoyed,

than for the proportion just annoyed.

A feature of the correlations for

the two sets of data was this uniformity for the various transformations

of the noise levels., The proportions were also compared to Lio sound

pressure raised to the power of 0,2, 0.5 and 0.7 with an effective thresh-

old of zero and 70 dB(A), yet the correlations only varied marginally

from those in Table 8,24,

8.9.3 The Proportion Annoyed with Vibration

The proportion of people annoyed with vibration was also correlated

with the noise levels for both sets of data.

The results are given in

Table 8,25 for the L, sound pressure and dB(A). The improvement in the

correlations caused by aggregation to ten sets of data corresponded to

that of noise annoyance.,

Noise Not Annoyed Not Annoyed Extremely
Transformation (Lines) (EAR) Annoyed
2 2 22
r r r r > of b o
Lo (s.P.) N=10 .49 24 .68 U6 55 «30
N=k9 o2k .06 31 .09 .26 «07
Llo(dB(A)) N=10 47 022 .65 A2 47 22
N=49 2k .06 31 .10 .23 .05

Table 8.25 The correlations between the proportion of people annoyed
with vibration and the noise levels.,

8.9.4 Annoyance with Delay

The correlations between the proportion of people annoyed with delay

were remarkable for two reasons.

Firstly the correlations were consider-

ably higher for the proportions than for the logistic transformations of

the proportions.

mean delay were much lower than for the logarithm of mean delay.

Secondly, the correlations between the proportions and

The
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correlations with the percentage of time delayed and its logistic
transformation were similar to those of the logarithm of the mean

delay, (see Table 8.26).

The Annoyance The Delay Variable

Transformation D Log D . %D Logit %D
%A 4 399 515 +507 487

%A e «350 48 422 422
%Ay 303 325 .307 334
Logit %A,y 347 JA32 431 1410
Logit %A, 231 31k 298 290
Logit %Ad' 0222 .289 e251 «279

Table 8.26: The correlations between annoyance and the

delay variables.

8.9.5 Annoyance with Risk

No significant conditions were found between the proportions of
people annoyed or extremely annoyed with the risk in crossing the road

and any of the delay variables.

8.9.6 Relationships with the Traffic Variables

The correlations between the proportion of people annoyed with each
of the environmental factors and the total flow was only marginally less
than with the relevant environmental variables (see Table 8.27). The.
partial correlation of no other traffic or build form variable was

significant.
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Ann?yance Total Flow (Q) Log Q

variable
zAnl W31 .78
ZAne «26 .29
ZAn' .30 32
ZArl .16 .18
ZAEE .24 .26
ZAr' .21 .20
ZAdl W43 .50
ZAde «37 .43
ZA,' +32. 33
zApl 14 17
ZApe «23 .23
A .14 .1
ZAvl 17 «23
2Ave «33 .36
ZAV' .31 +27
ZAal .01 .02
A, .22 .21
ZAa' «13 .14

Table 8.27: Correlations between the proportions of people annoyed

and the traffic flow.

8.10 SUMMARY

It was found that the wide range of responses of pedestrians to
the same environment made it impracticable to draw conclusions from the
individuals responses. However, when measures of central tendancy of

the responses for the interviewing periods were related to the independent
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variables, significant correlations emerged. The means of the responses
gave slightly better and more consistent results than the medians.

If similar response criteria were assumed, the most annoying
environmental vériable was the risk in crossing the road. Air pollution
"and noise Qere slightly less annoying in that order., There were followed
by delay vibration and appearance of the traffic. The latter two were
considérably less annoying than the others. There was a wide variation
in the correlations between the annoyances. The highest correlation was
between annoyance with noise and vibration.

- The wide range of responses coupled with the relatively close
correlation between the annoyance made it impossible to draw inference
from the EAR data in the way that was intended. The correlations between
the vari;us transformations of dependent and independent variables tended

to be similar. However, the Stevens type of relationship, which was
expressed in the log/log form was the strongest in all but one of the
three cases where the correlations were significant. (See Table 8.28).

Similar results were also found in the analysis of the observers own

responses.
Environmental Type of Relationship
Variable
Linear Logarithmic Log/Log

Risk 0252 0260 . 242
Noise 0492 o'!"8,+ 0509
Delay 536 567 592
Vibration 03!+5 0326 0365

Table 8.28: Comparison of the strength of three types of

relationship with the environmental variables.
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There was a consistent improvement in the correlations between
noise and vibration annoyance, and the noise variables when the aircraft
noise was controlled for. Raising the assumed effective threshold also
tended to raise the correlation. The hypotheses that the responses were
restricted by the ends of the lines and that the environmental variables
were on a traffic metathetic scale were rejected. It was found that the
correlation between the proportion of people annoyed with noise and
vibration, on the one - hand, the noise variables, on the other, were
greatly increased when the interviews were aggregated into ten sets.

The logarithm of the total flow gave almost as good, and in some
cases better, statistical explanations of the variance in the annoyance .
variables than did the environmental variables. 1In the next chapter,
it will be seen whether or not the seperate environmental responses, or
indeed, the environmental variables will be of assistance in predicting

overall annoyance.



CHAPTER 9: THE PREDICTION COF OVERALL ANNOYANCE

9,1 TNTRODUCTICH

The importance of being able to define, measure end predict the
overall annoyence of people with the environmental effects of traffic has
been discussed at length in Chapters 1 and 2. VWhile the development of
models for predicting the physical environmental variables and the annoy-
ance which they cause may be indispensible prerequisites to environmental
planning and management, the prediction of overall ennoyance is a pre-
requisite to the evaluation of environmental plans.

Reported in this Chapter is 2 cystematic analysis of the relation-
ships between the observed representations of overall annoyance &nds
a) the representations of the annoyances with the six separate aspects

of the environment,

b) the estimated physical environmental variables, and
¢) the traffic end built form variebles. | i

The report of the analysis is presented in two sections. fhe first deals
withﬂtﬁe dévelopmenﬁ of ﬁrediction modéls for.£he.magnifude df overall
annoyance on a ratio scale, using the distances at which the respondents
placed marks along the lines during the interview. The second section

deals with the prediction of the proportion of people who were annoyed or

extremely annoyed.

9,2 THE MAGNITUDE OF THE OVERALL ANNOYANCE

In Chapter 8, it was found that the means of the annoyances for the
interviéwing periods tended to be more closely related to the physical
variables than were the mediens. The means of the oversll annoyances
encoded were therefore taken as the variable from which the dependent

variables were calculated.

~19k= -
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92.1 The Relntionship with Individual Annoyances

The very highly significant correlations between most of the &nnoy=
ances with seﬁarate environmental factors has been noted in the previous
Chapter. Similar corrclations were observed between the overall annoy-
ance and the indiéidual annoyances encoded. (See Table 9.1). It follows
from the multicollinearity between the variables that in the development
of a prediction model of overall ennoyance from the separate annoyances
by regression that only a limited number of the separate annoyances would
make a significant contribution to the statistical explanation of the
variation in overall annoyance.

Equations 9.1 and 9.2 'show the results of regressing the overall
annoyance (Ao) on the individual ennoyances both before end after aggreg-

ating the data for the interviewing periods, using the stepwise method.

. Linear Relationships ~ Log/log Relationships
Separate
Annoyance

=522 N=l9 V=49 N=522 Neli9 Neli9

Means Medians Means ledians

Risk _ 578 539 131 .625 .551 450
Air Pollution  .556 661 671 +609 .681 .79
[loise .683 . 755 +560 2736 .718 423
Delay +538 - 587 487 .588 587 325
Vibration 538 «551 272 566 493 376
Appearance V500 488 _ 435 499 L1 ,335

Table 9.1: Correlations between overall annoyance and the separate

annoyances encoded.
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0.224; + 0.18A + 0.14A, + 0.354; + 0.1943 + 2.4 (9.1)

o]
N = 522
R = 0,817
R.E. = 3302

t statistics = 6.4, 6.3, 5.3, 12.5 and 6.4 respectively

A, = 0.27A, + 0.27Ap + 0.34A, + 5.28 (9.2)
N = 49

R = 0.86

R.E. = 9.0 :

t statisties = 3.7, 3.5 and 5.0 respectively

Each of the physical environmental variables tended to bé determined
by the same traffic variables. Thus if the power law relationship held
true between the annoyances and the physical environmental variables it
might be expected that the logarithm of the annoyances would be more
closely related to each other than to their linear forms and that the
same would apply to the logarithm of overall annoyance. it may be seen
from Table 9.1 that the logarithmic relationships did not tend to be much
stronger. Equations 9.3 and 9.4 show the results of regressing the logar-

ithm of the overall annoyance encoded on the logarithms of the individual

annoyancess
Log 4, = 0.10 log A, + 0.20 log A, + 0.15 log Ap + (9.3)
0.39 log An + 0.20 log Aq + 0,06
N = 522
R = 0,847
R.E. = 0.37

t statistics = 3.6, 6.8, 5,7, 14.6 and 7.2 respectively
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Log Ao = 0.33 log (Ar) + 0.32 log (&) + 0.28 (9.4)
" log (An) + .12

u = 49

R ‘= 0,86

R.E. = +053

t statistics = 4.4, 4,1 and 4.5 respectively

The fact that ﬁot more than three of the independent variables feat-
ure in these four regression equations at any one time is due to the
degree of multicolinearity which exists. One way .of resolving this prob-
lem is to develop new variables based 'on the sum or the weighted sums of -
separate snnoyances. First, it was tested whether the sum of the annoy-
ances or the sum of their logarithms was significantly less closely
related to the overall annoyance than the relationships in equations 9.1
to 9.4 above. For the individuals responses the correlations were 0.806
and 0.822, compared to the multiple correlations of 0.817 end 0.847 for
equations 9.1 and 9.3 respectively. The corresponding correlations for
the mean responses for the interviewing periods were 0.86 and 0.8%4
compared to 0.86 and 0.86 respectively. These correlations were not
significantly less. Secondly, a principal component analysis was conducted
on the means of the annoyances for the 49 interviewing periods, the

results of which are shown in Table 9.2.
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ANNOYANCE f PRINCIPAL CQMPONENT

1 2 3 4 5 6
Risk Jb L0 .61 52 .29 .03
AMr Pollution LAk =35 -3 20 MY .50
Voice L8 $12 -.13 S 2 .38 -.63
Delay I 1 39 =50 .35 ~.56 =011
Vibration J3 .15 .29 -.59 -.32 W51
Appearance = .35 =73 31 18 1 =37 -.28
% of variation 49.7 14.3 133 12.0 6.4 T
R2 with A¢ .59 .06 .10 .02 .05 - 37

Table 9.2¢ Results of Principal Components :Analysis on the means of the

annoyances. (N = 49)

The first principal component accounts for almost half of the variance
and it clearly describes the common variation in the responses to separate
environmental factors. The remaining components are more difficult to
interpret, though the fourth reflects the relatively close relationship
- between annoyance with noise and vibration. The last row shows the prop-
ortion of variation of the overall annoyance encoded which is statistically
explained by-each of the components. The following equations shows the
" results of regressing overall annoyance on the principal components.

Only components_significant at ‘the 5% level were included. « B oe=

0.92C1 + 0.59C5 - 0,62C6 + 20.6 (9.5)

Ao =
RoEa e =.9°6 B
N = 49

t statistics = 6.9, 2.9 and 2.3 respectively °
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Vhere C1, Cp, etc., are the components.

Discussed in Chapter 3 was the possibility that when some respondents
were encoding their annoyance with the various annoying factors on the .
lines, they might estimate their annoyance from an environmental factor
related to their susceptibility to annoyance from that environmental fact=-
or rather than their actual annoyance with the existing 'state of the
environmental factor. For this reason it was postulated that a more
eccurate picture of the relative annoyance caused by each of the environ-
mental factors during the survey may be had by comparing the mean
responses encoded with the regression coefficients in equations 2.1 end
9.3. Table 9.3 shows the means, the regression coefficients end their
products for both the individuals responses and their means for the
interviewing periods. Colums 2 and 5 of the Table show conflicting
results. However, there are grounds for arguing that noise is more annoy-
ing than the other environmental factors because of the correlations in

Table 9.1 and the t statistics in equations 9.1 to 9.k.

IObserved .+ N .= 522 V= 49

Annoyance Means lRag. Coef. Product Reg. Coef Product
Risk 81,7 .18 147 33 29,4
Air Pollution 77.9 -1k 10.9 32 24,9
Moise 76,2 © 35 26.7 +28 213
Delay 68.7 19 13.1 - o
Vibration 50.3 - B - "
Appearance 33.1 .22 7.3 - -

Table 9.3: Statistics relevant to the relative importance of the environ-

mental factors.



-200-

9.2.2 The Relationship with the Physical Environnental Variables

In this section ihe regression of the overall annoyance on the
estimated physical environmental variables is reported. This is followed
by an analysis of the relationship between the overall annoyance oand the
estimates of the separate annoyances based on the estimates of the phys-
jcal environmental variables. This involves both the direct relationships
g those-betﬁeen overali”annoyance and various hypothesiscd combinations
of the estimates of the annoyances.

Overall annoyance was regressed on the estimates of the four environ-
mental variables, for which prediction models were developed, on the basis
of lincar, semi-logarithmic and logarithmic relationships. The data set
used was the means for the interviewing periods. On no occasion did more
than one independent variable have a partial correlation which was anywhere
near being significant. Table 9.5 shows the correlations between the
dependent and independent variables. The following equations are the

results of the regressions when the stepwise procedure was used:

Ay - 00268 + 54,2 - (9.7)
N = L9

R = 0.395

R.E. = 15.7

t statistic = 2.9
Where S is the estimated sound pressure 110 after aircraft noise has been

controlled for.

A, = 1%.3 log D + 59.k (9.8)
R = 0,408 '
R.E. = 15.6

t statistic = 3.1

Where D is the estimated delay in seconds.
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Log Ao = 0.082 log D + 0.77 ' (9.9)
R = 0.393
R.E. = 0,94
t statistic = 2.9
INDEPENDENT VARIABLES TYPE OF RELATIQNSHIP
Souwp Thfggiglg ﬁiigzaft Linear ngafithmic Log/log
- Controlled 3 ¥
L0 0 No 393 376 363
0 Yes «395 +385 375
70 No «¢393 <35k 347
65 o Yes 395 375 370
Lso 0 No 419 - L0k -‘ .390
. 0 Yes 15 410 399
60 Yo 419 .388 <379
57.5 Yes 415 390 .388
Loo 0 Yo 422 1k 397
0 Yes 413 417 402
55 | No L22 401 .388
52.5  Yes 413 400 392
DELAY
Mean Delay 36k 108 393
% Delay ‘ 120 L1k 397
ATR POLLUTION
Smoke 124 .128 .129
Smoke (T = 20mc.p.w”) 124 13 133

rable 9.4 (title on following page)
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Table 9.4t Correlations between various transformations of overall

annoﬁance and the environmentel variables,

It may be seen from Table 9.4 that all the noise correlations src
very similar. The Lgd is slightly more closely related to overall annoy=
ance than the Lgo which is in turn slightly more closely related than
LlO' Controlling for the noise from aircraft did not improve the correl-
ation, as it did in the case of noise annoyance. The delsy correlations
wvere similar to those for the noise, but the air pollution variables were
considerably less.

Equation 9.10 shows the effecf of regfessing overall annoyence on
estimates of the separate annoyances, which could be made from the estimated
levels of the physical environmental variables. These were based un_the
equations for estimating annoyance  with noise and“delay, which. were
described above . Equation 9.11 is the same except that the
regressions were oﬁ the logarithms of the estimates of the annoyances.
Equation 9.12 shows the result of regressing the logarithm of the overall
annoyance on the estimates of the logarithms of the annoyances. The step-
vise procedure was used with the 107 significance level criteria for
inclusion in each case. The data base was the means of the values for

the interviewing periods.

Ay = 2.53 A+ 60,3 (9.10)
N = 49

R " = 0,398

R.E. = 15.7

t statistics = 3.0
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A, = 26.5 log ﬂd + 5645 (9.11)
R = 0,408
R.E. = 15.6
t statistic = 3.1
o A
Log A, = 0.15 log A4 (9.12)
R = 0.393
R.E. = 0.76
t statistic = -

2.9

In Chapter 5, the'rules-for adding annoyances were determined for
circumstances where ‘it had been established that annoyance was related to
the physical environmental variables in the same way as responses and
stimuli are in Stevens' Power Law of Psychophysics. It was submitted that
if a value of one physical environmental variable (Pl), caused the same
annoyance as some. value of another (Pz), then the values of Py could be

expressed in units of Py in terms of the annoyance which they toth causes

C2 %, /u (9.13)
— Pz = Pl !
G
o
Where Ay = C1F
X,

It was further submitted that the overall annoyance would be the sum of
the physical environmental variables, expressed in the same units and
raised to the power of the exponent calibrated for the variable whose

units were useds

) ol cn . f
Ay = (Pl + Cp / &y PQA' i in ) _ (9.14)
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In verifying the validity of this equation in practice the correlation
(0.395) between overall annoyance and its csfimate based on equation 9.7
(i.es Ay = 10 D (5 - T)) vas compared with the correlation between the
estimated noise and delay expressed in units of noise as in the form of
equation 9.14. The latter correlation was found to be 0.391 which was
less than the correlation using the simpler model. Cne of the reasons
for this may be a degree of double counting in the additive proccss. For
example, & proportionlof the annoyance with delay may be a reflection of
annoyence with noise and should not be regarded as annoyance due to delay
alone. The correlation was 0.374 when log Ag was regressed on:the log-
arithn of the sum of the two environmental variables expressed in wnits of
sound pressure, compared to 0,370 when (SP - T) was the independent
variable. However, this had the result of an anomalous change in the
regression coefficient .(i.e. the exponent when the equation is expressed

in poﬁer law form). , See equation 9.15%

IO{',’ A‘O =0.13108(n0i59 'Imita) '|'. 1.36 (9015)

9.2.3 The Relstionship with the Traffic Variables

The remaininé set of variables from which estimates of the overall
ennoyance may be made is of the characteristics of the traffic and the
built form. The overall annoyance was regressed, on all of the independ-
ent variables which had been used in the development of the models for
predicting the physical environmental variables. The stepwise proccdure
was used with both the 5% and the 10f* confidence levels as the criteria

for including variables in the regression set. The results of both
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regressions are only given where there is a difference between them. The
t statistis of variables which have been excluded are given where they

are close to being significant at the 105 level.

A, = 25.1 log (@) - 1.9 (9.16) -
N = L9

R = 0.417

R.E. = 15.5 mm

t statistics = 3.1

Log Ao. - 0.145 log (Q) + 1.k2 | (9.17)
R - 0.b02

R.E. . 0.94

¢ statistics = 3.01

Thus the only traffic or built form variable which was significantly
related to overall annoyance was the traffic flow. The proportion of
variation in the overall annoyance which was accounted for by the traffic
flow was significantly less than that accounted for by the estimates of

the physical environmental variables.

9.3 THE PROBABILITY OF OVERALL ATNOYANCE

In the above sections the relationship between ovefall annoyaﬁce ﬁnd
jts various determinants was described. Overall annoyance was defined by
the distance at which the respondents placed marks from the beginniﬁg of
the lines when they were asked to estimate the magnitude of their overall
ennoyence. In the following sections the relationship between the percent-
gge of people annoyed during the interviewing periods end the independent
variables is looked at. Respondents were recorded as being not annoyed or

extremely annoyed if they placed their marks within 3 mm. of either end of
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the lines. 75.6% o; the respondents were recorded as being ennoyed
overall: 12.Qﬁ of them were extremely annojed. N
The percentages of people annoyed and the percentages of people-
ext:emgly annpyeg and their logistic‘transformations are regressed in
turn on the percentages of people annoyed with the physical environm;nt-
al factors, the estimates of the physical environmental variables with

the traffic and built form variables.

9.3.1 The relatioﬁship vith the separate ennovences

Table 9.5 shows the correlations between the percentage of respond-
ents not annoyed overall and not annoyed with the separate factors are
highl& significantiy greater than with the percentage of people extremely
annoyed with the same factors, and vice versa for the percentage of
respondents extremely annoyed overall. This is because of the reletively
low correlations between the proportions of peopie amnoyed and the prop-
ortions of people extremely annoyed. In fact, in the case of overall
annoyance there was a slight negative correlation. The right hand side
of the table refers to the logistic transformations of the perhentagea.
These correlations are not noticeably higher than those for the straight
percentages. The correlations are given for the means of the percentages
of people annoyed as recorded on the "lines" and on the EAR, as well as
for the separate percentages. These are represented by (M), (L) end (E)
respectively. The.proportion of the variance of the overall proportions
which was explaineﬁ by the means of the proportions was consistently
higher than the meéns of the proportions of the variance explained by the

separate proportions.
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Percentages , Logit Percentages
o S 4 \ PO %o A o
A, (L) 59 .21 L .18
Ay (E) .56 Y 32 .23‘-
¢tAn (1) 62 27 36 .21
A, ' Ol | .61 .13 51
fibp (L) | .65 .06 «53 .12
iy (E) e 64 .10
Gihp (M) .68 .09 .60 .12
Gidp! -.03 .38 -0l 23
“n, (L) .71 .12 CTs -.00
s (B) 59 .13 e -.02
A (i) 0 )13 .75 -.01
olan ! .19 .55 .19 A5
Zxy (1) .52 .17 .39 .25
ZAq (E) .52 .30 34 .28
Ag (M) .56 .26 L3 .30
g .07 .55 .08 RA}
A, (L) .62 I : .62 -.02
A, (E) b .25 D .23
i, (1) 53 16 .53 .10
7A," J1 46 .30 37
o, (L) b -.03 R -.02
Zhg (E) .5k -.08 .61 .09
g ) .59 .03 63 -.02
Ay Ol 16 -.02 .36

Table 9.5: Correlations between the percentages of
"all with the separate percentagesg.e (%Mf?é’ifr:,’}gfgegnfgffi,)
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- 3{.-‘\;*.\14‘.'-4 Yo oen

9.3.2 Relationships with the Separate Annoyences

Wﬁefher or not alperson is annoyed with the envirommental effeccts
of traffic may be ;elétedlnot Just to whether they say they are annoyed
with some of thc components of the environment, but also whether they
are extremely annoyed with ‘the components. The dependent variables were,
therefore, regressed on both the percentage of respondents annoyed and
the percentage of those extremely annoyed with each of the six environ-
mental factors. The 5% confidence level was used in tle-stepwise
procedure. The percentage of people annoyed is represented by nela",
end an apostrophe is used to represent extremely annoyed (p,g. "ﬁAﬁ}")
represent the percentage of people extremely annoyed with noise.+ The

mean of the percentages of people annoyed according to the lines and the

EAR is used in-the emalysis.. .- - - - - -0 ol
Gilo =.0.28(%4p)-+ 0.33(%dn) + 0.22(%45) - .02 . (9.18).
N =49
R = 0.??6 -
R.E. = .08 .-

t statistics = 2.0, 2.6 and 2.2 respectively.

Ao 0.37(far') + 0.27 (Fiy') + 0.49(4,") = L01 (9.19)
R = 0.770 | |
R.E. = 0,072

t statistics = k.1, 3.7 end 2.8 Tespectively.

n

1. The proportion'of reople annoyed in these equationa i the mean of
the proportions observed when using the "lines" method and the envir-
onmental Assessment Recorder.
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Logit %Aq = 0,60 Logit (%A,) + 0.34 logit (%ag) + (9.20)
0.234

R = 0,780

R.E. = 0.24

t statistics

5.0 end 2.2 respectively

0.54 Logit (Ap') + 0.33 logit (An') + oulis  (9.21)

Logit %Ao' =
R = 0.583
R.E. = 0056

t statistics

Because of the

endent variables featured in any of the regressions.

3.1 and 2.4 respectively.

multicolinearity, not - more-than three of ' the indep-

A principal

components analysis of the proportions showed similar weightings to

that of the ammoyances encoded on the lines.

The results are shown in

Table 9.6.
Principal Component No.:

Risk W 37 ook b1 L8 331
Air Pollution L2 0,06 - 79" -.09 ° ,05 -3
oise b 7,08 -.08 55 -.16 .68
Deley L2 036 o35 .16 -.68 -.30
Vibration L2 =19 «50 -39 Wh9 -.38
Appearance 33 =83 -.01 37 =21 12
2 Variation 67.97 12.6 6.6 5.8 5.4 3.7
Explained

Table 906:

Amnoyed with the Environmental Factors.

Results of Principal Components of Percentage of Respondents
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9.3.2 Relationshivs with the Physical Environmental Variables

Similar results were obtained when the overall znnoyance variables
were regressed on the estimates of the physical environmental variables,
as'was found in the last section where the dependent variable was the
mean of overall annoyances encoded on the lines method. Only one of
the variables was significant and the correlations were relatively low.
The logistic transformations of the percentage of respondents annoyed
and the percentage extremely annoyed were regressed separately on three
transforﬁa£i§ns Ef the estimated physical environmental variables. There
were the linear form, ifé 1o§arithm,and the linear variable raised to
the power of the exponents calibrated in sections 8.4 mnd 8,6 above.

. - The estimates of. the physical environmental variables used are
the same as those used in the previous sectione. The t statistic of
independent variables which would be significant at the 10,5 level if they

were included in the regression set are also given.

‘However it was found that the logistic transformation of the
proportion'of.people_not annoyed was not significantly related to
any of the three sets‘of independent variables, The highest correl-
ation was 0,147 which was with the logarithm of the L50 soundlpressure
when aircraft noise was controlled for and the effective thresold

assumed-to be '57.5 dB(A).
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The logistic transformation of the proportion of people extremly

annoyed was significantly relate& to the independent variables in two

cases?
Logit %A/ = 1.9 (10"1')1. SP - 1.87
. 50 o (9.29)
R = 0,406
R.Ea = 0.63
t statistic = 3.1

The t statistic of log D was O.4

Logit %A ' = 0.6 log D -1.81 (9.30)
R = 0.427

R.E. = 0,62

t statistic = 3.2

The t statistic of the logarithm of the L50 8.ps. When the threshold
was set at 57.5 and aircraft noise cotrolled was 1.5,

The air pollution variables were not near being significantly
related in any of the regressions, There was a very low correlation
between the two dependent variables ( r = 0,075 ). The correlations
could not be increased by regressions on the estimates

of ~the principal components of the separate

/ annoyances ....
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anpoyauces):as; desordbed dn . Fable 932 s ..+ There was a correlation
of 0.118 between the logistic transformation of the percentage of people
annoyed and the aggregation of the physical environmental variables in
units of noise as described in equation 9,15. In the case of the
logistic transformation of the percentage of respondents extremely
annoyed the correlation was 0.373

9.3.3 Relationships with the Traffic Variables

The same procedure was adopted with this section as in the section
9.2.4., The dependent variables were regressed on all traffic and built
form variables which were used in the development of the physical
environmental models and which could be calculated from the data collected
during the survey. The results of the stepwise regression were:

.

R

0.14 log (Q) - 31 (9-32)
0.362

R.EI = 0.10

The t statistic of log (Q) was 2.7

Logit #A ' = 1.02 log (Q) - k.28 (9.33)
R = 0,424
R-Et = 0062

The t statistic of log Q was 3.2

There was no significant relationship between the percentage of people

annoyed overall and any of the traffic and built form variables.

9.4  SUMMARY
The correlations between overall annoyance and the separate
annoyances encoded were very highly significant in most cases, When

overall annoyance was regressed on the separate annoyances, multiple
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corrleations of between 0,81 and 0,86 were obtained, depending on the
data set and the transformations of the variables used., In all the
cases the regression coefficient of noise annéyance and its significance
were the highest.

A principal components analysis of the annoyance showed that almost
half of this variance could be accounted for by one component which
described the common variance between them. There was a correlation of
0,77 between this component and overall annoyance. The weightings of
the other components which were significant in a step-wise regression
were difficult to interpret. Highly significant correlﬁtiona were
found between overall annoyance and the noise and delay variables, but
in multiple regression not more than one of the environmental variables
was significant. No progress could be made in improving these correlations
by using the estimates of the separate annoyances. Equally good results
could be obtained by using the logarithm of the total flow,

Similar results were found in the analysis of the proportions of
people annoyed, except that they tended to be more erratic. No progress
was reported in the analysis of the heteroscedasticity and the definition

of the psychological scale by this method.
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CHAPTER 10¢ CQNCLUDING DISCUSSIQN

Throughout the thesis there have been two strands to the researchs
the prediction‘bf the phyéical environmental variables on the kerbside
vhich are affected by road.traffic; and the prediction of the pedestrians
subjective responses to the environmental effects of the traffic. The
progress which has been made on both these fronts is summarised in the
following sections and compared with the existing state of knowledge, in
the light of the criteria which have been outlined in Chapter 3. The
Chapter concludes with a discussion of the applicebility of the results
to the evaluations of the effects of highway end traffic management
proposals on the quality of the environment of people on the kerbside,

and in wider behavioural contexts.

10,1 THE ENVIRGIMENTAL VARIABLES

100101 The Noise MOdE‘lS

The most impértant finding in the analysis of the field work mecas-
urements was that Ljp prediction models, which had been developed for
freely flowing tréffic, provide equally good, if not better, predictions
of the noise from non-frece flowing traffic than models which had hereto-
fore been developed for_that purpose. The rultiple correlations of 0.97
and the residual errors of 1.46 dB(A) which were achieved are consider-
ably better than the multiple correlation of 0.82 and the resicual error
of 2.7 dB(A) vhich was found with equation 3.6. It is to be expected
thet the results would not be as good as from models for predicting the
Ino from freely flowing traffic, such as equation 3.8 where the multiple
correlation was 0.98 and the residual error 1.32. The 955 confidence
bends deséribed by 1.96 residual errors of 2.7 are spproximately equiv-

alent to the result of multiplying or dividing the traffic flow by Ub.

2w
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The corresponding effect of a residual crror of 1.46 is multiplying or
dividing the traffic flow by 2.

The construct validity of the specification of the distance from
the flight path has already been discussed. The second stage regressions
nake a small, but significant, contribution to the statistical explanation
of the variance in the observed Ijg. Xo such clear recommendation was
made on the.specification of the traffic flow and composition variables.
The Delany type specification would have considerable advantage over
the other models if it could be shown that its goodness of fit was due
to the headweys between the vehicles not being sufficiently differently
distributed from a random distribution to affect the results, rather
than that the goodness of fit was purely fortuitous. This could not be
determined without a gréat deal of further research. The CGilbert-
Crompton tyﬁe‘model provided a relatively good fit, though without the
theoretical basis. In theory, the varying of the weight given to heavy
veﬁiclea accordiné to tﬁe f;ow and speed of traffic should give better
results. However, no enpirical merit was found in the method used by
the D.0.E in their model. This leaves the Johnson-Saunders type model
which also both provided an equally good fit and did not have any
theoretical basis. However, it does have the merit of simplicity, and
therefore it was the model which was used in the estimation of the ILj0
for the analysis of the pedestrians responses. Estimates of the Lj0 tased
on other models were also related to the subjective deta. The Johnson-
Saunders type model gave a marginally better fit than the others.

The other variable with a problematical relationship with the LjQ

was speed. There were strong reasons for expecting that there would be

a significant interaction between speed and the proportion of heavy




- 216 =

vehicles. ' There was in fact, but it did not give any better fit than
the logarithm of speed and the proportion of heavy vehicles on their owme.
On the other hand the interaction element between the logarithm of speed
and the logarithm of the total_flow was sipnificant in some cases and
almost so in the others. Its theoretical merit lies in the submission
of Crompton's that at higher speeds, vehicles tend to be spaced more
with a consequent reduction in noise levels. The D.o.E. specification
"log (V + 40 + 500/V)" appeared to have empirical merit. The other
elements in the regression equations were specified deductively and were
all significant. However, the index of parking, the distance to the
"centre of gravity" of the traffic a nd the sound reflection index all
had a degree of crudity in their specification. On the other hand the
correct specification would not be practicable and the sﬁbmitted specif-

jcations have considerable merit in simplicity.

10.1.2 Source of Error in the Noise Models

A method was described, at the end of Chapter 4, of determining
the proportion of the unexplained variance of the observed 110 which was
caused by the unique characteristics of the sites at which the measure-
ments were taken. These characteristics would include such things as
the accoustically reflective qualities of the built form environment end
the effects on the traffic flow of traffic lights. By taking a second
set of observations at a number of sites it was possible to calculate
the corrélatioﬁ between the residual errors for each site where nore
thzn one obsefvatioﬁ was made. The square of this correlation tells
the proportion of the residual errors which is common to the sites. As
gtated, this is ceused by characteristics of the sites which were not

measured, but it is also caused by characteristics of the sites which may
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have been mis-specified in the models. This includes the noise from
aircraft.

These correlations were calculated for each of the second stage
regressions described in Chapter 2. In each case they were very similar.
The minimum value wass r = 0,40, vwhich was highly significant. It has
been noted that a dummy variable, representing whether streets have one
vay traffic, would have had t statistics of between 1.5 and 1.8 if they
had been included in the second stage regression sets, end it ﬁas,
therefore, probable that this factor would account for a significant
proportion of the wnexplained variance of the Ljg which was peculiar to
the sites. The correlation between the residuals was calculated after
including the dummy variable in a regression equation (i.e. equation 7.21).
This had the effect of reducing the correlation from 0.41% to 0,39 which
was still highly significant. As a number of alternative specifications
of the btuilt form variables had been tested without any significant
improvements of the residual errors, it was concluded that approxinately
20;5 of the unexplained variance in the observed L10 was due to factors
peculiar to the sites, and of this roughly a quarter was due to streets
being either one-way or two-way.

Having come to this conclusion, the logical question to ask is
vhether these factors peculiar to the sites have affected the calibrations
of the regression equations, or indeed the specifications of the models
vhich was finally settled on. A crude, though the only aveilable method
of answering this question,is to include in the data set an additional
variable comprising of the residuzl errors balcuiﬁ%ed—ih'eérlier'
regressions. These should not be included for the observaticns for which

they were calculated, but for the other observations which were taken
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at the seme sitess Thig was done for the Johnson-Saunders type model
(i.e. equation 7.21),1 with the following results for the first and

second stage regressions:

"

18.33 1og.Q - 4.3 logQlogV'+ 18logV + 0,15P (10.1)

Lo =

+0,18T - 7,310gCg - 3.71ogD + 0,52R + 31.6
R = 0,969
R.E. = 1Lk

o T LI - u O

t statistics = hnag 1.6' 1.9' 7-6. 3oh' 5.0' 6.“, and h.h Iresp.

Lo = 0.30£(t,)1ogD - 20.810gD + 89.5 (10.2)
R = 0,973
R .E. = ,1 .37

t statistics 23 and 43 resﬁectively.

It may be secn that this increased the multiple correlation significently
from 0,967 to 0.97 . However, it did not substantially alter thec cal-

ibration or the t statistics of .any of the regression co-efficients.

10.1.3 The Pedestrian Delay Models

It was invalid to regress the mean delay variable on the independ-
ent variables because of the degree of heteroscedacticity found in the
data. A model was therefore developed for the prediction of the logar-
ithm of mean delay. The Adams formula on its own explained 90% of the
variation in "log D' and 94 for the percentege of time deleyed. The
accuracy of these models could be improved even further by the zddition

of the index of dispersioﬁ for the near sidé flow and the mean speed of

1. There were 40 sites where two observations were taken, thus there
were 80 observations with residual errors as an additional varisble,
in the remaining 30 observations a value of zero was ascribed to
the variable.
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the vehicles on the near side, both of which were very highly signifi-
cant. The density of the traffic also made a significant contribution
to the prediction of "4D", The final multiple correlations for the two
models were 0.973 and 0.989 respectively. .

The Adams formula was developed for predicting delay caused by
freely flowing traffic, where the hcadways between vehicles were randon-
ly distributed within the consiraints of a poisson distribution function.
However, given the goodness of fit which was found in the analysis of
the survey data, there can be little doubt about the validity of applying
the formula to non-free flowing traffic conditions. The other variables
in the models were first in the regression sets because of the signifi-
cance of their partial correlations. On the other hand the construct
validity of each of them appears to be acceptable. It is reasonable to
expect that a pedesirian would not cross the road until there was a
clear gap in the far side flow_of traffic, that he would be more sensg-
jtive to variations in the gaps in the near side flow, and that his delay
would be related to the further arrival of the traffic. The very highly
" significant contribution of the speed variable may suggest that the
obsexrver (and therefore it is assumed the average pedestrian) was consid-
ering not only the MAH in seconds but also the distances between the
vehicles, on the other hand it may be a reflection of fast moving
vehicles tending to be more evenly spaced and affecting the delay in
that way.

The minicum acceptable headway for the observer was calibrated at
3.5 seconds. This may be slightly on the low side for average ped-
estrians. Dovell recommended a MAH of 6.5 seconds in plan evaluation
g0 that vulnerable pedestrians would be catered for. The goodness of

fit was insensitive to slight changes in the MAH being tested and it
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would probably be valid to apply the existing models with arbitrarily

inserted MAls up to 6.5 seconds.

10.1.4 The Air Pollution Models

_As_in the case of mean delay it was found that it would be invalid
to regress. the Smoke and CO variables on the independent variables
because of heteroscedasticity, and models for predicting the logarithm
of the variables were therefore developed. This was achieved by using
the stepwise procedure on all the independent variables which had been
measured and were-postulated to be related to the emission of air poll-
utibn. The resultant nultiple correlations (R = O for smoke end R = O
for CO) were much lower than for the deléy and noise models. Further,
one of the highly significant variables in both of the models was the
wind speed, which could not be predicted. This raises en important issue
on the accuraéy of pfedictions from the physical environmental nodels,
and we will return to it later. It is the distinction between estimat-
ing the environmental state for 6ne point in time from given traffic
parameférs,.and fhe estimation of the average environmental state from
the same parameters. Much better eétimates could be made of the latter,
particuiaéi; En ihe case.of-fhe air pollution variables, where the
averagelwiﬁd speed could be inserted in the equation, to predict the
average air pollution levélé. It was suspected that a large proportion
of the reéidual'error was caused by not being able to reasure the
variables which affected the dispersion of the air pollutants. Given
the assumption that there was little scope for inproving the goodness
of fit by chenging the specification of the independent variables, end
the knowledge that the emission of smoke relative to CC is inversely

related with respect to the fuel used by vehicles and the wey in which
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they are driven, it is submitted that the correlation between the resid-
val errors from the two models would indicate approximately the propor-
tion of the residual error which could be accounted for by the factors
which"affect,the_gispersnnaof the pollutants. This correlation was, in
fact, very highly significant at 0.98 , with the clcar indication that
little progress can be made in perfecting the models without tackling

the problem of predicting the rate of dispersion.

10.2 THE ENVIRONMENTAL TIIDICES

10.2.1 Tre Form of the Relationship

Yo .significant relationships were found between the snnoyances
which were encoded by the respondents using the lines methods snd the
estimates of the physical environmental variables. This was found to
be due to the variance in individual's responses to given environmental
stateS- If the indiv1dual 8 fesponqes to similar environments were
apgregated, the rclationships between the subjective cnd objective data
then became much stronger. The means of the aggregated responses were
slightly more closely related to the estimated environmental variables
than vere the medians. For both the means and medians data therc was
1ittle difference between the strengths of the different forms of relst-
jonships vhich were tested. These are surmarised, for the means, in
Table 10.1 for: a)-the power relationship (i.e. the Stevens type, see
equation 5.3) which vas hypothesised as being the correct form; b) the
logarithnic relationship as specified by Fechner and his successors;
and ¢) ‘the simple-linear relationship. It was noted that the respondents
appeared to ignore the effect of the aircraft noise, when encoding
their annoyances with the noise from the traffic. There was also a
slight tendency for the power lav relationship to be strcnger when 2

threshold was included in the environmental variable.
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Environmental Variable Sg?ple TYPE OF RELATIQISHIP
ze

Power Logarithnic Lincsr
Lo b9 .509 gl 492
Ljo Threshold = 65 dBA
Exc. aircraft noise 49 «593 «527 +526
Lo . ditto k9 566 .525 526
lMean delay k9 592 -567 +536
Percentace delay. 49 = = 565
Logit 5 Delay b9 +596 578 -
Spds 7 h9  ,020 .065 .080
Smoke T = 25 b9 OS5 .073 .080
CO eand Smoke L9 277 . 284 279

Table 10.1: Correlations between means of "annoyances" and noise, delay

and air pollution veriables for three types of relationship.

(The "power'" correlations quoted are those between the log-

arithms of the variables).

There was no significant difference between the correlations on

any row in Table 10.13and therefore the null hypothesis, that the

Stevens type of relationship did not give a significantly better fit

then the other fomms, could not be disproved.

However, it should be

noted that it gave better results then the other foms for noise and

delay, where the relationships were significant. The log/log correlation

was also the highest when annoyance with vibration was compared to

the noise levels.
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Linear Logarithmic Power
Air Pollufion .281. | .269 245
Risk _ -. 273 248 | «229
Noise | o . _.1#36 _ 489 | 525
Dela& _ § | 560 | ) | 573 <598
Vibration L W37 <349 376
Appearance | _”;116 .089 057

Table 10.2: The correlationa:bctween the annoyances encoded and the

traffic flow, for three types of relationship.

Table ‘10,2 shows, "for comparison, ‘the strength of the relationships
between the ennoyances-and the traffic flow. It mey be seen that these
are not significantly less than those in Table 10.1. In some cases they

are greater.

10.2.2 The Proportion of Pecple Annoved

It'was found in the analyses of the proportions of people ennoyed
that in all cases‘there were only ﬁery marginal differences caused by
varying the transformations of either the dependent or independent
variables, and that therefore little conclusion could be drawn as to
what should be the correct form of relationship. This was largely due
to the narrowness of the range of variables. It was also found that
roughly 5 .times as much of the varisnce in the proportions of people
annoyed with ﬁoise vas statisticaliy explained when the 49 sets of
interviewslﬁefe aggregated to 10 sets. This suggests that this form of
analysis_reéuires a much larger sample and a wider renge of data to
eﬁpirically v;rif; éﬁe-merits of one form of relationship ove; enother.

This is not to say that relatively high correlations could not be
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achieved from a sample of 500 interviews, Table 10,3 shows how the

combination of the data resulted in a correlation of

0.75 between the

mean of the proportion of people.annoyed and noise level., The percentage

of the variance of the means of proportions which is

explained by the

noise levels is greater than the mean of the percentages which are

explained for the separate proportions. This is because of the

cancelling out of random error. (The meansof the percentages are in

brackets etc.). The percentages in the right hand column, (i.e. 56% and

38%) are equivalent to correlations of 0,75 and o.62.

Proportions Sub-Means Grand Mean

Not annoyed with
Vibration (LINES) 23.6)
Not annoyed with —_
Vibration (EAR) 45,6 > 43,2

3343
Extremely annoyed
with Vibration 30.6,
Not annoyed with
Noise (LINES) 47,7\

55.8

Not annoyed with >
Noise (EAR) 18.4 ? 52.1 38,4

42,8
Extremely annoyed
with Noise 71.4 )

—

Not annoyed overall 6.4

51.9
Extremely annoyed
overall 71.7 39.2 )

Table 10,3: Percentage of variance in proportions explained

by sound pressure. (When R2=0.56,

r=0 175) °
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It could be argued that it would be theoretically sounder to
calibrate the thresholds in the Stevens type relationships by using
the noise level at which half the people were annoyed, rather than
trying to calibrate it empirically. The evidence that there is suggests
that the threshold is higher than the minimum noise levels estimated
from the traffic variables observed during the survey of the pedestrians
responses, This is compatible with the estimated level of 71.2dB(A) at
which half of the respondents become annoyed with noise. The problem
of the sensitivity to the values of the thresholds, cannot be resolved

until further research determines the values of these thresholds,

10.4 OVERALL ANNOYANCE

10.4.1 Magnitude Estimations

The overall '"annoyance' which was encoded on the lines was found
to be very highly significantly related to each of the separate
"annoyances'. When it was regressed on them using the stepwise
procedure only three of them made significant cont?ibutions to the
statistical explanation, because of their multicollinearity. The multiple
correlétion was 0,86 (N=49), The same multiple correl%tion was found
when the logarithms of the variables were used., Much less good results
were obtained when the overall annoyance was regressed on the estimates
of noise, delay and air pollution using the stepwise procedure. 1In this
case only noise was significant with a correlation of approximately
0.4 depending on the transformation of the estimated sound pressure.
when the overall "annoyance' was regressed on the '"annoyances" for noise,
delay and air pollution the multiple correlation was 0.8. However,
there was no scope for improving the model by regressing the overall

mannoyance' on the estimates of the "annoyances'". It was shown in the
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last chapter that it was not possible to test adequately the hypothesized
environmental index based on equation 5.16. This rule for the additivity
of utilities may be an important theoretical development, but it needs
empirical verification before it can be used in the prediction of

overall environmental quality.

If andwhen an index of overall annoyance is developed, which isformed
from more than oneenvironmental variable. , it is probable that a greater
proportion of the variance of that index could be explained by the
traffic and built form variables, than of the weighted proportions of
variances explained for the separate environmental variables. This was
tested in a relatively simple case where it was assumed that the noise,
delay and air pollution variables were equally weighted:

E.I =1L,~+log D+ 2 log Sm + 4 log CO (10,3)

10
where E.I. is the environmental index,and the environmental variables
are normalised. Equation 10,4 shows the results of regressing E.I. on

the traffic and built form variables: -

E.I. = 5.74 log Q + 0,002 Q = 1.66 log D
+ 0,0k TU_ = 0,56 1og Q log V - 9.78 (10,4)
R = 0,924
R® = 0.854
N =78

The data set contained all of the observations where each of the four

environmental variables were measured on the two-way streets. The
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correlations Betwéen the observed and estimated levels of these
variables were. 0,96, 0.95, Q62 and 0,71 respectively, The weighted
mean of the squares of these correlations was 0,75 which was
considerably less than the 0,854 from equation 10.4, The comparable
correlations would be 0,87 and 0,924,

However, one factor which militates against the urgency of
developing models based on the theories of the additivity of the effects
of environmental variables is the very high correlation between the
overall annoyance encoded and the total traffic flow. These were 0,403,
0,417 and 0.402, for the linear, logarithmic and log-log relationships
respectively. It has also been noted above that the correlations between
the separate annoyances and the traffic flow were very similar to those
between the annoyances and the environmental variables. There are,
therefore, considerable grounds for arguing that, for all pr;ctical
purposes, the total flow in vehicles per hour would itself give an
adequate indication of the effect on the quality of the environment of the

road traffic,.

10.5 IMPROVING THE ERROR IN THE PHYSICAL MODELS

The models for predicting the environmental variables could be
improved by reducing the random error through taking more fieldwork
measurements, _gnd as iﬁ all research, the findings tend to become more
generally accepted when they have been replicated. Apart from conducting
a large scale survey, another fruitful approach would be the incremental
improvement of the models by focusing research on the separate elements.
This was &one, for example, by Blitz (1974) on the effect of the gradient

of the road on the L10, though without positive results. The selection
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of heavy lorry routes, as required by the Dykes Act, means that
particular attention should be paid to the correctness of the flow=-
composition element. The rate of change in the speed of the traffic
caused by the position of traffic lights, intersections, pedestrian
crossings and bus stops may account for a significant part of the
unexplained variance,

There are two ways in which the residual errors in the models
may be reduced by the methods wused in their application. The first
was touched on in the context of predicting the levels of air pollution
where wind speed was an important determinant, but which could not be
predicted. It is the question of whether the prediction is being made
of the level of the pollutant from given traffic parameters or whether

it is the average level of the pollutant that would exist. Some text
books refer to the former type of prediction as forecasting. In addition
to the error in predicting the average level of the dependent variable,
there is also the error emanating from the variability of single values
of the dependent variable (Huang, 1964). The standard error (which is

t distributed) of the mean estimate of the dependent variable for a

given value of an independent variable is

G
E (Gp ) = (R-E-) (XO- X)

. .
Nt (10.5)

T =2
(x1- X)

This is the same as equation 6.1 except that the™1" in the term under

the square root sign is.omitted.

10,6 THE VALIDITY OF USING ELICITED RESPONSES

The research has been concentrated on the very specialised field

of predicting people's annoyance to theenvirmmental effects of traffic,
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As such, the results may be used by planners.to give an indication of

the environmental implications of proposed schemes. However, quantification
of the quality of the environment arrived at in this way are only
applicable where other things are equal, which they never are in real

life situations. To ascribe the status of an objective function to these
quantifications and to use them directly in the method of evaluation as

the measure of people's opinions on the environmental effects of the

plans, runs the risk of ignoring many relevant factors. This type of
systems analysis approach involves sweeping assumptions about human

needs, pfiorities and values (Calder, 1969).,

One example of the failure of this type of approach to give valid
results is the very different responses of people who are threatened
with a change for the worse in their environment from those of people
who have already been living in such an environment for some time. It
is an unwarranted assumption that predictions of individuals' annoyances
can be equated with their viewpoint on a plan. It is even questionable
whether indeed people do have individual viewpoints, rather than corporate
viewpoints which are arrived at through discussion and which may change
rapidly on the receipt of new information, e.g. through a public
meeting, (Bayley, 1974).

On the other hand, even in the context of the maximum feasible
public participation, the application of the annoyance prediction models
to alternative traffic flows may provide essential information, for both
the public and the planners, to be used in the decision making process.
From the public's point of view, access to this type of information
would be of the most use in their participationvin ;he evaluation of
alternative plang, To the planners, the information would be of the most
use in the earlier stages of the generation of the alternative plans, except

in the case of minor schemes where it would not be feasible for the
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evaluation to be carried out other than by the planners,

10,7 AN APPLICATION PROBLEM

Throughout the analysis of the subjective responses, the emphasis
has been on the prediction of the mean or median responses. This has
been in common witﬁ manfother researchers., Unfortunately, however,
planning decisions which are based on the estimated responses of the
average man may lead to inequitable results, because ': the annoyance8
of the more susceptible members of society are not considered., It has
been seen how peoples responses wary widely to given environmental
conditions and the indications are that these variations are normally
distributed.

Figure: 10.1 shows diagrammatically the relationship between
peoples subjective responses and the environmental index to which it
is assumed that each persons response is linearly related. The solid
line represents the response of the median man., The other lines
represent equal distance bands in terms of normal equivalent deviates
from the median responses. (The light lines are drawn diverging from
each ofher to represent the existence of Weber's Law, but this is not
part of the argument). The chain dotted line represents peoples mean
response. The mean response approximates to the median response as the
proportion of people with no response decreases, and to zero as the
proportion of people with responses decreases.

The mean response to a given environment can only be calculated
ijf the form and parameters of the distribution of peoples responses are
known. If it could be taken that Thurstone's assumption, that the
response of the individual to a given stimulus is distorted by random
and independent factors, could be extrapolated to the responses of a

group of individuals, it would follow that if an environmental stimulus
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was presented an infinite number of times the responses would be
normally distributed about the best estimate of the response, which
would of course be the response of the median person. It should
therefore be possible to test the validity of this assumption, and if
sound, calibrate the parameters by regressing the logistic transformations
of the proportion of people annoyed with the environment on the values
of the relevant index of the environment. However, in research
reported above it has been shown how large the variation in response
is. The corollary that there is a narrow range in the proportion of
people annoyed with the different environments has also been shown. It
was found that the standard deviatioms of these proportions were approx. 0.13
This was in spite of having conducted interviews in a relatively wide
range of environmental conditions. Nevertheless, there was a highly
significant correlation between the logistic transformation of the
proportion of people found to be annoyed and the Lo levels, though
the narrowness of the range of the dependent variable made it impossible
to show that the logistic transformation was significantly more highly
correlated to the environmental index than the straight proportions.

The purpose of dwelling on these research findings (and there
are indications that they may be typical in environmental planning
research) was‘to emphasise the seriousness of the error of regarding
the subjective respoﬁse of the median person being the same as that
of mean population. In Figure 10,71, half of the people would be
annoyed where the median response leaves the x axis, assuming a normal
(or at least a symmetrical) distribution. This is the point where there
is the maximum difference between the mean and median response. The
narrow range of proportions in the research quoted was close to this

point, being approximately between 0.2 and 0.4,
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Subjective
Response

Environmental Index

Figure 10.1: Diagrammatic relationship between mean and

median response with an environmental index.

The error in the estimated number of people who would be seriously
annoyed by the noise from the third London airport if it was sited at
Foulness, which was caused by regarding all peoples' responses as
similar, was quantified by Elliott (1971) in a discussion on the
concept of '"noise". He estimated that 21,000 people would be seriously
annoyed by aircraft noise if the proposed airport was built. This is in
contrast to the figure of 500 people, who, it was submitted to the
Roskill Commission, would be seriously annoyed. The wide difference
petween the two figures is due to Elliott basing his estimate on the
proportions of people annoyed at various N.N.I. contours, whereas the
inquiry submission was based on the numbers of people within the 50 N.N.I.
contour, (this was the level at which it was found in the London Airport

Survey that the "average" (median) person became annoyed (Roskill Report,

1971). Elliott has also used the findings of the same report for his
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estimate.

If one was concerned with calculating the mean response on a
ratio scale, rather than the number of people annoyed (or seriously
annoyed), it would, as stated above, be necessary to know the form
and parameters of the distribution of people's responses., If it
could be taken that responses were normally distributed, then the
mean annoyance of people for any value of an environmental index,

i.e. the distance of the centre of the area of the normal distribution
over the x axis, (in Figure 10.,1) from the x axis, may be calculated

by integration:

E - -fﬂ—x (10.6)

=
o
H
@
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I

the mean response
Y = the distance between the x axis and the mean of the normal
distribution
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(The 1 e}ements in the normal equation cancel out)

10.8 CONCLUSION

It is submitted in conclusion that a significant contribution
has been made to knowledge of the environmental planning of road
traffic. Models have been developed for predicting the kerbside LlO
which were shown to be considerably more accurate than existing models.
Very accurate models for predicting pedestrian delay have also been
developed. It has been shown for both environmental variables that
the recalibration of models developed for free-flowing traffic
provided the best basis for this prediction from non-free flowing

traffic. It has been demonstrated in the case of air pollution models
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that improving the accuracy of estimates depends to a very large
extent on developing methods of predicting their dispersion rather
than their emission.

Less progress has been made in the prediction of pedestrian
response, While, in some cases, very highly significant correlations
between responses and the independent variables have been observed,
the wide range of responses relative to the range of the traffic
variables on the non-motorway urban road network made it impossible
to define the correct form of the relationship between the responses
and the traffic. However, in the cases where the relationships were
highly significant, the log/log relationship (i.e. that which corres-
ponds to Stevens' Power Law of Psychophysics) was the closest.

It was found that overall annoyance with the traffic and the
annoyance with the separate environmental variables could generally
be predicted just as accurately directly from the traffic variables
as from the estimated environmental variables. Of the traffic vari-
ables, the logarithm of the total flow accounted for almost all of the
explanation of the variance explained in the dependent variables. It
is concluded that the results of further fieldwork research on pedes-
trian response may be limited until progress has been made in develop-
ing more sensitive means of encoded responses on the kerbside and in

solving the theoretical problems which have been outlineé.
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APPENDIX 1: THE CQUSTANT RATIO CF LOUINESS

Proof that the statement "loudness is doubled by the addition of

Cor AT

10 dB(Aj" 1mp1;es a power lnw relationahip between sound pressure and

loudnesq with an_exponent of 0.6.
Let D-% any sound in dﬁ(Al',
end L = the loudness of D

. il i
O .

P) = the sound pressure of D dEA in n/m2 (i.e. 0Q/20)

Voo

...Pp = the sound pressure of (D +,10) dRA

. k.= an arbitrary conatent :

Tt is required to prove that if L = k(P1)®*6 then %(P,)0:6 . 21

It can be shown that by substituting éB(A) for sound pressures that Pp
divided by Py equals the square .root of 10:

Pz/P11f 10.1og Pp/Py .. . fo® ogme
- 10,1/20 (20 10 Po/Py) .
- 10“1./2_-()‘;.(20- log P2 = 20 105___1’1) )
= 101/20 ((D + 10) - D)
10V2

as k(Pp)0°6 <k ( P2/py Py) 06 .- o
k(P2)0'6 : ‘% '(J-J._Q—"Pl')o'é
e W157)*C (p1)0-

=k 2(py )06

~
i

npzie  ad i 0.6 - o ¥ = .
and substituting L‘for K (Pl) as givens

* 3 Q.EI.D.
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APPENDIX 2: COMPUTER ANALYSIS

The computer analysis was conducted on the University of Aston

I.C.L.1904S computer. Special programs were written for the data

preparation. The I.C.L. Statistical Analysis applications package

was used for the analysis. This program package allows for a number

of different computational procedures by the insertion of control cards

and Fortran sub-routines.

Regression analysis results consist of :

(a)

(b)

(c)

(d)

The regression coefficients of the variables in the

regression set, their standard errors, and their t statistiec,
partial correlation, and the multiple correlation and error sum
of squares if they were omitted from the regression set.

The t statistic and partial correlation of each variable in

the observation matrix, but not in the regression set, and

the multiple correlation and error sumsof squares if they were
included.

The error sum of squares after the regression, the residual
error, the multiple correlation and the intercept term.

The residuals may also be requested. This output contains

the observed and estimated values for each observation, their
differenug’the percentage of the error sum of squares accounted
for by that observation and the ratio of the error to the
observed value of the dependent variable. The Dyrban-Watson
D statistic is output, so that tests for auto-correlation mﬁy
be conducted.

Dependent variables could either be regressed on
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specified independent variables or a stepwise procedure could be

used to select from a set of independent variables those which made

a significant contribution to the statistical explanation of the
variance in the dependent variable. The stepwise routine ensured
that the maximum variance was explained by variables whose t statistics

were significant at a specified level.
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AI’PENDIi‘( J: ILIST 0? SITES AND MAP SHOWD'G TIEIR LCCATIQT

Table A3.2 shows the number of observations which were taken at each
site for both peak and off-peak periods. For a number of reasons
;ucééégg;l me;su;eﬁents of all the dependent variables were not made at
each site. Scparate columms have therefore tecn ascrited to noice,
delay end air pollution. The large discrepancy between the deley column
and the others is because delay observations in one-way strects were not
included in the analysis. The right hand column relates to the periods

of interviewing at the sites. Table A6.1l shows a summary of the sots of

data for all the sites, sub-divided into pesk and off-peak periods.

Nunmber of Observations
Data set
Peak Off-Peak Totzal
Noise - 48 62 110
Delay Lo L6 86
Air pollution 53 6l 117
Pedestrian response 15 3k 49

Table A3.1: Numbers of observations taken, by type and time period.

Figure A3.1 is a street map of the London Eorough of Hemmersmith
showing the location of the sites at which the observations were made.
The heavy line drawn across the map is the approximate centre of the

flight path to London Airport at Heathrow.
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SITE No

STREET NAVE PHYSICAL ENVIRGNMINTAL SURVEY PEDESTRIAN
' SURVEY
Noise Delay Air
Pollution

. Trrm T P 0Pe T Py TOP. P 0Py P QLD
001 Barlby Road 2 2 2 1
Cc02 Scrubbs Lane 2 2 2
003 Scrubbs Lane 1 1 1 .| T 1 1
ook Dalgarno -Gardens 1 1 23 1 1 1
005 Viood Lane 1 1
C06 Du Cene Road 1 1 1 1 1 1 1 1
€07 Uxbridge Road G 2
co8 Western 'A venue 1 1 1 1
009 01d Oz2k Road 2 2 2
010 01d Oak Road 1 3 1 1 1 1 1
011 Uxbridge Road 1 1 1 1 Yy 1 2
012 Bath Road 1 1 1 1 1 1 X 1
013 Chiswick High R4 1 1 1 1 | 2
014 Great West Road 1 1
015 Hartswood Road
016 King Street 2 2 2 1
017 Emlyn Road 1 1 1 1 M
018 Paddenswick Road 1 1 1 1 1 2
019 Addison Cardens 1 1 11
020 Holland Road 1 1 2 1 1
021 Uxbridge Road 1 1 X 1 1 1 1
022 Hammersmith Brige

Road 1 1 1 1 B § 1

023 Greyhound Road 3 3 4 3 1 2
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SITE NO  STREET NAME PHYSICAL ENVIRQIMENTAL SURVEY PEDESTRIAX
SURVEY
Noise Deley Air
Pollution
P, 0P P. O.F. P, 0.P. P, 0.P.
oz2h "Fulham Palace Rd. 1 e | 1 1 1 ¥ 1
025 Creat Vest Road B 1
026 Talgarth Road
027 Lena Gardens | 1 3 1 1
028 Shepherd's Bush
Road 2 2 & 2 1 1
029 Fulhan Palage R4 2 2 2 1 1
030 Hollend Road 2 2 2
031 Hommersmith Grove 1 2 2 2 1 1
032 Brook Green. - 2 2 2 1
033 ‘Edith Road ' 1 2
034 Hammersmith Road 1 1 1 1 ) 1 2
035 Brompton Road 1 1 1 1 1 1 1
036 Lddison Rosd 1 1
037 Vereker Road- 1 1 1 1 1 1
038 Talgarth Road 1 2
039 North End Road y: 3 1
040 King's Road 2 2 2 1
oLl North End Road , 1 1 1 = 1 1
o042 Eardley Crescent 1 1 1
043 Homestead Road 2 2 2
oLl King's -Road 2 2 1 1
045 Wandsworth Bridge 1. 1 1 1 1 1 1 ;|
Road
c4é Studdridge Street 1 1 1 1 1 1
o47 Fulham Road 2 2 2 2
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SITE NO, STREET NAME © PHYSICAL ENVIRQIMENTAL SURVEY PEDESTRIAN -
SURVEY
Noise . Delay Air
Pollution

P. OIPO P. OIP. P. OOP. Pi OQPO

oLg- Fulham Palace Rd 1 1 1 1 1 1 1
0L9 Fulham Palace Rd 1 1 1 3 | 1 1 1

050 Stephendale Road 1 1 1 1 1 1

051 Townmead Roead | '1 3 8 1 1 1
052 Eatown Gardens 1 1 .
053 Hammersmith Road 1 1 ;]
05k Harmersmith Road 1 1 . 1
056 Shepherds Bush _
Green ' 1 1
057 Shepherds Bush Rd 1
058 Shepherds Push Rd 1 1 1 1 1 1 1l 1
059 Addison Gardens 1 1
060 Addison Gardens I 1 1
061 Richmond Vay 1 1 1
062 Blythe Road 1 1
063 Blythe Road o | 1
064 Blythe Road 1 1 : |
065 Blythe Road | 64 1 1
066 Sinclair Road 1 1 1
067  WHazlitt Road 1 1 1
068 Devhurst Road 1 1
069 North End Road 1 1
070 Brook Green 1 b |
071 Brook Green 1 1

072 Rowan Road 1 1
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oo

SITE NO. STREET NAME PHYSICAL ENVIRONMENTAL SURVEY PEDESTRIAN

SURVEY
Noise Delay Air
Pollution

P. OOP. : PI OGPU P. OIP. P. OIP.

b';-'h Sinclair Gardens 1 1

075  Rockley Road ) l h | i 4
076 ‘; : Hinfor@_ Gardens 1 1 1
077 Machin Road 1 1

078 Bolingbroolk Road 1 1

Table A3.,2: List of sites and measurements taken by time period.

(P = Peak. 0.P = Off-Peak).



TEXT BOUND INTO

THE SPINE



Aston University

llustration removed for copyright restrictions

figure Al.1. Map of the study area, showing the location of the
observation sites, The centre flight path to London Airport is

described by the horizontal line at the base of the map.
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APPENDIX 4: EQUIPMENT USED IN SURVEY AND ANALYSIS

Measurement - Traffic Noise

Quantity

3
2

1

1

Description

Uher Tape Recorders

B & K Sound Level Meters (1" 4117 Mic.)
" Precision S.L.M. (4" 4148 Mic.)

" Impulse Precision S.L.M. (1"4145)
"  Rain Covers and Windshields
"  Sound Level Calibrator (94dB)

"

2-channel Mic.Power Supply Unit

o Pféamplifier (for 4" 1" mics.)

" 1" Microphone
Portable Equipment Trolleys

Traffic Data

Cassette Tape Recorders (+3 Mics.)
Speed Meter (James Scott) )
Speed Meter Dish Antennae ;
V.T.R. System

Pedestrian Delay

Cassette Tape Recorder

4200 Stereo
2205

2206

2209

UA0381

4230

2807

2615

4145

Modified Mics. with pushbutton Signal Generator boxes

Atmospheric Pollution

Draegar Multi Gas Detector
Smoke Meter

Portable Wind Speed

Data Processing

1

1

1

Reflectometer
B & K 25dB Logarithmic Potentiometer

" 10-35mV. Linear "

ZRO04

ZRO01



Data Processing (contd.)

2 B & K Level Recorders 230F
Stat. Distribution Analysei

Analysis and Prediction

] Frequency Spectrometer (260¢ )

) 113
] Measuring Amplifier (1615) UNITS )
] Nikon Photomic Auto Camera

Place the Pegs in Proportion to Your Annoyance

APPEARANCE OF THE TRAFFC 9 O 0D O D0 OO OO O W

VIBRATION FROM THE IRAFFlCm (2 2 X X XX XX

|
RISK IN CROSSING THE ROAD |W ' ‘ ' P00 ®

mpammmmrrfrmrm(‘t“s.ad0000
NOIS.E FROM THE TRAFFIC L’..”. 000G E
LA IN CROSSING THE ROAD ]oooooooeoseo

1 .

FIGURE A4.1: Photograph of the Environmental Assessment Recorder (EAR)

which was developed for the pedestrian response survey
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APPENDIX 5:. REFERENCE SHEETS AND GRAPHICAL REPRESENTATIONS OF DATA
List of fieldwork reference sheets and examples of graphical representations

of the data collecﬁed_during the physical environmental survey which may

be found in the following pages:-

Page 247: Examples of graphical representations of noise levels on two

streets. (A) = medium traffic flow, (B)'- low traffic flow.

Page 248: Grhbﬁ showing the distribution of noise levels, plotted on
normal probibility paper.

L

Page 249: Graph.ﬁf pedesﬁrian delay drawn by playing the signals on the

tape recorder through the level recorder. (I mm = 1 second)
page 250: The pattern of arrival of vehicles. The observer spoke a
number into’ the microphone as each vehicle passed, these sounds
are repreéented by the vertical lines. The number represented
the vehicle-type.
page 251: Physical Environmental Survey: Observation Reference Sheet.

page 252: Pedestrian Response Survey: Observation Reference Sheet.

page 253: Pedestrian Response Survey: Interview Sheet.
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JOINT UNIT FOR REGXARCH ON THE URBAN ENVIRONMLNT

Project: The Environmental Effects of Tr:ffic in Hammersmith,

FIELDWORK KeFEKENCE SHELT

Observation References: Observation NOo: ceeccscscccsnss

Street: lt.ol..l..-..l.oll... Photo Ref: sessssnesesssnse DALE: sessssinsssnsianses
Site Identify: esssccvseness NethrlC NOS# sesesssuennnse Da}' of weelt! evesccccenes

O.Sc l"ap NO: escessscasscanee PTime: sesssinsessvssavvee

I teasuraments Taken:

Noise: LI N A A RN RS R RN EN] Smoke: (A RN NN EE RN EREENNENNENHN.] veh. Count: IR NN NN NN NENRRN]

Speed: LesssssssessRERARRERS Po Dela)’: ssdsesssssassens CC' Tio of drﬂgﬂ: sesasssse
1

e
: ¢ite Characteristics:

Distance to nearest pedestrian crossing: 8550 BUGEY wemene
(4 - - - LR B B R N RN

(State type: Z,P‘ or Uignals}. Far sitle: IR RN RN NN N NN NNN]
Dis'.ance to bus stops: Cars parked: Ho. of storeys: seesseecss
near side: '0'0°°--‘tl'°°‘°°‘ near s5ide: esecesssscsscces near s5ide: esesecssccccces

fax gide: sesssecescecsssses far side: esseccsssscsscsss far pidas sessarssniaseea
Road surface: sesesese

I Dry: ..-....-.......-.Good: ssesesssvesse Tal‘ — I‘Oush: sssese RUl-Gr&diCnt: esssss
Damp! scssssssssasses ﬁverﬂge: ssssasenss smooth: ssssase One/T'n'O WaYicessossss

et: escccesssesscass Bad: sesvecsnssses Cement: *sessscnnese No. of lancs
each WaY: eessccosne

Wcather Conditions:

Wind specd: eecescecscsccces Visabilify: Wind dircction relasive to
Good: pavement: (draw arrow).
Temp. avcrage: sssscsssnsnmse Dull: o--o.u-.-..-.’t.

Very cold: esesscscscncensnce Dark: sesessssssssssae

FOS: L B B N N N N N NN W]

other Information nd on Refercnce Tape:




NIVERSITY O1' ASTON : JOINT UNIT FOR RESEARCII ON_TUE URBAN ENVIRONMOCNT : PEDESTRIAN SURVEY

—— —

OBSERVATION REFERENCE SHEET

Strect Name Date Obs. Status Obs: NOw e e e
Location of Site Time: from to (—mins.)
CASSETTE NOS. First Middle Last ACCELLRATION (on near side)
Period Period Period Accelerating
Near side Decelerating
Far side Cruising
Time beg. i i S, e Varying
TRAFFIC LICUTS (name strects) PARKING SURFACFE LAND USE  Prim. Sec.
NL Dry Resid. )
Left of site NR Damp Shops o
FL Wet Offices
Right of site FR Industry
Open sp. 0
3 5 6 7 8 9 100 11 12 13 14

NO. OF INTEKRVIEWS 1

Type A T )
Type B
Type C N I _:j

COMMINTS




PEDESTRIAN SURVEY

Date Time

Street Name Interview No.

Please put an "X" on these lines which represents the extent of your annoyance
with' the following items as they are at the moment on this road:

. e.g. If you are moderately annoyed, put the "X" someplace along the line:

Not Annoyed <o’

L M " "

Extremely Annoyed

Not Annoyed ANNOYANCE WITH THE APPEARANCE OF THE TRAFFIC Extremely Annoyed
) s

Not Annoyed ANNOYANCE WITH TEE VIBRATION FROM THE TRAFFIC Extremely Annoyed
L

Mot Annoyed ANNOYANCE WITH TEE RISK IN CROSSING THE ROAD Extremely Annoyed
'. L R v ] . v

Not Annoyed: . 's ANNOYANCE WITH THE AIR POLLUTION FROM THE TRAFFIC Extremely Annoyed
L

¥
Not Annoyed ExtremelyAnnoyed

ANNOYANCE WITH THE NOISE FROM THE TRAFFIC

Not An.noyed‘ oo

° ANNOYANCE WITH THE DELAY IN CROSSING THE ROAD

Extremely Annoyed

OVERALL ANNOYANCE WITH THE TRAFFIC

\

Extremely Annoyed

What is the purpose

PLEASE DESCRIBE THE TRAFFIC AS IT IS EERE AT THE MOMENT BY PUTTING

AN *"X" IN THE APPRCPRIATE BOX 1

of your trip ?

shopping ' ‘e BARMFUL BENEFICIAL
Work S - PLEASANT UNPLEASANT
To/from work it = |

other s " - GOOD I BAD

gex and marital state

oo T T O O 6

I UNCOMFORTABLE

parried L ANNOYING PLEASING
Single o o _
widowed/separated | UGLY [ BEAUTIFUL
Age  15-19 ol EXCITING DEPRESSING
20-44
i b OFFENSIVE INOFFENSIVE
45-
60 + || PLEASE INDICATE HOW MUCH YOU AGREE OR DISAGREE WITH THE FOLLOWING

poes your household have
the use of a car ?

STATEMENTS 1

Pecple should have to put up with unavoidable noise

DISAGREE AGREE
what 18 w“-ﬂfcmﬁm ? Traffic is destroying life in the city.
- — L AGREE DISAGREE
par ) 1| | 1] 1 Generally I am a nervous person.

(8) rl ] l ] ] J AGREE DISAGREE
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APPENDIX 6: FIELDWORK MEASUREMENTS: DISTRIBUTION CHARACTERISTICS

The following tables show the mean, the minimum and maximum
values, and the standard deviation of the main variables which featured
in the regression models. The first table shows the distribution
characteristics for the environmental variables measured. The follow-
ing three tables give the statistics for the sets of data used in
developing the noise, delay and air pollution.models.1 Table A6.5
refers to the estimated environmental variables used in the analysis
of the data from the pedestrian response survey. The last table
refers to the traffic flow and composition observed during the
pedestrian survey. The codes which were used in the text are given

in each of the tables

Variable Code Mean Minimum Maximum S.D.
L10 dB(A) L10 76.5 62.6 86.0 5.6
LS?_ dB(A) L50 68.8 52.5 79.7 6.6
L90 dB(A) L90 63.3 49.5 75.8 5.9
Mean delay- (secs.) D 14.6 1.4 107 22.7
Z delay = yA)] 59 6.9 o8 28
Smoke ﬁicrogr/m3 Sm 6.4 1.0 28 4.8
co p.p.10° co 6.4 0 69 9.0

TABLE A6.1 Environmental survey; dependent variables

1 i.e. prior to the omission of outlying observations



Variable

Total flow (vph)

% Heavy vehicles
Mean speed (kph) |
Ratio of flows
Index of parking
Width of street (m)
One way streets
Index of reflection
%ZGradient

Distance from
flight path (km)

TABLE A6.2. Noise Observations:

- 256 =

Variable

Total flow

Z Heavy_vehicles
Vehicle speed
Ratio of flows

Vehicle dispersion
(near side)

Index of Density

Width of street

TABLE A6.3. Delay Observations:

Code Mean Minimum Maximum S.D.
Q 1130 54 5880 1050
P 14.8 0.4 31.4 7.4
v 29.7 4.1 48.2 8.0
Ra 1.1 0.1 6.2 0.7
Pk 0 -2 2 0.9

10.9 7.2 23,5 3.2
0.15 0 1 0.36
T 4.0 0 20 2.7
0 -1.5 1.5 0.5
D 2.3 0.6 6.5 1.4
Independent Variables

Code Mean Minimum Maximum S.D.
Q 1096 72 2676 730
P 14.9 3.5 31.4 7.2
v 29.6 4.1 48.2 8.3
Ra 1.2 0.11 6.2 0.8
Dnv 2.0 0.1 7.0 1.6

47 2.7 506 62
10.8 7.2 16.1 2.9

Independent Variables
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Variable Code Mean Minimum Maximum S.D.
Total Flow (vph) Q 1280 54 6906 1260
Near side flow (vph) Qn 625 27 3510 665
% of Heavy vehicles P 15.2 0.4 31.6 7.2
Mean speed (kph) v 29.6 4.1 48.2 8.3
Ratio of flows Ra 1.1 0.1 6.2 0.7
Vehicle dispersion Dnv 2.8 0.1 34.0 4,6

(near side)

Wind speed Wv 2.4 0 15.0 2.7

TABLE A6.4. “Air Pollution Observations: Independent Variables

Variable Code Mean Minimum Maximum S.D.
L10 dB(A) L10 78.8 71.0 83.3 3.1
L50 dB(A) ' L50 71.4 61.8 76.9 3.7
L90 dB(A) L90 65.5 57.4 70.0 3.3
Range (L10-L90) 13.3 8.6 16.4 1.1
L10 (a/c controlled) 77.3  67.4 82.2 3.4
Mean delay (Sec.) D 17.8 57.6 48.8 13.8
Z delay . ZD 62 19 98 21
Smoke mc.gr.p.m3 Sm 6.0 1.8 8.4 1.8
CO p.p.m. co 6.1 2.0 10.9 2.3
Total flow (vph) Q 1308 188 2628 679
. % Heavy vehicles P 14.7 2.0 25.8 5.4

TABLE A6.5. Pedestrian Survey: Independent variables
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APPENDIX-7: - ANALYSIS OF OBSERVERS' RESPONSES

During the survey of the pedestrian responses, and at the end
of each interviewing period, the two observers encoded their own
subjective responseé on the lorries part of the questionnaire.

This appendix reports the analysis of these data. The results are
Isubmitted in partial collaboration of those of the pedestrian survey,
with a caveat on the possible subjective bias in the responses.
However, this is to some extent outweighed by the greater consistency
in the response criteria than in the case of the pedestrians because
the same people were making the responses at the different sites.

Equation A7.1 shows the results of regressing the logarithm
of the ratio of the annoyance encoded for noise to that for delay

on the L10 and the logarithm of the mean delay:l

Log An-

23 " 0.27 (L10) - 0.30 log D = 0.49 (A.71)
N = 47
R = 0.39

t statistics 1.50 and 2.49

where An and Ad are the means of the observers responses. However,
when the logarithm of the noise response was regressed on the L10 the
regression coefficient (i.e. the exponent in the Power Law type of
relationship) was 1.68 which was very highly significantly different
from the 0.27 in equation A7.1. On the other hand the higher an
effective threshold was assumed to be, the lower the exponent became.

If the effective threshold was assumed to be 67.5dB(A), the exponent

became 0.71. As in the case of the pedestrians' responses, the

1This was the method developed for the analysis
of the EAR data
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correlation between the annoyance with noise and the noise level
increased as the effective threshold was raised. It increased

from 0.71 to 0.76 when the threshold was raised from zero to 67.5dB(A).
These correlations were higher than those for the linear and logarithmic
type relationships. Table A7.1 shows these correlations and those

for the other dependent variables.

Dependent Independent Type of relationship

Variable Variable Linear Logarithmic Log/log
An L10 .59 «59 71
Av L10 46 .49 .58
Ad Mean Delay 46 .49 «5h
Ar Mean Delay W74 .76 «77
Ap Smoke «33 «39 .62

Table A7.1: The Correlations Between the Observers Responses and the

Environmental Variables for the Three Types of Relationship

For each of the dependent variables in Table A7.1 the log/log
relationship is the strongest. This clearly indicates that the power
law relationship describes the relationship between the aﬂﬁoyance and
environment variables than the Fechner or linear types of relationship.
However, it should also be noted that in each case the-logarithm of
‘the total flow had a higher correlation with the logarithm of the

annoyance than the log/log correlations in Table A7.1l.
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APPENDIX 8 - A MEASUREMENT ADJUSTMENT TO THE PEDESTRIAN DELAY VARTABLES

The fieldwork measurements of the physical environmental variables

conducted in four stages over a period of eight months. Towards

3

were
the end of the first stage it was felt that the pedestrian delay
obgp;ver_yas.being slightly over optimistic in his judgement about when
he could cross the road and a consciocus effort was made to make more
realistic estimates:in the remaining stages. It was possible, ty the

use of dummy:variables in the regression analysis, to determine whether
this had any effect on the results. It did in fact have a slight btut
highly consistent effect in all the models tested. Almost all of the
effectcould be controlled for by either essuming that the regression
coefficient -of the main variable was changed or that the constant was
changed. - Varying the minimum acceptable headway in the Adems type
specification did not help as would be expected.

“ '“In the regression snalyses the stages of the survey were represented
by dummy variables. The calibrations in the regression equations
published refer to the second and remaining stages of the survey. For

example equation 7.31 was based on the regression equations

%D = 108.6d; (i - e73+59) + 116,33, (1 - e™359) - (A g.1)

0.0259Dy - 0.427V + 12,7

Where "d1" and "dp" are dummy variesbles signifying whether the observat-
ions were taken during the first stage of the survey or the latter
stages. VWhen zero is inserted for "d1" and one for "d," the equations
réﬁ&gugs'in equation 7.31. The t statistics given in Chapter 7 refer to

the D2 elements. 18 of the 86 observations were taken during the first

stage of the survey.
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