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Pre face 

This disser~tion is present e d as a contribution to the theory 

and measurement of the residential location behaviour of households. 

My interest in urban environment wa s initialJy stimula ted by 

read ing a book by Chermayeff a nd Alexander called ' Community a nd 

Privacy ' in 1968 whi le I was an under gradua te student of Economics a t 

Edinburgh University. 

Subsequently I was enc oura ge d by W.D.C. Wright a nd Profe ssor 

Ian Stewart, of the Department of Economics, Edinburgh Universi ty a nd 

Professor Paul Bre nik ov 01" the Town and Country Planning Department of 

Newcastle University to c ont inue this interest at the post gra duate 

level. 

On arriving in Cambridge in Se p tember 1970 as a research student 

attached to the Department of Land Economy I f ound many pe ople with 

whom dis cussion hel p ed to formula te my idea s. The wi d e r2 n~e of 

disciplines from which they c ame illustrates for me at leas t the 

e dvanta ge of interdisciplina ry communication and the lack 0 pre .i udice 

with which it i s regarded in Cambridge . 

I particularly wish to menti on Edd ie Lo cal t he n of the Cavendish 

Laboratory with whom I ha d man y useful discussions on urban s yst ems 

and entro pic proce sses , Angus Deaton of the Departme nt of Applied 

Economics , Bri u Robson of the Department of Ge og ra phy and 

Robert Ma ck ie, S te p hen Boor man, Martin Evans and Wally Kumah, all then 

of the De partment of Land Economy. 

My researches would have been made a lot more di f ficult without 

the help of Profes s or Donald Denman and my supervisor Jeffrey Switzer 

who ma naged succe ssfully to le a d me in the way or sources of data 

and funds to c olle ct them. The i r ge nera l gu id a nce is g rate fully 

acknowled ged . 

My thanks are also due to Fisal Sab bah a nd Roger Bu tcher who have 

assisted me throug hout with data pre par a t ion and computation. 

Ab ove all I wish to r e cord tha t this study would not have b e en 

possible withou t the encouragement of Gwyn Eva ns of the Fa culty of 

Economics a nd Politics . I ha ve profited more than I could possibly 

measure from di s cuss ion with him a nd have b ee n able to comnu t e my 

r esults \~i th the a i d of t he ' Facta n' progra mm e \~hich he has de veloped 

for maximum likelih ood f a ctor analysis. 



It remains for me to tha nk my wife who apart from coping with the 

burden of coding my da ta forms ha s unselfishly r e lieved me of many 

domestic duties so that this work might be completed . 

Graham J. Davies 

July 1973. 



r 
A Summary of the Contents 

This work has been concerned with identifying and evaluating the 

attributes of housing which influence the householdts choice of location. 

The work may be divided into three parts. Firstly, a part which examines 

the existing literature on residential location theory with a view to ascer;' 

taining its suitability or otherwise as a basis for an empirical analysis of 

household location preferences. 

The view is taken (Chapter 1) that existing theory does not sufficiently 

accommodate environmental and neighbourhood amenity characteristics of 

residential locations, within a framework suitable for deriving testable 

hypotheses concerning their relevance. 

The second part of the work presents a theoretical model of residential 

preference determination which incorporates a consideration of both environ­

mental and taccessibilityt features of residential locations (Chapter 2). 

The emphasis is not however on the theoretical structure of the model which 

is seen under appropriate conditions to be no more than a traditional utility 

maximizing problem devoid of any general spatial interest. Rather the 

interest is with the need to provide an operational framework for calibrating 

the parameters of a general function relating renta1
1 

payments to both amenity 

and accessibility in the context of their particular spatial distribution for 

a specific case. An econometric and statistical procedure sufficient to 

accomplish such a parameterization is illustrated, along with a description 

of the data used in the empirical analysis, (Chapters 3 and 4). 
The third part of the work presents the results of the analysis and is 

divided into two parts. One part, Chapter 5, identifying and evaluating the 

residential characteristics, and examining household socio-economic relation­

ships with residential commodities, the other, Chapter 6" suggesting, the 

relevance of the methods developed for an approach to environmental appraisal. 

An Appendix A describes, in greater detail than Chapter 3, the data and the 

sample. An extended Analysis of the results of a social survey, in addition, 

to the results of Chapter 5 is included. An Appendix B illustrates the 

questionnaires and .data forms used in the data collection. 

The work is perhaps characterised firstly by the concern with residential 
environment and its measurement at a microeconomic level. This approach 

required a concentration upon one urban area and data of specific house 

purchases, the socio-economic characteristics of households concerned and 

of the amenity and accessibility features of each location. Secondly, the 

work is characterised by the attempt to measure tEngelts t 

1. Throughout this work "rental payments 11 refer to the prices paid by 
households for their house. 



functions for the r esidential comm odity bundle , for while other 

attempts to measure amenity ha ve been made no atte mp t to identify 

expenditure functions a t such a level of disaggregation is k nown to the 

author. 

Graham J. Davies 

July, 1973 . 



CRAPTER ONE 

A Review of relevant Literature on 
the Theory of Residential Location 

1.1. Introduction 

1 

The history books when they come to be written will surely vecord 

that man in the twentieth century, in his relationship with his urban 

environment, faced serious problems of understanding and hence of 

management. Not the least of these problems is that of 

interdisciplinary communications. Separate perceptions of 

metropolitan pr oblems , deriving from the whole s pectrum of social 

science, can but slowly procure an insight, in the absenc e of an 

interdisciplinary framework. Urban studies can then resemble an 

exercise in semantic flexibility as much as one of intellectual 

agility. 

The problem for the analyst does not however lie solely with 

his lack of an interdisciplinary understanding. At a more 

fundamental level it is possible to question the adequacy of 

individual disciplines in providing a rationale for urban analysis. 

R.A . SIMON has remarked that 

" Economics has been moving steadily into new areas where 
the power of the classical equilibrium has never been 
demonstrated, and where its adequa cy must be considered 
anew. In these areas the complexity and instability 
of his environment becomes a central feature of the choices 
that economic man faces." 

In a metropolitan conte xt the economist is indeed aware that the 

traditional tools of neo-classical marginal analysis are insufficient 

to handle the analytical problems raised. In the first place economic 

activity in towns is in large part related to the presence of 

ag@omeration economies. Clustering of production outlets, in 

a spatial sense, to achieve productivity increases must form an 

integral part of urban economic analysis. Yet such activity , 

associated as it is with non-constant returns to scale , is not 

easily reconciled within the traditional economic model. 

In the second place the urban economy is chara cterized by 



stimuli to which the a gents of the system , producers, consumers and 

institutions , respond, but which c a nnot be re adily accommodated 

within the mark~t fram~work. This problem is best characterized 

by the presence of 'externalities ' and ' public goods'. Here the 

question is how efficient resource alloc ation can take place when 

significant f a ctors are excluded from the accounting framework , or 

in the case of public goods , included on needs criteria which are 

difficult to define save in an arbitrary sense. 

It would be wrong to conclude that externalities have only a 

lexical sig ni f icance. In fact they can seriously distort the 

allocation of resources. It is not unlik ely that real reso~rce 

costs are associated for example with the existence of pollution 

of the urban eco-system. The tools of economic ana lysis in the 

light of such problems appear rather crude and not a little blunt. 

However some consolation does exist in the f a ct that ' public 

goods ' and 'externalities' , related in some way to land use, can 

apparently be a ppraised as to their relative importance. This is 

so under circumstances where individual consume rs are a ble to 

influence the level of their consumption of external or public 

goods. Such circumstances do arise when the effects upon utility 

of th~se goods ('disgoods') are not uniformly dispersed over urban 

space. In this event differential payments for discrete urban 

2 

locations are made , reflecting the relative attractiveness 

(unattractiveness ) of particular sites , with res pect to the existence 

of external effects. 

This thesis will be concerned to identify and evaluate the 

environmental amenity associated with residential locations, by 

reference to the differential payments made for housing in a 

particular urban area. Before how-ever, consid ering the 

appropriate residential location theory, it will be useful to 

examine briefly the relationship of urban location and rent theory in 

general. 

1.2. Urban location and Rent theory 

Urban location theory is concerned with understanding the 

behaviour which determines the allocation of land uses over urban 

space. Such an under-standing requires an exp lanation for the 



variation in rental payments made for land. The rationale adopted 

in the literature in seeking to explain the pattern of rents has 

been in the main the marginalist analysis of economic theory. The 

argument may be sustained at the level of generality by requiring 

that locational expenditures in the form of rental payments are 

made by users of land who may be either producers or consumers. 

Such payments re present the slte value to the user on the assumption 

that the owners of land are a ble to extract the maximum rent that 

3 

the user is willing to pay . For p roducers, land and its locational 

attributes will bear some technic a l relationship to other inputs 

in the production process , so as to specify a p r oduction function 

where output is a function of the se inputs. For the c onsumer, 

who may be meaningfully represented by the recreational or residential 

land user, a utility function may be specified which illustrates 

the manner in wh i ch satisfa ction is derived from the consumption of 

a bundle of locational 'goods'. 

In order to examine the nature of locational dema nd and the 

implications of t his demand for the shape of the rent surface, it 

is only necessary to consider the distribution of locational 

attributes over urban space as given . For the urban firm or 

producer the demand for land and its locational attributes, 

whatever they might be, is a derived demand, derived from the demand 

for the finished pr oduct of the firm. The demand for any input into 

the production proce ss 01' the firm is also influenced by the 

availability of alternative fa c tors of production and their prices. 

The demand for land therefore can be said to de pend u pon the 

ela sticity of demand for the final product the ela sticity of supply 

of other factors such as labour and capital, the e a se with which 

such factors may be substituted for one another and the relative 

importance of land in total production costs. It has been shown by 

HICKS (1946) that the elasticity of derived factor demand, varies 

directly with the relative impor tance in total f a ctor costs of that 

factor, if the elasticity of final produ ct demand exceeds the 

ela sticity of substitution in production. Intuitively, this is 

reasonable, as on increasing putput when demand for the firm's 

product rises, the firm will only increase its employment of a relatively 

expensive factor if it cannot easily substitute a cheaper factor, in 

securing the necessary inc reased output. It follows that the steeper 
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the rent surface, the greater the elasticity or substitution, that is 

the faster that other inputs in produ ction will be substituted for 

locational factors. Under conditions of perfect competition locational 

equilibrium occurs when the firm c annot reduce costs and increase 

its revenue by any relocation. This requires that the marginal 

productivity of all inputs in production be equal to their prices. 

Thus land rents are seen to be in a competitive factor market the 

marginal products of location. In the case where at one location 

there are many locational factors, rent is the sum of their marginal 

products. 

This result forms the basis of the well-known marginal 

productivity theory of rent which became p opular towards the end 

of the 19th century, following Wicksteed'smalysis of the problem of 

whether rent was merely a residual after other non-land factors had 

received payment out of total revenue. Prior to Wicksteed 's analysis 

two views regarding this pr oblem had predominated. On the one hand, 

rent was regarded as a residual, on the other as being a factor price 

determined in the usual manner by the conditions of supply and demand. 

Today the marginal pr oductivity theory i s widely a c ce pted by 

10cational analysts ( RICHARDSON (196 9 ), MUTH (1969), MILLS (1969)). 

There are however dissenting voices and it is worth considering 

therefore the demonstration by HAWTREY (1960) of the apparent 

inadequacy of marginal analysis f o r land. Hawtrey argues ( p.115), 

that as land has no production cost, rental charges for its use are 

equal to its total production value and not its marginal value which 

properly is zero. Further land has no price in the sense that 

capital and labour have, as no economically identifiable unit which 

would generate a market price exists. Moreover 

"each plot of land is unique in its characteristics; plots 
have not the interchangea bility which makes items of p lan t 
and c apital equipment legitimately me a surable in terms o f 
price." 

Perha p s more fundamentally, however, is his p oint tha t the price paid 

by producers for an increment of land be a rs no relation to tha t of the 

increment before or a fter , 

11 the ir p ri ces a re purely fortui tous" 

and of couree no differential coefficient (marginal product) can 

exist without a continuous r e lationship, 

" when he (the producer ) is reck oning the effe ct of succe s sive 



increments of capital he arranges them in order of cost­
saving efficacy •••••• down to the marginal items, which only 
just save the equivalent of their own cost. We may supp ose 
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his hypothetical capital outlay to increase continuously and the 
total cost saving efficacy of a specified capital outla y to be 
expressed as a function of the latter. The function exhibits 
a trend in virtue of which there is a significant di f ferential 
coefficient in respect of the capital outlay, by which the 
marginal cost-saving efficacy (product) can be defined. 
Successive increments of land do not exhibit any such trend." 

In defence of the marginal productivity theory it can be argued 

that land always has a production cost by virtue 01 the development 

cost s necessarily undertaken to prepare it for its eventual use. The 

question then resolves as to whether the sup~lier of devel oped land is in 

bargaining position whereby he may expropriate more than enough to cover 

his development costs at the margin such that the total production 

value is paid in rent rather than the marg i nal value. If of course 

each plot of land is unique then the supplier of developed land is 

necessarily in a monopolistic situation. However it is p erhaps 

reasonable to contend that the market in l a nd is in fact so phistica ted 

enoug h to be able to disaggre gate the comwodity in question into its 

locational attributes , attributes which a re not unique to anyone plot 

but wh ich may d iffer in quantity. This disagg re gation of land may 

not be explicitly made in terms of separate market g oods but is most 

likely to be in the minds ot" the participants on the land mark et. 

This of course by no means rules out the possibility of monopolistic 

competition arising for ot her reasons. 

There would a ppe ar then to be some justification for a ]J plying an 

incremental approach to land and its loeational attributes. However, 

a similar but alternative argument is that even if margi nal products 

exist it is not possible in practice to discern them for any factor a nd 

therefore improper to assign factor payments as though it were. In 

the context of land this is an appeal1~ a r gument as developed land has 

capital, labour and enterprise embodied within it. The implication for 

rent and other factor payments is that t hey re present an arb itra ry 

division of total product in accordance with criteria which may not be 

coincident with marg inal products. This pro blem invokes the question 

of what criteria are a ppropriate for distrib uting f a ctor payments 

between factors, a question to which this study is not a ddres s ed. 

However it does rai s e implications for the ef, iciency 01' rental va lues 
'., 

as a means of alloca ting land to its most ' productive use'. It is 

reasona ble though to make the ass umption that the arbitrary nature of 
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factor payments exists between factor groups but not within factor 

groupS, so that differential rents may still be regarded as expressing 

a m~asure of the relative efficiency or land in a particular use. 

Having mentioned certain reservations about margina l produc tivity 

theory of rent it must be said that as an abstra ct vehicle for 

building a practical theory of location behaviour it is both useful 

and relatively simple. 

Turning our attention to the cons umer of urban land we find that 

the nature or his locational demands depend upon the tastes and 

preferences exhibited within some utility function. The rational 

consumer will allocate his income over a r a nge of goods and services 

including a locational bundle of g oods. He does so in a manner which 

maximizes t~total satisfaction gained from the s e commodities. The 

quantity demanded of each commodity will de pend upon its own price , 

relative prices and the consumer's income. The combination of goods 

purcHU>.Jl.U ~ . ~ll be such that the ratio of marginal utilities to pric e 

will be equal to e a ch other, such that no reallocation of expenditure 

between goods can yield a higher level of satisfaction. The question 

arises within the context of locational analysis as to whether the 

existence of a spatial dimension to the consumer's preference function 

necessarily requires a more complex theoretical formulation than that 

provided by the clas s ical case. 

1.3. Residential location and rent. 

So far the analysis has been presented as though the production 

function and utility function are analogous, and to a certai n extent 

they are. However, whereas the production function is purely 

objective i n terms of measurable costs and output, the utility 

function is subjective depending upon 'tastes and preferences' and 

without any unambiguous cardinal measure . In explaining the 

behaviour of the urban rent surface with respect to consumer demand 

it is important to identify clearly then the locational attributes 

which enter the preference functions of individuals. 

The explanation most widely adopted , follows the work of 

VON THUNEN (18i6) and the well known theorem that rent represents 

the transportation cost saving, for carrying g oods to a central 

market , over the cost associated with a more distant location. 

This theorem has influenced urban location theory to such an extent 

that today rent functions are almost exclusively related to some 
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cost of overcoming distance. 

The Von Thunian transport cost explanation of differential 

rent is analogous to RICARDO's (1821) differential fertility one. 

Both are reconcilable within the more general marginal productivity 

the ory 01 rent. Apart from JAI~S ANDERSON (1777) who couched the 

first analysis of differential rent in terms of fertility alone 

we find RICARDO (1821, Chapter 2) recognizing that " ptlculiar 

advantages of situation" may influence rent, while SHITH in the 

Wealth of Nations (Book V. ch.ii) remarks that rent 

"In country houses at a distance from any great town, 
where there is a plentiful choice of ground ••• is 
scarcely anything" 

and that for 

"country villas in the neighbourhood of some great town, 
is sometimes a good deal h igher and the peculiar 
conveniency, or beauty of situation, is there frequently 
very highly pa id for". 

It is a pparent that Smith recognized the importance of both distance 

and environmental beauty or amenity for residential location. 

Since Smi th and the clas sical wri ters bvo a pproaches regarding 

the nat ure of residential prefere nce functions have predominated. 

The first is that a pproach which emphasises trade-off relationships 

between accessibility and space (density). The second is that 

a pproach which emphasises the role of environmental amenity, in 

determining residential location behaviour. 

The most notable contribution to the first a pproach was given 

by HAIG (1926). Haig suggested a complementary relationship 

between rent and transp ort costs such that for any location rent 

was equal to "the saving in transport cost". Transportation was 

a means of overcoming the "friction of s pace"; tra nsport costs 

together with rents making u p the costs of friction. Haig believed 

that the sum of rents and trans p ort costs was not a constant and 

to t h is extent h j s theory differs from Von Thunen's. 

However if rent differences do not completely compensate for 

differential transp ort costs between sites, then rent must be 

something more than "saving s in transport costs". A fundamental 

weakness of Haig's hypothesis is that no adequate explana tion is 

given as t o what else might be the determina nts of rent. 

7 



1.4. Accessibility Moaels of Location. 

In its simplest form the accessibility approach demonstrates 

a simple inverse relationship between rent and travel costs to some 

point of attraction, usually trucen to be the centre of an urban 

area. This concept of accessibility is rationalized by assuming 

that all services and work places are c entral~located. Central 

locations are thus associated with cheaper tra vel opportunities, 

a locational asset for wrnch households are willing to pay rent. 

8 

Under the conditions of perfect competition the market for housing 

generates a residential rent surface over an urba n space such that 

hous eholds are indifferent a s to where they loc a te, rents a t any location 

being equal to the travel cost s a ving over the most distant location. 

Cltarly this approa ch is too simplistic. It is unlikely that 

tra vel cost savings are the sole locational attraction consid ered 

by households. Nor is it like ly that travel costs where they are. 

important are necessarily the outcome of central tra vel exc l usively. 

Theoretical developments since Haig ' s paper have however 

produced a more credible accessibility model. Notably ALONS O (1964 ) 

has considered a model wher e hous eholds can substitute between 

distance , the quantity of space and 'other goods and services' 

when allocating their income over the rang e of goods ava ila ble to 

them. A utility maximizing framework is posited without however 

a specific functional form with its attendant testable implications 

being provided . This is not a criticism in so far as it is 

preferable to work directly with demand functions if an operational 

model is sought. Utility functions, if they exist at all, are an 

elusive concept for the empirica l worker. The at tention in 

Alonso's model is howe ver firmly placed upon the theoretical 
equilibrium properties 01' the utility maximizing process. It 

is worth noting therefore the criticism of YAMADA (1971(a)) that 

Alonso does not derive conditions for the existence of a unique 

equilibrium solution to the household ' s locational problem. The 

difficulty arises in that the budget constraint function cannot be 

assumed to be linear as one of its arguments, l a nd price , is not 

invariant with r e sp~ct to distance , itsell' to be determined. While 

the price of 'other goods ' is constant over s pa ce, the price of 

land in Alonso 's model is not. It can be shown (YAMADA (1971(a) 

p.5-8) that without fixing either one of distance, quantity of 
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space or expenditure upon 'other goods', multiple solutions to the 

maximization problem cannot be ruled out. There is no compelling 

reason why the non-linear budg et constraint should be tangential 

to any indifference surface or plane, at a unique point. While I 

will return l a t e r to the p oints t hat I sha l l now mak e it should be 

noted at this juncture tha t my concern he re is not \~ith the uniquu~foS 

of ~uili~rium itself but with the s i multaneous e x istence of a s et of 

va rying residential prices. In or der to make pr e sumptions concerning 

the values of ameni ties to individua ls it is nece s s ar y to det er mine 

initially one of eithe r units o f qua ntity or prices per unit. 

knowled ge of a price-space function a nd of re s i dentia l va lues, 

With 

quantities of a menity can be determined. Ho we v er apa rt from the 

problem of exp laining the existence of va rying prices for quantum units 

it would a ppear simpler in practice to determine price s having define d 

quantity units and having observed r e sidential values, where the price 

per unit is fi x ed per period of time. The question of whether an 

individual could achie ve a maximum of satisfa ction a t alternative 

locations is irrelevant for t h is discussion. 

Yet it i~ the variability of rent (so far reg arded a s a l a nd 

price) that g ives to utility maximizing models a distinctly loca tional 

fla vour. 

In the model p resented by MUTH (1 969) the a ssumption that the 

quality of housing consumed ba constant is made. Households 

alloca te their income to travel expenditure a nd rent, both functions 

of dis tance, and 'other goods'. The bud get constra int is given by 

y = rx + p(k)q + T(k,y) (1 1) 

where y is income 

r is the price of a comp osite mark et g ood 

x is a compo s ite mar k et g ood 

p is the p rice of land a function of distance, k. 

q is the quantity of s pace 

T is travel expenditure a func tion of income a nd 
distance 

We ar e interes ted in the solution to the household' s problem of 

maximising a utility function g iven by 

U = U(x,q) (1 . 2) 



sub j ect to the subsidiary condit ion or the 

We may write the f i~ 6t order c ondit i ons of 

u - ~p = 0 
x 

u - A p = 0 
q 

- A ( qPk + TIc ) = 0 

y - rx - p (k ) q - T (k , y ) = 0 

giving as solutions the following, 

U /r x = 

= 

u /p 
q 

budget c o nstra int. 

Huth's model as 

(1 3 ) 

Cl 4) 

(1 5) 

(1 6) 

(1 

(1 8 ) 

In each case subscripts refer to partial derivatives. 

Equation (1 : 7 ) gives the classical condition tha t the ratio 

of marg inal utilities of each commodity to price are equal. 

Equation ( 1 : 8 ) imp lies that expenditure up on housing , price times 

quantity d:irrinishes with distance from the centre, k , by a n a mount 

10 

equal to the increase in tra vel costs . In t his f ashion a locational 

equilibrium is achieved ,vhereby the residential l a nd user cannot 

increase his income by any relocation. 

constraint. 

Equation (6) is the budget 

This model excludes the possibility of variations in house 

type , residential a menity and of non-central tra vel. Muth introduces 

locational preferenc e by explicitly introducing k in the utility 

function. This changes equation ( 1 : 5) in the following manner 

(1 10 ) 

so as to give solutions which now r ead 

( 1 11 ) 

y = x ~ + qp (k ) + T (k,y ) (1 6 Cl) 



It follows tha t -qp = T + r u /u 
k k k x 

12) 

from which it is apparent that if the right hand term on the right 

hand side of equation 12 is positive and greater than Tk then 

expenditure on housing will increase with distance from the centre. 

Muth maintains that t h is procedure "renders the theory devoid of any 

empirical content". It is true that no explicit explanation is 

given for locational preference other than accessibility but it is 

up to the theory to accommodat~ the f a cts and not vice versa. 

WINGO (1961) presents a model derived directly from Haig's 

11 

idea of a complementarity 0:1:" rents and travel costs, rents just 

offsetting any advantage of accessibility. Travel costs include a 

va luation for the tim~ spent travelling which is considered as an 

extension of working hours and valued at the marginal value of leisure 

i.e. the wage r a te. Wingo accommodates the demand for spa ce by 

making the quantity of land bought depend upon its price. Assuming 

a g iven availabi~ity of land Wingo's model is sufficient to derive 

both a population density and rent function for the urban area. While . 
it does consider travel time and density it remains an accessibility 

model and as such does not accommodate amenity preferences. 

An interesting approach is given by MILLS (1969) using , instead 

of a utility framework, Cobb-Douglas production functions for urban 

producers of output and producers 01 transportation services who may 

locate anywhere within the urban area but who transport their output 

to a focal distribution point within the city. Housing services 

may be considered as production outlets which generate commuter traf f ic 

to the focal point. Mills' model u ses marginal productivity analysis 

to d erive prices of output and transp o _ta tion, land u s e and density 

distance functions along with rent functions for any size of urban 

area. A negative exponential form for the rent function is 

sug geste d as a p lausible form, a theoretical result which is consistent 

"'Iith much empirical work, (CLARK , (1951), VJINSTEN and SAVIGEAR, (196 6» . 

Other results of interest are that land use densities and output per 

unit of land are dir e ctly related to rent. The f a ct that these result s 

deri ve from the s trong assumptions of the Cobb-Douglas form, 

particularly the unitary elasticity of subs titution of inputs in 

production might suggest that an a ggregative model of Mills I type 

would not perform well operationally. However the regr e ssions 

reported by Mills for Chicag o for variou s land u se s including a 



residential one give results consistent with the a priori 

expectations of the model. It will be interesting to see how 

the model develops particularly with r e spect to a more precise 

s pe cification of the nature of inputs into the production function. 

Especially so with regard to housing where accessibility may not 

be the only or the most important input. 

NIEDERCORN (1971) suggests a residential model wherein 

households maximize a Cobb-Douglas utility function the arguments 

of which are quantities of living space and amounts of leisure time, 

which is related to journey to work time, itself a function of 

distance from a central location. A nega tive exponential form of 

residential rent is derived. However apart from a consideration 
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of leisure time, which only indirectly might subsume a conside ra tion 

of amenity, and then not in a comprehensive way, this model does not 

widen the scope for considering other than central locational 

attractions. Niederconn's demonstration of the theoretical behaviour 

of a specific util i ty function is without any demonstration of its 

relevance to actual behaviour. This does not provide a "theoretical 

underpinni ng for Clark's findings" as the author suggests, (see 

CLARK, (1951)). 

In summary the a pproach to residential preference functions which 

emphasises accessibility have extended Haig's work by including a 

consideration of 'quantity of space' consumed, travel time and leisure 

time values and by demonstrating that negative exponential rent 

functions and density functions a re reconcilable with theoretical 

models a s well as e mpirical. Without however considering whether 

topographical , physical and qualitative aspects of r e sidential land are 

important determinants of location behaViour, such the oretical work 

lacks a generality necessary for wide acceptance. It is perhaps worth 

mentioning that over emphasis on accessibility models at a p lanning 

level may tend to encourage a diver s ion of investment funds toward 

improving tra nspor ta tion systems away from residenti a l amenliy 

improvement wherein significant positive benefits may lie. 

1.5. The Environmental Approach. 

The alte rnative a pproach to residential pre ferences ha s been 

that which has involved the role of environmental amenity. In the 

main t his work ha s been of an empirical k ind with little reference to 

any theoretical framework. The paper by ST~GMANS (1969) sugge sted 

on the basis of op inion sur vey that residential amenity is a more 



13 

dominant factor in determining locational behaviour of households than 

accessibility criteria, while the work of KAIN and QUIGLEY (1970) found 

that environmental factors ...ere important for explaining v ,'1 riations in 

rent but that accessibility to the centre was unimportant, in a 

regression model of house prices and amenity factors. 

There are three contributions however which have attempted to lay 

down a theoretical basis for considering environmental quality. The 

work of Yamada is strictly theoretical and bears close resemblance to 

the central accessibility models. YAMADA (197l(b)) considers that 

households trade-off, as well as accessibility and space, accessibility 

and environmental quality, and space and leisure. Utility is derived 

from a composite market good , space, time and accessibility and 

environmental quality. Leisure is introudced as a tim~ variable. 

Expenditure on rent is related to distance from the centre in the usual 

inverse fashion. Distance affects utility both po@tively and 

negatively. Posit,ively in that environmental quality is assumed to 

increase with distance and negatively in that accessibility decreases 

with distance. Utility is maximised subject to an income and time 

constraint, with possibilities for allocating time to work, travel and 

leisure. Yamada demonstrates that in a locational equilibrium, the 

benefit received by moving farth~r from the centre, equal to rent 

savings and improvements in the environment, are just offset by 

increases in travel cost. 

A criticism of this model is that rent is not an explicit function 

of environmental quality , but an implicit function via the relationship 

that environment has with distance. If environmental benefits are 

to be identified operationally it must be through their effects upon 

rental expenditure. With a continuously declining rent function 

however environmental improvements would have always to be smaller in 
" 

their rental impact than increased travel cost as distance from the 

centre increases. This restricts the generality of the model in an 

unnecessary fashion. 

RICHARDSON (1971 ) has suggested a model where households maximise 

their consumption of space and ' amenity ' subject to a budget constraint 

related to income and the price of land. Following his notation we 

may say that households behave so as to maximise a preference function 

f ( n,q) (1 13) 

subject to 



where 

aY = J 
-k dom n e q m m 

dom 1/ dx 

(1 14) 

and n represents an environmental index; q the quantity of space 

consumed; aY is the capitalized expenditure on housing, a function 

of income Y; dom, the distance from the town centre to a location m; 

e is the Naperian logarithm, J and k are constant and dx the 

maximum distance that households are willing to live at. 

Unfortunately this pragmatic approach tells us little regarding 

the derivation of the exponential land price distance function. 

Presumably this function is generated by the su pply of and demand 
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for competing land uses over the urban area. As regards residential 

land, demand will reflect amenity preferences and perhaps the 

desire for accessibility . Wi thout an explicit rent function 

however the sp~cific nature of residential demand canno t be 

distinguished. 

The third and most recent theoretical formulation is given 

by NELSON (1972). He expresses dissatisfaction \vith the "classical 

residential location theory" which emphasises accessibility as the 

determinant of residential rent functions without a conside ration of 

the effects 01' environmental a nd structural heterogenity of 

residential location. Nelson's rent function is defined in terms 

of the regular market g oods either foregone or required, to compensate 

consumers for different amounts of residential goods available between 

different locations, in maintaining constant utility. 

Nelson discusses the nature 01· residential goods prices which 

he regards as the derivative of rent with res pect to the a vailability 

of residential goods. This rent change conting ent upon a change in 

location and the availability of residential goods is described 

as an implicit price function. With knowl~dge of this implicit 

price function and of the pr ice of regular mark~t go ods and by 

holding utility constant the levels of residential g oods consump tion 

are determined for different values of the implicit price function. 

It is perhaps imprecise to regard marginal changes in rent 

contingent upon quantum chang es in residential goods as a 'price 

function ' • In fact prices a re constant and it is the quantity which 
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function' • In f a ct prices a re constant a nd it is the quantity which 
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changes. This is sensible in that one would expect residentia l 

goodS prices to be the same everY\>lhere within a single market. l 

Nelson has moved nearer however on explicit recognition of the fact 

that rent functions are not price functions but expenditure functions 

representing the outlay on a bundle or r esidential goods and services 

which differ in quantity over urban space but not in price. This 

rationale removes i mm edia tely the problems raised by Yamada of non­

linearity in the constraint function and allows a unique consumer 

equilibrium to exist for both mark~t and locational goods. In fact 

it will be shown later that the residential location pr oblem under these 

conditions is quite trivial reducing simply to the classical utility 

maximization solution . 

Nelson ' s paper is most useful in ill ustrating how accessibility 

can be regard e d simply as a locational good without further 

specification of how it should be measured or in what way rent 

specifically depends upon it. This is in contras t to those analyses 

which have been at pa ins to develop the most sophisticated of rent­

distance functions. 

Although Nelson does not say so explicitly, by implication his 

trea tment or accessibility is in fact consistent with the view 

taken by geographers. INGRAM (1971) and CHORLEY a nd HAGGERT (1969) 

for example recognize that there exists a relative accessibility 

between points which may be integra ted over all points on a surface. 

Such a generalized consideration of distance effects is long overdue 

in re sidential location analys:i&. Households tra vel in response to 

locational interdependencies and attra ctions from points other than the 

centre. Models which accommodate this point of view can serve to 

place the a ppa rent empirical justification of negative exponential 

rent-distance-from-the-centre models in a wider perspective. 

Nelson's model is a most welc ome contribution as a result. 

However while it is not perhaps a serious criticism to mention 

that no operational basis for his model is indicated, it is unfortunate 

that Nelson's rent function was not explicitly derived in terms of 

accessibility and othe r locational goods . Generality in a model is 

useful in that it provides a framework for considering all r elevant 

variables. Su ch a consideration involves of course the determination 

1 This point is amplified in Chapter Two below. 



16 

of the precise functional relationships 01' the variables and therefore 

specific formulations which can be tested against data are necessary. 

This has indeed been the advantage of central accessibility models in 

that simple models with readily testable rent distance relationships 

have been developed. 

The theoretical backg round to the study of household's residential 

preferences would not be complete without a brief mention of the class 

of macro models developed by, amongst others, WILSON (1968, 70, 69 ). 

This work derives its rationale from certain notions of social physics 

especially the idea that the behaviour of micro-states (household 

locations) can be ascertained from a knowled ge of the aggregat e 

behaviour of a system; for eX8_mple a residential-journey to work 

network and its associated tr a vel cost. The use or the entropy 

maximising procedures 01" statistical me chanics are appr o priate for 

spatial problems which can be set up in t his way. The locational 

information which can be extracted from aggregat e data such as a total 

travel network cost is useful in deriving planning models quick ly and 

without the expense of surveying individual households s o as to 

esta blish individual preference functions. 

It appears however that only simple micro behavi our can be readily 

accommodated within 'entropy ' models. To allow environmental 

preferences and a cons ideration of different classes of micro-states 

(age , size and income classificati ons) to be cons idered apparently 

requires a mode l of dimensions such that its calibration at the 

present stat e 01 the a rt is more di f ficult than micro economic 

behaviou r al m ~asurements (see WILSON (1968) ). 

1.6. Summary. 

In summary we can ob s erve that in the main the marginalist 

analysis of e conomic behaviour h a s served as the vehicle for conducting 

the examination of re s idential location behaviour. The relationships 

between rental payments for residential land a nd the locational 

attributes of tha t land have concentrated u p on distance and 

accessibility to some point of at tract ion as the determinants of the 

pattern of rents. There exists howe ver reasonable doubt that such an 

a pproach has a sufficient ge nerality to be widely acceptable, 

particularly with regard to the myopic view taken of the potentia l 

importance of environmental a nd amenit y pre f_~_e rences. Yet there can 



be no doubt that such dimensions of residential existence are 

important in the minds of households. 

The problem of incorporating environmental attributes of 

locations within a theoretical model a ppear s to be that of ~roviding 
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a s pe cific formula tion of the relationship between rent, distance and 

environment . Naive assumpt ions relating environment to distance 

itself while having perhaps a pragmatic a ppeal do not g ive a basis for 

a generalized examination of rent patterns over space. 

T~e i mp lication is that a prerequisite for a generalised 

residential location model is the m~asurement of environmental g oods. 

Only by id e ntifying their existence can they be accommodated within 

the household's budge tary and utility framework. If however the 

theory of residential location is unsa tisfa ctory the empirical 

contributions to the problem of environmental evaluation are even 

more so. 

This thesis will be l a r gely concerned with identifying and 

evaluating the environmental amenity associated with housing within 

the framework of a micro economic behavioural theory. 
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CHAPTER TWO 

A Theoretical Framework 

2.1. A Simple Residential Model 

Despite the large volume of writing now available on r e sidential 

location behaviour, no satisfactory theoretical model exists which 

accommodates both environmental amenity and accessibility in such a 

way that an operational framework can be readily deduced. This is 

in part due to the overconcern with access ibility and in part due to 

the 'nature of the beast'. 

Residential amenity is difficult to define and regarded by some 

as impossible to evaluate. This view derives from the belief that 

residential amenity is a subjective good evaluated in the mind of the 

consumer and not in the market place. Hence no tangible manifestation 

of its worth is apparent for empirical analysis. NE LSON (1972) 

sugg ests that consumer decisions can only be understood 

"where the consumer •••• bases his decisions on variables 
with definable and measurable units". 

It would be wrong however to conclude that consumers do not in fact 

make decisions pertaining to more abstra ct notions of their environment. 

Of course in investigating such vectors of the mind , variables 

reconcilable with statiQtical analysis and empirical observation are 

required in the first instance. It is not too difficult to suppose 

what variables these might be nor to provide for them arbitrary 

measuring devices. The real problem is tha t armed with an abundance 

of notions regarding the nature . of residential amenity, how do \ve 

incorpora te them within a theoretical rationale that lends itself to 

calibration? 

The model developed below has as its prime objective the provision 

of such an operational framework. 

The starting point as in neo-classical residential analysis is the 

description of a residential rent function. 

(2 1) 

where 



f(i) is the rental outlay for the ith location, 

E. 
-~ 

is the vector of environmental expenditure associated with 

the ith location and 

is a scalar, representing the travel expenditure asso c iated 

wi th the ith location. 

We may consider for example the linear model 

f(i) = h(k (E ) . _ ol T.) -

= h(G. 
~ 

where 

Gi = k (E . ) 
-~ 

and G. is a scalar. 
~ 

~ ~ 

- oC. T. ) 
~ 

( 2 2 ) 

( 2 3 ) 

( 2 4) 

In general there are point locational attributes, given by the 
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E . vector and relative point locational attributes , re presented here by 
-~ 

Ti • The latter can be regarde d as indicative of the attributes and 

attractions of locations other than i , the benefit of which is consumed 

by the ith locater after tra vel. 

The linear formulation expresses rental payments made for a 

discrete location as the outlay for environmental attr ibutes less the 

compensation for the inaccessibility to other points associated with 

that loc a tion. This compensatory payment is related to the travel 

outlay by the parameter ~ . Travel outlays if they are a direct 

function of distance enable this formulation to conform with the Von 

Thunian tradition tha t rent varies inve ~s e ly with travel costs. At the 

level of theoretica l abs tra ction ho~ever it is unnecessary to restrict 

the formul a tion in this way. This is espe cially so a s in pr a ctice 

the shape or a rent surface for an area, de pending upon the relative 

distribution of amenity and a ccessibility attribute s , could be 

different for separate areas. 

In the context of a utility maximising framework with 

u = (2 : 5 ) 
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where 

x is a scalar representing a non-residential go od 

i represents loc a tion in a continuous fashion 

and with a hou s ehold's bud get constraint given by 

J-L = px + 'e (i) ( 2 6) 

where 

~ is money income , 

P is a non-residential good price 

and 

'e (i) = fCi) + Ti, ( 2 7) 

then the first order conditions for a maximum of U subje ct to ~ are: 

U. ' 
1. 

= 0 

= 

fJ. - px - ~ ( i ) = 0 

o 

where primes indicate partial derivatives. 

A solution for equation (8) to (10) is giv en by 

U '/p = U.' / l€ ,( i) 
X 1. 

( 2 8) 

( 2 

(2 10) 

(2 11) 

which represents the usual result of cla ssical theory that the r a tios 

of marginal utility to price are equal for all goods . 

Upon substituting equation (2:3) for f(i) in e quat ion (2:7) we 

obtain 

= (1 - c:J..- ) Ti - Gi (2 12) 
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and therefore 

'(i) = L(l - 01 ) Ti - GiJ' (2 

Substituting equation ( 2:13 ) for Go (i) in equation (2:11) gives 

U~ /p = Ui / Ll1 - ~ ) Ti - GiJ' (2 14 ) 

The denominatm~n o f the right hand side of (2:14) is no more than 

the cha nge in locational expenditure (price times quantity) contingent 

upon a change in location. In the event that the prices of locational 

attributes are not constant over the a rea and without prior knowledge 

of the price location function, locational prices cannot be derived from 

(2:14) alone. 

However , without loss of generality it can be assumed that 

locational attributes prices are invariant with r e spect to location, a 

tree or. a decibel of birdsong being priced the same in any part of 

town. l Hence the change in locational expenditure must necessarily be 

the result of changes in the quantity of locational attributes 

available as location varies. In t his case unit changes ot quantity 

and hence expenditure allow the determination of locational prices . 

The existence of varying prices would require an expla na tion of 

the existence of separate residential mar kets within the one urban area. 

While such a formulation would not necessarily be without reason the 

approach adopted throughout this work is that all households face the 

same set of residential go ods prices. Variations in rent then 

reflect different quantities of available good s at each location. 

By regarding residential goods prices as constant over urban 

space it is thus p ossible to incor porate locational decisions of 

hou s eholds within trad i tional consumer theory. To understand the 

shap e 01' the residential rent surface it is only necessary to k now the 

quantities of environmental and accessibility features a nd their 

prices , for each location. The problem for the ana lyst ' resolves to 

one of identifying the relevant locational attributes a nd of determining 

1 Given that both prices and quantities of locational attributes are 
not uniquely predeter mined with only expenditur e being observed 
and g iven a de gree 01 fr eedo m with respect to the defini tion and 
measurement of quantity , price ca n be for ceu ~on~tant without any 
loss of generality. 
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their shadow prices. The proble ms rais ed in the pr e vi ou s cha11ter 

do not arise. Indeed the theoretical gymna ,. tics associa ted with 

t he derivation of exponential pr ice-distance functions a re seen to 

rely overmuch on i mplicit as sumptions mad e about the distribution of 

accessibility and environment relative to a reference point. 

2 , 2 . Residential Goods-Characteris tic s Technology . 

However this mod el is as yet unsa tisfactory. This is s o 

because the hous eholds ' perception of residential amenity is 

likely to be an a ggre gate one. That i s to say that h ouseholds ha ve an 

awareness of broad environmental cha racteristics which are made up of 

the comp lex of amenity variables . These cha racteristics mi ght 

re present structural , aestheti c, accessibility a nd neig hbourhood quality 

factors . The work of KAIN and QU IGLEY (1971) has in fact given 

evidence which su gg ests 

"that both the market and individual h ouseholds eva luate 
residential quality in terms of fewer broader aggregates " 

than the individual residential goods separately considered. 

It would a rpear i mp ortant then to provide a theoretica l frame­

work which accommodates the formation of ag~r e gative preferences. 

With t his in mind it wou l d seem worthwhile investiga ting the theoretical 

ideas of amongst other IRONMONGER (1972) and LANCA'TER (1966), the 

essence of which is that satisfaction is deri ved from ' char a cte ristics' 

or ' wants ' the p~oducti on of which requires g oods a s inputs. Utility 

is then only ind ir e ctly related to goods by the relation between 

characteristics and go ~ ds. This relation is usually described in the 

literature as the ' c onsumption technology'. Such ideas ha ve a long 

history and excellent pedigree in the \"iriting of e conomics 'o ing back 

a t le as t as far as Har shall (see IRONMONGER p .ll). However little 

empirical work has as yet been done due l argely to the difficulty of 

identifying 'characteristics ' in pr a ctice. The model presented below 

is based u p on the a pproa ch of Lancaster and Ironmonger but adapted 

to accommodate a concern for reside ntial goods . 

Th~ consume r technology describing the r ela tion between residential 

g oods and cha racteristics is g iven by the linear equation ( \vith 

matrix notation); 

z = Ay (2 .15) 



where 

z = z. 
~ 

i = 1,2, .... n, is a vector of residential goods 

y = y. j = 1,2, 
J 

.... m, is a vector of residential 

characteristics 

A = a .. is an n by m transformation matrix describing the 
~J 

consumer residential technology. 

The A matrix is assum~d to be conotant and is singular. The z. 
~ 

elements 01" z can be regarded as the variables representing the 

locational attributes 01" housing. 

25 

Consumers der i ve ut ility from characteristics rather than goods. 

It is useful for our purpose to assume that the utility function is 

separabl~ in such a way that there exists a grouping of residential 

characteristics separate fro~ other market goods. For expositional 

simplicity it will be assumed that for 'other market goods' , goods-

characteristics relationships are one to one. To confine attention 

to residential consumption it is assumed that goods other than 

residential are post-alloc ated to the household. Then the following 

utility function is maximised subject to the subsidiary conditions 

detailed; 

where 

u = U(x,y) (2 16 ) 

px = M - qz (2 17) 

z = Ay (2 1 8) 

w = A'q (2 19) 

w = w. j=1,2, •••• m, is a column vector of residential 
J 

q = q. 
~ 

characteristic prices 

i=1,2, •••• n, is a column vector 01" residential g oods 
prices 



M = Total money income 

p = a vector of market goods prices corresponding to 

x = a vector of market goods. 

The first order conditions for utility maximisation are given 

by setting the first partials of V equal to zero where 

V = U(x,y) - ~ (M-px-wy ) (2 20 ) 

o v/ ~ x = U + 'A p x 

~ v/~ y = U + ) w 
y 

C v/ (1" = M-px-wy 

A solution for which is; 

U /p x U /w 
y 

= 0 

= 0 (2 21) 

= 0 

(2 22 ) 

with marginal utility to price ratios for each good being equal. 

It is clear that the maximisation problem is similar to the 

traditional clas sical case. The inter est for locational analysis 
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revolves around identifying the residential charact eristics prices w 

given by equation (2:15). The proce d ure for obtaining such Jrices 

will be illustrated in Chapter 4. For the moment t his discussion can 

be anticipated by outlining the approach ado p ted in this study. 

In defining commodi t ies uniquely care has to be taken to allow 

for quali ta ti ve di fferences between varieth:s of the same product. 

This problem was handled by HOUTHAKKER (1951) by assuming that quality 

affects product price in a continuous fashion. By exa mining p rice 

va riations for different varieties it is possible to derive a unique 

commodity price inde pendent & a quality price for that commodity. 

This technique forms the basis for the hedonic p rice measurement method 

where qualitative dimensions of a product are defined and related to 

product price. ( GRILICHES, (1971)). 

In this study we do not derive prices for the residential goods 

which make up house ' price ' (expenditure ) but r a ther for the 
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characteristics whicn these goods provide. This in essence is done 

by relating house 'price' (residential goods expenditure) to the 

vector of characteristics which are obtained from the goods . In this 

way we are able to define a set of prices and quantities. 

In the operational context of the analysis prices are necessary 

to identify re lati ve values 01' amenity characteristics. It is not 

the purpose of this study however to examine the importance for demand 

of price per se. This would require a different approach with prices 

changing over time. Here it is assumed that pr ices are constant 

over space and the analysis will be conducted for a sing le time period. 

It is worthwhile considering now the structure of the matrix of 

consumer technolog y,A. In the event that there a re more goods than 

characteristics we are interested to know if there are any goods which 

will be redundant in providing a desired characteristics set. 

IRONMONGER (1972) has shown that with a linear consumption 

technology an optimum satisfaction of wants (characteristics) requires 

that the n umber of discrete goods consumed will be less than or equal 

to the number of wants to be satisfi~d . This result follows directly 

from the ' laws' of linear programming an approach whicn may be used 

to determine the minimum number of goods required to obtain a given 

level of utility at least cost. The A matrix will be square , with 

an inverse and the number of goods equal to the number of wants 

exactly satisfied. 1ANCAST~R (1 972 ) suggests however that in an 

advanced economy there will generally be more goods than characteristics. 

For the individual consumer this situation would be inconsistent with 

an optimum set of characteristics in IRONMONGER 's sense of an optimum, 

neither does Lancaster make clear the conditions when his situation 

would pre vail. 

In th1s study it is assumed. that there will be more amenity goods 

consumed than characteristics into which the goods are inputs. This 

situation is to be expected where for instance there are both common 

want satiQfying goods and unique want satisfying goods. The former 

are goods which satisfy a characteri~tic or want in comm on with other 

goods. A decision to consume such a good will depend upon its price 

relative to that of the other goods. The unique want satisfying good 

on the other hand has unique chara cteristics which make it desirable 

in itself. A g ood therefore which is b o th a commo n want sa tisficer 

and a unique want satisficer will be consumed even if it is relativ~ 

pricewise inefficient in providing a common want. Under such 



circumbtances the order oI the A matrix will be n by m with the 

possibility that m > n i.e. the numb er of wants or characteristics 

is greater than the number of discrete goods, if unique wants are 

inc l uded. 

2.3. Residential Expenditure. 
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Because of its relevance for most household diurnal activity, 

housing and loc&tional expenditure is perhaps the most important outlay 

that a hous ehold makes. Eating , sleeping, travelling , recreating 

and working activities are all associated in some way with the chose n 

bundle of residential goods . The behavioural determinants of 

residential expenditure are then of no mean interest. 

Engels pa ths for residential expenditure may be described in an 

m + n + k dimensional space, consisting of m characteristics, n 

goods and k household socio-economic va ria bles. Household size, age 

and occupational characteristics along with income, assets and social 

class make up this latter group. 

Information about household residential choices occasioned by house­

hold socio-economic changes can be derived from studies of such Engels 

relations. Here the usual objective is to parameterize a relation 

between quantity consumed (or expenditure) for a commodity and income 

in addition to other household varia bles of the general form; 

(2 

where 

h is a set of household socio-ec'onomic variables and the 

w pr~s are given. 

We shall be particularly concerned to examine the inter-dependence 

of household socio-economic variables in determining the quality and 

quantity of residential consumption. It is a traditional problem of 

demand analysis to extract the effect of income on expenditure 

separa tely from the effect of house hold composit ion and size, income 

usually being regarded as the key va riable. However in the case of 

housing it is important to understand the effect of all household 

variables. This is so as whi+e income might be expected to be the mos t 
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important determina nt 0 f the It:vel o:f residential expenditure, house­

hold size and age / sex composition might be expected to play a large part 

in determining the type of residential bundle consumed at that level. 

The choice of a dependent variable lies between quantity consumed and 

expenditure , for a particular commodity. Expenditures, which refer 

to composite outlays for heterogeneous bundles of goods, may only with 

difficulty be broken down into quantities and prices which are unique 

for each good. Under such circumstances it may be preferable to work 

with expenditures rather than quantities. 

In the event however that a unique commodity with a unique price 

facing all consumers can be defined , then the question of whether 

expenditure on quantity consumed is a more suitable variable for the 

Engels relation , becomes irrelevant. Both would give the same result 

except for a proportionality factor equal to the commodity price. 

The rationale of this study is that the consumption of residential 

goods is identified via its relationship with house price and determined 

through its relationship with household income composition and other 

variables. 

Particular attention is merited for the measure of income to be 

used. A household's consumption of goods may be related to its wealth, 

including asset ownership , savings and expected income , as well as to 

its current income. Expectations regarding futur e income are 

especially relevant considering that the availability of loan finance 

for house purchases is partly contingent upon the security of future 

income earning capa city. 

Future income expectations are not explicitly taken account of in 

this study. This omission is justified to the extent that expectations 

of earning capacity are implicitly made by building societies through 

their attitudes to lending. Their lending behaviour is seen to be 

related to current income of borrowers but with the implication that 

they expect borro\'Jers to be able to make future repayments of their 

loans, after accounting for a suitabl~ degree of risk via their lending 

rate of interest. 

It is of course true that borrowers need not necessarily borrow 

up to the maximum amount that building societies wmuld allow on the 

basis of borrowers current income. This might be the case where for 

example a household's saving s or other assets provided an alternative 

course of finance. In the event that saving s and wealth are not 

highly correlated with incomes then the viability of cu~rent income as 
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the determining va riable is reduced. 

The proce dure adopted to all ow for t h i s consideration i s by no 

means ideal but migh t be thought to remove the most serious source of 

any bia s . House p urchase is influenced especially by those monetary 

assets realized on the sale of a previous dwelling. Housi ng being a 

dur a ble g ood has a capitalized value associated with it, tha t is its 

price. On resale of this cap italized asset the money value is 

retained net of de preciation a nd a~preciation , and is a va ilable to 

finance a ny subse quent purchases . However similar houses in different 

locations under go different chang es in value hence t his asse t influence 

on consump tion is not constant. To allow for t h is effect an asse t 

variable can be constructed from knowledge of the household's previous 

location and from a locational house pr ice index. l 
The value of this 

variable for each hou sehold c a n be equal to the value of the ind ex for 

their previous location. Households who prior to their current house 

purchase did not p os sess a residential asset can be ass i gned an asse t 
2 

value of zero . 

In t h is study then cur rent income , household size , age/sex grou ps , 

social class plus a ' measure ' of the value of households' assets ar e 

to be u sed as the deter mining variab les of household residential 

consumption relations . 

In summary the main p oints of t h is cha p ter have been that a model 

of residential location behaviour c a n be developed within a traditional 

utility framework . This can be a chieved without making any special 

spatial assumptions save that locationa l pr ices facing households are 

constant over space. For pri ce va riation to exist ov e r urban space, 

separate residential ~arkets mus t exist side by side , and their 

existence be exp lained . It is suggested that it is more re a sonable 

to su ppose that a sing le mar ket exists , where the costs of informat ion 

do not prec lude price competition and where differential rents are 

explained in terms of di fferen tial amount s of ameni ty . 

1 These asset variab les were constructed from an index of r egional 
property pr ices derived from the Occas ional Bullet in 1969 , of the 
Nat ionwide Building Society. 

2 In the case where a logarithmic function i s employed where t he log . 
of zero does not ~xist an alternative procedure is e mployed where 
v = log (1 + A) where A i s asse t value. 
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In the 'distance' oriented accessibility models of residential 

location no conc lusive proof wa s discovere d for the strong behavioural 

assumptions made . It is evident in many urban situations tha t l a nd 

prices and residential ~rices va ry inversely with respect to central 

distance. Yet much evidence exists to sug gest that households ' 

perce ption of location incorpora t es f a r more than central travel 

opportunities. There i s therefore the da nge r that the ' a ccessibility 

approach ' amounts to no more than an ex post r at ionaliza tion of land 

value pa tterns in t erms of certain convenientl y a vailable distance 

functions. 

A theoretical fra mework was outlined a ccommodating a consideration 

of a g eneral class of residential ' goods' , including both amenity and 

accessibility dimensions. It was shown tha t the shape of the rent 

surface de pends critical ly u pon the relative distribution of ' amenity' 

g oods a nd ' a ccessibility ' g oods. The onus it was suggested wa s 

therefore for an operational analysis to explain the rent surface in 

terms of amenity prices, quantities and acce ss ibility expenditures for 

a given distributi on of the residential or loc a tional g oods. 

It was further sugg ested that hous eholds obta in utility not 

directly from residentia l go ods but indir e ctly from chara cteristics 

that these g oods provide. An a ggrega ted perce ption ot· the g oods 

would r e quire that the number of chara c t eristics be less than the 

number of g oods. It was considered howe ver that if goods had unique 

characteristic properties then there would be more characteristi cs 

than g oods. The analysis was couohed in terms which allowed for 

these possibil i ties with the pro c edure for deriving shad ow prices for 

amenity characteristics being briefly alluded to. 

Final l y, it was felt that an examina tion of expe nd itures by 

households u p on reside ntial g oods properly defined wo uld be facilitated 

by rela ting such expenditures to current household income and other 

hous ehold va riables. 

Diccussion of the estima tion proce dures ne c essary to calibra te 

the rel a tionships g iven in t h is chapter a re p rovided in chapter 4. 

Of p articular concern will be the proced ure for de riving amenity 

shadow prices and for estimating income ela sticities which are not 

confounded with household comp os itional effects. 



CHAPTER THREl!; 

Data Collection Methodology 

"whenever a study is based largely on the collection and 
com pilation or primary data, probably more time and effort 
will be expanded on this activity than on any other". 

Ferber and Verdoorn. Research Me t hods in Economics and 
Business. 

3.1. Introduction: Sampling the Housing Market. 

From the theoretical fram~work posited in Cha~ter 2, two 

operational objctives may be derived. In the first place there is 
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a need to identify and evaluate in money terms the residential 'goods' 

which households p erceive as making up their consumption of housing. 

In the second place behavioural relationships which can 'explain' a 

household's residential consumption in terms of its socio-economic 

characteristics require to be established. This chapter will outline 

t he considerations taken account of in providing a sample of data 

sufficient to accomplish these objectives. 

As a step towards achieving the first ob jective it is useful to 

set up the simple hypothesis that a household's expenditure on housing, 

represented by the purchase price of a house, comprises an outlay for 

a bundle of residential go od s . House pr ice in t his sense is not a 

price at all but rather the sum of the product of a set of prices and 

quantities for the various residentia l goods. To test the validity 

of t his hypothesis it will be necessary to establish the extent to 

which variations in house prices can be 'explained ' by the variation 

of residential amenity from house to house. 

An a~propriate statistical procedure for examining the covaria tion 

of house prices and residential amenity requires of course data for 

both h ou se prices and amenity. As well as the task ofaacertaining 

an appropriate source for such data there is the prerequisite choice 

to be made of a suitable sector of the housing market. In so far as 

we are ultimately concerned .vith how hou se holds perceive t D.eir 

residential environment and make their locational choices in 

accordance with t his pe rce pt ion, a market wherein prices refl~ct the 
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value to the consumers conc erned, is a ppr opriate . This would no t 

ne c essarily be the case for example in the public sector of the hou::;ing 

mark et . Here pri c es ( rents) paid contain an element of subsidy 

whi c h refle c ts the c ommunity ' s pr e ferenc es for residential amenity as 

well as those of the individual households.
l 

Within the context of the private sector of the market h owever , 

certain problems are raised. It is unlik.ely for example tha t new 

hou s e prices will adequately reflect market values. Pricing policies 

of builders, concerned with the recovery of p roduction costs , may be 

such as to fix prices other than in accordance \oJith the pressure of 

market demand. As a r esult an uncertain element of ' consumers 

surplus' is likely to be present in the market for new houses. 

A further consideration is that or" the proprietary ri ghts 

associated with properties on the private market. Such rights 

impose positive or ne gative constraints upon the use to be made of 

property and hence can influence the utility to be derived from 

residential g oods. It would be incorre c t therefore to re ga rd for 

example leasehold and fr e ehold property as the same thing for the 

purposes of analysis. It is not however an object of t his study to 

examine the rela tive importance of di f ferent tenurial structures. 

What is therefore required is that tenurial influences on behaviour 

be constant for the sector of the market chosen for analysis . 

These considerations sugge st that a sample based upon the 

' second-hand' , freehold sector of the private housing market would be 

most appropriate for deriving information on house prices and 

residential amenity. 

3.2. Data on House Prices . 

For the purpos e of obtaining house pri c e data several alternative 

sources can be considered. Data might be obtained from advertisements 

of houses for sale giving an ' asking ' price. However serious 

disadvantages are associated with t his source. In the first plac e 

it is difficult to establish , without questioning the household , the 

1 In the event that the subsidy element plus the contribution paid 
by the household is c oinc iden t with consumer b~pef·its that would 
be received on the market then public sect or housing would meet 
our data requir ements. HO \'l ever t his is not likely to be the case 
(see DESALVO ( 1971» . Indeed the e valuation of consumer benefits 
from public s ector housing pro grammes requires estimates of the 
mark~t value of housing units which can only be estimated 
independently of the housing programme itself. 
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actual selling price, which may be significantly different from the 

asking pric e. In the second place, as yet no established relationship 

between asking and selling prices exists. Such a relationship 

derived from a knowledge of the joint probability density of asking 

and selling prices could be made available. This hOl'lever would 

require dat~u on both asking and selling prices in the first instance. 

An alternative data source is that of the estate age nt dealing 

in the residential proper ty market. This in fact was the source of 

all the house price data. Apart from the advantage of being able to 

obtain a ctual selling prices of properties there are other useful 

features of this source. Firstly estate agents can provide 

' particulars' of each property detailing the facilities offered by 

the house. This is especially useful with regard to the provision 

of non-standard features of a property which may influence its price ' 

such as central heating and double glazing. Secondly agents can 

usually provide an insight into special 'market' circumstances which 

might surround the sale of particular proper ties. This is useful in 

deciding whether or not a transaction superficially adequate for 

inclusion in the sample, ought to be in fact excluded on g rounds of 

abnormal circumstance. 

A useful data source which might be considered is that of 

building societies' records or loan-financed property. The amount 

of detail which is available will probably vary from society to 

society. However if this source is open to researchers it is well 

worth considering (see WILKINSON (1973)). 

3.3 . Data on Residential Amenity. (see Table 3 .1.) 

To obtain da ta on the amenity associated with the houses for 

which prices are available, it is convenient to distinguish two 

categori~s of residential good. Firstly there are the locational 

attributes of the site itself and its immediate environs, what we 

might call point locational attributes. These will corn rise 

physical characteristics of the house and of the land use within 

an area about the house , incorporating neighbourhood environmental 

char a cteristics. Secondly, there are relative locational 

attributes which des cribe the location of the house in relation to 

other points on the urban area. Underlying this notion of relative 

location is the implicit assumption that locational advantages 

(disadvantages) are ex press e d through some medium of s patial 
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actual selling price, which may be significantly different from the 
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society. However if this source is open to researchers it is well 

worth considering (see WILKINSON (1973)). 
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To obtain dat a on the amenity associated with the houses for 

which prices are available, it is convenient to distinguish two 

categories of residential good. Firstly there are the locational 

attributes of the site itself and its immediate environs, what we 

might call point locational attributes. These will comprise 

physical characteristics of the house and of the land use within 

an area about the house , incorporating neighbourhood environmental 

chara cteristics. Secondly, there are rela tive locational 

attributes which describe the location of the house in relation to 

other points on the urban area. Underlying this notion of re la tive 

location is the implicit assumption that locational advantages 

(disadvantages ) are expresse d through some medium of spa tial 



interaction. This a~plies as much to locational attributes such 

as the transmission of air pollution or noise over dista nce as to 

accessibility to a facility. The most obvious medium of spatial 

interaction is one ofmlibrated distance between points of intere st. 

For example the effe ct of noise mig ht be measured by the distance 

of the house from the source of emission, s ay a main road or a 

railway. A priori we would expect that such distance measures 

would manifest their impor tance for household locational utility 

through their impact on house p rice. Distance in t his sense is 

a proxy measure for the locational attribute concerned, and is not 

itself a locational 'good'. 

Distance has also been extensively used i n the literature as 

a proxy for accessibility to points of interest to which travel is 

undertaken to obtain a locational good. This a ~nlies to 'journey 

to work' trips as much as to tri ps to recreational or service 

facilities. In the journey to work example the locationa l g ood 

is the opportunity to earn income. However , a gain on a priori 
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grounds, this study will utilize a different measure of accessibility 

to points of interest to which travel is undertak en. Here 1tJe are 

interested in ascertaining the relationship between travel expenditure, 

a converse measure of a ccessibility , and house price. This is in 

strict accordance with the rent function described in the theoretical 

model of Chapter 2 and in keeping with Von Thunian tradition where 

d~iferential rent is expressed in terms of differential travel cost 

advantages. This study has been unable therefore to justify using a 

proxy for accessibility based upon distanc e from the town centre but 

instead has required data on regular trips made by hous eholds for all 
1 

purposes. In fact distance from the town centre has been included 

as a relevant relative locational attribute descriptive of some notion 

of urbanity . 

The implications that these considerations have for data 

collection are twofold. Firstly both field and map surveys of each 

location are required in order to obtain information pertaining to 

the point locational attributes. Secondly, while much of the 

1 This is no mean advantage where trip motivations as well as 
directions are not homogenous for the popula tion under consideration. 
It allows for example retired persons who do not undertake trips to 
work but who regularly visit friends in the country to be accommodated 
wi th in the analysis. This would not be the case where accessibility 
was measured from the centre a nd rationalized by a s suming that all 
work pla ces and f a cilities are centrally loca t e d. 



rel a tive loc a tional attributes can be ob tained by reference to maps, 

information re gard ing travel behaviour cannot. This re quires a 

hou sehold questionnaire of the releva nt hou seholds concer ning the 

fr equency, distance and mode of t heir tr a vel. 



35 

TABLE 3.1. Residential Amenity Variables used in the Study. 

Variable Group 

1. Dwelling and 
Plot Variables:-

2. Point Locational 
Variables:-

Measured 
within 
an area of 
1/2 mile 
radius of 
the Dwelling 

3. Relative 
Locational 
Varia ble s:-

Description 

(i) House Price 

(ii) House Type 

(iii) Gara ge 

(iv) Age 

(v) Size 

(vi) Plot Size 

(i) Open Space 

(ii) Residential 
Land 

(ii i) Industrial 
Commercial 

(iv) Density 

and 
land 

Measure 

Selling Price 

Detached; Semi; Terraced 

Garage , Garag e Space, 
Neither 

Date of Cons t ruction 
Pre: 1918=0, 1919=1, etc. 

Number of Bedrooms 

Square Yards 

Ac~es wtthin area of radii 
l/~, 1/4, and 1/2 mile 
of Dwelling 

Same as above 

Sam~ as above 

Average density of 
Residential land use i.e. 
Plot Size/Dwelling 
Numbers Ratio within area 
of 1/2 mile radius 

(v) Arborial Amenity Number of trees within 
100 yards of the dwelling 

(vi) View Degrees of Panorama 
with dummy var i a bles 

(i) Noise and 
Nuisance 

for features of Parkland, 
Woodlands, Hills , Housing, 
Industrial/commercial 
land 

Diotance from Main Road 

(ii) Noise and Nuisance Distance from Railway 

(iii) COllntryside Diotance from Green Belt 

(iv) City Centre Distance from Centre 
(urbanity ) 

(v) General Access Travel Expenditure per 
annum of household on 
regular trips. 



3.4. A Household Survey of Residential Preferences. 

For the purpose of analysing the covariation between the two 
data sets of price and amenity it will be necessary to ensure that 

other influential variables are taken account of in some way. The 

most important influence is the effect of changes in demand and 

supply on market prices. In order to remove the ef f ect of such 

changes the analysis will be of a cross-sectional, r ather than a 

time-series type. Here the intere st is then with analysing 

variations in price and a menity at one point in time rather than over 

time thus holding constant demand and supply. 

An a ppropriate statistical procedure for establishing the 

relationship between house price and amenity would be to p osit a 

regression model with price as the de pendent and amenity as the 

independent variabl~s. In the first place this procedure is useful 

providing as it does a m~asure of the ' g oodness of fit ' of the 

hypothetical rela tion between price and amenity. This m~asure , or 

coefficient of determination, provides a de gr ee of belief in the 

relationship on the basis of its conformity with the statistical facts . 

In the second place the coe fficients for each independent varia ble 

may be interpreted as shadow prices of amenity, explaining as they do 

the marginal contribution to house p rice of a unit of amenity. 

It i s important to r e cognize hO\~ever that a re gressio n analysi s 

can lend support to our hypothesis but can in no sense prove it. 

While , in the tradition of Comte, truth may be re presented by 

observabl~ phenomena and scientifically verified facts, the question 

exists as to what degree of verification is necessary. As the 

statis~al a pproach adopted in t his study is inductive it would be 

useful to conduc t a control experiment regarding the relevan(!:,e of the 

chosen variables, rather than to rely upon ex post rationalization 

of re g ression results entirely. 

Unfortuna tely control in the strict sense would be difficult to 

organise in the present study. This is so because it is almost 

impo s sible to obtain a sample of house pr ices pertaining to one point 

in time, for which all amenity variables are held constant. To hold 

each amenity variable constant in turn might be poss ible g iven 

sufficient time and data reserves but this al ternative was outwith 

the bud ge t of t h is study. 

In ord er to exami ne the validity of the amenity v a ri a bles then 

it was decided in the absence of a control (apart from holding time 
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constant) to conduct a parallel experiment. This took the form of a 

social survey of resident ial amenity preferences of t he households 

concerned. By such a survey it wa s hoped that an insight might be 

given into the relevance of different amenity factors for a study of 

household preferences . In itself this a rproach is not ideal as a 

parallel experiment because not all preferences would necess arily be 

expressed in expenditure terms. This \'iill obvi ously be the case 

where desires transcend ability to pay. Moreover there is the 

inherent weakness of all such surveys that respondents will tend to 

give an ex post rationalization of criteria other than or in a ddition 

to ' that "'Jhich initially moti va ted their choic e. To an extent this 

problem can be minimized by a careful design of the questionnaire but 

it can never be entirely removed. However on balance it was felt 

that what insight a social survey would have would be worth having l 

Particularly so as it might be expected to reveal any serious 

discrepancy between variables used in the regression analysis and those 

felt to be important by households . 

3.5. Household Data. 

The second operational objective of the study is to derive 

behavioural relationships between a household's expenditure pattern for 

residential goods and its s ocio-economic characteristics . Such 

characteris tics as might be expected to influence the expenditure 

pattern pertain to the size, age composition, income and occupationa l 

aspects of households. It is clear from chapter 2 that while we may 

be primarily concerned with establishing income-expenditure 

relationships, an allowance for the mther factors is necessary. In 

order to obtain the necessary informa tion a survey of the households 

in the sample is required. A questionnaire on household 

characteristics, on residential amenity preferences and on travel 

characteristics was prepared. The questionnaire was both structured 

and un-structured, corresponding to the straight-forward questions for 

socio-economic cha racteristics and to the more obtuse questions for 

obtaining pre ferences and a tt i tud es. The se latter questions we l 'e open­

ended with the interviewer recording verbatim the answers given by the 

households. 



3.6. Sampling Pr ocedures adopted in the Study . 

The data for the study was firstly collecte d from house prices 

and s ales parti culars made available by estate a gents. Secondly 

a household survey of these h ouses was conducted to obtain data on 

residential preferences and socio-economic characteristics of the 

households. Thirdly field and map surveys of each house a nd its 

location were utilized to obtain data on the locational attributes 

for each site. 

Due to the microeconomic approach adopted requiring detailed 

data far each observation in the sampl~ the costs of data collection 

both in tim~ and money were high. The study was as a result 

restricted to one urban area for which a sample of 210 houses was 

taken . The urban area chosen was Nottingham with a population 

of 210 , 000 and an estimated t~nover in se cond -hand houses of some 

5 ,000 per annum. 

The criteria by which Nottingham was felt suitable for analysis 

were firstly that it has a well defined housing marke t extending 

approximately 12 - 15 mil~s from the city centre. The market is 

well defined in the sense that it is not influe nced by the presence 

of nearby towns. This factor is partly facilitated by the 

diversified employment base which enco~ages economic a ctivity and 

especially journey to work travel to be conducted within the 

Nottingham area. This io helpful insofar as if travel were made 

to other urban areas it would be a priori to achieve s ome 

locational benefit which ought properly to be included in the study. 

This would suggest that the two arerowere interdependent for pur poses 

of locational analysis. Such analysis would then require a more 

extensive spatial scale than ad opted in this present study. 

Se condly en vironmental vari~tion over the urban area of 

Nottingham is sufficient enough to suggest that if the irntial hypothesis 

is corre c t a definite pattern of covariation with pr ices c an be 

established. 

Thirdly net migration in the Nott ingham area over the period 

1960-1972 has been n~ gligible. This it is suspected has contributed 

to the stability in residential prices which h a ve not experienced 

wild fluctuations but a steady incr ease over the period. (see 

3.7 for details of a price index for Nottingham). Stable p rices are 

reassuring in that they indicate that changes in demand and supply 



have not been sudden or such that they warrant special attention. 

Fourthly much of the residential demand in Nottingham is 

generated from house holds already residing in the Nottingham area . 

This factor was apparent after conversation with estate agents and 

building society managers whose opinion was reinforced in the actual 

sample where only 2 3% of households ha d previously lived outside 

the area. This should enable a compar ison to be made of 'reasons 

for moving ' within the area. The household questionnaire was 

accordingly designed to incorporate t his dimension of the study. 
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The precision of numerical estimates derived from the sample 

data will be satisfactory under conditions of a probability or random 

method of sample member selection. Essentially we are concerned 

to ensure that each member of the p opulation has an equal chance 

or probability of being selected. Unfortunately howe ver, data 

collected from estate agents may not satisfy this requirement if 

the agents concern~d specialise in specific ranges of property types. 

Ideally all agents would be sampled, thus extending the process of 

random selection to all property types handled. This was not a 

practical option and instead two agents with a broad range of 

property types on their books were sampled . 

This procedure was reinforced by comparing the representative 

nature of the chosen sample range with the range of property derived 

from an independent random sample ot Nottingham second-hand house 

sales. This data was p rovided by the Department of the Environment 

for the purpose of constructing an index of residential pric es for 

Nottingham (see 3.7) and was used as a check on the representative 

nature of the data from a ge nts. 

It remains to mention the period of time chose n for the study. 

This was the year 1968 and was chosen with a view to ensuring the 

comparability of data based upon Ordnance Survey maps revised up 

to 1968 with the physical characte ristics of the properties at the 

time of their sale. Not all sample members in fact were sales 

recorded in 1968. For thQse which were either 1969 or 1970 however 

prices were deflated utilizing a me tropolitan hedonic index 

constructed for the purpose. 

3.7. The Construction of a Hedonic Pr ice Index for Nottingham Houses. 

As is clear from the preceding it is necessary to construct an 
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index of residential prices for the Nottingham area in order to obtaiu 

a set of prices deflated to a common base period. Da ta for t h is 

purpose was kindly made available by the Department of the Environment 

and referred tot he p~riod 1960 - 1970 for the Nottingham metropolitan 

and distri ct area. As housing is not a homogenous commod~ty it was 

nec essary to employ a hedonic index in measuring pr ice cha nges. A 

hedonic index is an index which takes account of qualitative chan ges 

in commodities as well as providing a ge neral expression for the 

average movement of their p ric es a nd quantities. It may be use d to 

derive an index free of the ef f ects of quality cha nge or to further the 

investigation of quality itself. 

The advantage of the hedonic index over a conventional index 

lies in its ability to identify price fluctuations conting ent u p on 

qualitative dimensions of a commodity separately from fluctuations 

in com. lodity value per se. In so far a s there a ppears to be no 

inherent reason why qualitative changes and ' pure ' price changes 

should move in the same direction or at the same rate , the advantage 

is by no means insignificant. We would never , or should never, 

construct a p rice index for a commodity group beef by using as our 

commodity standard for one year stewing steak and for another best 

sirloin. This would be to ignore quality change across a commodity 

group. Similarly , we should not ignore quali ty change s within a single 

commodity. 

The rationale which supp or t s the construction of hedonic indices 

is a simple one . It is posited that a commodity and its value is a 

composite sum of the qualitative dimensions a nd their associated values . 

Instead therefore of a single price and commodity , say for example, the 

price of a motor c ar , there exists a price and a quantum for each 

qualitative dimension , the products for which when summed gi ve the 

automobile price. We recognise immediately therefore the fundamental 

idea that quality must in some way be m~asurable. In the example 

suggested , such ' qualities' can be represented by perhaps brake 

horsepower , fuel consump tion, length of chrome trim , acceleration , leg 

room , length and whe t her the desi g ner was an Italian or not! It is 

similarly easy to imagine qualitative dimensions for \>Jhatever commodity 

may be of interest . In general terms we may say that the ~rice P of 

a commod:t.ty x is the linear sum of the prices, 13, 01' the qualities , 

times the quantities of each quality Y pertaining t o x , i.e. 



" 

p(x) = 1) 

or 

p(x) 
n 

= L 
i=l 

2) ~.Y . 
1. 1. 

The problem of measurement resolves to that of identifying a set 

of unknown parameters representing quality prices , from a knowledge 

of the commodity price and dimensions of its quality. 
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It is well known that estimates for the P IS are given by an 

ordinary least squares solution of the se t of equations in x and y for 

a sample of data on the x's. A regression therefore of commodity 

prices on quality dimensions for a commodity with some quality 

variation over the chosen sample , is the basic methodology employed in 

hedonic measurements. 

From the Department of the Environment data it was possible to 

derive the following qualitative dimensions of second hand housing: 

(i) ~: terraced (either end terraced or inter-terraced houses 

detached or semi-detached . 

(ii) Bung alow or not as the case may be. 

(iii) Urban or rural; as indicative of the town life or the country 

one. 

(iv) Size; here available as the number of bedrooms. l 

(v) Presen ce or' garage or not as the case may be. 

(vi) Age of Dwelling measured as pre 1918=0, 1918=1, 1919=2, etc. 

Now it is not suggested that these variables are in any sense 

comprehensive 01 housing quality or ideal for what part of quality 

they do purport to represent. In fact, t his thesis is conc e rned 

with residential amenity on a larger scale pertaining as it does to 

neighbourhood environment and accessibility features . Nevertheless 

for constructing a hedonic index suitabl~ for our purpose these 

variables will be shown to be ade quate . It s h ould be borne in mind 

1 MUSGRAVE (1970) has shown evidence that size measured by square 
fee t is significantly c orr ela ted ,,~ith number of bedrooms. 
This provides some justification for using bedrooms as a 
proxy for s ize in t his study where square feet was not an 
a va ila blv measure. 
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however that there are likely to be im portant qualitative dimensions 

which are not taken account of, a contingency for which we mus t provide 

in the analysis, in order to a void biased estimates of he quality price 

parameters. 

After experimentation it wa s established t ha t the a ppropri a te 

re gression e qua tion wa s g iven by 

p = r; + {3 l Yl 0 +'- '(3 2 Y2 + .... f3 6Y6 C3 3 ) 

where 

p = estima ted house price 

I' 0 = the value of a small detached house 

Y
l = presence or not of a garag e 

Y
2 = age of dwelling 

Y
3 = semi-detached or not 

Y4 = end terraced or not 

Y
5 = inter terraced or not 

Y6 = largeness (i.e. with more than three bedrooms) 

In order to make a sui tablte choice for the structure or thl:: regr e ssion 

equation, the criterion 01 goodness of fit, or R2 , was cho s en. 

Essentially we are interested in predicting as efficiently a s 

possible the value of the dependent variable, expected hou s e price. 

This re presents our price index and is the linear sum of the 

independent variables times their coefficients. l<le require 

therefor e as a test a s t a tistic which examines the r es idual va riance 

of this linear sum, such as R2. The question of the Isignifica nce l 

of individual variables, as opp osed to their joint Significance, 

raises a more difficult problem. While we a re primarily interested 

in the estimate of price we should not necessarily attempt to improve 

. I 



the R2 by including variables which are not significant at some level. 

This is p ossible only if there is strong a priori belief 'in the 

relevance of parti cular variables which may be statistically 

insignificant as a result of multi-colinearity or the omission of 

important variables . l 

In the e vent it transpired that remarkably little multi-

colinearity existed. As a result those variabl~s which were not 

consistently significant at the 20% level were excluded. It is 

doubtful either if the variables concerned, urb@1/rural quality and 

bungalow quality, c ould be justified on strong a priori grounds alone. 

The remaining v ariables were almost exclusively significant at levels 

10vier than 5% and on occasions lower than 2%, except as is evident 

from Table 3.2 for the years 1963, 64 and 1965 when the variable for 

garage was not significant at the 20% level. The procedure here , 

rather than to exclude garage altogether , was to regard its 

coefficient for those years as unknown. It is reasonable to suppose 

that on these occasions the information contained in the sample was 

inadequate for revealing the estimate for garage quality price rather 

than that garages we r e sometim~s a relevant dimension of housing and 

sometimes not. 

Improvements in the goodness 01 fit were made possibl~ by 

excluding those observations which exhibited relatively high residuals. 

Such disparities between actual and expected pri ce would be expected 

if the influence of other variabl~s not included in the data was not 

constant over the sample. By excluding observations with 

r e latively high residuals it was felt a sample would be obtained for 

which external influences were more constant. 

It remains to consider the choice of an a ppropriate index number 

formula. A widely used procedure is to tak e both Laspeyres and 

Paasche formula and their g eometric mean (Fisher's Ideal). An ideal 

index formula would be one which ga ve a unique expression for the 

general movement of prices and quantities and was interpretable in some 

utility or welfare sense. 

Unfortunately it is extremely difficult to identify from e mpirical 

information an individual's utility function . Moreover interpersonal 

1 Cm'<lL ING and CUBBIN (1972) take the view that as predicted values of 
the dependent variable are more stable in the presence of multi-
colinearity (if it is constant over time) than individual coefficients 
and as we a re interested more in the pred icted value of the dependent 
variabl~, then variables whose significance i~ 'obscured' by multi­
colinearity may be i ncluded, thus i mproving R , without jeopardizing 
the relevance of the estimated index for price. 
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TABLE 3·2. 

Price - Quality Relationships for Housing in the Nottingham Metropolitan and District Area, 1961-1970 

Dependent Variable : Price 

Coefficients and (t values) 

Year Constant Garage Age Semi- End Inter- Size R2 R2 F Degrees 
Detached Terrace Terraee Large or of 

Small Freedom 

1961 2453 - 348 8048 - 604.77 -1228.58 -1293.58 2007.62 .902 .875 33.67 6, 22 
(11.18) (1.83) (1.41) (2.94) (3.61) (4.72) (7.72) 

1962 2726 - 496.48 15.28 - 915.56 -1926.76 -1796.76 2991.26 .911 .895 56.37 6, 33 (15.27) (2.36) (3.58) (6.63) (4.,9) (7.29) (9.64) 

1963 2736 * 5.8 -656.87 - 2196.14 -1648.49 1770.98 
(17.05) (1.5) (4.6) (7.23) (9.14) (4.63) .849 .831 46.13 5, 41 

1964 2803 * 18.53 - 877.35 -1508.92 -1758.88 2044.07 
(18.16) (5.19) (8.11) (6.33) (7.58)" (7.43) .832 .821 75.99 5, 77 

1965 2886 * 16.72 - 639.66 -1206.66 -1688.31 2595.88 
(26.97) (6.65) (6.78) .(5.03) (12.54) (10.91) .873 .866 127.78 5, 93 

1966 3087 110.22 13.84 - 656.35 -1179.64 -1915.25 2597.01 .851 .844 130.17 6, 137 (30.47) (1.40) (6.48) (8.39) (5.37) (13.9) (12.31) 

1967 3256 247•38" 17.29 -861.98" -1875.03 -1905.68 2060.62 .884 .879 183.9 6, 144 (30.72) (3.36) (7.44) (10.92) (10.59) (13.91) (12.15) 

1968 3475 479.05 14.37 - 912.09 -1301.34 -1789.18 3012.99 .891 .883 112.26 6, 82 (28.76) ( 4.17) (5.67) (9.59) (6.38) (11. 70) (12.88) 

1969 3240 739.31 22.06 - 868.71 * -1358.34 4093.17 
(18.95) (6.65) (6.91) (7.46) (7.02) (15.15) .918 .913 191.88 5, 86 

1970 3786 585.62 10.42 - 934.58 - 1371.j3 -1774.39 2699.7 .835 .829 145.66 6, 172 (34.44) (6.96 (5.2) (12.0) (7.9) (11.88) (11.62) 

* Coefficient Unknown " Median Value 
+-
\..N 
>Il 
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comparisor~ of utility cannot be made in a unique manner. Tradi tional 

index formulae are the refore inte r p r e ted in some pragmatic a nd 

operational, although ess entially arbitrary sense. 

The Laspeyres index takes fixed weights chosen from a 

'representative' yea r a s the basis for comparison. In a dynamic 

contex t with rapid change in technolog y, tastes and c o ns umer beha viour 

this has obvious disadvantages. The Paasohe index on the other hand 

while it takes current weights for each year, understa tes price chang es 

a tat ime of rising prices , unlik e Laspeyres wh ich exaggerates such 

changes . 

Formulae have been devised which s atisfy certain arbitrarily 

chosen statistical tests. An e xa mple is provided by Fisher's I d eal 

index. One such test is the time reversal test whe re the ratio of an 

index for time period 1 to one for period 2 multiplied by the ratio of 

indices for period 2 to period 1, should be unity. Another much 

used test is the factor reversal test which requires that the p roduct 

of a price index (with quantity weights) and its quantity counterpart 

(with price weig hts) should produce an index of total value, i.e. 

If PI Ql/P2Q2 = V then should PI 2Ql 2 = V wher e P refers to prices , , , 
Q to quantities and V to value. 

Of the formula mentioned so far only Fisher ' s Ideal s a tisfies 

these tests. It has been shown however , J AZAIRI (1972), that any 

pair of conventional indices can be adjusted by a cor r ection factor 

such that their ge ometric mean is an index satisfying the factor 

reversal test. The Fisher Ideal index is by no means unique. It 

was pointed out by FRISCH (1936) that a unique index can only exist 

if it is the solution to a set of interde pendent equations in prices 

and quantities. 

mentioned so far . 

Such an interdependence is not implied by the indices 

An index which is re presented by the soluti on to such a se t of 

equations and the necessary c onditions for such a so lution to exist 

have been demonstrated by KHAMIS (1972) and (i~~ (1958). While it 

has not been demonstrated by what way , if any, this index may be 

relat e d to utility , it does have certain attractive pro perties. The 

index It is given by the fol l owing relation; 

It cl. -1 (3 4) = et . . 
where, cl is a factor of proportionality and et is proportional to 



the purchasing povJer of money with, 

n n 
et = ~ Piqit / /. Pitqit 

i 1 

(t = 1,2, ... m) 

and 

m m 
p. = l etPitqit /~ qit 1 t t 

(i = 1,2, ... n) <3 6) 

These equations for n commodities and t time periods define an 

average commodity price Pi and a purchasing power factor et' The 

m+n equations are not independent and have 

"a unique and p ositive solution if and only if the set of 
n commodity flows cannot be s plit into two or more disjoint 
subsets of flows no pair of which has a commodity with 
positive quantity (qit) in common" KHAl'1IS , (1972) 

An advantage of this index is that the price level need not be defined 

for anyone period, 

"thus avoiding problems of dimensional analysis associated 
with other techniques which are based on the arbitrary 
definition of a composite price or composite quantity 
unit for the complex of commodities comprising the flows 
whose solution will at best re quire an arbitrary choice of 
weighting coefficients" KHAt·US , (1972). 

Another advant age foll ows from a property of the conditions for a 

unique solution whereby there need only be one year for which there 

is a positive quantum for a partic u l a r commodity. This allows the 

introduction of new commodities or qualities to be mad e without a 

reappraisal of indice~ for previ ous yea rs where no such commodity 

e xisted. 

The index is also useful in tha t th ere is no inherent reason 

why an ideal index should be the geometric mean of the product of 

a pair of convent i onal indices. The Khamis index need not lie 

between Laspeyres and Paas che, as must Fisher's Ideal, yet it still 

satEfies the usual a rbitrary tests. 

Moreover the index can be constructed over space, time and 

comm odities without having to choose a par ticula r location in space 

as a basis for comparison. This property is par ticularly useful for 



commodities like housing where there is a significant de gree of 

regional variati on in prices. 

All the index formula mentioned so f a r were in f a ct utilized 
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to construct a hedonic pri ce index for Nottingham houses. The prices 

used were the c oefficients for the quality va riables and the weights 

the proportion of each qualitative ch a racteristic in the sample. 

Table 3 shows the formula relevant to e a ch index with prices (the ~ 
coefficients) re presented by P and wi th quantity wei ghts (the y's of 

the regression equa tion) re presented by q. The subscri p ts t refers to 

time and it is underst ood that the index is summed over all commod ities 

(qualities) 

TABLE 3.3. 

Laspeyres (chained) 

Paasche (chained ) 

Khamis 

Champerknowne 

Index Formulae 

Formula 

1 
It = ~ 

et 

* 
It = Pt / P Qt 

* where P is the median price for each 
quality over the time period 1961-70 
and P is the crude index of a verage 

t 
price at tim~ t. 

The Champerknowne index has been suggested, COWLING and CUBBIN (19 72) 

as an alterna tive hedonic index where shadow quality prices do not 

vary from year to year but are fixed at t heir median value. This is 

justifiable in so far as the quality prices are given by sample 

estimates of the t rue but unknown prices. The va riation of these 
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estimates in the short run might be expected to be unrelated to any 

structural pri ce change for quality. The variance of the index can be 

reduced by taking the median shadow price as the estimate for each 

year. This index would tend to underestimate price changes due to 

long run change s in tastes a nd preferences for quality (see Table 3.4) 

TABLE 3.4. The Indices, 1961-1970 
1961=100 

Price Indices 

LASP. PSCH. FSHR. KHMS. CHMP . Crude Year 

100 100 100 100 100 1 00 1961 
111.1 110.9 111.9 113.0 111.4 109.5 1962 
104.8 109.1 106.9 108 .4 108 .5 90.4 1963 
114.5 125.5 119.9 122.9 118.6 121.2 1964 
121.9 133.6 127.6 129.3 124.5 120. 8 1965 
125.7 137.7 131.6 134.0 127.8 133.0 1966 
133.2 145.1 139.0 140.9 133.3 138.4 1967 
146.0 154.7 150.3 151.5 141.7 151.4 1968 
152.5 165.1 158.7 165.4 153.7 161. 8 1969 
153.3 164.0 158.5 165.1 152.0 173.9 1970 

2,ualit;:i Indices 

Quality Indices are derived quite s i mply by dividing a conventiona l 
price index (not a djusted for quality) by a hedonic quality adjusted 
index. Quality indices show therefore the move ment of qua lity 
itself O"Jer the p er iod conc erned. In the exampl es i l lustra ted 
below a crud e ' rice index of a v er age price s ha s b een d ivide d by the 
Fi s her a nd Khamis indices. 

FSHR . 

100 
98 .9 
84.7 

101.1 
94.6 

101.1 

99.5 
100 .7 
101.9 
109.7 

KHMS . 

1 00 
96.9 
83 .4 
98.6 

93.4 
99.3 

98 . 2 
99 . 9 
97.8 

105.3 

Year 

1961 
1962 
1963 
1964 
1965 
1966 

1967 
1968 
1969 
1 970 

It is clear from the indices ill~strate d in Tab l e 3 .4 tha t a 

crude price index i s quite i nadequate for describing the mo ve ment 

of prices in the presence of quality chang e. This is especially 

so for the years 1962, 1 963 , 1 965 and 1970 when qualita tive chang es 

were most prominent. Further ana l ys i s of the ~ensitivity of the 
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quality indices to particular items of quality and their variations 

would be of intere st. For the purpose of t his study howe v er , the 

deflation of all prices to the 1968 level by the Khamis hedonic price 

index, is all that is r equ ired. 



CHAPTER FOUR 

The Statbtical Hethodology 

"A comparison of the f a cts of consumer beha viour with a 
theory purp orting to describe them c a n only be made on the 
basis of SOme statistical model held either i mplicitly 
or explicitly. " 

Prais and Houthakker. The Analysis of Family Bud gets 
C.U. P . 1971 (2nd edition) 

4.1. Introduction 

The econometric analysis required in this study should be such 

that it is possible to identify and eva luate r e sidential goods , 

( characteristics and t heir p rices, along with estima tes of the 

r e lationship between residential consump tion and household socio-

e c onomic criteria. This chap ter illustrates the statistical 

me thodology utilized to accommodate these requirements. 

The expenditure that a household mak es for its location ha s been 

assumed to re present an outlay for a bundle of residential g oods. 

In more precise terms we may say that the rental outlay for the ith 

location , f(r .) is given by the expression 
~ 

f (r. ) 
~ = 

n 
~ 
i=l 

q . z . 
~ ~ 

where q . is the ith price of 
~ 

first objective is to derive 

information concerning total 

(4 1) 

th . th · d t · 1 d z. e 1 res~ en ~a g oo. 
1 

The 

estimates OI the qi prices from 

rental exp enditure represented by house 

prices. The method which will be used to de rive these prices is 

based upon the hedonic price measurement technique discu s sed in 

Chap ter 3. 

It will be recalled that in essence this technique determines 

expendi ture on the residential bundle 01" goods as tre linear sum or 

the estimated price times quantities for each item in the bundle. 

Given that the house prices represent residential expenditure then 

an unbiased estimate of house price can be obtained by an ordinary 

least squares solution to the re gression of house price on the 
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residential goods as independent variables. 

The coefficients estimated for each independent variable show 

the marginal contribution of that va riable to house price and may be 

interpreted as residential goods' prices. 

Unfortunately in practice the situation is not so simple. In 

the first place it is quite likely that residential g oods will be 

interrelated and interdependent. For example the density of an 
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area may be related to the size and type of dwellings and the existence 

of panor&mic view may be related to the quantity of o pen s pace. 

When variables in a relation are multicolinear and not independent 

of each other then parame ter estimates may be indeterminate. l 

In the second place following the discussion 01 Chapter 2 there 

is a priori reason to believe that residential 'characteristics' rather 

than goods are of greater significance for households. In fact 

this notion is useful in connection with the first pr oblem for if it 

is possible to obtain linear combinations of the orig inal 'residential 

goods' variables , representing independent characteristics , then the 

estimation procedure will avoid the problem of multicolinearity. 

For these reaSons we require an estimation procedure which will 

provide a statistical description of the structure of data of 

residential goods such that this structure is reconcilable with the 

consumption technolog ical, g oods-characteristics relationships of 

Chapter 2. The work of KAIN and QUIGLEY (1970) already referred to, 

is notable in that such a technique was used to examine the influence 

of physical and env i ronmental a ttributes of residential neighbourhoods 

upon house prices. While their work was not concerned with 

providing a statistical analogue for any theory of res i dential location, 

it is instructive in the a~tempt made to use a 'factor analysis', a 

technique wh ich will form the basis for t his present study.2 

4.2. Factor Analysis and Goods - Characteristics rela tionships 

Factor analysis is a multivariate technique which describes a 

1 See JOHNSTON (1963) p .20l-207 for a discussion of t h is problem. 

2 A recent paper by WILKINSON (1973 ) similar in intent to my own 
work and utilizing a principal component analysis is d iscussed 
in an a ppe ndix to t h is chapter. 



set of n v a riables in terms of a linear combination of m variables, 

wh ere the m subset is smaller in number than the orig inal va riable 

set. As such it gives a more concise sta tistical description of 

the data. As only the n va riables are actually observable the 

inference problem posed by a factor analysis is that of interpreting 
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the m set of new variables (fa ctors) in some meaningful way. In the 

present case it is hoped that such f a ctors may be regarded as 

residential characteristics of some sort. The f a ctors ca n be 

organized such that they a re orthogonal to one another i.e. so that 

they are independent. With such factors (characteristics) as the 

independent variables in a regression model, with house price as the 

dependent variable , coefficients for each f a ctor, which corr espond to 

the w price vector of characteristics in the utility model of 

Chapter 2, may be obtained by least squares. 

The factor analysis model itself corresponds to equation 

(2:12) with the addition of a stochastic term. 

Thus 

z = Ay + e (4 2) 

where A is now a factor loading matrix of order n x m, n > m; y is a 

vector of orthogonal factors and e a stochastic vector of order n. 

The distributions of y and a are g iven as 

Y -...J N( o , I ), e -..; N(o, .6'> (4 

and the population variance-covariance matrix, ~ is given by 

= AA' + (4 : 4) 

where 6 is the diagonal ma trix in the diagonal entries of b. 
J. 

( i = 1 , 2, ••• n) representing the residual variances. When C is the 

observed variance-covariance matrix then in general it can be shownl 

that Maximum Likelihood estimates of A and ~ satisfy 

diag (C- 2 ) = 0 ( 4 : 5 ) 

1 Readers interested in proofs are referr ed to Kt;NDALL and STUART 
vo}l. II I (1966) and LAWLt;Y and MAJC\.VELL (1963). 
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and 

i:. -lA = (4 6 ) 

when 

= AA ' + /::) (4 

If the observed matrix is based upon N observations then for large N 

the criterion of -2 log ~ , where n is the ratio of the maximum of the 

likelihood g iven the hy potheses to the maximum in the unrestricted case, 

will be distributed as ~ 2 on ~(p - m)2 - (p + m)_7 / 2 degrees of 

freedom , if the null hypothesis that the m f a ctors do explain the 

variability of the data for p v 3.riables , is observed, (LAWLEY and 

MAXWELL, (1963) p.23). 

In order to estimate scores , or measurements of each f a ctor , we 

use functions of the p variates, z. with desira ble properties. 
1. 

Cl~arly as the number OI' hypothetical variates, the m fac t ors y and the 

p residuals e. exceeds the number of observed variates zi \..Je cannot 

estimate the values of the m factors directly. Hmvever a least 

squares solut i on following BARTLETT (1938) can be used where the 

estimated factors a re given by 

/\ 
Y = (4 8) 

Shadow prices for these characteristics can then be obtained by 

a le a st squares solution to the regre ss ion of house price on the 
. "-estimated factor scores g iven by the diagonal matr1.x y for each house. 

A rationalization of the factor analysis approach is that while 

the p va riables z are exp r e ssed in ter ms of p + m va riables which 
i 

are not directly obs e rvable , a hypothesis concerning the va riance-

covariance of the z. can be tested. These are assumed to be a 
1. 

linear sum of a diag ona l matrix with positive elements and a ma trix 

of rank m with positive latent roots. The va lue or m, the number of 

f a ctors ~ust be assigne d in advance. From a sample se t of z . and 
1. 

information a bout the observed varia nce-covariance matrix a likeLihood 

function iuo.y be expressed in terms or these and the population 

parameters. Maximization of the likelihood with resp~ct to the 
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unknown parameters will yield estimates of them. Further a )( 2 test 

is available for tes ting the null hypothesis that t he true but unkno\rJn 

var iance-covariance matrix is expressed by the lin~ar combina tion of 

variables posited for the g iven numb er of factors. 

It i s well k nown, LAWLEY (1940), that while the Maximum l ,i k elihood 

met hod provides a unique set of estimates for ~ , it does not 

uniquely determi ne the y factors. In fact there is an infinite set of 

possible orthogonal transforms 01 the factors satisfying the likelihood 

equations. It is up to the analyst to mak e a judicious and reasoned 

assessment of what will be essentially an arbitrary choice of f a ctors 

at the level of statistical abstraction . Failure to interpret the 

factors in some meaningful way does not however invalid a te the method. 

While it is useful to b e a ble to identify factors which conform \vith 

some a priori notion of what housing might be in the mind of the 

consumer, it is possible that the variability of the data on the 

housing stock does not lend itself to ready inter pr e tation. Factors 

which are linear combinations of the variables can still however be 

related to house pric es in a re gression analysis. Further the 

reduction of the dimensionality of t h is analysis from p to m varia bles 

is in itself a most useful result. It is not lik ely though t ha t the 

inference problem of factor analysis \vill be intractable g iven that 

the structure of variables pertaining to the housing stock reflect past 

and present locational preferences of hou seholds. 

Estimation procedures for Engels r ela tions 

In order to estimate the relationship between hous ehold income 

and residential expend iture both in total and for the separate 

residential characteristics it is necessary to ensure that 

lithe measurement is not confounded by the effects of h ousehold 
composition which are often correlated with household incomes." 

BROWN (1 954) 

In point of fact there are two separate problems . Firstly the problem 

of possible linear cor r e 1 a t ion of the variables describing household 

char a cteristics and secondly the pr oblem of non-linearity of the 

parameters 01" the relation between consumption and the house hold 

variables. 

There are three alternative a pproa ches to these problems. The 

first approa ch is that proposed by SYDENSTRICK~R and KING (1921) and 

discu s sed at some leng th by PRAIS and HOUTHAKKER (1971). Briefly, 

thi~ approach measures household expenditure per equivalent adult, 



using a specific equivalence scal~ wh ich is di f ferent for each 

commodity ·. Household expenditure is then given as a function of 

the amount of hou sehold income per equivalent adult, using an 

equivalence scal~ which is the wei ghted avera ~e of the s pecific 

scales. Household standards of living are thus determined by both 

household income and household comp osition. In order to distinguish 

explicitly the two effects in p r a ctice, estima t e s of the specific 

equivalence scales are r e quired. An iterative procedure for 

obtaining non linear forms of t h e relation by means of Probit Analysis 

is illustrated in PRAIS and HOUTHAKlffiR (1971), p .134-139. 

The second app roach derives from the paper by BROWN (1954) and 

provides a meth od of estima ting income ela stici ties of demand, 

independently of the effects of hous ehold compOSition, without prior 

information on equiva lent adult s c al~s. This is ac hieved simpl y by 

cla s sifying household into comp ositional g r ou ps, ordere d by income 

within groups and estimati ng the income elasticity for ea ch gr oup 

separa tely. Cons id er for example the double-lo garithmic form of the 

Engels rela tion log Y i = o( i -I' fJ log ~ , 

where y. is consumption of the ith resid ential cha r a cteris tic, m is 
~ . 

hou sehold income and 01... a nd /3 a re paramete r s to be estima te d . Taki ng 

into a ccount s p ecific e q uiva lence scales \~e say tha t 
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From equation (4 : 10) it is seen tha t the term ~utside the bra ckets 

on the right hand side, the income elasticity coefficient, is given 

inde pendently of the household comr ositional influen~es. For each 

household compositional class ification such Engels functions can be 

me a sured, the differe nce between each function being confined to the 

values of the interce pts; that is the functions should be a set of 

parallel lines. l 

It will be noted that for this approach to be successful 
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cor r elation of the household vari a bles should be small. In the event 

that it is not then it will be difficult to construct groupings within 

which household variables are constant while income is variable. The 

problem which BROWN considers real l y concerns the question of the 

general but unknown functional relations between household variables 

rather than the problem of correlation in the linear form. 

His a r proach is obviously useful where t~ prime objective is to 

secure a mtasure of income elasticity of demand 2 with ou t necessarily 

investigating functional relationship of the independent varia bles. 

A t hird approach is suggested by factor analysis. If the 

estimation problem is one of multicolinearity of the set of socio­

economic variables describing households; then factors representing 

orthogonal linear combinations of these variables, rather than the 

variables themselves can be related to exp,nditure. While this 

a pproach avoids the estimation problem of multicolinearity it does 

not provide parameter estimates of the effects of the individual 

socio-economic variables. However in so far as household consumption 

decisions are seldom made on the basis of any single criterion alone 

but rather on the basis of several criteria together , this is not a 

serious drawback. Furthermore in the case of housing it is possible 

that both the nature and extent of residential expenditure will be 

determined by household size, age, sex , and income in an interactive 

manner, unsuitable for explicit identification of anyone variables 

effect, yet which is in itself of interest. 

1 As each classification should yield an unbiased estimator of j ., 

a hypothesis can be .tested concerning the covaria nce of the set 1 0f 
estimated (j . 'so If the null hypothesis, that no significant 
differences

1
exist between ~ . 's, can be accepted then the mean value 

of 13. can be derived without
1
any recourse to measurement of 

comp~sitional effects. 

2 The technique can however be used also to estimate equivalence 
scal~s see BROWN (1954) and DEATON and BROWN (1972). 



This approach works by first estimating the factor loading matrix 

of the set of household s ocio-economic variables. l Secondly factor 

scores may be computed for each ind ividual household, these scores being 

the determining variables in a regression with h ouseholds' expend iture 

for each residential cha racteristic in turn, as the de p endent varia ble. 

In essence the view taken is tha t any multicolinearity is no t so 

much an obstacle for the estimation of parameters a s r epresentative of 

the underlying forc es whi ch together de termine household consum tion. 

Indeed the interdependence of household variable s serves to provide 

variables (fa ctors) which mi g ht re present in some sense the behavioural 

determinants of residential choice. 2 

This approach has two main advantages over the alternatives 

suggested. In the first place the notion of specific equivalence 

scales, is not explicitly required yet factors representing the 

interdependent existence or household variables could be derived . 

Secondly , in utilizing re]evant information on hou s ehold socio-economic 

chara cteristics the re is no nece ss ity to hold constant any va riables so 

as to obtain parameter estimates of others. 

However , in handling the problem of multicolinearity the apnroach 

of f a ctor analysis raises the separate problem of 'errors in vAr i ables'. 

This problem arises whenever errors affect the measurement of 

independent variables. In such c ases , it is well known that regression 

analysis does not provide consistent parameter estimates a s the 

independent varia bles ar e not distributed independently of the error 

terms (KENDALL and STUART , p.377) . In the regression of factor 

scores for res i dential attributes on factor scores for household 

attributes , the variables represent e s timates of the true but unknown 

variables, whose functi onal relation we wish to parameterize . 

Without information or ' a priori ' assumptions concerning the error 

variances, estimates of the parameters c annot be obtained. Howe ver t h e 

least squares method ot estimating the factor scores provides estimates 

of the residua ls and their variances. This information might be used 

1 These ' variables ' can be , the income , asset worth, soc i al class, 
and number of pe rsons in ea ch age/sex group def ined. 

2 Multicolinearity may not be present in which case the possibility 
of using ordinary least squares to estimate individual parameters , 
exists. In the absence of multicolinearity of course, a fa ctor 
structure is unlik ely to exist. This was in f a ct the case for this 
study. 
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to provide therefore, ma ximum likelihood estimates of the parameters. 



4.4. APFENDIX 

House Prices and the Measurement of Externalities A Comment 

In a recent article in the Economic Journal, R.K. Wilkinson 

provided by means of a 'factor analysis', 

I!an a pproach to the explanation of. the price struct ure of 
a set or dwellings and to the assessment of the ef f ect of 
specific environmental a ttributes on the structure of house 
prices.1! 1 

It is the purpose of t his note to comment on both the theoretical 

foundation and statistical methodology employed in Wilkinson's pa per 

and to suggest possible alterna tives. The fundamental a ssumption 

of Wilkinson's pa per that the prices 01' a g iven stock of dwellings 

can be said to reflect the rela tive desirability of those dwelling s 

to consumers, is not questioned. 

In postulating that the price structure of hous es reflects the 

influence of dwelling and locational attributes which may be gr ouped 

into a herarchy of residential services Wilkinson utilizes a utility 

function of the form 

1 •.. X7) ••. 7 
+ ;) -

where the x's rapresent individual attributes and the V's represent 

service groups. Such functions, which imp ly that the mar g inal rate 

of substitution between any two attributes within a grou p is inde pendent 

of the quantity of any attribute outside the gr ou p , are general ly 

employed to illustra te the situation where consumers first allocate 

sums of money to the separate grou p s befor e a lloc a ting expenditure 

wi thin groups. Further it is clear that consumers are supposed 

to derive their utility directl y from the bundle or residential 

attributes, rather than from a ny residential services or wants that 

they satisfy. 

There are two p oints to be made here. Firstly if residential 

consumers do behave in the manner suggested then a f a ctor ana lysis is 

not the a ppropriate statistica l analog ue of such beha viour as 

described here. This is so quite simply bec a use the values of the 

attributes, the variabl~s in a Fa ctor Ana l ys is, a re 'explained' in 

1 Economic Journal, I'1a rch 1973 , pps. 72- 86 . 
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terms of all the Factors, while the V's in the Utility function are 

functions · of exclusive subsets of the va riables. Of course this is 

not to say that separability of the variables cannot exist. In the 

event t hat zero loading of vari a bles on certain factors are observed 

it may, be possible to observe separability. This is not the case 

however in Wilkinson 's analysis of fourteen variables and it is 

unnecessary to a s sume that it will be the c ase in general. The 

confusion may arise as a result of the interpretation of the factors, 

" Each factor may be defined as a linear combination of all the 
variables analysed but mainly comprises those variables on which 
it loads most strongly" 

( \/jILKINSON , p.78) 

Strictly speaking it is the other way around with the variables being 

explained by all factors, which tog ether are smaller in number than the 

original va riables set, without any inverse existing. Only in 

principal components analysis where it is desired to find a linear 

combination of the elements of x having maximal variance can the 

problem be expressed in this way. 

more reasonable to suppose that" 

Secondly it would a pear a priori 

"both the market and individual households evaluate residential 
quality in terms of fewer broader aggre gates" 1 

than the individual attributes separately considered. By this it is 

meant that households, rather than having a sharp awareness of the 

individual residential attributes , form an aggregate per ce ption of their 

residential environment in terms of say its physical , aesthetic and 

accessibility characteristics. This would suggest that utility is not 

directly obtained from a ttributes but from the characteristics. 

A theoretical formulation which describes such behaviour and is 

consistent with a Factor analysis can be ill ustrated by c onsidering 

the utility function 

U = U L (w),( d.. )J (w = w,w 2 ••• wm), ~ is a scalar quantity 

where w represents a vector of residential cHaracteristics, and the 

consumers' budget constraint,2 

1 KAIN and QUIGLEY (1970) 

2 It is assumed that expenditure upon non-residential goods is 
separable from re sidential expenditure. The l' e is no need to assume 
that residential expenditure itself is separable. 
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M- ~ = p'x 

where M is money income, ~ is non-residential expenditure a nd p' a 

vector 01" prices corresponding to x a vector of residential g oods. 

Money is s pent on goods but utility is derived from cha racteristics. l 

The relationshi p between goods and cha r a cteristics may be described as 

x = Aw 

, 
where A is a matrix of order n x m, m n. This rel a tionship , which 

provides the means of reconciling utility with money s pent, corresponds 

to the statistical model of f actor analysis , with the addition of a 

stochastic term, 

x = I\ f+u 

wh ere f and u a re mutually inde pendent m and n dimens ional random 

varia bles resp~ctively , dis tribut ed as 

f , N(O,I) U r"V N(0, 4 ) 

and 1\ is a ma trix of constants (fa ctor loa dings ) of order n x m. 

t is the popula tion v a riance-covariance matrix and is g iven by 

<: = /\/\ ' + 6 

where .6 is the diagonal ma trix in the diagonal entries of 

~ (i=1,2, .. . n) re presenting the residual va riances. When C is the 

observed variance-covaria nce matrix then in genera l it can be s hown 

(KENDALLa nd STUfl.RT (1966), UUVl.EY and MAXWELl (1963)) that Haxi mum 

Likelihood estimat es 01' A and ~ satisfy 

diag (C - = ° 
and -1 

= 

1 This is Lancaster's a pproach to consumer theory given its most 
recent exposition in LANCASTER (1972). 
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whe n ! = 1\ 1\' +- 6 

Le ast squares estimates of the f's, which may be interpreted as the w 

residential char a cteristics, are given by 

A 
f = ( A ' ll -l l ) -1 j\ ' A -1 x 

Shadow prices of the residential characteristics are obtained by a least 

squares solution to the regression of house price (the pX's) on the 

estimated residential char ac teristics Xthe f's), give n above. 

It is interesting to note that the procedure ado p ted by 

Wilkinson for estimating the matrix of factor loadin s was that of 

' principal components' rather than factor analysis as described above. 

It is not an unco mmon mistake for the s e procedures to be called by 

the same name but it is an unfortunate one. The two procedures are 

not desig ned for the same p ur pose and can give quite different 

results as will be shown below. l At best the princi pal components 

method is that proce dure wh ich g ives a maximum likelih00d solution 

for the factors restricted to the case where the residual variance 

of the variables are assum ed to be equal . 2 In so far as this is 

an unnecessary restriction the Full Maximum Likelih ood method is to 

be pre ferred. In order to illustrate the operational significance 

of the different approaches the correlation matrix for iVilkinson' s 

14 variable c ase was used as input for a Full Max imum Likelihood 

factor analys:is. The results for the rotated factor loadi ng s which 

demonstrate different results from his case are g iven below in 

Table One , Wilk inson's correspond ing Table being re printed for 

convenience. 

The first observa tion to make on comparing the F.M . L. solution 

with the P .C. solution is th a t the former provides factors which 

are easier to interpret than the latter. Fa ctor One is seen to be 

a's i z e ' fa c t or • It is quite simila_r to Factor Two of the P .C. 

1 The Principal Components model of Factor Analysis is g iven by BRrman as 

Xi = 1. ifi (i = 1,2, ••• n) 

the Cla ssical Factor Analysis model is g iven by xl.' = ~ ,f, + u, 
J J J l. 

(i = 1,2, ••• n) (j = 1,2, •• • m) 
(see HARMAN (1967) pp .15-l8). 

2 See DHRTI1ES (1970) p~ .80-82 f or an illustra tion of t h is relat ion 
between principal component and restricted maximum likel ihood factor 
analysis. For a useful reference to the essential differences of 
the two methods see RAO (1955). 



TABLE ONE F.M.L. Factor Analysis of Fourteen Variables, Four Factor Case 

Maximum Likelihood Solution 

Factor Loadings 

Variable 1 2 3 4 Communality 

1 House Type 0.19213 0.57153 * - 0.00042 0.57491 * 0.694159 
2 Construction 

Date - 0.11590 0 . 40295 - 0.10784 0.69524 * 0.670794 
3 Soc. - Econ.Class - 0.14826 -0. 78540 * - 0.02292 - 0.14762 0.661146 
4 Gr.Res.Density 0.18315 0.76458 * 0.00243 0.22516 0.668958 
5 Distance, centre 0.07106 -0.62860 * 0.03112 - 0.36507 0.534656 
6 No. Rms - 0.88737 * - 0.16319 -0.14519 -0.30514 0.928254 
7 No. Bdrms. -0.77922 * - 0.16361 - 0.13810 -0.32714 0.760043 
8 Garage - 0.32677 - 0.18967 - 0.81078 * -0.18117 0.833050 
9 Garage Space ~0.15931 0. 26057 - 0.78508 * 0.38169 0.855322 

10 Dwelling Area - 0.68106 * -0.18841 - 0.13692 0.14697 0.539688 
11 Fixed Bath -0.15676 - 0·30072 0.03975 - 0.25123 0.179703 
12 Inside Toilet - 0.16993 - 0.32637 0.04757 -0.39981 0.297500 
13 No. Attics 0.12230 0.22587 0.00997 0.73614 * 0.608417 
14 Schools Ratio 0.23391 - 0.06433 0.12225 - 0.18124 0.106645 
Proportion Variance 1~.89045 18.07465 0.74801 15.84643 59.55954 

Uniquity 

0.305841 

0.329206 
0.338854 
0.331042 
0.465344 
0.071746 
0.239957 
0.166950 
0.144678 
0.460312 
0.820297 
0.702500 
0.391583 
0.893355 

(J'\ 
(\) 

= 



Principal Components Factor Analysis of Fourteen Variables (reprinted from WILI NSON p.77) 

Rotated factor loadings 
Variables Communa1ity 

F1 F2 F3 F4 

xl House type - 0.6953 -0.2883 -0.2657 0.2518 0.7005 

x2 Construction Date - 0.6346 0.0280 - 0.2626 0.4803 * 0.7032 

x3 Socio- economic class 0.8505 0.1674 0.02l8 0.1450 0.7729 

x4 Gross residential - 0.8209 -0.1677 - 0.2393 -0.1780 0.7909 

x5 Distance from 
city centre 0.7297 0.0039 0.1231 -0.3034 0.6397 

x6 No. of rooms 0.2029 0.8249 0.2851 0.0185 0.8032 

x
7 

No. of bedrooms 0.2104 0.7969 0.2224 -0.0919 0.7372 

x8 Garage 0.1446 0.8065 -0.1715 -0.0206 0.7013 

x9 Garage space - 0.4137 0.5233 -0.4277 * 0.2376 0.6844 

x10 Area of dwelling 0.0187 0.6553 0.2453 0.3620 * 0.6210 

x11 Fixed bath 0.1453 0.1140 0.8148 0.0110 0.6982 

x12 Inside toilet 0.2505 0.1652 0.7621 -0.1518 0.6939 

x13 No. of attics - 0.4879 * - 0.2591 - 0.1861 0 .5207 0.6109 

x14 Schools ratio - 0.0125 -0.1390 0.0316 0.7293 0.5524 

Eigenva1ues 3.4157 2.9359 1.8961 1.4618 9.7095 

% total variance 24.40 20.97 13.54 10 .44 69.35 
0'\ 
'vi 
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solution with the omission of garage and garage spa ce. This is 

convenient in that it is more like ly that ' gara ~eness ' is no t a 

dimension of size or of the dwelling so much as one of mobility. 

Factor Two of the F. M. I . solution, is quite clearly a loca tional 

factor with a re ady interpretation in that as distance from the centre 

increases, households become incre asingly of a higher socio-economic 

class living in lower density suburbs. 

of most British towns and cities. 

This is pe rhaps cha racteristic 

The t h ird factor , (F. M.L.) is indicative of some notion of 

' garag eness' reflecting perhaps the need for mobility. It is 

notable that t h is factor is not a locational one as it is not highly 

corre lated with distance from the city centre. This would s u gGes t 

that the desire for mobility is not necessarily stronger in a 

suburban context, where ' accessibility' might be thought to be least. 

The fourth factor ( F . M.L.) can be related to the Type and Age ot the 

housing stock. This is reasonable in that older houses are seen to 

be of a t ype, usually terraced, which have attics and more modern 

houses, usually semi-detached or detached are of a type which do 
I not. 

It is a -oparent that Factors L~ and 2 of the F. M. L. solution are 

similar to Fr: ctor I of the P .C. solution , while Fa ctors I a nd 3 (F. N.I.), 

are similar to Factor 2 ( P . C.). In both cases it would a n pear 

easier to r a tionalise the F. M.L. solution, in terms of meaningful 

dimensions of the housing stock. In the F.M.L. solution no 

equivalent Fac tors to 3 and 4 of the P .C. solution are derived. In 

the case of ' Fixed Bath ' and 'Inside Toilet' both varia bles load on 

the locational and type/age factors. This is not unreasonable. 

Given the signs of these loadings we expect suburban houses to be 

newer and to have fixed baths and inside toilets. 

Table Two , shown below, i llustrates the F. M.L. solution for 

five factors while Tables Three and Four , res pe ctively illustra te 

the R.M.L. (restricted maximum likelihood) solution for the four 

factor and the F. M.L. solution for the six fac t or case. Table Three 

thus re presents the P . C. solution where the condition of equal r esidual 

va riance is imposed, i.e. 

= 
I Wilkinson had intended 'no. of attics ' to be a measure of dwelling 

characteristics rather than as a d imension of locality as it is in 
his case, with the then attendant problem of interpreta tion. 



TABLE TWO F. M.L. Factor Analysis of Fourteen Variables Five Factor Case 

Maximum Likelihood Solution 

Factor Loadings 

Variable 1 2 3 4 5 Communality Uniquity 

1 House Type - 0.11437 -0.20382 - 0.46543 * - 0.70842 * 0.17727 0.004770 0.195347 
2 Construction 

Date 0.09363 0.04518 - 0.36886 - 0.57298 111 0.28907 0.558778 0.441250 
3 Soci-Econ. 

Class 0.03047 0.17916 0.82840 * 0.18074 - 0.04358 0.754413 0.245869 
4 Gr.Res. 

Density -0.01748 ":'0.19865 - 0.72219 * - 0.20395 0.27710 0.680460 0.319921 
5 Distance, 

cent re - 0.02405 - 0.03058 0.58609 .. 0.32106 - 0.25157 0.511632 0.488492 
6 No. Rms. 0.13192 0.91385 * 0.11709 0.20619 -0.17418 0.930885 0.060512 
7 No. Bdrms. 0.12453 0.80614 * 0.13170 0.24270 - 0.11803 0.756679 0.243882 
8 Garage 0.91690 * 0.34097 0.13486 0.14186 - 0.06890 0.999976 0.000000 
9 Gara g= space 0.67684 * 0.17941 - 0.19745 - 0.54231 * 0.11687 0.836705 0.163127 

10 Dwelling Area 0.14780 0.63749 * 0.13125 - 0.12329 -0.09976 0.47066, 0.529362 
11 Fixed Bath 0.00740 0.10815 0.16832 0.18124 -0.65184 * 0.482264 0.517766 
12 Inside Toilet-0.00650 0.13061 0.17776 0.25463 -0.74558 * 0.660446 0~330568 
13 No. Attics -0.01672 - 0.20261 - 0.21624 - 0.57502 0.21120 0.463594 0.536535 
14 Schools Ratio-0.09967 - 0.22600 0.03240 0.20580 -0.07731 0.110617 0.889497 
Proportion 
Variance 9.91096 16.26277 15.12275 13.52487 9.72104 64.54187 

1 Communalities and uniquities should properly sum to unity. The small discrepancies, none higher than 0.0006, 
reflect the extent to which the maximum of the likelihood has not yet been reached. 

(j\ 
\.Jl 



Table Two shows that the Five Factor solution corresponds to 

the Four Factor F.M.L . solution with the addition of a f Rctor for 

'Fixed Bath' and ' Inside Toilet'. 

Table Three illustrates a Factor s tr.nc ture which resemb les both 

Wilkinson ' s solution and the F. M.L. solution of Table One. Fp. ctor 

One combines the Age/Type and Locational Factors , including ' No. of 

Attics ', while the size factor , garage factor and 'Fixed Bath' and 

' Inside Toilet ' factor make up the other three . An interesting 

compar ison is given by the variability of the 'uniquity' (the 

elements of ) for the F . M. L. solution of Table One and the lack 

of such variability for the R. M.L. solution of Table Three. The 

range of variation of the uniquity in the former case is from 0.89 
to 0.07 which would suggest that the assumption of constant residual 

variance in the latter case is not justified. 
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The six factor case, while being readily interpretable is somewhat 

different from the other solutions. It is a pparent that again a size 

factor related to the number of rooms and bedrooms exists (no.3) along 

wi th a type factor (no.4) and a type locational factor (no.l). This 

latter factor is most interesting as it reflects that as distance from 

the centre inereases houses become older rather than newer. In fact 

in Leeds suburban houses do tend to be older than newer redeveloued 

inner areas of the city. Factors 2 , 5 and 6 indic ate factors for 

' garageness ', hygiene and attics/age resp~ctively. 

In order to c ompare the relative performance of the F . M. L . and 

the R. M.L. solutions for a predetermined number of fa ctor s the 

criterion , -2 10g .LR can be used where ~ i s the ratio of the max imum 

of the likelihood given the hypotheses to its unrestricted maximum . 

If the observed matrix is based u p on N observations then f or large N 
2 the criterion wil l be distributed aI'proximately a s on 

L(p-m)2 - (p+m)_7/2 degrees 01 freedom if the null hypothesis that the 

m factors do explain the variability is obs e rved. Table Five provides 

values 01 the criterion for the F.M.L. and R . M.L . solutions. 
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m f ac tor s do explain the variability is observe d . Tab le Five provides 

valu es 01 the criterion for the F. M. L . a nd R . M. L. solutions. 



TABLE THREE 

R.M.L. Principal Component Solution, Factors Analysis, 
Four Factor Case 

Component 
Variable 1 2 3 4 Communality Uniquity 

1 House Type - 0.703185 * 0.311735 - 0.199105 0.072803 0.636590 0.426973 

2 Construction 
Date - 0.706986 * 0.022271 - 0.197531 0.254664 0.604198 0.426973 

3 Socio- Econ. 
Class 0.685526 * - 0.230653 0.026025 0.082392 0.530612 0.426973 

4 Gr.Res.Density - 0.659575 * 0.295253 - 0.167742 0.006212 0.550390 0.426973 
5 Distance Centre 0.745412 * 0.064101 0.213678 0.057916 0.608761 0.426973 
6 No. rooms 0.222407 - 0.778278 * 0.167175 0.139874 0.702694 0.426973 
7 No. Bdrms. 0.248082 - 0.754246 * 0.105188 0.098412 0.651182 0 .426973 
8 Garage 0.189148 - 0.478484 0.021332 0.591424 * 0.614962 0.426973 
9 Gara g: Space - 0.400010 -0.191043 - 0.175351 0.652038 * 0.652407 0.426973 

10 Dwelling Area - 0.047767 - 0.621959 * 0.179728 0.274775 0.496918 0.426973 
11 Fixed Bath 0.192887 - 0.181583 0.689348 * -0.055186 0.548423 0.426973 
12 Inside Toilet 0.330245 -0.219857 0.630095 * - 0.100202 0.566343 0 .426973 
13 No. Att ics - 0 .590390 * 0.258583 - 0.097810 0.207987 0.478938 0.426973 
14 Schools Ratio 0 .261089 0 .471762 0.261791 0.138261 0.379953 0.426973 
Proportions 23.851981 17.426957 8.611088 7.109627 57.302652 42.697318 

1 The difference between the estimated communality in t his case and in Wilkinson 's analysis is the 
result of using differing estimation procedures. In this case the difference between using an 
R. M.L. procedure and a non- maximum likelihood procedure. 

0'\ 
~ 
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TABLl:!. FOUR 

Maximum Likelihood Solution 

Factor Loadings 

Variable 1 2 3 4 
1 House Type -0.30239 * -0.00239 -0.24556 -0.70069 
2 Construction 

Date -0.40072 * 0.12122 0.03350 -0.24105 
3 Socio-Econ. 

Class 0.45408 * 0.01651 0.24052 0.38984 
4 Gr.Res.Density -0.46226 * -0.00820 -0.25967 -0.31114 
5 Distance,Centre 0.95483 * -0.00322 0.06046 0.10983 
6 No. Rooms 0.00831 0.14854 0.89652 * 0.11612 
7 No .Bdrms. 0.04825 0.13038 0.81341 * 0.13052 
8 Garage 0.02648 0.89978 * 0.31701 0.25636 
9 Garage s pace -0.20748 0.74027 * 0.13020 -0.3.5935 

10 Dwelling Area -0.00221 0.15558 0.67825 * 0.08929 
11 Fixed Bath 0.10371 -0.00635 0.11722 0.07712 
12 Insid e Toilet 0.19035 -0.02874 0.16768 0.13868 
13 No.Attics -0.17643 0.00159 -0.17021 -0.16623 
14 Schools Ratio 0.32468 -0.10780 -0.19390 0.04007 
Proportion 
Variance 12.95206 10.34571 16.72592 8.58761 

Variable 5 6 Communality Uniquity 

1 0.21983 0.34948 0.9.51626 0.068.544 
2 0.25371 0.61249 * 0.673916 0.326039 
3 -0.13385 -0.12722 0.450437 0.549588 
4 0.29706 0.18839 0.501655 0.498304 
5 -0.16296 -0.21421 1.000122 0.000000 
6 -0.16178 -0.22998 0.918377 0.081600 
7 -0.09165 -0.26120 0.774576 0.225402 
8 -0.08429 -0.12399 0.998987 0.001010 
9 0.15328 0.25772 0.812956 0.186987 

10 -0.14859 0.24502 0.574320 0.425680 
11 -0.81216 * -0.06038 0.693826 0.306192 
12 -0.62499 * -0.23746 0.531481 0.468557 
13 0.15195 0.78535 * 0.727557 0.272424 
14 -0.03222 -0.05521 0.160144 0.839763 
Proportion 
Variance 10.05006 10.98318 69.64454 



TABLE ] 'IVl!; 

Es timation 
Procedure 

F.M.L. 

R . M. L . 

Values of the Criterion for F . M. L. and R . M. L. 
solutions of Factor Analysis of 14 Va riables (a), (b) 

No . of 
Factors 

4 
Factors 

< 0.001% 
93.80 (41) 

< 0.001% 
203.89 (54) 

5 
Factors 

0.1% 
60.47 (1 ) 

0.001% 
150.69 (44) 

6 
Factors 

5% 
34 (22 ) 

< 0.001% 
85 . 86 (35) 

68 

(a) Nos. in brackets refer to the de grees of freedom associa ted \.Jith 
each value 01' the criterion. 

(b) % values are p values for the cri teri on with the no. of 
observa t ions = 100. 

From Table Five vJe c a n evaluate both the performanc e of the 

estimating technique and whether the posited number of factors can 

represent the variability of the data. The F . M. L . procedure is in 

every case superior having a hi g her probability of s atisfying the 

null hypothesis than the corresp onding R. M. L . procedure. Howe ver 

the null hypothesis is substantially rejected in all ca ses save that 

for Six Fac tor s und er F. M. L . for which the null hypothesis a ·opears 

accep table at abou t 95 per cent. 

While ther e are differe nces of inter pretation such dif erences 

alone do not form a basis for preferring one approa ch to the other. 

Even in a F . M.L. a [' proach it is true that the estimate ot factor 

loading s is indeterminate to an orthogonal transform. The choice of 

a particular transform is essentia lly subj e ctive de pending upon that 

rotation which the ana lyst feels conforms mos t with his a priori 

expectations. 

It mus t be stressed however that difficulties of interpre tation 

of factors do not necessarily undermine the usefulne ss of the 

technique. The problem to which factor analysis addresses itself 

is that of determining the underlying structure of a da t a set , 

particularly by ascertaining new variables (fa ctors), linear combinations 

of which explain the va riance-covariance ma trix . In the stric t 

statistical sense anyone rotation of the factors is as g ood a s another . 



In a utility sense it may be convenient to be able to extract some 

intuitively r easonable interpretation of the f Hctors. In so far 

as the structure of the data of the housing stock is likely to r e fle ct 

past and present prefer e nces of households for residential att r ibutes, 

it is unlik ely that the inference problem of factor analysis will be 

intractable. Howe ver the extent to which factors cannot be inter preted 

may not be an indic a tor so much ot the 'failure' of the technique as of 

the le vel of 'understanding ' of the data struc ture and \>J hat it may 

repre sent. It is important t herefore that the method used to estim'ate 

this structure be adequate in the first place. 

The F . M.L. me thod does provide a maximum likelihood estimate of ~ 
without imposing the restriction of common variance of the residual 

variance OI the variables in the unit of measur ement chosen. As such 

the F.M.L. is 'sca le' inde pendent whereas P .C. gives a F. M. L . solution 

only under conditions wh ere the units of measurement chos en are 

proportional to the square roots 01' the true 'uniquities '. Th is i s 

the crucial difference between the two methods . It would be preferable 

for authors to make explicit which method is u se d so that questions of 

interpretation may be confined to t h ose of an a priori r a ther than a 

methodological sort. 
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CHAPTER FIVE 

Calibration and Analysis 

5.1. Introduction 

This chapter presents the results of the empirical analysis 

conducted to calibrate and test the residential model outlined in the 

previous chapter . In 5.2. the maximum likelihood factor analyses 

are illustrated. Here the data of ~he residential a ttributes are 

described in a parsimonious fashion and interpreted as residential 

chara cteristics. The regression analysis of 5.3. il l ustrates the 

relationship between house ' price ', taken to be house 'value ', and 

the residential characteristics. As such this analysis represents 

a test of the hypothesis that a g oods-chara cteristics technology is 

suitable for 'explaining ' house price and therefore representative of 

how households perceive amenity. The coe fficients of the individual 

attributes and the characteristics (factors) with respe ~t to house price 

are illustrated . These coef ficients ma y be interpreted as ' amenity 

prices' and show the impact on hou s e price of marginal amenity changes . 

In 5.4. the analysis of residential expend iture and hous e hold socio­

economic variables is described while in 5.5. the confirma tory analysis 

or parallel experiment referred to in Chapter 3 is present ed. This 

latter illustrates by an attitudinal survey of the households in the 

sample , the amenity pre f.ere nces 01 households. While not in it s elf 

used to 'me asure ' amenity , it does provide an inde pendent indication of 

relative ameni ty preferences and c a n usefully be compared with the 

relative amenity values derived from the re g ression analysis. 

5.2. FactorAna lysis and Amenity Characteristics. 

The initial analysis was conducted for 28 variables pe rtaining to 

the residential attributes 01 the 114 sample houses. The va riab les 

are described in Table 5 . 1. along with the Factors for the 11 Factor 

case . In order to obtain the best factor s tructure consistent both 

with parsimony and a probable v a lue for the criterion , several analysas 

were conducted starting initiaJl y with the maximum all owable number of 

factors. The maximum allowable number is simply that number of 
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factors, in wh i ch for p variables gives de grees of freedom, 

( p_m)2 _ (p + m) /2 > / 1. The procedure is then to compare the 

proba bility va lue for the criterion, which it will be rec a lled is 

distributed as )( 2 for the calculated de grees of freedom (see chapter 

4 above) , for successive re ducti ons of the number of factors. The 

leas t number of factors is that number which g ives a structure that 

would occur not as a rare or improbable event i.e. for which the null 

hypothesis is not rejected. 

For the maximum number of factors , in this c a se 20 , the p value of 

th e criterion wa s 17%, for the 15 factor case 88% , for the 12 factor 

case 50%, for the 11 factor case 22% and for the 10 f a ctor c a se , 1%. 

The 1 1 factor c ase may be considered therefore the most parsimonious 

yet probable structure and is shown below in Ta ble 5.1. 

From Ta ble 5.1. it is possible to ' interpret' the factors in terms 

of those variables which load relatively highly on them . Factor 1 is 

an industrial characteristic, while Factor 2 de s cribes how open space 

and residential land within a * and ~ mile r ad ius of the house are 

inverse ly relat e d. This is only to show that industrial l~nd can 

occur whether there is open space or not but that if open s pace occurs 

then housing land is reduced. The Factor 3 is indicative of 

residential land within * mile radius . As t his varia ble loa ds also 

on Factor 2 and 4 we expect it to be well exp lained by the Factor 

analysis and indeed it has a low uniquity on specific effect. Factor 

3 in fact is almost a specific factor for t his variable . Fa ctor 4 

is simila r to Factor 2 i.e. an open space/housing factor but within a 

radius of 1/8 mile and * mile of the house. Factor 5 is a general 

location factor which shows that Nottingham is a circular city. As 

distance from the centre increases , the green belt be c omes closer . 

Furthermore travel expenditure is in par t rela ted to distance from the 

centre. This sugge s ts that distance from the centre c ould be 

justified as a pr oxy for travel expenditure , albeit a poor one. 

Factor 6 indicates that when a view exists with hills then woodla nd is 

also likely to be present. Factor 7 is a house/quality factor 

il l ustrating that houses of a terraced type tend to be older , without 

central heating , on small plots with no garage a nd in high density 

areas. It is difficult to identify Fa ctor 8 a s it does not hav e any 

varia bles loa ding he a vily on it. Factor 9 is a s eparable Factor in that 

the varia ble which loads hig hly on it, vi ew , does not loa d on any other 

f a ctor. It is ther e fore a sp~cific factor for vi e w and indeed view , 

g iven it s separability, could be e xcluded from the factor s tructure and 



\() 

~ 
Ul 
J~ 
I 
I 

~d~- O ~~~~~~r-~ -~_~~~ ~ro OCN~_OCO~ 
N ~~ ~ ~~ ~-~~~ - ~- X _~N ~ ~N'N_D ~ ~~ 
~~ ' ~--~~~ - ~ - ~~ ~~~ ~~ ~~ O DN_ O~ ~ 
,..... 0- ::3 r.J L CC :n :::) :::7" ..c ,- './) .:::t 0 ..0 r- r .. I~ ::1 .() N rr -:: or- ~ C ' .- X 
- C .- .- <.) N - C) rr, =- .. ..:.' 0- .- _ N r-.: _ :::::.: ::> Cl U .- r- ::r-. .- :"""I r- ~ 

U"") .. .. .. .. .. .. .. .. .. .. .. .. .. 0 .. .. .. .. • .. .. .. .. .. .. .. .. .. 

o .J 0 C.; C \J CJ 0 CO? COO 0 C l 0 c> c,. 0 u c:,... :J Cl 0 0 0 0 
I I I I I I I I I I I 

~~~~~ - O_ ~ ~~f~~ ~ ~ ~~ ~~~~~Nro~~~ 
~~~ =~ ~~~xaoc D ~ X ~N~~~~~~~a~ c n 
~ a7 _ ~N~~~~~ ~~~~ - ~ -- N N N~ _~N~ 
~ a~~a~ ~ ~'~G~- oo ~~c a ~ a X~~C N~~_ 
Q~ - O~~~ ~_~~ ~ ~~ - ~~0CO = -~ ~ ro~ 

.::1 . (> •• .,(> . " • • (> ••••••••••••••••• 
~U G C OVOGOO~JOOO UOO~OQ O O O OO OO 

I I I I I I t I I I I I I 

NC 0 - CN ~ =C ~ ~ _~~OCC~x~~ r ~ ~~c~r~ 
r--- f) ..[) Lt'; r I ~ .r. N ............. , N "r) N ~ =l ~ 'X f' J) C-' :1'1 c-. .J .::j' :0 0 O'l !3" 
~~ ~ N ~ ~-~ N ~ a~~ro - =~ N ~~~~NG r OC =M 
~D ~N~~ ~~D c -~n~~N~ ~a_ N N N~~ NN O 
D ~ : . ' C C ' r- 0 Ne:=... :..1 c ' - ~ , r- C r- C r- r- C> r- Cl :.J t- _ <..' -:.. 

.~ . . . . . ............ ., ...... . 
c '- 0 c ::> ~.:. :::.. I..,.) (...I .::> c C O:":} .::. CO:,..., ::J C .. 0 0 CJ :;:) c:.,. ;:, 0 0 

I I I I I I I I, I I I I 

"'" r.c T ~ r- ~ - :"1 C 
~ ' I '''\1 ~ J ..c::; :...' f'I.::f 
.. # I'l r : :::1 :T ..L .- .L :-­

~ ::. ~ ;: ~ ~ ~ ~ ~, '[ ~ ? ; ; ;' ~. ~ , :; ; ~ ~ ~ ~ -; ; /;;;/:;; ~ 
~ ~ "X~ - ~~=1= - ~~ _7~ _ X =~: _ _ ~T~ ~ 
f) ~ :; . :"\.I 0 """) ..c. f'l f) - .. .- .::J :J D _ ::J _ r- ,,::- ... ..; :J :--" r- ::J ,.... 
:.. . r- ~ ...,.. .:.J ~~ .- 0- r'\. :. :'\I ;-J ~'l r- t- _ :.... :... :: :' . :"-1.- J) _ '-' :" .. .. .. .. . .. .. " .. " .. .. .. .. .. .. .. .. .. .. .. . .. .. ... .. . .. 
::.. ~ ~ .. ::..~t.:::> c: 8:: J::"" ::'I ~ ;: .::. ..:.. '::" ::"1::'::"'::":, ~C C.:.,..~ 
I I I I " I t I I I 'I I I I 

'" 1""'l-...o O'\O O~ O __ :n 
:::!I .c C · t"""I :n ::!' N ::0 If) ,..... :x: -. 
:"""I .- ::.....~ .O """" ...c ::.:::t :;j .- """ r-... 
en OO...o .::t C:""""'l :J) DlII::t=t 
N ~ N O ~ I,/"'.NN _ c. ("" _ 

.. C • .. .. • .. .. .. .. .. .. .. 
:O-O OG 0 00 0 0c... OG 

I I I I r I 

~~~o~~~ o _~~~o __ ~~ ~ 
.:::tN~-N'-_ ~ _ ~_ ~f'l N~N ~ ,-

~ ~;- ~ ~ -;. ; ;. ~ ~ ;: ~ ~ ~ ~ ~ }-~ ~ 
ON'- ~C~CC - G~ '-C~ON O m 

~ c~~;~~~~ ; ~ ~~: ~ ~~ ~ 
I I " I I I 

r.I"I 0 !" J) ~ 0'\ er N "" r- .J) ~ "'I"") r--- .r ....., '-' r- ...... .:j .c, ~ . ./) .- N :1 ~ o.CJ 00 ,..... 
N ~ ~~ax ~ N aD-~NG ~ ~~N c ~a~~ ~ ~ r~ ~= N 

~~~~~~~~-~ c~~D'~~~~~~L~~ = a~ ~ 00 
N O~N ~~~ N -~ ~~~G~a _ u~~D a_ ~ ~ ~~ r~ ~ 

c.. N O::.. ... r- 0 N 0 - c,..") .:... 0 :"\I::: r- 0 r- r-. r- ::> _ "'I"") ~ :::> r- c... 0 0 ,.... ·:r-.·········· · . . .. . u • • o •••••••••• 
OC O~ OU O OOGOGV80W 00 00~OOOOOCOC o ~ 

I I I I I I I 

~ ro ~N ~ooD~ro~M~ ~ ~N~ X~ ~ _ ~ N ~~ ~~ N O~ _ 
a ~ : - Nro~ ~_ ~ ~ ~ - N~ ~~ _ ~ ~~~ x a ~N D~~ ~ 

mD a~= c~M~M~~M~ N _D 8 ~ MNNDN ~ ro ~ o ~ 
D D ~ O -- N~~ a -N N ~N co _ a_~ __ MN _ M _~ N 
~ c r- UC r COCL - C DN ~O C00 rNJ~O O O _ O D 
• ro •••••••••••• •••• ••• •• •••••••• 

- 0 0 0 ::- D 0 0 C 0 C' Cl C C ::J :.:> 0 c.. ::; ( .' C Cl 0 ::> 0 ::> 0 :;:; 0 0 
I I I I I I I I I I I I I I I 

c... rr. .. . C. 1 ::r, ,.... :'J ~ r-

..0 fT") :1 ..c ..c N:r,:7':!1 N:"-
r..: -:.> 

....... To t"' . ""1'"1 ~ :l"" ,..... :::t 
~ ~ r- L t "'I If'l .c 

~ ~~O d~ ~ M~ ~_~ ~ N_~ ~ _ X 
"U .C 'J) =t ::0 N ,....... "'I"") -D N N N :.,.. ..c ....., c ' ,." ':rJ J) 

-~~ ~ ~Ma~~ - ~~ ~ ~~ ~~~N 
~~N~ ~N~~~~N ~ Na~~_ ~N 

f'l:J· r-c · N.-;.: ~:;c.):",.- _ c · - ~) C c....: - J) C':J' - , r--- ..or-...."' (-" N 
N D '~~~~ M C. , M '" '" "" 

~-~~N ~~ ~~ ~ - M N~D N _ 
~ '(., :::1 r- ' ( .I) ..D To -- :]'. r--. :.t If) ,..... ;;;:, :.J tJ') 
OD ~ ~~~a~~N ~ ~~_NMN 
~- N~~ - N ~ N~~~~~~N ~ 
:: ,..... fY) ..... .I) :.., _ c.. _ ~ f'" ) ,.... ::... _ .- !"") .-!.; , ~ • 

<: 

" U 
IT: 
C 
.J 

QJ 
~ 
;:, 

'" 

;:,., .:;;; :.:;, ~-> ~J ~ C c...::> 
I I 

··o· g •• " o . e • • " . 
.... , -,(;. ._ :") ~ c: (.)::"l:.JCJ O C OC' O 
I I I I fit 

N r"'- ..D::"::O:y.. 
.D ,.... N ~,..." ::J' 
~ .Cl ': • ..., f"r"") ':t 
c,. ,....., =l _ C , r""-

~") ~ .- N .." C ' 
• .. • • I) • 

:..,~ . ..;. J .:..r t. 
I I I I I 

CO"" ('J ~. !:t ~ -D ,.... X> et' ~ :: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ;J ; ~ ~ ~ ~ ., 
'" 

t""') a.,..f) J)=:t ... ' .Ji N C'-J""'";;':I C., 
.,.... & • c o . • • • • • • 

0::: 0 C ~::" O O O "-' :J> O 

c · 

I I 

:O-.::t-O:"I ..c;,D"""lNJ) 
"'1 ,c- .......,NCLCT':' .o,.... ,..... !:::) 
"X) • .J:r- r-,f)N=1 ::D::... r- r., 
.::t ,.....!:1'\ .D:'Y1~,..."J':'Y1,.....J'. 

.c, • • • • • • • • • • 0 

~i - .> C , .:.... :.:.. ~ ':" C _ . :. : 

. . . . . " . . . . " . . 
~ 0 ::. 0 .:... ==- ::. ___ '"- ..... 0 : ) ::. Cl U :;, 
I I I I I I I 

• • • • • • • • • It • • • • ft " • 

. -

I I I 

::j' ..,.., O· C; ........ ::1 .- r- ~D ,..... .:.1 et' D ~ N .f'I 
..... .:t .:j f' ::J ' 'T) :J' ,...., .::1 "" . ' .,.;:, :0 ..c ~ :"'.I .4J 
~~ ~ ~ ~ ~ a - ~ -~ - ~~ ~~D 
.. ... .J:'- =---: :- :::t .... .J .::J ..(. ...... :r C"'l .f) r- N N 
~ ~ - M r :N n~_, ~Q ~~ _ N~ 

.J .,:) ::..- C :. -:. ~ _. :::# " ": i Cl ' .J ' :' .::' ::. _ , 

I t I I I . I I I I 

<= 
o 

.... QJ QJ 

"'U-i 
1-1<=<) 
0",,,, 
~ . ,...f ,..f _ N ~ ::J' J"I -D ,..... CD "" :J _ 
OL4~ _.-
1-1",,,, 
c:>.~~ 

<= 
o 
... QJ 

"'U 
1-1<= 
0 ", 

~ ~O~D~ D ~O_N ~o n~ ~ D ~~ 
---- ----~N N NN ~N ~ NO~ 

1-110 
c:>.~ 



included in the regression analysis on its own. Factor 10 is a 

seperable factor for bedrooms although Factor 10 only accounts for 

approximately 30% of the variance of this variable which ha s also a 
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high uniquity. Factor 11 can be identified as a ' seclusion' f a ctor 

as it indica tes h ousing at a distance from railway lines a nd ma in 

roads and their associated noise and dirt. 

This factor analysis on 28 v a riables provides the mean~ whereby a 

second analysis can be envisaged , with fewer variables. Those 

variables which have either separable factors, as described above and/or 

high uniquities (i.e. greater than .6) can b e said not to be part of a 

co~non f a ctor structure . Such va ria bles are bedr ooms , trees, view 

and all the duway variables associated with view and travel expenditure. 

Th~se variables are of course not omitted from the regression analysis 

on house price below as they are relevant a priori for residential 

location. 

Table 5.2. illustrates the Factor analysis conducted on the 

reduced set of 19 variable s . The p values for the criterion for the 

7, 8, 9, a nd 10 Factor cases where less than .00001 for 7 a nd 8 factors, 

11% for 9 f a ctors and 70% for 10 factors. The 9 factor c ase was then 

chosen. Factors 1,2 , 3,5 and 7 a re all descriptive f a ctors of the 

land use about the houses. Factors 1,3 and 7 illustrate the inverse 

relationship between open space and res i dential land while Factor 2 is 

an industrial f a ctor for land within * mile of the house and Factor 5 

indica tes general absence of industry over the whole area ab out the 

house . Factor 4 is the general location factor obtained in 28 

variable case and factors 8 and 9 the house/quality and se clusion 

factors as before. Factor 6 is not identifiable. An examina tion 

of the uniquities now reveals that the following variables have a strong 

specific as well as a comm o n factor effect; construction date , central 

heating , plot size , and distance from the main road. It is reasonable 

therefore to include these va riables in the re gression with house Drice 

as well as the common factors in order to obtain both s pecific a nd 

~ommon factor (cha racteristics) coef ficients. l 

It must be stressed that the f a ctor strucutre does not represent 

1 An examination of the uniquities wi l l also reveal how ina ppropriate 
the homogenous variance or principal component solution would have 
been (see a ppendix to Chapter 4). There are no less than 7 
varia bles which ha ve uniquities of value zero to two decimal p laces 
while 4 variables have uniquities grea t er than 0.5. 
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necessarily the way that households perceive amenity ~ut merely 

describes an underlying structure of the variables representing the 
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stock of housing attributes in the case of one city. Whether the 

factors, both common and specific , can be regarded as chara cteristics 

of a 'consumers technology' can be tested by relating households 

expenditure on residential attributes to the measurements of the factors, 

t hrough regression analysis. 

5.3. Re lationship of house value (' price') to amenity characteristics. 

The first require me nt in regressing house price on amenity factors 

is to obtain measurements of the hypothetical factors for each 

household. In chap ter 4 least squares estimates of the factor scores 

were shown to be given, following BARTLETT (1938 ) by, 

A-

Y = 

,,,here A is the factor loading matrix and A the diagonal matrix of the 

residual variances. In pra c tice the variables, z are scaled such 

that 

c = S-l A S-l (s diagonal) so that C has unit diagonal, where 

C it will be recalled is the observed covariance matrix of the 
1 variables, in which case the estimates of the factors are given as 

A-
Y = 

With measures of the factors, or factor scores, and with the variables 

e xcluded from the factor analysis on g rounds of their specificity, as 

the independent variables in a regression with house price as the 

dependant variable, then coefficients of the amenity varia bles which may 

be interpreted as ' prices ' are obtained by Ordina ry Least Squares. 

It will be recalled that the f a ctors are orthog onal with mean zero 

and unit variance; being independent of one another the problem for 

estimation of multicolinearity is reduced. It does not however 

1 It should be remembered that the M. L. solution is scale ind e p endent 
while the ho~;genous varian ce solution is not, unless the~aling used 
were S = A in which case the solutions coincide. Of course, 
however is unk nown. 



disappear as the non-factor variables may be correlated. In this 

case the specific variables of the house which are also present in 

the f a ctor structure are correlated with the factor for house/quality. 

However t h i s cor relation, of the order of 0.5 is not so high tha t a 

step-wise regression procedure is una ble to give reas onabl e parameter 

estimate s . The results of this re gression analysis are il l ustrated 

in Table 5.3. 

TABLE 5.3. 

Var Coeff. Stnd.Error Ratio Cont.Limits 
CONST 1981.2216 329.8799 6.01 422.7021 
Z 1 -3.7235 2.4242 1.54 3.1064 T,.",ve\ E."p"-~'hlt~ 
Z 2 226.1809 185.3366 2.15 134.9764 1\)0. f>etl,t""""'-l 

Z 3 244.4566 88 .4440 2.76 113.3306 ~~#o.( I~~ (,,--,,~,fti\ 

Z 4 159.3608 30.6149 5.31 38.4606 \':\~ s;>Q. ( 15 Set .'(lis) 
Z 5 201.5671 61.8999 3.26 79. 3174 fAtJ-or ( ~~~CL 
Z 6 -152.2909 68.3398 2.52 77.3183 ft\c..~ 2 ,. i~~ 
Z 7 188.5704 62.8151 3.04 79.4650 Fo.&-DC' 5 f\~ 0( I tV.i,'t6JII.(L' • 
Z 8 -663.1272 78.5967 8.40 100.7124 fC4~ ~ ~f ~Utot;1y ""~ 
Z 9 155.4132 58.8349 2.64 75.3900 f<t&or , ~c..\"'l~OO\ • 

Z12 -228.1056 161.7192 1.36 207.2241 t\~j..u""t.fo ~i. .... t'.J. 

MULT .C ORRLN 82.1187 
Adjusted 80.3738 

The order of the variables in terms of their explanatory power for 

house price variation are consecutively, plot size, house/quality 

chara cteristic , open space amenity characteristic, ge neral absence of 

industrial nuisance, seclusion, industrial nuisance within +. mile , 

central heating (s~ecific), number of bedrooms, inaccessibility 

(travel expenditure per annum) and presence of a main road. Plot 

size and house/quality together accounted for 74% of the variation of 

prices , with 82% being accounted for in all. Variables which were not 

significant, even at 20%, were trees, view, construction da te and 

factors 3,4 , 6 and 7. The relationship il l ustrated in Table 5.3. 
corresponds to the linear rent, function of chap ter 2. It als o 

represents the 'best fit' after several linear transformations of the 
1 variables ha d been compared. 

1 It should be noted that household annual travel exp enditure is a 
compos ite variable estimated from two non-linear relationships one 
for travel by bus and the other for travel by automobile. The 
distance - bus fare relationship for 1968 was derived from 
Nottingham Corp oration and the mileage - c a r co s ts from a formula 
used by the Road Research laboratory in 1968, including pe trol tax. 
Travel expendi ture re presents the actual money cost to the h ou sehold 
and does not include any evalua tion of time and convenience. 
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It is interesting to consider those variables which do not 

enter the final relationship. Perhaps the most notabl~ omission 

is Factor 4, the general location factor. As an accessibility 

measure travel expend iture is already available , distance from the 

cent re represents some notion of urbanity (see chapter 3). Apparently 

urbanity is not, for Nottingham at least, a desired attribu te. This 

result does not of course undermine the usefulness of distance from 

the centre as a measure of access it simply illustrates that in this 

case it would be a poor measure. A prior indication of this result 

was shown in Table 5.1 where distance to a nd from the centre was 

poorly correlated with travel expenditure and the distribution of 

work places (ind ustrial land). While distance from the centre is 

not g ene r ally discredited on t h is evidence as an accessibility measure 

it is this author's belief that when ever possible actual travel costs 

should be used. 

The omission from the 'rent ' function of Factors 3 and 7 is 

reasonable in that they are descriptions of the land use about a house 

along with Factors 1,2 and 5. It is unlikely that a household's 

perception of land use is sufficient to a c commod a te as many as five 

separate fa~tors. The three factors of land use which are significant 

are distinct enough to be perceived separately i.e. open space 

amenity, industrial nuisance near to the house and an overall lack of 

nuisance in the area about the h ouse. 

Turning our attention to the coef f icients of the va riables it is 

noted that all their signs are consistent with a priori expectations 

and except for variables Zl ( travel expenditure), Z2 (bedrooms) and 

Z12 (main roa d) these coefficients are significant at better than 2% 

level. Z2 is significant at 5 % and Zl and 'Z12 at better than 15%. It 

is encouraging that the values of the coef f icients for bedrooms and 

central heating are reasonably close to a ctual cost at 1968 prices . 

While the coefficients for specific va riables ar e readily 

interpretable it is more difficult to grasp what is meant by a mar g inal 

change in a factor . Thus having establis hed the pertinence of a goods-

characteristics framework for residential location decisions of 

households it is useful now to estimate the mar g inal impact of the 

separate v ariables on house pr ice through their effects on f a ctors. 

These effects are illustrated in Table 5.4. and are calculated as the 

f a ctor score for each var i able on each relevant f a ctor times the 
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coefficient for each relevant factor with respect to house price. 

Thus for example, the f a ctor score for construction date, -0.14 with 

respect to the house/quality factor is multiplied by the coef ficient 

for that factor with respect to house price, i.e. -663.1272. The 

product 95.02 is in units of £s and indicates that ceteris paribus a 

house depreciates by £95 .02 per annum due to age alone. It will be 

noted that marginal coef f icients for each varia ble through the factors 

may be measured as the sum 01 the products of the factor score for each 

variable on each factor and the factor coefficients. This summation 

procedure has not been followed on the grounds that while the variables 

covariance are described by all the factors it does not follow that a 

change in one va riable will effect all factors. It is reasonable 

to supp ose that a local authority could alter the acreage of open space 

in an area without changing the 'type' of h auses. Hence armed "Iith 

prior knowledge of the physical changes contingen t upon change s in one 

variable the relevant variable factor scores and factor coef fi cients for 

multiplication can be identified. The coef f icients of Table 5. 4. will 

be used in chapter 6 in an appraisal oc land use chang e. 

Before lea ving the calculation of the rent function and amenity 

' pr ices' th~re is one question which it will be useful to answer at 

this point. While it has been shown that a rent function in terms of 

environmental amenity characteristics a nd accessibility can be estimated 

utilizing factor analysis prior to least squares it may be felt that a 

sufficient procedure would be to estimate the rent function using least 

squares directly. Such an analysis is illustrated in Table 5.5. 

There are however two reasons why such an a p proa ch is unsatisfactory. 

T~first and most important reason concerns the a priori rationalization 

of such a model. In the event that consumers do perceive their 

environment in an ' aggregated ' manner then a goods -chara ct eristics 

typ e consump tion technology is releva nt. Factor analysis is a 

direct statisticclanalogue of such a model and lends it self to the 

business of identi fy ing cha r ac t eristics. Subsequent interest in the 

technolog ical relationship between indivi dual attributes and factors 

(characteristi cs) and house price is not i ncon s i s t en t with int e rest in 

the a ggregated perception of amenity and is not the same as an interest 

in the direct relation between individual attributes and h ouse pri ce. 

This may be seen by comparing the coe ffi cients in Table 5.5 . with the 

coef f icients for variables through factors of Table 5.4., for identical 

variables . The use of f a ctor anal ~ sis allows the estima tion of both 
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TABLE 5. 4. Coefficients for individual var iables with respect to 
hous e price via t he ir effe c t upon fa ctors. 1968 prices 

Variable Factor effect(£ ) 

Garage 
1 

Date Built 

Central heating 

Pl ot s i ze 
(per sq . yard)2 

Type 3 

open space 
1/8 ml radius 

open space 
-it- ml radius 

open space 
t mile radius 

residential land 
1/8 

residential land 
.1 
4 

residentia l l and 
i 
industrial l a nd 
1/8 

industrial land 
~ 
industrial l a nd 
i 
Density 

distance, main road 

d i stance, railway 

Travel Exp . p . a . 

No. Bedrooms 

Ad jacency 
ma in road 

54 9 .53 

95 .02 

109.16 

460.75 

66.0 

-81.0 

-26.0 

0.0 

-228 . 66 

-47.40 

- 352 .95 

-7.58 

54.83 

121.32 

Spe c ific effec t(£. ) 

244.46 

2 . 12 

-3.72 

226 .18 

228 . 11 

Total(£ ) 

549.53 

95 .02 

553.62 

460.75 

66.0 

-81.0 

- 26 .0 

0 . 0 

-228 . 66 

-47. 40 

-352.95 

-7.58 

-54.83 

-121.32 

-3.72 

226 .18 

228.11 

1 ' garage ' is measured as none, spac e or garage, 0 ,1 or 2 
respectiv ely . 

2 Plot size per acre i s £ 14,984.25 

3 ' Type ' is measured as detached , semi-detached , end-terra c e , 
interterrace , 0 ~ 1,2,3 resp~ctively . 
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common and specific effects of variables on house price , separat ely. 

TABLE 5.5. Direct Least Squares Analysis of House Price on 
19 Ameni t y Va riables. 

Va r. Coe ff. S tnd . Error Ratio Coni. Li mits 
CONST 2646.7583 541.8583 4. 88 1061.5908 
Z 1 453.5645 86.9111 5.22 170.2734 
Z 3 255.2222 76.4110 3.34 149.7918 
Z 4 191.7083 24.0744 7.96 47.1657 
Z 5 246.6407 93.2264 2.67 1 82.6461 
Z 9 2.3969 1.1577 2.07 2.26 81 
ZlO -31.35Z9 13.5164 2.32 26.4810 
z16 -200.5428 69.1065 2.90 135.3912 
Z19 -258.6186 38.7251 6 .68 75. 8680 
Z21 455.0880 132.4798 3 .44 259.5301 
Z22 -156.7447 59.1789 2.65 115.9113 
MULT.CORRLN 86 .166 8 
Adjusted 84.8238 

Notes 

Z 1 = Garage, Z 3 = central heat ing , Z 4 = plot size, Z 5 = No . 
Bedrooms, Z 9 = Ope n space within i ml. radius, Z 10 = Res i dent ial 
land within 1/8 ml. radius, Z 16 = density, Z 19 = distance from the 
central business district, Z 21 = d istance from railway, Z 22 = 
distance from the green belt. 

As a result of the multicolinearity of the variables d istance from 
c.b.d. a nd the gre en belt have absorbed the effe c t or house type, ope n 
space within 1/8 mile radius and industrial land nuisance. 

The second re a son is relate d to the first but i s more pragmat ic. 

While multicolinearity of the variables c an make parameter estimation 

ambiguous in a direct l~ast squares mode l it d oes not p ose the same 

problem for a n indirect appr oa ch thr ough f a ctor ana l ysis . Hm··le v e r i t 

must be s tre ssed that a s a jus tification for the use of fa ctor analysis 

this re a son is ha rdly sufficient. PrinCipal component anal ysis may 

be equally efficient in obtaining a subset of variables whi c h a re 

independent and have maximal va ria nce in some sense. Only if 

mul t icolinearity is indicative of some underlying structure which it 

is desired for some a priori reason to estimate , is Factor analysis 

necessary. This i s precise l y the case in the model de veloped here. 

5.4. The Relationship between residential expenditure and household 
Socio -Economi c va riables. 

The a nalysis of r esidentia l cons u mpt ion a nd hou s ehold socio-



economic va riables is illustrated in Table 5.6. below where total 

residential expenditure ( house price ) is the dependent va riable. 
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These r e sults indica te the ' best fit' of several linear transformations 

of the variables. l 

TABLE 5.6. Residential Ex penditure and Household Socio-Eco nomic 
Relationships. 

Egua tion One. Double-logarithmic ( constant ela sticity ) 

2 VARIABLES IN 
Var. Coeff. 
CONST 6.1493 
Z 1 .2931 
Z 4 -.3096 
MULT.CORR LN 24.5607 
Adjusted 23.0367 
Eg,uation 1\'10 Linear 

2 VARI ABLES IN 
Var. Coe ff • 
CONST 286 0 .6685 
Z 1 .6259 
Z 4 -247.4766 

S tnd.Error 
.6749 
.0855 
.0966 

S tnd. Error 
291.6333 

.1087 
92.2434 

T. Ratio 
9.11 
3.43 
3. 20 

T.Ratio 
9.81 
5.76 
2.68 

Conf .Limits 
1.3228 

.1676 

.189L~ 

Conf. Limits 
570.8588 

.2128 
180.5621 

Ml[LT • CORRLN 
Adjusted 

24.5982 
23.2306 

Elasticity = .6259 x Average Income/Av.Exp. 
= .33 

Equation Thre e 

5 VARIABLES IN 
Var. Coeff. 
CONST 2689.1728 
Z 1 2.0599 
Z 2 -2.2509 
Z 3 -.2041 
Z 4 -301.2263 
Z 5 .4319 

Linear with Hou s ehold Size 

S tnd.Error 
312.2826 

.9650 
1. 3Lj j)6 

.1567 
95.4156 

.2874 

T.Ratio 
8.61 
2.13 
1.68 
1.30 
3.16 
1.50 

Conf.Limits 
611.4701 

1.8896 
2 . 6308 

.3068 
186.8301 

.5627 
MULT.CORRLN 
Adjusted 

28 . 2107 
24. 8871 

Note 

Z 1 = Income (or log income in Equation One) 
Z 2 = Income per ca pita (or log form in Equa tion One) 
Z 3 = Income times household size (or log form in Equation 
Z 4 Social Cla ss (1 hi gh) = = ( " 11 11 

Z 5 = Asset index ( or log Index + 1 in Equa t i on One) 

One) 
) 

For the linear rela tionship the income coeff icient or marg inal 

propensity to consume, taking a ccount of household size is g iven by 

1 It should be no t ed that va riables analysed included the a ge and 
sex of children, ad olescents , adults a nd a g ed me mb e rs of h ou s ehold s . 
All data pertain to the year 1968. 
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equation 3 as ; 

M( 2 .06 - 2 .25/n - .20(n)) 

where M is money income and n is household size. For households 

in th e size range 2 - 5 the m. p .c. are given in Table 5.7 along with 

the income ela s ticity c a lcula ted as the m. p .c. times the ratio of 

average income to a verage expenditure for each size group. 

TABLE 5 .7. 

(a) 
Size 
(persons ) 

2 
j 
4 
5 

Marginal Propensities to Consume and Incomt El ast icities 
by Household Size . 

(b) (c) (d) (e) 
m. p .c. Average Average Income 

Income ,£ . ~xpenditure , £ . Elastic ity 
b x ~ 

d 

.54 2151 .0 3546 .33 

.71 1787.0 3612 .35 

.70 2006.0 3373 .42 

.61 1869.0 3369 .34 

Thus for example of two households of 5 p ersons, where one household 

is wealthier by £ 1 00 , the richer household will s pend £61 01 its extra 

wealth on housing c ompa re d with the £ 70 were their sizes 4 per sons. 

A comparison of the m.p.c. and income elasticities on different 

household sizes indicate the relat i onshi ps shown in Fi g . 5 .1 • 

• 8 

m. p .c. .7 

and .6 m. p. c. 
income 

.5 elasti-
city .4 

.3 elas ticity 

.2 

.1 

1 2 3 4 5 
household size 

Figure 5.1. 



This figure shows that for s mall to medium sized households relatively 

wealthier households spend more of their relative extra wealth on 

housing than is the case for medium to large hou s eholds. This might 

i ndicate that expenditure on goods other than housing is rela tively 

more important for lar ge hous eholds. This is reasonable in that large 

hous eholds may fa c e necessary e x pe nd itures such as for education a nd f.)C~~ 

clothing which a small household ma y not. 

The income elasticities on the other hand are le s s diverse and 

tentatively su g est a constant relation over household size, with the 

exce p tion for hous ehold sizes of 4 person where the elas t icity is hig her 

than elsewhere . The results shown for the elasticities conform with 

' Schw~es Law ' which requires that articles of necessi ty s uch as 

housing ha ve income elasticities less than unity. 

The residential expen diture relationship ha s however t o be 

considere d from the p oint of view of i t s predictive p ower on ' g oodness 

of fit '. Here it is seen that the relationship is ve ry poor with a n 

R2 of only 28%.1 This can be explained by the absence of releva nt 

variables or by the lack of amenity choices that households have. Both 

expla nations are probably pertinent. In the former cas e savings, 

wealth a nd the differ e ntial financial arra ngements for house purcha se, 

are variables which it would be d e sirable to include. In the l a tter 

case it is s u ggested that quite diverse households in t e r ms of their 

age and sex composition may face similar residentia l opt ions such that 

insufficient information exists to test the relevance of such household 

vari ables in determining the l~vel of expenditure. 

Notwithstanding the high unexplained residual variance it is 

worth bearing in mind that the variables which are included are hig hly 

significant and d o pr ovide some insight into the ef f ects of h ous ehold 

size and income together. 

Before consid ering the relationships for individua l residential 

attributes and household data there is one further rema rk to make 

concerning quality adjustment. RElD (1962) a nd other authors have 

improved R2 by including dummy variables for quality in cross sectional 

studies. This approach ha s not been followed here a s it raises an 

identification problem. At one point in time with quality prices 

1 A study by TEE (1962) using house nrice as the de uendent and cu~ rent 
income with socio-demogra phic va riables as the i~dependent varia bee 
estnblished an i ncome ela sticity of . 89 and an R of O~3. 
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constant, expenditure variat ions , the de pendent variable, already 

refle ct quality va riations. This is evident from th e relation shown 

in Table 5.3. where R2 was 0.8. To include them as inde pendent 

variables with socio-economic va ri ables is to c onfuse two func tional 

relations; on the one hand the technolog ical relation between house 

' price ' and amenity and on the other the behavioural relation between 

that amenity, either seperately considered or in total, a nd household 

variables . Only in time-series where house expenditure cha nges include 

the effects of both price , quantity and quality changes should an 

account be taken of all ef i ects simultaneously.l 

The relationships between individual residential a ttributes and 

household variables are ill ustrated in Table 5.8. These relations 

should be regarded rather more as descriptive than a s indica tors of 

cause and ef f ect. It i s p ossible however to make certain inferences 

concerning hous ehold preferences. In genera l thoug h the high 

residual v a riance (low R2 ) sugg ests that t he dependent variables va ry 

with respe ct to other variables in addition to those included. 

Furthermore while households may pay a hi gher price for a menity, a s 

sugg ested by the relationship betwe e n house price and a menity , there 

may be insu~f icient amenity to a ccommoda te the level of demand at the 

going price level. This would result in a low covariance of amenities 

and household incomes. S imila rly household social characteristics may 

be quite diverse rela tive to the amenity opp or tunities available to them. 

In both instances poor relationships should result. 

It might be ar gued that in t h is ca se why does not the price of 

amenity rise to cut off any exc e ss demand and is not t he market as 

observed simply in a disequilibrium s ituat~on? ' This view is however 

too simplistic a reading of the r esults. I t is unlikely that 

equilibrium in the s ense of market clearing ~hl g oing prices is a 

u s eful conce pt in the second hand housing ma r k et . More l i ke ly is it 

the c ase that ind i vidual sellers h a ve a probablistic distribution of 

of fers that they expe ct to receive with hig her offers increas ing in 

probability as t heir time hori z on increases. Thus the market is 

1 This would involve the simultaneous solution to a set of e q ua tions 
in te r ms of q ua lity and quantity a nd price over time and spa ce. A 
proce dure for this has been es t abl i s hed by KHAMIS a nd i llu stra ted in 
chapte r 3 above in the co ns truction o f a 'unique' hedonic index. 



TABLE 5.8. Relationship between key residenti al attributes and a cross- section of households' soci o-economic variabl es 

Independent 
Variables 

Coe fficients and T- values (in brackets) 

Dependent 
Variables 

Plot Size 
(uni t s of 
75 s q .yds. 

Bedrooml 

Open Space 
~ m1. 
radius 

Indust rial 
land 
~ m1. 
radius 

Adjacent 
Main Rd. 

Constant 

3.83 
(6.55) 

.98 
(6.54) 
(1.10) 

32.26 
(6.54) 

18.83 
(5.0) 

0.31 
(3.30) 

Travel.f -~6.67 
Expendlture(1.89) 

Central .15 
Heating (1.02) 

Household 
Size 

.51 f 

(2.78) 

3.44 
(1.53) 

2.40 
(2.20) 

Social 
Class 
l =High 
5=Low 

Income 

- .52 .0013 
(2.80) 

- 5.19 . 
(2.85) 

3·31 
(2.58) 

.06 
(1.99) 

.20 f 
(1.67) 

.05 
(3.31) 

- .002 
(1.69) 

- .0001 
(2.65) 

-9.85 f 17.1 f 
(1.50) 

.0002 
(3.39) 

Income 
Size 

- .06 
(2.64) 

Income 
(size) 

- .01 
(3.61) 

No. * 
Children 
M F 

- .19 
(2.0) 

- .07 
(1.92) 

No. * Asset 
Adolescents Index 
M F 

Dislike of 
Industry 
nearby 

-5.85 
(4.48) 

2 
R %age. 

25% 

11% 

17% 

24% 

11% 

13% 

0//0 

* Sexual differentiation of children and adolescents is only used i n the regression with _ 'Bedrooms' 
j. Regressions for Bedrooms and Travel expenditure are semi- logarithmic with respect to variables of Household s; . 1 

. 4ze, SOCla class 
and lncome. ' 

--

00 
IJl 
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characterized by s ellers who decide first to enter the market and then 

to sell or withdraw at some future date determin~d by t he ir 

expectations and the particular constraints by wI1 ich they are conditioned, 

such as having to sell qui ckly in order to flee the country! In such 

a market disequilibria of the traditional sort may be consistent with 

" normal behaviour"l for that marke t. 

FrOm Table 5 . 8 . :iLt is observed tha t income and social class 

(de fine d as in the Classification of Occupations 1970, H. M.S.O.) a re 

the most consis tent contributors to the relationships. More over the 

correlation between these two variables of 0.16 il l ustrate s that they 

are not separate measure for the same effect. The income coefficients, 

except for the 'open space' relation, are simple linear ones . In the 

case of open space , household size affects the coefficient in the 

following way; 

income coefficient household size 

.015 

.027 

.033 

.036 

where the coefficient is calculated as , 

(.05 - .06/n - .Ol(n» 

where n is household size. 

2 
3 
4 
5 

In all cases the signs of the coefficients conform with 

reasonable hypotheses, except in the case of fe male c hildren whose 

number is inversely r elated to the number of bedrooms. 

The r ela tion for industrial land includes a variable of household 

attitude to industry, being high if the household felt a strong dislike 

for nearby industry a nd low if indifferent. This varia ble is in fac t 

the most significant in that relationship and indicates that household 

choices for this va r iable are consis t ent with what they have said 

they prefer . Whether t h is indicates an ~ ~ost rationalization of their 

1 Whether other Equilibrium notions which may circums cribe this sort 
of 'normal behaviour ', can be develo ued remains to be demonstrated , 
but an encouraging view is offered in "On the notion of equilibrium 
in e conomics" by F . R. HARN , Cambr idge University Press, 1973. 
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choice is of course hard to say. Th~ 'open space' relationship, on 

the other hand was not significantly related to household expressions of 

amen,i ty preference . These results may indicate that ind us trial 

nuisance is easily perceived so that whether households avoid it if 

they wish or i gnore it if they are indifferent and whether this is an 

ex post rationalization or not they can identify it, at l~ast as it is 

measured in this study. On the other hand it would seem that perceptions 

of amenity are less precise , at least as measured here . Households 

expr ess a desire for amenity as an important consideration in choosing 

a h ous e , yet do not necessarily consume it. Of course t his may well 

represent a desire for a good that they cannot yet afford . Hovever 

it is more likely that this is not the case a nd that households think 

they are getting amenity and then discover that they are not. Evidence 

for t his view exists in so far as 55% of households explicitly cited 

amenity grounds for their main cr iteria of locational choice this being 

the most common criteria. Yet 32% of hou s eholds cited amenity grounds 

for expressing ex post dissatisfaction with their choice, t his being 

the most common criteria, when over half of t h is number had included 

amenity as their grounds for choice. Apparently a learning process 

has to be gone through to realize what ' amenity' is. 

The importance of being r e latively clear of traf fic hazards is 

suggested by the relation between adjacency of main roads and the 

presence of ch ildren. Furthermore it might be ar g ued that lower 

social classes are less safiety conscious. Alternatively it could be 

argued that s afe t y is not the consideration rath~r is it peace a nd 

quiet w ich is a ' middle class ' value. 

Social class may it self be considered by examining the sign of 

its coef f icient with respect to the dependent va riables. It would 

a ppear that low social classe s ha ve rela tive l y s ma ll plots , little 

op en space amenity , rather more industry nearby along vJi th busy roads 

and s pend litt le money on trave ],ling , all of which may be expressions 

of t aste a nd preference. ' Income' on the othe r hand has the or'osite 

sign with res pect to the same dependent variables . Th i s sugg ests that 

lower classes would prefer a more ' middle cla ss' environment if their 

incomes rose. This point may be obvious to some but is important to 

make a s it has been argued that preference for a menity is simply a mi ddle 

class va lue judgm ent wh ich when impo s ed on 10\ve r classes by area 

i mprovement schemes is a misallocation of resources. 1 

1 As one American economist h a s remark ed a l beit tong ue in cheek "why 
' i mpr ove ' the homes of the lowe r classes? Just s pr ead the garbag e 
in the better a reas a nd s ecure equity that way , its che aper." 



While the results indicated in Table 5.8. are of some interest 

they are inadequate in s uf ficiently exp l a ining the rela tionshi~s 

between amenity a nd household characteristics . This is not 
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surprising. These relationships will involve complex processes a nd 

interactions which c a nnot readily be resolved in terms of single 

equations or perhaps in terms of systems of equations. Man's 

relationship with his urban environment is an interactive one without 

any necessity to conform to simple rela tionships. Yet it ha s been 

possible to identify a nd e valuate the amenity which determines hous e 

prices or total re sident ial expe ndi tu re. Further the relationships 

betw een the amounts of amenity and household variable s which have been 

shown do not contradict a priori expectations. Cons idering that many 

relevant va riables ha ve not been included such as f uture and 

'permanent ' income measures and hous e finance a rrang ements , it \vo uld 

seem that further work with these measures would yield useful 

behavioural result s . Notwithstanding these remark s it does a ppear 

that the economists' ma in contribution will be that of ' amenity 

measurement' in economic terms. A behavioural understanding will 

require in addition the co operat ion of urban sociologists a nd 

psycholog ists • . 

5.5. Household Amenity Preferences - Analysis by Qu~stionnaire 

Th~ household questionnaire was undertaken to provide an 

independent indication of amenity prefere nces from that suggested by 

the re gression analysis. It can act therefore as a confirmatory 

analysis, or not as the case may be. Due to the difficulty of 

desi gning a questionnaire of the sort it is not always p ossible to 

infer relative values of amenities. Howe ver by using both structural 

and unstructural questions a ranking of amenity preferences can be 

devised. The results of this rank ing are i llustrated below in 

Table 5.10. Table 5.9. describes certain g eneral information about 

the sample. 



TABLE 5.9. General Statist ics of the Sampl e of Households 

1. Per cent inter and intra unban moves. 

Inter urban 

of whom, from areas o f cheap er housing 

and from .areas o f more expensive housing 

Intra urban 

of whom purchase was firs t home 

32 .5% 
(29 . 8) 

( 2.7) 

67.5% 
(21. 0) 

2 . Mean values and standard deviations of key variables 

Variable 

House Frice 

Built in 

No . Bedrooms 

Nean 

3407. 95 
1938 

3 

S . D. 

144L~.93 

30 
0.6 

% 
% 

% 

Type 1 1 0 = Detached , I = Semi, 

Income 2012 . 30 
Household Size 3. 27 
Travel Expenditure 32 .49 

974. 14 

1.09 
26 .68 

2 = End Terrace , 3 = Inter 
Terrace . 

3. Travel Time to work compared with previous loca tion 

Same Time 

Less Time 

More Time 

52% 
23% 
25% 
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TABLt; 5.10. Ranking oi' Mean Values of Ameni ty Preferences 

Scale = 1 - 5 , 1 = Very I mportant, 2 = Important, 3 = Indifference 
4 = Important to avoid, 5 = Very I mportant to avoid 

Variable: Hean Values 

Variable 

Local 
Shops 

Open 
Space 

Access to 
Country 

Access to 
Schools 

Nearby Bus 
Stop 

Access to 
Work 

Local Social 
Facilities 

Access to 

Mean 

1.72 

2.11 

2.17 

2.25 

2.33 

2.63 

B.R. Station 3.14 

Adjacent 
Traffic 

Nearby 
Industry 

4.0 

4.25 

Ranking by closeness to nearest extreme 
v a lue i.e. by degree of i mportance 

Variable Distance from Extreme 

1. Local 
Shops 

2. Nearby 
Industry 

3. Open space 

4. Adjacent 
traffic 

5. Access to 
country 

6. Access to 
schools 

7. Nearby Bus Stop 

8 . Access to work 

9 . Local social 
facilities 

10. Access to 
B.R. station 

Maximum distance 
from extreme 
value 

0.72 

0.75 

0.89 

1.00 

loll 

1.17 

1.25 

1.33 

1.86 

2.00 

From Table 5.10. it is clear that the bvo most important considera tions 

other than house/quality and plot s ize from the regression analysis , 

that is industrial land and open space amenity are confirmed by the 

rankings shown . Further the pre sence of a main road which enters 

the regression equation is highly r a nked in the questionnaire study. 

The importance of local shops in the minds of householders is not 

inconsistent with its absence from the regression model. Local shops 

are available in all locales of Nottingham and are not therefore a 

variable although they are a consideration. Access to schools is 

more difficult to explain as Notting ham is only now starting comprehensive 
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education schemes. 

choice of scho ol. 

In 196 8 there were no Iocational constraints on 

Households may well plan their locational choices 

with regard to likely future locational constraints on school choice. 

The poor performance of ' a ccess to work' cas ts doubt on the 

credibility or the 'journey to work' approach to r e sidential location 

model bu ilding . This finding supports tha t of STEGI1AN (1968 ) who 

established much t he same result from a North American survey . 

However as a ma j or i ty of resp onde nts to the questionna ire were 

housewives this result is perha p s misleading. This re s ult is 

consistent thoug h with the rela tively s mall impact on house price of 

travel expenditure (s ee Table 5 . 3. ) 

5.6. Summary of Findings . 

1. The residential model incor pora ting a goods-chara c teristics 

cons u mption technolog y ha s be en successfully c a librated revealing 

residential chara cte ris tics for: open space, h ou s e quality a nd 

density, industrial land u se , se clusion, and the gene r a l a bsence of 

industrial a ctivity. Spe cific residential cha r a ct eristics ha ve also 

b e en found for central heating , p lot size, number of bedrooms , 

adjac e ncy to main roads , and tr ,ivel expenditure as a me a sure of 

inaccessibility. Of these char a cteristics, housing quality - density , 

plot size , industrial l a nd and ope n s pa ce ha ve been found to be the mat 

i mportant. The re s ults further indicat e that the model is pertinent 

for examining the interelated structure of environmental va ria bles. 

Furthermore the underlying structure is int erpre t ab le in t e r ms of 

meaning ful var i a bles which can relate to how h ouseholds pe rc e ive their 

environment. 

2 . Re l a tionships betw een the amounts of amenities consumed by 

households and t he ir socio-economic cha r a cteris tics were de s cribed. 

While these relationships were poor in terms of ' go odness of f it', the 

coefficients which were present wer e we l l determine d and s i gnifi cant. 

I ncome and socia l class va riables were common to mos t relations with 

signs su ggesting that more ope n spa ce and 'freed om' f rom 'industrial 

nuisance' was pur chased by higher income gr ou ps . The Imver s ocial 

classes tended to l ack t hese environmental a ttributes. The 

relationship between total residential exp endit ur e a nd household 

v'lriables indicated that while the socio-e c onomic variables were not 

correlated two of them , income and household size, ha d comb ined effects 
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upon expenditure. It was po ssible to show the income elasticities 

with respect to total exp enditure for various household sizes. A l a ck 

of information p ertaining to relevant vari ables prevented a satisfa ctory 

explanation of the v a ri a nce . Varia bles such a s saving s , future 

' permanent ' and pas t income and differential finance p ossibilities 

for house purchase , if included in future studies should redu ce the 

residual variance . 

3. The results further lend t hemse lves to the view that traditional 

equilibrium notions of economics may be inadequa te for housing markets. 

On the one hand a lack of amenity diversification relative to household 

divers i ty mi ght indicate frustrated preferences which the relatively 

ine13.stic supp ly of housing may only i>Jit h difficulty satisfy. On the 

other hand an a menity learning process may be at i>Jork suggesting that 

tastes and preferences ar e themselves interactive with the 

envir onment. Attemp ts to introduce a wider range of environmental 

layouts and choices combined with studies of households ' intera ction 

with them may yield mor e informa tion on these ma tters . Here the 

contribution of other social s cientists will be necessary . 

4. An inde penden t experiment designed to y ield the relative 

importance of environmental attributes by means of a household 

questi o nnaire gave broad general support to the main findings . 

5. It remains t o comment that given the data s u ffi cient to calibrate 

models such as that de veloped here then optimism regarding the 

e valuation of so-called ' environmental intangibles ', would not be 

mispla ced. The data it mus t be said could be collected by any l ocal 

planning author ity at areasonqblylow cost. 
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CHAPTER SIX 

Externalities, Resource Allocation and the Built Environment 

6.1. External Effects and Resource Allocation 

The urban environment is, as we have demonstrated, a complex 

of many interdependent items which c an be structured using a technique 

such as factor analysis. This environment which urban man 

perceives is often however outwith his control. This is so because 

the goods and services that relate to the environment are frequently 

external to markets where the individual can decide his level of 

production and consumption of them. In determi ning an efficient 

allocation of environmental resources, these external factors must 

be taken into account in some way. In t his cha pter an overview 

of the usefulness of a factor analysis approach to evaluating the 

allocation of land to use is provided. The importance of the notion 

of environmental externalities in this context is also discussed. 

Ex ternalities, may be defined as positive or ne gative benefits 

incidental upon a ctions of agen ts of the economic s ystem, for which 

no compensatory payments are made nor account t aken of in exchange. 

The main issue with regartd to externalities ha s been v.lith the extent 

to which their existence affects an efficient allocation of resources. 

The norm for efficient resource a llocation has traditionally 

been the 'competitive model' of the economy, wherein the goods and 

services produced and consumed are done so at prices just sufficient 

to clear the market with producers and consumers acting as if their 

decisions ha d no influence on prices. Such a situation 

characterizes an 'equilibrium' where the resource allocation is 

'optimal' in the sense tha t no other allocation, given the 

distribution of incomes, v.Jill make all the agents participating 

in the market better off. 

The major conditions tha t must prevail to e n sure an optimal 

state as defined are three; the existence of compe titive equilibr ium, 

the marketability of all utility generating goods a nd services and 

non-increasing returns to scale. The first two cond i tions ensure 

optimality in the sense u sed h e re a nd the t hird condition ensures 

that each initial distributi on of purchasing power corresponds to 



an optimal state. (KOOPIVlANS (1957), DEBREU (1959). The question 

arises as to whether the existence of externalities necessarily 

prevents an optimal state from being a c hieved. 

In the event that existing externalities be 'internalized' 

within the market, so tha t they are subsequently marketable, then 

they cease to be externalities a nd p ose no problem for efficient 

res ource allocation. There are however three mai n obstacles to such 

an eventuality. Firstly, the costs of e s tablishing a marke t, 

obtaining i nformation and carrying out transactions may be such as 

to 'prohibit' individual initiative or a t lea s t tha t o f sufficient 

number of individuals such tha t pric es are exogenous for each. 

Se condly, the cos ts of 'policing ' rights of use for subsequently 

marketed external goods may be grea ter tha n t he benefits derived. 

Thirdly, it may not be possible in practice to identify separate 

individual's production or consumpti on of ex t ernal effects such tha t 

'ex clusive' charges may be levied. In the se circums t ances, collective 

intervention in the form of statutory and fiscal controls over the 

production a nd consumption of external factors will probably be 

necessary, as a 'first step to\<Jards incorporating their effects 

within societies accounting framework. 

Externalities arise for several reasons. One reason is the 

lack of property ri ghts in environmental resources, goods and 

services. Without such ri ghts economic laws will not operate, 

for e xample the expected satisfaction to be obtained from purchasing 

a motor car is contingent u pon the p urcha ser ha ving exclusive 

rights of use. Only then will a price be paid refle cting the 

exclusive satisfaction obtained by the individual consumer. 

In the case of the pedestrian who is able to consume less fresh 

air as a result of an increase in motor car sales an externa l ity 

exists owing to the a bs ence of pr oper ty rig hts in fre sh air. The 

car owner is not oblige d to pay for his pol l ution as would be the 

case where explicit rig hts in fresh air exis t. 

The lack of adequate circumscri ption f or go ods by rights of use 

is itself related to the problem of identifying both t he nature of 

the g ood in question and who the consumers and producers of it are. 

Environmental assets for city dwellers a re not always readily 

recognized although their existence may not be in doubt. Is 

freedom from the physi cal presence of industrial a nd comm~rcial 
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buildings an asset and if so in what way is it distinct from 

freedom fr om noise, air and olifactory p ol l ution that those buildings 

might be associated with? If we can recognize the na ture of 

environmental assets can we equally observe who the recipients are 

so that charges may be levied? 

Where the asset in questi on is one which is common to many if 

it is available to anyone a t all , individual consumption may be 

difficult to dis tinguish. The provision of common property ri ghts 

however may depend upon the distinction of fellow-com moners. 

Another reason for market failure through externalities is the 

failure to enforce existing property ri ghts. General l y this 

failure is related to the pr ohibi tive costs 0 1" policing pr operty 

rights. An example is the case of oceanic rights which can be 

identified, such as freedom from oil pollution, and p ossibly assigned 

to international parties but which cannot easily be enforced when 

unobserved ships discharge oil at sea. 

A further reason is that the costs of organizing a possible 

market in environme ntal assets mi ght be expected to ex c eed the 

bene fi ts. ' Usually this reason is related to the costs oi' 

obtaining sufficient information about the goods to be traded and 

about the potential traders. 

In the case ot the urban environment information is relatively 

scarce and its value corresponding ly high. For example knowledge 

of values of property on the market is itself a commodity \vhich 

commands a high pri ce such a s the fees p a id to professional valuers 

and estate agents who or ganize the market. 

In the ca se of other environmental markets informa tion and 

or ganization may be as yet too costly to provide in the market place. 

This would be the case for example with environmental health 

effects of pollution in cities. Here private benefits and cos ts 

may diverge from costs and benefits to the community as a whole 

leading to an underinvestment in the provision of en~ironmental health 

by t he market. 

The traditional remedy, prescribed by PIGOU (1920), required 

that a system of taxes and subsidies imposed upon and received by 

the crea tors of external 'diseconomies' and 'economies', be 

established. It can be shown (for example NATH (1969» that under 

certain c onditi ons such taxes and subsidies lead to the optimal 

sta te described above. In practice however it is difficult, if 



not impossible, to levy the lump sum taxes required or to identify 

the marginal i mpact on individuals, of externalities. 

The alternative remedy, apart from statutory control, is the 

asset utilization appro a ch, KNIGHT (1924). Essential ly t his 

approach involves the explicit recognition of the assets contingent 

u p on the existence of ex ternal effects and t heir circumscript ion 

with rights of use. For example the quantity of an asset 'fresh 

air' consumed by households adjacent to a factory chimney, is 

contingent upon the quantity of smoke emitted from that chimne y. 

Rather than tax the factory for its smoke emission, both householders 

and f a ctory would be charged in a ccordance with the 'fresh air' that 

they used up. The initial assignment of asset ownership to a 

third party such as a 'local a uth ority' would a void pr oblems of 
1 assigning rights to other parties concerned in the first place. 

In the event tha t charges levied by the authority were not optimal, 

barga ining between the parties concerned, factory and households, 

c ould se cure an efficient allocation of fr e sh air. 

HovJever the explicit recog nition of external assets and the 

es_tablishment · of suitable prices for them, apart from -th e problem 

of assigning initial rights and policing sub s equent ownership, may 

not readily be a ch ieved. The circumstances under which this can 

be achieved will now be discus sed for the case of residential 

amenities which may be or might become associa ted with ext e rnal 

effects. 

6.2. External Effects and Resid entia l Amenity 

It is now well known that whenever external effects ha ve a 

differential effect over space t hen the possibility exists that their 

value can be determined through their varYDng i mpa ct on land values. 

This ap plies equally to externalities which h a ve joint consumption 

ch ara cteristics a s to externalities exclusive to individuals. 

for example in the case where several households suffer noise 

Thus 

1 Such problems arise as 'distributional ' value judgments have to 
be made as the distribution of incom~s is not independent of the 
assignment of property rights . Furthermore unless the supply of 
producers t hemselv es or of households is perfectly inelastic an 
initial assignment in f a v our of either will induce an expansion 
of these a ctivities in order to enjoy the ' b ounty' provided by 
the 'rig ht' su ch tha t the pa ttern of production is changed. 
MORRING a nd BOYD (1971). 
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'pollution' from a motorway, t h o s e adjacent to the noise source might 

be ~xpected to have paid less for their housing, ceteris paribus, 

than households more distant. 

It should be noted that such effects in themselves do not 

constitute externalities. This is so simply because the payments 

made on purchase of a residential location reflect all the amenities 

a vailable at that site. In so far as trade takes place a t all an 

externality cannot exist. Hov/ever an externa lity is always 

lik ely to a rise whenever rig hts of use or protection of consumer or 

producer interests are not adequately circumscribed in l a w. This 

is often the case with residential amenity. For example the 

household which purchases a house adjacent to a park may feel deprived 

when the par k is subsequently redeveloped as a commercial precinct. 

Yet while the household may have paid more for the house given the 

pr~sence of the park than it otherwise would ha ve done, in the 

absence of any restricted covenant which pertains to the development 

of the park , the household has no proprietary ri ghts nor the right 

to compensation. l At t his point an externality may be d e emed 

to h a ve ariseh not out of the l a ck of initial trade , but out of the 

non-existence of rights of ownershi p for the household in the tra ded 

asset. It is a pparent that to obtain an efficient resource 

allocation such external costs should be evaluated. 

This is not a question concerned with value jud gments relating 

to the distribution of environmental costs a nd benefits such as 

whether compe nsation should a ctually be paid or not. In practice 

these matters would, one hopes , be settled out of political and 

ethical necessity. What is important in pra ctice, is that agents 

concerned with overall efficiency of resource allocation should 

evaluate all land use developmen t costs and benefits including those 

external to the developme nt i tsel1'. For example where the 

discounted value of ' park ' amenity is greater than that of the 

commerci a l precinct then on efficiency grounds it would be · um~ise to 

1 A ri ght to compensa tion or a restricted covenant may be granted by 
the c ourts after an a ppeal made under the 'law of nuisance' but 
not 'compensa tion law' which refers strictly to the extent of 
the rig 4ts of ownership. Howe ver the provision made for 
compensa tion in a ccordance with the land Compensa tion Act of 1973 
will enable compe nsation to be ma de more readily for deprivation 
of amenity, although how t his Act will ope rate in practice remains 
to be s e en. 



redevelop the open space in t his way. 

One conclusion of the e mpirical analysis has been tha t environmental 

amenity as perceived by households can be identified and 'priced', 

via the residential market. In the context of environmental 

'ex ternalities', so called, we a re now in a position therefore to 

recognize them not as externalities but as integral parts of the 

assets traded in the r esidenti al property market. In so far 

however as property ri gh ts in environment are not pre cisely 

formulated, environmental effects of l and u se development may be 

overlooke d or paid inadequat e attention. Therefore it is suggested 

that the role of local authorities c o ncerned about efficient use of 

land sh0uld incorporate a method of environmental appraisal. 

6.3. An Approach to Environmental Appraisal 

Project appraisal or cost benefit analysis in this context is an 

exercise in applied economics wh ere a project is described in detail 

and its present and future consequences, including environmental ones, 

stated in money terms. Mone y costs represent 'benefits foregone' 

the ap propriate measures of wh ich ar e the subjective preferences of 

individual consumers as ex pressed in the ma rket place or by the ballot 

box. In principle any development project that yields a net return, 

after including environmental considerations , should be undertaken 

(provided it does not exclude other more socially profi ta.ble projects). 

In practice such an evaluation of 'intangible' environmental effects 

has been difficul t to achieve. The re suI t has been that those 

aspects of urban development which a re readily measurable have been 

g iven the most attention. This explains for example the emphasis 

of many p lanners upon 'j ourney to work' criteria in determining the 

residential layout of cities. It is relatively simple to measure 

time and co s t saving s of a tra nsp ort pr oject. 

Yet an empirical conclusion of the present analysiS has been 

that neighbourhood environment plays a more important part in 

determining a ' g ood' residential location than ac cess to work places 

and services. Other attempts to include environmental considerations 

issue a t a time , a s for example where measures of t he impact on house 

prices of 'noise' are sought. Inconclusive results are necessarily 

the result of such work which does not derive the fundamental insight 

from an appr opria te theory, that the environmental milieu of cities 

is an interdepe ndent one which should not be thoug ht of in t erms of 
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separat e parts. 

An ap propriate theory has however been demonstrated i n t his work 

(Chapter 2) and fortunately the practical application of it in terms 

of environmental factor analysis does a p pear feasible (Chapter 4). 
As a result an approach to the environmental appr a isal of developments 

in the built environment can be outlined. 

The essential insig ht is that the building blocks of the built 

environment and the a ttributes of urban l a nd are perceived in complex 

and comp osi te fashion by city dwellers. Only by revealing the 

complex structure of t his environmental f a bric can we begin to 

understand locational beha viour and evaluate environmental amenity. 

The environmental amenities beca use of their interdependence cannot 

be evaluated directly but only indirectly through the composite 

environmental f a ctors rela ting to the l a nd market. The essentia l 

requisites for t his evaluation to ta e place a re twofold. Firstly 

information concerning the urba n env,ironment should be collected. 

This information would include similar variables to those u sed in this 

study. The most important variables apart f r om thos e relating to 

the dwelling itself would a ppear to be related to open s pa ce, 

residentia l density and the proximity of industrial nuisance. It 

ou ght to be quite possible for local authorities to obtain more 

sophistica ted data on these vari ables than was possible in t his study. 

For example informat ion on the different qualities of open space 

and of industrial buildings could be obtained. 

\'iould be th e basic data for Cl. fa ctor analysis . 

This informa tion 

The second requirement is that informa tion relating to the 

value of amenities be coll~cted. Here it is necessary to find 

some mechanism which re la t es in money terms to the pre ferences of 

city dwellers for environment. The land market provid es such a 

mechanism. Subse quent analysiS of the relationships between 

environmental f a ctors and l and values provides the basis for 

calcula ting the prices of the amenities which relate to the 

environmental factors. These prices in turn provide the necess ary 

information for evalua.ting pr oposed changes to the environmental 

fabric of the city. 

The ma jor difficulty of t his a ppr oa ch is that not all the 

environmental effects of development need be related to a l a nd market 

mechanism even \'ihe re the effects are une venly distributed 6v.,er space. 

This is the case where individuals are unaware of the transmission of 
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any effect as for example when air pollution is c a using lung disease 

and hence the resultant medi-care costs but the individual does not 

necessa rily make any relocational decisions out of i g norance. Here 

the appropriate economic perspective is that of the costs of 

medicine and any productivity loss to society rather than the pr ice 

of location. 

In such circumstances the local a uthority can invest in projects 

desig ned to mitigate health d~mage or prevent productivity loss. 

The extent to which it is willing to do so will depend upon the 

value, rel a ting to a greater or lesser extent to individual 

preferences, which it feels such projects will h a ve. The mechanism 

by wh ich such values are derived however is a political rather than 

an economic one. For e xa mple public participation in planning or 

public a p proval of local authority development control through some 

political process would reflect democratic values. The important 

point however is that even here an economic perspective in terms of 

the costs of action and the benefits foregone by not a cting , is 

available to help formul a te community decision making. 

The procedure for a local authority would be to collect data in 

the first ins tance on the physical and bui l t environment over the 

extent of its area. This data would be the input for a factor 

analysis which would output complex environmental factors. These 

in turn would be the input, along with data collected on land values 

over the same area, into a regression analysis of land values on 

environmental factors. The output would eventually be amenity 

prices which could in turn be a pplied to any quantitative change s 

in amenity resulting f rom development, in order to arrive at the 

amenity costs involved. 

The factor analysis and ame ni ty price ca1nula t ions could in 

fact be conducted outwith the local authority on their behalf. This 

would mean tha t the local authority would simply be involved in 

coll~cting and maintaining a matrix of environmental variables over 

the extent of its area, and in defining the environmental impact of 

any development projects tha t it wishes to appraise. 

Development projects a s we mentioned above may however also have 

environmental and socia l e ffects wh ich are not reflected in price 

signals from the land market. To ac commodate such a contingency 

an- auxiliary procedure can be used as described in t he diagram. 

Firstly these effects should be identified and then se condly 
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the costs of mitigating or preventing them worke d out. This in 

itself could require intensive analysis as for examp l e wh ere 

psychological stress is felt to be the result of building design but 

where the causal rela tionships a re not proven nor the remedies 

immediately known. ~vithout h a ving a specific pro.Je ct in mind 

however speculation on these effects is fruitless a s each project will 

have its own peculiarities tha t become evident only on study in each 

specific case. 

Information regarding the costs of remedial action can be used in 

conjunction with the economic ap praisal of other environmental costs 

derived from the l a nd marke t. Essentially a development project 

should be a ccepted if af t er all costs including amenity costs h a ve 

been calcula ted it has a net return greater tha n or equal to the 

costs of remedying other residual environmanta1 effects. This 

simply means tha t the project should go ahead a s if necessary it can 

provide a return sufficient to cover costs of remedying damage, 

wheth er or not these costs a re a ctually incurred. The decision to 

remedy damage is then one of distributional value rather tha n of 

efficiency,tha t is to say it is a question of whether the project 

benefits should go to the developers of the project or to the persons 

benefiting from any shadow project. 

In essence what we are saying is tha t in the a bsence of market! 

prices to evaluate the benefits of not damaging the environment a 

first approximati on to these benefits is the repla cement cost of 

that environmental ameni ty. In the event that any de velopment 

project h a s a return sufficient to cover s uch replacement costs then 

the project is eff icient \oJha tever the level of environmental bene fi ts 

of a shadow or remedial project. Of course a decision in these 

circumstances a ctually to implement the shadow project requires now 

some indication of the level of environmental benefits relative 

to benefits from other uses for the money. 

In the c ase where the net re turn of a pr o ject does not cover 

the costs of remedy ing residual damage the project nay still be 

viable. This is because there are benefits in remedying damage 

as well a s costs. These benefits may therefo r e be of sufficient 

ma gnitude along with the net return o f the basic proje ct to cover 

any remedial costs. What is important here is that the benefits 

of removing damage a re only a scertained by a politi cal rather than 
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an economic mechanism. 

An example would be a development project, on the outskirts of 

a town, of a shopping centre where an area of natural beauty is 

situated. As the project is outside of the city and the ar ea of 

natural beauty does not influence residential prices in the city, 

the environmental damage caused by the project cannot be evaluated in 

the la nd market. 

Here a 'shadow' project or as yet a hypothetical project designed 

to restore compensatory amenities (by landscaping, improved design 

of the shopping centre or provision of a lternative recreational 

facilities) can be costed. If the net return of the shopping 

centre is sufficient to cover the costs of the shadow project, then 

the centre should be developed whether or not the shadow project 

is actually implemented. In the case where the net return to the 

shopping centre would not cover the costs of a shadow project the 

community would ha ve to decide what level of benefits the shadow 

project would realize. 

If t here was a sur p lus of subjective benefits over the 

measurable costs of the shadow project then in principle the shadow 

project could be financially viable. In other words while the 

shopp ing project may have an insufficient net benefit to cover the 

costs of a shadow remedial damage project it may pay the community 

to find the extra finance elsewhere and h a ve both projects. A 

diagrammatic description of the stages of this approach is shown in 

Diagram 6.l. 

Alternatively if the only finance available is that secured by 

the net benefit of the commercial development it may yet be that a 

partial realization of the shadow project (which is now all that is 

possible) is sufficient to generate a level of benefits in excess of 

the total cost of the complete shadow project. Of course in t his 

situation the commercial development is efficient, if undertaken with 

a partial realization of the shadow project. 

The advantage of such a way of thinking is that it serves to 

place envir onme ntal projects in the perspe ct ive of t h e opportunities 

which they preclude and wh ile the environmental project itself is 

not measurable in money terms the opportunity costs of it often a r e. 
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Diagram 6.1. Operational Schedule for Evaluating Development 
Projects with both Market and Non-Market Environmental 
Effects. 
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6.4. Environmental Appraisal and 'Distributional' Values 

The role of public participation in environmental a ppraisal is 

relevant here even where environmental goods a nd services can be 

evaluated through the l a nd ma r ket. This is so especially whenever 

decisions concerning the a ppropriate distribution of environmental 

wealth ha ve to be ma de collectively. Where property rights have been 

legally determined, common or individual, then environmental 

ma nagement will be concentrated upon efficiency aspects. Hov.Jever 

where p roperty rights have not been determined then after 

evaluation of the costs and benefits of environmental projects the 

question of who should pay a nd who should receive most benefit is 

raised. 

The values derived from the land mar ket for environmental g oods 

and services are only as accept a ble as the distribution of income 

and wealth which determined the mark et outcome. If it is the c a se 

for example t h a t the d istri bution of income and \-Jeal th is considered 

col l ectively by the community to be unfair then benefits of 

environmental projects will be over or under estimated depending upon 

whether the recipients a r e high or low income a nd wealth cla sses. 

In these circumstances it would be desirable to adopt a set of 

weights reflecting the rela tive impor tance, felt by the community, 

of benefits on costs going to households of dif ferent income levels. 

Where be nefi ts are a n increasing func ti on of income with ela sticity 

greater tha n one then the distribution of benefits from a project 

are in favour of the rich. INh e re the elasticity is grea ter than 

zero and less than one the benefits mildly favour the rich. Where 

benefits are a decreasing function of income then a hi gh elasticity 

is in favour of the poor. 

Inconclusive evidence of strong distributiona l effects is 

available from the e mpirical results as Chapter 5. These results 

would s e em to indicate that current income in itself is insufficient 

in 'explaining ' the consumption of residential environment, as 

indeed are socia l class and household size. Data on wealth, saving s 

and differential loan finance facilities for house purcha se a ppear 

to be necessa ry for the study of t he distribution of benefits. 

S ome indication of distributional ef f ect s can be derived from 

the correla tion ma trix of variables in App endix A where it would 

a ppear that income is slightly negat ive ly correlated with industrial 

nuisance and density a nd slightly positively correla ted with open s pa ce. 
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On the basis of these slight correla tions it is difficult conclusively 

to determine whether environmental amenity has a pro-rich 

distribution or not. All that can be said is that house price is 

significantly correlated with the environmental variables and the 

model of behaviour described in Chapter 2 is therefore relevant for 

describing how environmental benefits are distributed spa tially. 

Firstly individuals' utility is a function of environmental 

chara cteristics and other g oods a nd services. Individuals, 

secondly, mruce choices from the environmental opp ortunities , 

described by sites and the set of prices corr es p onding to each, 

available to them over space. This choice is constrained by their 

income, wealth, borrowing power and hous ehold chara cteri stics and by 

the availability of sites at a given momen t in time. Individuals 

then adjust the pattern of their consumption to these constraints 

and so as to derive the most sa tisfacti on fr om the characteristics of 

their loc a tion. Given that the a va ilability of differ e nt 

environmental situations is relatively more d iverse over different 

time p eriods than the diversity of household socio-economic types 

requiring locations then it will be difficult to observe strong 

relationships between socio-economic indicators a nd environmental 

consum ption. However environmental values (house prices) are 

nevertheless strongly related to environmental characteristics so that 

the basis for both environmental project a ppraisal and the comparison 

of benefits over households exists. 

There remains s till the vexing ques tion of what wei ghting system 

should be adopted by the community in brin~ng distributional values 

into environmental project a ppraisal. This however raises the 

more familia r problem of determining social values on the basis of 

collective choice. The most f a mous me chani sm of social values 

is found in Kenneth Arrows ' S ocial Choice and Individual Values '. 

Arrow set down certain minimal, but hardly sufficient, conditions 

which a colle ctive cho i ce mechanism should satisfy and found tha t 

in general it was impossible to derive su ch a me chanism. The 

conditions are firstly that of collective rationality: in any 

given set of individual preferences social preferences are derivable 

from the individual preferences; se condly the Pare to principle: if 

a preference for an alternative A is preferred by all individuals to 

an alternative B, then the social ordering ranks A ab ove B. This 

ha s the effect of re moving the 'intensity' of individuals' preferences 
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from the choice mechanism. Thirdly, the condition that irrelevant 

alternatives are independent of the choice made from a set of relevant 

alternatives which amounts to a condition of sanity , and finally the 

ethical condition of non dictatorship which requires that no single 

individual's or group's preference is automatically society's preference. 

It will be noted that these eminently reasona ble conditions are 

hardly sufficient especially as they exclude any distributional 

values. The implication of this "impossibility theorem" is that 

systems of majority-rule cann ot be guaranteed to pr ovide collective 

choices whenever there are more than 2 alternatives to be considered. 

However what is mor e hopeful is the demonstration by E .T. Haefele 

in the Amer ican Economic Review of June 1971 that re presentative 

government can, through a sys tem of vote trading , derive social 

choices without removing Arr ow's conditions. The prac tical point 

of his demonstra tion espeCially relevant for environmental pr ojects 

is h Ovlever t hat legislatures mandated by the community to carry out 

programmes are more satisfa ctory, in terms of Arr ow' s conditions, tha n 

are committees of bureaucrats or experts carrying out executive 

res~onsibilities delegated by mandated au thorities but not directly 

derived from the electorate. In the context of environmental 

projects this simply means that dire ct publi c involve ment a nd 

voting is more consistent with social democratic values, in the non­

pejurative sense , than executive action unconstrained by community 

participation. In order then to consider both efficient allocati on 

of resources to environmental projects and their distributional 

impact appropriately weig hted, public pa rticipation in the a ppraisal 

process is necessary. 

6.5. Conclusion 

In conclusion it would seem that factor analysis offers a method 

of reduc ing the complex of environmen tal va riables to a smaller set 

of comp osite factors which can be seen a s representative of the 

perception that urban man has of his environment. This is an 

important conclusion for it would then appear that the problem of 

resolving what is an optimal spatial confi guration of locational 

attributes, amenity and the built environmen t i s capa ble of solution 

in economic terms. An o p timum spatial configuration of the built 

environment can be defined a s one where no other areal rearrang ement 

I I 
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would secure a higher sum of site values. Furthermore if the 

conce p t of environment is extended to include psycho-social variables, 

such as health, anxiety, stress and cultural values, then the 

politico-economic rationale, of comparing the costs of preventing 

health damage or p r oviding cultural benefits with the benefits to the 

community democratically expressed through the planning process, is 

useful. 

Indeed the implication for physical planning would seem to be 

that it is quite compatible with the inherent value system of a 

market economy (emphasising individual preferences.) Physical 

planning would have two main functions; firstly it vJould be concerned 

with evaluating the development of the built environment using land 

market values to ensure tha t all environmental costs and benefits 

are accounted for anjnot just private ones. It would a lso be 

conc e rned here with instigating exchange of environmental assets 

bet\veen consumer s and producers of environmental asse ts by 

establishing quasi ma r ke ts with initial ownershi p of property rights 

ves ted in the local authority. Subsequent payments by p olluters 

for rights to 'pollute and by consumers for right s to be pollution 

'free' would establish the relative values 01' pollution to the 

individuals concerned. Whe re it is felt that initial mvnership 

of environmental assets is already i mpl icit such as for example where 

house owners 'pay ', in the pr ice of the house, for their 

neighbourhood environment, the loca l a uthority vJould ensure that 

compensa tion for loss of amenity be paid. This would include 

amenities over which the householders in the prese nt situation held 

no property right in law. 

Se condly, planning authorities would, where market values for 

environment do not exist, involve the public in part i cipa tion in 

development planning in order to derive a n expression of individual 

and community prefer e nces. This process would n ot be a substitute 

for the market mechanism but an addition to it espe cially u se ful 

where market values are not comp rehensive of al l environmental 

effects. 

The issues raised here particularly those relating to public 

participation in planning g o beyond the s cope of t his present 

research. The fundamental idea however is ge rmane throughout, 

tha t is,tha t man perceives his urban environment in a complex but 
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structured fashion which we can measure and evaluate a nd hence plan 

for in the future. What is or paramount necessity is now not 

the techniques to implement tha t planning nor even the theory to 

base it on but the information, data and statistics for the 

implementation. 

6.6. Further Research 

To what extent then has t h is study achieved its objectives of 

providing a generalized residential location theory incorporating 

environmental effects; an operational framework for evaluating 

residential environments and an understandin g of the nature of the 

socio-economic constraints on household residential expenditure? 

The first objective h a s in large part been achieved. The 

essentially descriptive models of residential location behaviour 

which relate land prices and rent to density and distance both of which 

increase from the city centr e h a ve been in the pas t inadequately 

rationalized in terms of trans p ort cost saving s and site size alone. 

Such models are however compatible with other rationales. The 

structure of rents over spa ce and the d istribution of densities could 

be determined by a prefere nce for low density itself. Al terna tively 

density may only be one of many environmental factors which relate 

to households preferences. 

Tw model used in t h is study ha s provided a framework whe rein 

all these preferences can be a ccomm od a ted. Moreover the e mpirical 

results h a ve shown tha t a ccess ibility is relatively unimp ortant 

compared with environmental factors. Further research should be 

le s s concerned with theoretic a l issues rela ting to descriptions of 

consumer equilibrium t .han with empirical re finemen ts. These 

refinements should relate particularly to the quality of data on 

the environment and the collection of such data for all cities. 

This should not be taken to mean that theoretical research is 

not useful. On the contrary theoretical developments especially 

Such on the s upp ly side of residentia l models are very necessary. 

developments s hould look particularly for expl ana tions of the 

processes of residential development and conversion of property for 

residential u se with regard especia l ly for the economic processes 

affecting the environmental quality of the s tock of dwellings over 

time. 



The second objective has also been achieved in large part. 

The evaluation of environmental ameni ty is necessary if urban 

development is to be measured as moving towards some efficiency 

goal or away from it. In t his evaluation of development the 
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spatial reorganization of land and its attributes is a key factor. 

Evaluation in the past has not b een possible except in a piecemeal 

fashion such as where noise or other single dimensions of the 

environment ha ve been stressed. 

The key to providing an operat ional framew ork for evaluation is 

an understanding of the complexities of urban spatial organi zation 

in terms of consumer pr eference. The major contribution of this 

study is pe r haps the provision of such an understanding both in 

terms of an appropriate theory and its statistical analogue. 

Further research should concentra te here on methods of 

describing the spatial config uration of urban environments especially 

by computer mapping in terms of the information required for the 

analyses of environmental preferenc es via techniques such as factor 

analysis. 

It should be understood howe ver that there ar e still environmental 

phenomenon rela ted to the way we order our urban land use which 

cannot be evalua ted in terms of land prices. Such effects as 

stress, anxiety and physical illne ss are not necessarily per ceived 

by households in the samt way that the physical envir onment is. Yet 

they may be affected by spatial organization. Here the information 

requ irements for our matrix of environmental interrela tionships are 

simply made more extensive but evaluation now requires an analysis 

not in ter ms of land values but in terms of the values that the 

commu nity puts on health. A first step towards i dentifying such 

values is t he pr ovision · of estimates 0 f the relationships between 

environment and health and the cost of avoiding health damage . 

Given that perspe ctive decisions can be made on how much health 

damag e should be tolera ted. Further research here would include 

investig ation of the feas i b ility of arriving a t collective choices 

throu gh the planning process. 

As regards the t h ird objective, that of understanding the nature 

of the socio-economic constra ints on h ousehold residential 

expenditure, the study has in large part failed. At first sight 

the explanation of the failure is obvious. Lacking adequate 
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information or data for key variables such as mortgage finance, 

savings and wealth, residential expenditure will hardly be explained 

especially in terms of simple sing le equation relationships. 

Given that the required data could not be collected for this study 

with sufficient accuracy or for sufficient numbers of households 

willing to part with this information then it is questionable whether 

any attempt should have been made to measure current income, social 

class and family type effects on expenditure. That view was not 

taken however on the grounds that some inc ome a nd other e ffec ts ought 

to exist and would be of interest. 

The fact that the income and social class effects on expenditure 

were sig nificant but small and that family type characteris tics were 

not sig nificant sug ge sts one i mportant a venue for further research. 

This would be an investigation of the extent to which further vari a bles 

of the sort already mentioned would improve the 'explana tion' of 

residential exp enditure. The extent to \oJhich improvements in the 

explanation of the variation of residential expenditure are small 

could then be rela ted to the diverse needs of different socio­

economic groups ' viz a viz the residential choices open to them. 

This would measure the extent to wl1:ich the di versi ty of hous ehold types 

and needs was not ma tched by diversity of residential options at that 

particular time. In this research the question of 'indivisibility' 

of the bundle of locational goods associated with each house would 

be an important factor to introduce. Where a small household 

purchases a l a rge dwelling because they wa nt the open s pace that goes 

with this particular hou s e the wrong conclusion might be drawn 

regarding the relationship between size of house and size of 

household. Given that a small dwelling be a lso available with the 

required open space at that time, then the choice is wider and 

residential expenditure should be easier to rati ona lize in terms of 

household characteristics. 

It is the extent to which social factors a re compatible with 

residential envirorunental factors in terms of reasonable expectations 

such as that large households buy large houses, income allm'iing, 

which is of interest. In t his study the results might indicate that 

insufficient diversity of choice exists and that in itself is 

provocative and sugge sts an avenue for further vwrk. 
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APPENDIX A The Data: A General and Statistical Description 

This a ppe ndix provides a detailed description of the sample data 

and is organized in three parts. Firstly, a general description 

of the da ta and forms is provided. Se condly, the organization of 

the data in a form suitable for analysis is described. Thirdly, 

a statistical summary of the da ta is given in t erms of sample 

statistics. 

General Description 

It will be recalled from Chapter 3 that the s tudy required the 

collection of data on house prices, amenity and household socio-

economic cha racteristics for each house. Each complete record in 

the sample includes therefore data for these c a teg ories of variable 

corresp onding in each c ase to a particular house. The data was 

collected from the City of Nottingham by method of proportionate 

sampling where the proportions refer to the proporti on of houses 

within a given pri ce range. The pr oportions used wer e derived 

from an inde pendent random sample of house pric es ma intained for each 

metropolitan district by the Department of the ~nvironment. This 

procedure ensur es tha t a non-random method of sampling , as used for 

this study, r e produces the sort of sample tha t would be obtained by 

true random sampling, where each popula tion member has equal chance 

of being selected. 

The first stage in data collection was the collection of actual 

selling prices of houses and of the sales parti culars of each house 

which refer to the attributes of the dwelling itself. Fr om two of 

the lar gest non-specialist estate agencies in Nottingham it was 

possible to obtain d a ta of 210 transactions. Subsequently the 

household at ea c h address was contacted with a view to se curing their 

cooperation in the household survey required as a check on household 

amenity preferences and for informa tion concerning their socio­

economic status. 

The second stage 01' the data colle ct ion was the collection of 

some of the data referring to the external neighbourh ood amenities 

of each hou se. This data was collected in conjunction with the 

hou s ehold social survey both being noted on the Residentia l Amenity 

Survey sheets for each house (see the enclosed data f orms in APPENDIX B). 
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The third stage in the data collection was the colle ction of 

data fr om 25" - 1 inch Ordinance Survey Maps and referring to the 

land use within the area abou t each house at 1/8, * and i mile radius. 

Da ta on the distance of each house from t he Central Bus iness District 

and the green belt was obtained by measurement from 1" - 1 mile 

Ordinance Survey Maps. This data was collected from the Map Room 

at the University Library , Cambrid ge. 

By these stages it was p ossible to obtain a sample of 114 complete 

records. It was not p ossible to complete each of the 210 records 

for which house price data was a vailable as 30% households refused 

to answer the questionnaire completely and a further 16% o f the 

remaining observations could not be utilized either because the 

households h a d moved or because land use changes had occurred which 

were not yet recorded on the latest Ordinance Sur vey Maps available 

for those locations. 

The spatial distribution over the Nottingham housing market of 

the 114 re cord s used in the analysis is given in Figure A.l. ( sQQ.?, 12H.) 

Organization of t he Data 

The data from the survey sheets, maps and particulars of each 

dwel l ing was compiled on the Final Data Form (s ee Appe ndix B), each 

form representing a complete record for each ob servation in terms of 

50 single or multi-dimensional variables. The data thus compiled 

wer e subsequently, reor ganized to provide 67 sing le variables. 

The Final Data Form variables are described as fol l ows:-

1. Re cord Number: 

2. District: 

3. Price: 

4. Garage: 

An index 

An index referring to th e district 

of Notting ham from which the observation 

is derived. 

The selling price of the dwelling at 

1968 prices. The prices were 

adjusted to 1968 levels by the Hedonic 

Index described in Cha pter 3. 

Variable taking values 0, 1, or 2 

depending upon whether neither a garage 

nor garage space is present; a garage 



5. Age: 

6. Central Hea ting: 

7. Plot: 

8 . Bedrooms: 

9. Type: 

10. Open s pace 1/8 

ll. 11 11 1 
"4 

12. 11 11 ~ 

13. Res i dential space 

14. " " 
15. 11 11 

16. Industrial and 
commercial land 

17. 11 11 

1 8 . 11 11 

19. Density: 

1/8 

1 
"4 

i 

1/8 

.l 
lj 

1 
2" 
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space is prese nt but not a garage 

and a gar age i s pr esent. 

The construction date of t he house. 

A variabl e taking va lue s 0, 1, or 

2 deptmding U. pon w he ther the house 

has no, part or full c entnal heating. 

A va riable measured for convenience 

in units of 75 sq . yds., derived from 

25 " - 1 mile Ordinanc e Survey Maps 

and referring to the Plot size u pon 

which t he dwelling is sited . 

The number of bedrooms (sing le or 

double) within the house. 

A v ariable t aking the values 0 , 1, 

2 , 3, 4 corres~onding to a deta c hed , 

semi-detached,end-terraced, inter­

t erraced house a nd inter-terraced 

without inside toilet r espe ctively. 

The a cr eage 01 open space within the 

g iven area about the h ouse. 

The a creage of residential land 

within the give n area about the 

house. 

The a creage of industrial and 

commer cial land within the given area 

about the house. 

A variable taking the values 0, 1 , 2 , 

3, 4, 5 depending u pon whether t he 

ratio of dwellings to residential 

land within an area of ~ mile radius 



20. Trees: 

21. View: 

22. Hills: 

23. Woodla nd: 

24. Residential land: 

25. Industria l a nd commercial 
land: 

26. Par k land & Open s pa ce: 

27. Distance from the Central 
Business District: 

28. Distance from the nearest 
ma in road: 

29. Distance from r a ilway: 

30. Distance from green belt: 

31. Travel Expenditure: 
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of the dwel l ing is a pproxima tely very 

low, low, medium , high or very high. 

The number of tree s within 100 yards 

of the dwelling. 

Degrees of Panorama with 0 - 1 

dummy v a riables repre senting features 

of the view. 

0, 1 dummy varia bles for view 

fe a tures. 

IT 11 IT " 
IT 11 " 11 

IT 11 IT " 
o - 1. Vi ew dummy var iable 

Measured in miles. 

Measured in miles 

Meas ured in miles. 

Me asured in miles. 

A composite va riable repr esenting the 
aggrega te annual household travel 

expenditure for trips r egularly made. 

Such trips include journeys to work, 

to shop, to school a nd to social 

activities. The journey distance 

is calculated for each trip and the 

mode of tra vel (bu s or car) ascertained. 

The cash outlay per trip is 

calcula ted a ccording to the Road 

Research La boratory 1968 Formu l a for 

automobiles and including cos ts of 

'Near, a nd fuel cos ts pe r mile. An 

aver age mileage per hour of 20 m.p.h. 

is ass umed. 



32. Household Size: 

33 . Social Class: 

34. Income: 
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The Formula is:-

(2.4 + 19.8/20 m.p.h. + .00019 (20 m.p.h.)2) 

in units of old pence pe r mile. 

An a ddition of fuel tax of 0.8d per 

mile gives a total of 4.26d or 1.8p 

per mile. Bus fares are calculated 

according to the fare stages 

operating in 196 8 , the information 

be ing pr ovided by No t tingham 

Corporation. 

No all owance is made for psychic 

co s ts or benefits of tra vel nor time 

and convenience except perhaps the 

implicit assumption in the rent 

equation of Chapte r 2 tha t they are 

a factor of pr oportion with r espect 

to tra vel co s t. 

The number of persons compris ing 

t he household (which in no case 

inc l u ded non relatives). 

A va riable derived dire ctly from the 

Standard Classifi ca tion of 

Occupations 1970, H. M. S . O. a nd 

measured from 1 (hig h) to 5 (low). 

This var i a ble should be distinguished 

from Socio-~conomic Grouping ( S . E . G.) 

which includes a Social Classification 

wei ghted by income . 

A v ariable measuring the a g g re gate 

hou sehold income net of t ax derived 

from the hou seh old questionna ire. 

In the case of persons in receipt of 

Pensions , the income i s measured as 

the pension received as ca lcula ted 

by the standard rate of allowance. 

( See als o income pr ompt sheet). 



35. Males: 

36 • Female s : 

37. Tra ve 1 Time: 

38. Previous Location: 

39 - 47. Access: 
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A se t of 5 variables, each taking 

the age of each male as a value or 

the value -1 for non-existent 

males making 5 variables in all. 

A set similar to that for males but 

with the ages of females indicated. 

A variable derived from the household 

questionnaire taking the values 0, 1, 

or 2 indicating whether the main 

earner of the household spends the 

same, more or less time tra velling 

to work now compare d with the previous 

location. 

A variable taking the index value 

of the a ppropria te district of 

Nottingham corresponding to the 

previous location of intra-urban 

movers or on the index value for the 

standard United King dom regions as 

classified by the Na tionwide Building 

S ocie ty, for inter-urban movers . 

A set of variables the values of 

which are derived from the response 

to Questi on 13 of the Household 

Que st ionnaire • This que st ion is 

a structured one requiring an 

indication of how important the 

household on moving considered access 

to work, a bus stop, a railway 

station, shops, social f a cilities, 

open space, the green belt (country­

side), industrial l a nd use, traffic 

and s chools. The value rang es 

from 1, very important, through 3, 

indifference, to 5, very important 

to avoid. This variable provides 



48. 

50. 

the da ta for the confirmatory 

analysis of Chap ter 5. 
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A set of 4 va ria bles derived from 

the unstructured response to 

Question 9 of the Household 

Questionnaire , coded according to 

the attached coding form a nd 

indica ting reasons for moving. If 

l e ss than 4 varia bles a re obtained 

the set is made u p of -1 variables. 

A set simila r to the above but 

referring to Question 10 of the 

Questionnaire a nd indicating reasons 

for the choice of house and 

neighbourhood. 

A set simila r to the above but 

referring to Question 11 of the 

Questionnaire and indica ting dislikes 

concerning the chosen house and 

neighbourhood. 

These 67 single variables on e a ch Final Data form we r e put u p on to 

magnetic tap e and subsequently reanalysed to provide a final d a ta set 

of 68 variables. The reanalysis of da ta which a pp lied to the 

variables numbered 35 , 36 , 38 , 48, 49 a nd 50 is described as follows:-

Variable 35: 

Varia ble 36: 

Variable 38 : 

The ages 01' males become s 4 single va ri a bles indicating 

the number of male children (less than 12 years of 

a ge ); the number of male adolescents (12 18); the 

number of male adults (18 65); and the number of 

males older than 65 yea~s. 

A new set of 4 v ariables similar to the above but 

for female members of the househ old. 

Pre vious location becomes a variable for ' a sset worth' 

taking the value of reg ional hous e ~rice index; where 

the region corresp onds to the pre vious h ousehold 

loca tion. Ne w households re i dentified from 

Varia ble 48 wher e the r easons f or moving a re identified. 
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Marriage is the sole reason for the establishment of 

a new household and an asset worth value of zero is 

assigned to these households. This varia ble does 

not therefore measure savings but only the relative 

value of the households previous dwelling. (see 

enclosed Table of Index Numbers). 

Variables 48, 
49 and 50: 

These variables derived from the household 

questionnaire are converte d to four 0 - 1 dummy var iables 

indicating which of Ame nity, Access, House quality 

a nd S ocial reasons a re cited by the household for each 

of questions 9 , 10 a nd 11 of the Questionna ire. In 

add ition a 0 - 1 dummy variab le indica ting whether the 

hous ehold is a new one or not is derived from 

Vari a ble 48. 

Variables 3 - 30 are utilized in th~ Factor Analyses; while Variables 31 

68 are utilized in the confirmatory analysis and also in the examination 

of any rela tionships between house amenity a nd ty pe of household. 

The Final Data set is stored on magnetic tape, paper tape and 

I. B. M. cards a nd is available from the author on request. 

Statistical Summary 

The final data set is further described below in ter ms of sample 

sta tistics. 

Histograms 

VMU = 

SIGHA ::: 

SKEW = 

= 

VMIN = 

V11AX = 

NV = 

The following key is us ed a nd refers to the Ta bles of 

Variable Mean 

Standard Devia tion 

Coefficient of Skewness 

r 
1 

N 3 L 
N + 2(v)3 

J 
v 

i -
N i=l N 

v 
i=l 

3 tS 

Minimum value of variable 

fvlaximum value of variable 

Number of Records 

As >-Jell as these statistics the complete correla tion matrix for 

variables 3 - 67 is constru~ ted. It is worthwhile recalling tha t 

the reduced correlation matrix of variabl~s 4 - 31 was the basic input 

for the factor analyses. The factor structure utilized for the 
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construction of amenity prices through the regre s sion with house 

price (variable 3) was derived from the correla tion matrix of 

varia bles 4 - 7, 9 - 19, and 27 - 30. Of the remaining varia bles 

Bedrooms (varia ble 8) a nd 'l'ravel Expenditure (varia ble 31) were 

included in the regression ana lysis a s s pe cific factors not pertaining 

to any common factor structure (se e Chapte r 5). Va ria bles 20 - 26 

pertaining to trees a nd view were not incl uded in the reduced factor 

analysis a s clearly they did not belong to any c ommo n or s pecific 

factor structure (Chap ter 5). 

O! :.' 
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Additional Ana~ysis of Household Survey 

As well as the ranking of environmental preferences which was detailed in 

Chapter 5 the social survey can be looked at through the inferences that 

can be made from the correlation analysis. 

In the first place it would be of interest to establish whether the 

main household socio-economic indicators, household size, income and 

social class are in any way related to the rankings of environmental 

preference as measured by variables 39 - 47 i. e. variables Y42 - Y51 . of 

the correlation matrix. This can be ascertained by examining the appropriate 

correlation coefficients i.e. the coefficients of variables Y39,30 and 31 

with Y42 - Y51. In fact there is obviously no clear difference between 

household types and their amenity rankings, as is evident from the lack of 

any high correlations. This means in effect that environmental preferences 

are ordered independently of socio-economic characteristics which is 

consistent with the view that households of any type are as likely to 

emphasise any aGpect of their residential environment as any other. In 

short there appears to be no environmentally conscious elite. There are 

three coefficients however significantly above zero which merit some 

discussion. Two are associated with household size and one with social class. 

The correlati0n between household size and emphasis on 'access to shops' 

in the amenity rankings of the order of -~23 indicates that for larger 

households accessibility to shops becomes more important (preferences being 

measured with 1 equal to very important and 5 very important to avoid). 

This suggests that larger families who have more children (size and children 

are correlated) are less willing to travel for their shopping requisites, 

preferring to have shops close at hand. Families with young children are of 

course more housebound and this correlation i s qui te reasonable on this 

interpretation. 
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Household size is also correlated with a preference for proximity to 

schools ( -.63 ) and again this is reasonable given that education is a 

concern of households with children especially young ones. On the basis 

of this result although it is a rather obvious one, a concern with the 

provision of neighbourhood nursery schools would seem to be entirely 

justified especially as this preference was indicated at a time when there 

were no locational constraints on change of schools. The correlation between 

social class and . Y48, preferences for proximity to the countryside (.34) , 

indicates that higher social classes are possibly more suburban in their 

environmental tastes. What exactly does this mean however? 

By examining other variables correlated with Y48 we see that 

particularly travel expenditure (Y28) is correlated with preference for 

proximity to the countryside (-.45). This means in effect that as surburban 

preference increases so does travel expenditure. Such households are also 

able to satisfy their preference by living near the green belt as Y27 and 

Y48 are correlated (.41). This travel expense incurred as part of a 

preference for 'suburbia' and for 'access to the countryside', would 

indicate that for these households, distance from the centre of the town 

(inversely related with distance from the green belt) is an adequate proxy 

for same aspects of environmental amenity. This amenity includes seclusion 

as measured by distance from railways, low density and little industry 

(correlation Y15, Y16 and Y26). There are 26% of households who find it 

very important to be near the countryside and 29% who find ~t important. 

The remainder, under half are indifferent (see the appropriate histogram) . 

What else can be determined from the correlations between aminity rankings 

and other variables? By examining the appropriate row of correlations between 

variables we find for example that those households who place importance on 

easy access to bus stop (Y43) do not live near the green belt are more 
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centrally located (Y24 ) and living in high density areas (176 ) . Such 

households are probably without alternative means of transport either for 

shopping in the case where the car is used for travelling to work or vice 

versa . 55% of households place some importance on access to bus stops. 

In the case of the importance of local shops ( YL~5 ) it is interes ting 

that not only do 76% of households place some importance on them but those 

households living nearer the city centre in busy areas (near main roads and 

railways ) are more likely to favour local shops. This result is probably 

reflecting the fact that surburban dwellers have hio choices f or shopping 

places, local and central while central households have only one. Further­

more from the correlation with travel expenditure (Y28 ) it is apparent that 

households more indifferent to local shops also incur more travel expense. 

The inverse relationship between the importance of access to open space (Y47) 

and distance from the green belt deserves some comment especially given the 

importance of open space in the amenity rankings of the social survey (see 

Chapter 5.). Some 68% of households regard open space as important and by 

the relation with distance from the green belt are likely in fact to satisfy 

this preference. Conversely households nearer t he centre of the city are 

more indifferent to open space which suggests that there is no strong sense 

of environmental deprivation as regards open space amenity for central 

locations. 

As regards the importance of avoiding industrial nuisance (Y49 ) it is 

interesting to observe the relation with the amount of industrial land 

(Y13, Y14 and Y15 ). This diminishes as its importance as a disameni ty 

increases. This of course suggests that households who are adjacent to 

industrial nuisance are more indifferent to it or perhaps more resigned to 

it. 
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Although the correlation coefficients referred to are small they are 

large relative to the other which generally are of the order of .01 to' .09. 

Similarily we can examine the environmental preferences of households by the 

most commonly expressed broad expressions of environmental preference as 

indicated by variables Y53 - Y64. On this basis it is possible to describe 

4 broad types of household types by examining variables correlated with these 

broad indicators. 

The first type can be called the "amenity discontents". These are 

households who (on the basis of the correlation of Y61 with other variables) 

live in low valued, old terraced housing without gardens (large plots) and 

with heavy concentrations of industrial land in the area. To a lesser extent 

they also have inadequate open space. Some 31% of all households are in this 

group as seen from the histogram of variable Y61. 

The second type can be called 'Garden lovers'. These are households who 

cite their dwelling as the main source of satisfaction (Y59) and this variable 

is in fact correlated with plot size (Y4 ), a variable which reflects garden 

size • . These households are usually the better off ones as income is slightly 

positively correlated with (Y59 ). Some 38% of households cite dwellings as a 

c~'se of satisfaction while some 40% of househoids have above average sized 

plots as is seen from the relevant histogram. 

The third type of household are "access orientated". These are households 

who stress accessibility as an attribute of their location; they appear to 

have relatively less open space as well (Y9 correlates with Y58 ). A majority 

of households, some 60%, do not however cite 'access' as a cause of satisfaction. 

The fourth type of household is the "amenity conscious" one. Here 

households have avoided industrial .land and high density neighbourhoods in 

preference for relatively more open space and better quality housing. 
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Of course these generalizations about household environmental tastes 

do not in themselves provide the foundation for understanding how environ-

ment is perceived. They are after,. all deduced from two dimensional views 

of amenity as given by the correlation matrix. However they do serve to 

highlight how the environmental amenity of residential location is a diverse 

bundle of goods which is perceived in a variety of ways. Such correlations 

provide in fact the first step towards a more multidimensional description of 

the environmental quality of housing. 
, I 

Finally it can be said that these 4 broad groupings of household 

environmental taste do not appear to be at odds with the results of the 

regression analysis of Chapter 5. There, it will be recalled a house 

quality, and density associated factor was strongly +elated to house price 

along with plot size, a disamenity factor and an open space amenity factor. 

What is perhaps more worthy of comment is that no accessibility factor came 

out in the regression analysis, yet there is obviously a minority of households 

who feel that access to facilities is an important dimension of their environ-

ment. This could well mean that travel expenditure" which was just significant 

in the regression analysis at the 20% level, is not the best proxy for access. 

Some measure of psychological distance as perceived by households might be 

more appropriate although how such a measure is to be devised is a task which 

remains for subsequent research. 

Key to Figure A.1. (see back cover) ----
This Figure comprises an extract from the 1 rr to 1 mile O.S. map for Nottingham 

and indicates, in addition to the usual cartographic information, the 

distribution of the 11 4 sample houses used in the analyses. This distribution 

is given for each quadrant division of the city as follows: 

r 

--------, 
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These figures are calculated from variable 2 of the final data form which 

indicates the district to which each observation pertains. A further 

perspective is given by the distribution of households from the city centre 

(see the appropriate histogram). Some 10% of the houses are within 2 miles 

of the city centre; a further 64% lie wi thin L~ miles of the centre and the 

remainder are located up to 9 miles from the centre. 

.:.:-.... ,':,!,:,;: !::,j':,:,t:
1 
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APPENDIX B Hous ehold Questionnaire, Location Survey Sheets, 
Coding Frames, Tra vel Cos t Formulae, Reg ional 
House Price Index, Income Prompt Cards. 

This a ppendix contains details of the quastionna ire a n d survey 

sheets etc. utili sed in obtaining the final da ta set. 

Household questionnaire (enclosed) 

Location survey sheets ( enclos ed) 

Income prompt card ( e nclo s ed) 

Travel Cost Formulae 

Automobile, assuming an ave r a ge speed of 20 m. p .h. 

2 (2.4 + 19.8/20 m.p.h. + .00019 (20 m.p.h.) ) old pence 
per mile 

The formula above is the 1968 formula u s ed by the Roa d Research 

La boratory for we a r and t ear a nd fuel costs pe r mile. No cos t of 

time or convenience is included. In add ition to t h is formu l a petrol 

tax of 0.8 old pence per mile wa s included g iving a total per mile 

cost of 4.26 old p ence or 1. 8 pe n ce. This cost re presents the out 

of pocket co s ts of tra vel e x cluding ro a d tax a nd de preciation which 

are not considered relevant for the locational study, being a constant 

with respect to locatiom. 

Bus Fares (1968 prices) derived from Nottingham Corporation 

1/2 mile 1.25 ne\~ pence 

1 11 3 11 11 

1.5 11 3.4 11 11 

2 11 3.8 11 11 

2.5 11 4.3 III 11 ' 

3 11 4.8 11 11 

4 11 5.3 11 11 

5.5 11 5.8 11 11 

7 11 6.2 11 11 

8.5 11 6.7 11 11 

On the b a sis of the k nown reg ula r travel of e ach hous ehold and 

the mode of travel (which in all cases e x ce p t where no money cos ts 

were involved, wa s by car or bus), it is p os sible to construct an 

annual travel expenditure for each hous ehold. 



House Price Index for Nationwide Building Society Regions (1968 Pric es) 

Region Average Prices Index 
Old Houses Modern New 

Nottingham 3127 4322 4398 100 
London & S.E. 5033 5033 5688 138.8 
Southern 4167 5345 5484 126.5 
Western 3400 4495 4482 104.4 

Midland 3127 4332 4398 100 

Eastern 2858 46 88 4550 102 

N. Western 2541 4213 4405 94.1 

N. Eastern 2721 3688 3930 87.2 

S cotland 3799 51Lf5 4722 115.3 
N. Ireland 2732 4037 3798 89.1 

This index of regiona l house prices was used as a variable of assets 

pertaining to the diflerential advantages realized by households 

on sale of their previous house. As such this average price index 

gives only an a pproximate indication of this asset worth and is not 

a~justed for quality differences in houses. 
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Dear Householder, 

The University of Cambridge Department of Land Economy is 

making a study of Housing in Nottingham from the point of vie~/ of the 

location and quality of the residential areas in the City. The purpose 

of this s~udy is t .o obtain a . better understanding of residential 

facilities and needs and the effects on houses and householders of such 

things as h.eavy traffic noise or proximity of shops, schools and open 

spaces. TUs shoulg provide essential information for improving 

existing hou2ing areas and for the proper planning and development of 

new areas. 

Of cour'sc, the people who knov/ best Hhat they like or' 

dislike about their >leighb~lUrhood are the people who live thore. \oJe 

'helieve; there fore, ,;'hat the best way to make our study is to ask 

householders themselves \~hat they think. To auk every person in 

Nottingham about nei~hbourhood amenities would be an impossible task, 

so we have chosen a ~ando~ sample of the population with addressee 

picked "out of a: hat". rhis procedure greatly reduces the task of 

("ompleting the survey bue it does mean that W0 can only get the infor­

mation we need if all those who have been selected will give some of 

their tine to helpinC ·us. Your address has been selected and we very 

much hope that you WLll be prepared to help by giving us the answers, 

which OAlly you can .g~ve, to a short list of questions. We will 

arrange for someone :0 'call on you in the near future to ask for your 

answers to a short q'.wstionnaire • 

I shouli like to assure you that all answers or opinions 

that you m~y give to us will be treated as strictly confidential and 

private '. No inforrr .. a tionlinked to anyone name or address will be 

allowed to pass outside this Department. 

Yours sincerely, 

G. Davies, M.A. 
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Nottingham Residential Study 

Final Data Form 

, Recopd No. ~ 
"-' -.-. --_._--_ .. _-_. I;:Di~-t;~ c t--- .-- --- ._, -_. __ ... - . - , 

31 hshold size L ' 
12 . 32 s ocial e1;:I.SS I .prlce 

I 
- -.,-- " 

3 garage 33 income 

~ge 
--

34 m8.1e s 

.\ 5 c/heat 35 females 

I 6 plot 36 t.r. time I -

! . 

r7--;;arms 
---

l 37 pr~loc 

8 type 38 access work 

I 9 o.sp.i 39 11 bus stop 
-

10 '1 40 ,11 st. I O.SP"r r\i'y 

11 o.sp.-t 41 " shops 

" 

12 res.i 42 11 social 

13 res. 1 43 11 o.Sp ' '4 

-14 res.-t 44 " gr.blt . 
15 tea 1 45 " ind ~ 

16 ind 1 46 11 traffic 4" 

17 ind 1 47 " schools '2 
, 

.! 18 density ' 48 move reasons 

19 trees 49 res.prefs. 

'20 view 50 diSS<.lts. 

21 hills 

I 22 wdland 

23 res 
.,. I 

" . :.) 24 ind 
j' 

l 
25 prlcland 

I 26 d. cod 

27 d.mrd 

28 d.rviY 
.. 

29 d.gr. bH 

! 30 tr. expo 

I . -_. 

'I 
. 0 i' 
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U N I V E R SIT Y 0 F C A M B RID G E 

DEP"RTI1~NT OF ~ AND E CON 0 M Y 

Form Number 

Name of Respondent 
and Addrccs 

Date and Time called 

RESPONSE 

Interview Refused 
Interview Accepted 
No 80ntact 

RecordinG Sc~e dule 

SURV.ii;Y 

HOUSEHOLD QU:CSTIONtLURE 

~----I 

1 
2 
3 

, I, 

NOTTINGR.H 

1. Some answers are to be coded as numbers, the intervicI'Ier 
circlin~ the appropriate nu~ber. 

1 . 
\ 

, '2. Some ' answers are recorded verbatin in the spaces provided. 

3. If there is no answer put Y. 

4. If the answer is ;;don' t knowll put X. 

r 
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PART I HOUSEHOLD I NFORN,',TION 

Could I plea se adk you some questions first of all about the members· of the · 
Household? 

Q.1. CUllYOU please t e ll me a ) the relationship of ea ch pe rson living 
in the house to the head of the Household 

r--:-
I (a) Re l a tionship to He::t d 
I 

b) Occupation ( c) Age 

1. Head 

2. 

3. 

4. 

• .< 

5. 

6. ' -i- (- , 

8. ____ L 

Q.2. Can you please tell me the number of childr.:m receiving a) Primary 
b) Secondary 0) Higher Education 

a) Primary . . . . . . . . 
b) Secondary . • 
c) Hi.l;~her 

,-- .:-;'- ...... p-
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Pi\m' " II 

Could you no\'! tell me some information nbout'the household's travel 
characteristics; for inst:1nce: 

Q.3. How many cars dOl')s your household possess? 

N.f ... y 

D.K. x 

One 1 

Two 2 

Three or more 3 

Q.4. 

u) 

Can you pleQso t ell me a) where the working members of the hnusehold 
work (street of firm etc.) and 

b) the usual me[ms of travel to work. 

b) 
1. Head. . • • • . • • • . • • • • . · . . . . . . . . . . . . . 
2 •• 

3' • . , . '. . · . . . . . . . . . .. . . . 
4. .. . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . 

· . . . . . . . . . . . . . 
6. . . . . . . . . . . . . . . . · . . . . . . . . . . . . . 
Q.5. Does the r,l:l in eorner of the household spend more or less time 

travelling to ~lork now, them in your previous home? 

N.A. 

D.K. 

Some 

'More 

Less 

Time 

Time 

Time 

y 

x 

o 

1 

2 

Q.6. ' Can Y0 U plense tell r.1C H) about j ourneys made . by members 
of the househ0ld ).<rJt week for purnoses other than trnvel to schoo ~ 

. b) the usuol menns of such trove 1 

a) freguency and Distnnce . . . . . . . . . . . . . .. . . . . . . . . . . 
. . . . . . . . . . . . .' . . . . . . . . . . . . . . . . . . . . . . 

b) 
N.l\.. Y 

D.K. X 

Bus 1 

Bicycle 2 

Car 3 

Other 4 
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a) 
1. 

2. 

3. 

4. 

5. 

"~-." I ", ~ ••••• '\ • I , ". i, 

~. ___ :t..;:~:~t:_!~_~-=-.:.:.~._~~ . ..li1..t.:. J 

Can you tell me for e:lch menbGr of the household andergoinG 
full time cducaticn in Ncttingharll 3) which s.c;hoo1/collegc~ etc. 
he/she .:.1ttenc1s and 

b) the usual rnc·':!ns of travel 
to school 

b) 
.. 

" 

. .. 

Can I now ask s eme questions about your attitude to your house and neigh. 
bourh'Jod? 

Q.8. 

a) 

b) 

Can you ple~se tell me El) 
b) 

your previC'.us address Elnd 
the type of house Y0U lived in 

, . 

Can you tell me your reasons for changing houses? 

,~.10. Can you please tell me what r:nde you cheosu this pl1rticul:1r house 
and neighbourhood. (then ask) Can you tell me if you have an outlook 
at the back of the house? 

, . 
Q.11. Is there 3nythin~ Elbout y·)ur neighbourhood with which Y ')U are 

,diss.:ltisfied? 

Q.12. Please can you tell me if the following shops o.re within walking 
distance? 

Supermo.rket BCtkcr 

Chemist 'Grocer 

Florist Green~rocer 

Ironmonger Delic:J.tcssen 

Butcher HeVlsa(,;c.mt 

------- .--------~----------~-------------------~ 
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Q.13. When thinking of the kind ef nr()~ you \vonted to move into how 
import1~nt did ye u con;; idcr the fJlloVlinl)? (Show prcm) t cnrd) 

Very · Of some Doesn't Ir,lPortant Very Impr.rtant 

~ 
_ ~ ... 1 

Imp0rtant Irmortunce Hatte r to .'1void to uvoid N. :' •• D.j(. 
u) Bein~ near 
the chief enrne r ·s 
place of work 

b) Being neor 
a bus stop 

c) . Be ing neo.r 
a Rr,ihio.y Stcttion 

d) Having locol 
shops nearby 

e) Ravine social 
faciliti e s e.g. 
T" lbs nearby 

f) Being neo.r n 
pnrk or some open 

. spnce 

g) Being near 
the country 

h) Beingneor 
industriul prenises 

i) Having traffic 
on the road out­
side 

j) Being nenr 
a School 

r 
! 

. 

" : 

P:.RT IV BUOOEl' D:,T:. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-
~ 

, 
--"2 . 

4 3 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 ~ 4 5 

2 3 4 5 

2 3 4 5' 

2 3 4 5 

2 3 4 5 

.. 
2 3 4 5 

Q.14. C·:m you ple:}s;:J tell me the iveckly/monthly/annuctl snlClry of working 
members of the hcusehold, (or if preferred in which income-3roup this 
income falls (show pronpt c.?rd) 

1. Head 

2. . ~ 
3. . ... . 

4. 

5 •• 

y X 

y X 

y X 
-

y X 
-

y X 

y X 

y X 

y X 

y X 

.. 

y X 
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U N I V E R SIT Y 0 F C A 1-1 B R,I D G E 

FORM NIDlBER 

Name and Address, 
of Household 

Date and Time 
of Survey 

i'ieather 
C~nqition8 

DEPARrMENT OF LAND ECONOMY 

Residential A1'lieni ty Survey - Nottingham 

LOCATION SURVEY SHEET 

RECORDING SCHEDULE:- See attached Notes for C:;,mpiler. 

Q.1 Description of Adjacent Land Use 

Type Left Side Right Side 
Descr:i.pt:i.on Desr;ription 

~mmercial 

Induotrial 

Residential 

Vaeant 

Q.2 Condition of Adjacent Structures and Plot 

Feature Left Side Right Side 

Walls -1 0 +1, !-IA DK -1 0 +1 NA DK 

Roof -1 0 +1 NA DK -1 0 +1 NA DK 

Paintwork -1 0 +1 NA DK -1 0 +1 NA DK 

Age -1 0 +1 NA DK -1 0 +1 NA DK 

Lawn -1 0 +1 NA DK -1 0 +1 NA DIe 

Flo'"er Bed -1 0 +1 ilA D'r 
" -1 0 +1 NA DK 

Fence (Hall) -1 0 +1 !lA m: -1 0 +1 NA DK 

Additional 
Remarks if . - ,., " 

Coding: Leave Blank 

- . "-- - -
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Q.4 

Q.5 

Condition of Nearby Structures and Plot . 

% Same condition (as .s&~ple house) 

% Worse condition ... 
% Better condition 

Additional Remarks 

Condition of Streets and Pavements 

Feature 

'l'l"ees (number \·,ithin 100 yds. of house) 

Grass (width of verge) 

Litter (tick) 

. Roadruld B None 

Cracks Holes 

None 

Additional Remarks 

'View' 

Degrees of Panorama 

Features 

Distance 
Short (<100 yds.) 

o 
B 

,]" t i;:'.y 

Uneven­
ness 
None 

Mediu.-n (100 yds. < >300 yds.) 

Long (>300 yds.) 

Addi tional Remarks 

UNIVERSITY 
. LiBRARV 
CAMBltlD§£ 

.... . , .. _____ ... .. ~ •.. _,=_._, :~ __ ., .. ,.J,. d_: 

Coding: Leave Blank 
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