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Abstract 

The main aim of the present paper is to survey sorae major trends in current 

research in the field of discrete choice modelling, with particular empha-

sis on dynamic approaches. The paper is organized as follows. Section 2 

provides a brief overview of static disaggregate choice modelling and 

random utility maximimation, based inter alia on multinomial logit and/or 

probit models, generalized extreme value models, and nested logit models. 

Particular attention is given here to model representation issues, sampling 

and estimation issues and model performance issues. Next, section 3 is 

devoted to some recent developments in the rapidly growing new field of 

dynamic discrete choice modelling. In contrast to stochastic panel data 

models of buying behaviour, dynamic discrete choice models incorporate 

explanatory variables and take adaptive behaviour explicitly into account 

(i.e. the effect of past experience on choice behaviour). Several dynamic 

discrete choice model approaches are summarized. Special attention is paid 

to the seminal work of Heekman. In the final section, complementary and 

alternative approaches to dynamic choice modelling are discussed, such as 

the human activity constraint approach, the computational process modelling 

approach and the master equation approach. It is concluded that contextual 

effects, multi-actor or synergetic interactions and shifting individual 

preferences based- on learning principles are of primary importance in 

dynamic discrete choice modelling. 
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1. INTRODUCTION 

Spatial systems are never static, but always in a state of flux, in both an 

absolute and a relative sense. The dynamics of spatial systems may be the 

result of three types of different forces (see also Jansen et al., 1985, 

Nijkamp and Reichman, 1986, and Williams, 198l): 

external influences (i.e. influences from the environment of the 

system such as e.g. the rise of oil prices on the world market or the 

global depression affecting international and/or interregional trade 

volumes), 

i n t e r n a ! dynamics caused by r eac t ion pa t t e rns of ac tors (households, 
f i rms, l and lo rds , inves to rs and o t h e r s ) , and 
public pol icy instruments aiming a t inf luencing the s t a t e or s t r u c t u r e 
of a s p a t i a l system in order to achieve a se t of pol icy o b j e c t i v e s . 

Up to now, empir ical research on s p a t i a l systems i s usua l ly underpinned by 
models and theo r i e s of a s t a t i c or comparative s t a t i c na t u r e . This perspec-
t ive assumes the exis tence of unique equi l ibr ium combinations of s p a t i a l 
system c h a r a c t e r i s t i c s which change smoothly in response to changes in 
exogenous v a r i a b l e s . D i scon t inu i t i e s in the development of s p a t i a l systems 
are a t t r i b u t e d to unexpected ex te rna l influences ra the r than to the 
i n t e r n a l dynamics of s p a t i a l systems (see Varai ja and Wiseman, I 9 8 l ) . 

In recent years however, the i n t e r e s t in fu l ly dynamic s p a t i a l models 
has grown considerably . This increased a t t e n t i o n i s due to methodological 
advances in the area of ( i n ) s t a b i l i t y and (d is )equi l ib r ium ana lys i s ( e . g . , 
Nicol is and Prigogine, 1977, Thom, 1975 and Weidlich and Haag, 1983), t o 
the progress made in the s t a t i s t i c a l , mathematical and computerized handl-
ing of non- l inear dynamic models, and to the general awareness that the 
economies of most countr ies a re going through a s tage of s t r u c t u r a l ( i . e . , 
non- l inear dynamic) change. 

In reg iona l and urban economies and in human geography various approach-
es have been developed tha t aim at r e p l i c a t i n g the evolut ion of a complex 
s p a t i a l system by means of dynamic models. Examples of such cont r ibu t ions 
a re : 

dynamic Lowry-models, based on i t e r a t i v e adjustment processes towards a 
new macro equil ibrium s t a t e af te r an i n i t i a l exogenous impulse (cf. 
Harr is and Wilson, 1978), 
urban ecology models, based on s impl i f ied aggregate models for desc r ib -
ing by means of Volterra-Lotka dynamics the evolut ion of urban systems 
(cf. Dendrinos and Mul la l ly , 1985), 
s e l f -o rgan i s ing models, based on evolut ionary assumptions regarding the 
behaviour of dynamic s p a t i a l systems (cf. Allen and Sangl ie r , 198l ) , 
micro s imulat ion models, based on a p r o b a b i l i s t i c approach to the analy­
s i s of changes (events) in the s t a t e of a complex dynamic system (cf. 
Wegener, 1983, and Clark and Wilson, 1985), 
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migrants , t r a v e l l e r s , r e a l e s t a t e developers , or l oca l government dec i s ion-
makers) of fers the promise of new in s igh t s in to decision-making and choice 
behaviour processes . Various researchers have devoted considerable e f fo r t s 
to the development of behaviouri*!- s p a t i a l choice models capable of consid-
er ing indiv idual choices from a s e t of d i s c r e t e a l t e r n a t i v e s at a point in 
t ime. Such d i s c r e t e choice models have mainly focused on c ros s - sec t ion 
a n a l y s i s . Of course, choice models for s t a t i c ana lys i s . may be extended to 
provide a bas i s for dynamic a n a l y s i s . But such extensions are ne i ther as 
obvious nor as simple as i t may seem at f i r s t g lance . Some progress towards 
these d i r e c t i o n s has already taken place during the l a s t few years (see for 
a survey a l so Nijkamp e t a l . , 1985, P i t f i e l d , 1984, -and Timmermans, 1985). 
The s h i f t from s t a t i c towards dynamic modelling e f fo r t s i s placing new 
demands on the d i s c r e t e choice methodology. The present paper aims at 
providing a survey of some major t rends in current research on d i s c r e t e 
choice modelling, with p a r t i c u l a r emphasis in dynamic approaches. Section 2 
w i l l give a b r ie f d iscuss ion of s t a t i c d i s c r e t e choice models, foliowed by 
a treatment of important research i ssues in t h i s context . Next, sec t ion 3 
p resen ts some developments in dynamic d i sc re te ' choice' modell ing. F ina l ly , 
in sec t ion 4 complementary and a l t e r n a t i v e approaches are d iscussed. 

2. DISCRETE CHOICE MODELLING AND RANDOM UTILITY MAXIMIZATION 

2.1 Introductory Remarks 

Many important decis ions an ind iv idua l i s facing in h i s - l i f e involve 
choice from a constrained s e t of a l t e r n a t i v e s , such as e .g . r e s i d e n t i a l 
mobil i ty and housing choice , choice of occupation and workplace l oca t ion , 
choice of a ca r , the mode and route of t r a v e l in work t r i p s and shopping 
t r i p s . Such choices are d i s c r e t e in na tu re . However, in many choice 
con tex t s , conyentional marg ina l i s t mioro-economic consumer theory takes for 
granted tha t the decis ion va r i ab le of a consumer i s continuous, which i s 
evident ly a l e s s val id assumption. 

In the 1970's s i gn i f i can t progress has been made in developing and ap-
plying random u t i l i t y based choice models in d i f fe ren t s p a t i a l choice con­
t e x t s , mostly in t r a v e l demand ana lys i s (see e .g . Domencich and McFadden, 
1975, Horowitz, 1979, 1980, Halperin and Gale, 1984, and Fischer , 1986) and 
more r ecen t ly a l so in the area of r e s i d e n t i a l mobil i ty-housing choice ana l ­
y s i s (see McFadden, 1978, Anas, 1982, Onaka and Clark, 1983, Van Lierop and 
Nijkamp, 1984, Clark and Onaka, 1985, Van Lierop and Rima, 1985, Quigley, 
1985, Aufhauser et a l , 1986, Fischer and Aufhauser, 1986 and Van Lierop, 
1986), as well as in labour supply mobi l i ty ana lys i s (see Evers and van der 
Veen, 1983, Maier and Fischer , 1985, Fischer and Maier, 1986). Before 
d iscuss ing dynamic d i s c r e t e choice models ( in sec t ion 3 ) , we w i l l give a 
br ief overview of s t a t i c d i s c r e t e choice modelling in the present s e c t i o n . 
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2.2 Basic Concepts and Class ioa l Models 

Detai led p resen ta t ions of the assumptions and de r iva t ions of d i s c r e t e 
choice models are given in Domencich and McFadden (1975), McFadden (1981), 
Ben-Akiva and Lerman (1985), Fischer and Nijkamp (1985a, 1985b) and o t h e r s . 
For the purpose of t h i s paper i t i s useful to summarize the major assump­
t ions underlying d i s c r e t e choice models as fol lows: 

Each decision-maker i ( i nd iv idua l , household or another decision-making 
u n i t ) in the population faces a se t A of mutually exclusive choice 
opt ions a = 1 , . . . , A ' . 
The populat ion of decision-makers i s p a r t i t i o n e d in to populat ion seg-
ments s = 1 , . . . , S * . The decision-makers in each segment have the same 
socio-economic c h a r a c t e r i s t i c s . Moreover, i t i s usua l ly assumed t h a t 
the decision-makers in each segment have i d e n t i c a l choice s e t s . This, 
however, i s nofr s t r i c t i y necessary (see e .g . Manski, 1981). 
The decision-maker i e s ass tgns to each a l t e r n a t i v e a value u^ a of 
an ob jec t ive f-unetion,- • termed u t i l i t y , and chooses tha t a l t e r n a t i v e 
which y ie lds the maximum u t i l i t y , i . e . 

u i a > u i a ' f o r a ' " a; a ' = 1 , . . . , A ' (1) 

I t i s usua l ly assumed" tha t -random u t i l i t y r ep re sen t s va r i a t i ons among 
decision-makers within the same segment. According t o t h i s in te rpersona l 
i n t e r p r e t a t i o n of random u t i l i t y , a l l decision-makers have completely 
d e t e r m i n i s t i c preferences but these cannot be fu l l y observed by the 
analys t because c e r t a i n choice- re levant a t t r i b u t e s are unobserved or 
because the va lua t ion of observed a t t r i b u t e s may vary from one dec i s ion-
maker to the o t h e r . 

The preferences of a deeision-maker i who belongs to populat ion segment 
s are represented through a u t i l i t y function of the form 

u l a - U ( f 1 ( x i a ) , f 2 ( x i a ) , f"3(£ia>) (2) 

where U(.) i s the u t i l i t y function for the s - t h segment, f-|(xj_a) the 
function containing the observed c h a r a c t e r i s t i c s of decision-maker i e s 
and a l t e r n a t i v e a, f 2 ( x i a ) a random function represen t ing the id iosyn-
c r a t i c t a s t e s of decision-maker i ( i . e . , the di f ference between the t a s t e s 
of i and the average t a s t e s of decision-makers within s ) and ^ ( e i a ) a 
random disturbance term captur ing the e f f ec t s of unobserved choice- re levant 
a t t r i b u t e s of both the decision-makers and the a l t e r n a t i v e s . x^ a i s a K-
dimensional vector of observed c h a r a c t e r i s t i c s of decision-maker i and 
a l t e r n a t i v e a. 

The s p e c i f i c a t i o n of the funct ional form of f i , f2, f3 and U i s 
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the s t a r t i n g polnt for defining a p a r t i c u l a r model s p e c i f i c a t i o n . With only 
very few exceptions random u t i l i t y based choice models assume t h a t these 
functions are- l i n e a r in the parameters and add i t ive in the v a r i a b l e s : 

u i a = x l a 6 + ( x i a Si + ? i a ) = v i a
 + e i a (3) 

where the f i r s t term, v i a , a t the r igh t -hand s ide of (3) i s r e fe r red to 
as the sys temat ic (de t e rmin i s t i c or r e p r e s e n t a t i v e ) component of u t i l i t y , 
while the second term, £j_a, denotes the random component. This component 
cons i s t s of two p a r t s : 5j_a i s a random disturbance term captur ing the 
e f fec t s of unobserved a t t r i b u t e s of the deei sion-maker and the choice a l -
t e r n a t i v e s , while Xj_a $£ represen t s the i d i o s y n c r a t i c t a s t e s of i . £ 
i s a vector of parameters of the r e p r e s e n t a t i v e component of u t i l i t y and 
&i the t a s t e va r i a t i on parameters vec tor . 

A p r o b a b i l i s t i c choice model aims at fo recas t ing the p robab i l i t y P i a 

t ha t decision-maker i s e l e c t s a l t e r n a t i v e a: 

P i a = pröb ( u i a > u i a i , for a ' e A, a ' * a) , (4) 

condi t iona l on x^# and 9, where Xj_ _ = (xj_a, a e A) and 9 i s a vector 
including the g- and 5j_- parameters of the choice model concerned. Given 
a s t r a t i f i c a t i o n of the population of decision-makers, a s p e c i f i c a t i o n of 
the se t of a l t e r n a t l v e s among which a decision-maker can choose and a 
s p e c i f i c a t i o n of the u t i l i t y function of type (3 ) , the form of the choice 
p r o b a b i l i t i e s (4) depends on the d i s t r i b u t i o n F chosen for the random 
components. 

In the multlnomial l o g i t model widely used in a va r i e ty of choice con-
t e x t s , i t i s assumed tha t F i s the independent and i d e n t i c a l l y d i s t r i b u t e d 
type I extreme-value d i s t r i b u t i o n 

Fe. [x. ,0) = H exp (-exp ( -y(e . - n ) ) ) (5) 
aeA 

and tha t t he re i s no random t a s t e v a r i a t i o n across decision-makers within 
the same population segment ( i . e . , the t a s t e va r i a t i on parameters in (3) 
a re equal to z e r o ) . r\ i s a loca t ion parameter and y a pos i t ive s c a l e para­
meter. Usually i t i s assumed tha t n = 0 and y = 1. Under these assumptions 
the choice p r o b a b i l i t i e s have the form 

p. = exp(x. 0) / E exp(x. , 6) (6) 
i a i a . . i a ' a'eA 

I t has been widely recognized tha t the independence of i r r e l evan t a l t e r n a -
t i ve s (IIA) property - a property which implies tha t the r e l a t i v e choice 
p robab i l i t y of any two a l t e r n a t i v e s depends exclus ive ly on t h e i r systemat ic 
components - can give r i s e to somewhat odd and erraneous pred ic t ions when 
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the a l t e r n a t i v e s are olose s u b s t i t u t e s for each other ( t h i s s i t u a t i o n often 
occurs in s p a t i a l choice c o n t e x t s ) . One of the most widely c i t e d anomalies 
i s the red bus/blue bus paradox. The core of the problem l i e s in the 
assumption t h a t the dis turbanees are mutually independent. This assumption 
r equ i r e s tha t the sources of e r ro r s con t r ibu t ing to the dis turbanees must 
do so in a way such tha t the t o t a l d is turbanees a re independent. In the 
case of the blue bus/red bus exampLe t h i s i s implausible because the red 
and blue bus modes share a l l the unobserved c h a r a c t e r i s t i c s of buses. Thus, 
the search for a l t e r n a t i v e s to the IIA-based multinomial l o g i t model has 
been a major concern in d i s c r e t e choice a n a l y s i s . 

Many approaches have been suggested in recent years to accommodate vary-
ing degrees of s i m i l a r i t y between a l t e r n a t i v e s . The most general one i s the 
multinomial p r o b i t model which can handle a r b i t r a r y c o r r e l a t i o n s express-
ed in the form of a general var iance-covariance matr ix (see Hausman and 
Wise, 1978). In t h i s model i t i s assumed tha t the vector e^_ of random 
components has an A'-dimensional m u l t i v a r i a t e normal d i s t r i b u t i o n with mean 
veetor zero and a general (A' ,A') var iance-covar iance matr ix E . Then the 
choice p r o b a b i l i t i e s have the form 

v -v +e 
°° ia i a ' i a 

P l a = / ( H ƒ N(E J O . D d e ) d e l a (7) 
-co a *a -°° 

where N(.) denotes a m u l t i v a r i a t e normal dens i ty function with mean vector 
zero and a var iance-covariance matr ix E . In con t ra s t to (6) t h i s mult ino­
mial probi t model allows random t a s t e va r i a t i ons across i n d i v i d u a l s . The 
t a s t e v a r i a t i o n parameters 5^ (see equation (3)) a re drawn from a m u l t i ­
v a r i a t e normal d i s t r i b u t i o n with zero mean and a (K,K)-variance-covariance 
matrix £5 , whereas E§ i s drawn from a m u l t i v a r i a t e normal d i s t r i b u t i o n 
with mean vector zero and a (A ' ,A ' ) -var iance-covar iance-mat r ix Ej< . In 
con t ras t to the multinomial l o g i t model the p rob i t version i s , however, 
computat ionally r a the r i n t r a c t a b l e desp i t e recent progress made in develop-
ing more e f f i c i ë n t and accura te procedures such as d i r e c t numerical i n t e -
gra t ion methods (see Hausman and Wise, 1978), the simulated frequency meth-
od (see Lerman and Manski, 1981) and i t e r a t i v e approximation procedures 
(see Daganzo et a l . , 1977). 

In the genera l ized extreme value model the j o i n t cumulative d i s t r i b u ­
t ion function F i s the m u l t i v a r i a t e extreme value d i s t r i b u t i o n , i . e . 

F(e. |x . ,0) = exp (-G((exp(-e . ) , a e A) ,x . )) (8) 

where G i s a non-negat ive , homogeneous-of-degree-one function tha t s a t i s -
f ies c e r t a i n r e g u l a r i t y condi t ions (see McFadden, 1981). Model (8) implies 
tha t the random terms e^ a may be co r re l a t ed across choice a l t e r n a t i v e s , 
though they must have equal variances for a l l choice o p t i o n s . Furthermore, 
random t a s t e va r i a t ions are not allowed. Thus, the general ized extreme 
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the choiee opt ions in the decis ion process . Only l i t t l e r e sea rch , however, 
has been conducted so f a r , t o ver i fy the correspondence between choiee 
proeesses and the l i nea r add i t ive u t i l i t y formulations of these compensato-
ry models. Recent research has pointed out the not ion t h a t deei sion-makers 
do not make judgements according to s t r i c t l y add i t ive and m u l t i p l i c a t i v e 
r u l e s ( see , e . g . , Norman and Louvière, 1974). Payne (1976) p resen ts r e s u l t s 
which i nd i ca t e t h a t when decision-makers who a re faced with s e l e c t i n g one 
of many complex a l t e r n a t i v e s (such as dwelling u n i t s ava i l ab l e in the hous-
ing market) tend to employ simple non-compensating dec is ion ru l e s such as 
e l iminat ion by a s p e c t s . Discontinuous evaluat ion and choiee proeesses may 
be eaptured b a s i c a l l y by non-compensating choiee models. Such models are 
based on dominance, conjunet ive , l ex ieograph ic , s a t i s l e x , minmax r e g r e t , 
e l imina t ion by aspect or r e l a t e d decis ion ru l e s in which 'changes in one 
a t t r i b u t e cannot be compensated by opposi te changes in other a t t r i b u t e s 
(see Timmermans, 1984). Future research has to focus on information 
processing and eva lua t ion mechariisms involved in choiee behaviour in order 
to make models in a behavioural sense more r e a l i s t i c . -

( i i ) Sampling and es t imat ion i ssues 
The t r a d i t i o n a l sampling process in d i s c r e t e choiee modelling i s exo-

genously s t r a t i f i e d sampling. In exogenous sampling the population of 
decision-makers i s c l a s s i f i e d on the bas i s of s t r a t i f i c a t i o n c r i t e r i a exo­
genous t o the s e l e c t e d choiee o p t i o n s , while next a random sample i s drawn 
from each stratum where d i f fe ren t s t r a t a may have d i f fe ren t sample s i z e s . 
Under ce r t a in r e g u l a r i t y cond i t ions , maximum l ike l ihood es t imat ion from 
exogenous samples does not present any- new problems in eomparison with an 
es t imat ion from random samples. 

Quite r e c e n t l y , choiee-based sampling has been suggested as an impor­
tan t a l t e r n a t i v e to exogenous sampling and s i g n i f i c a n t progress has been 
achieved in developing appropr ia te maximum l ike l ihood and r e l a t e d s t a t i s t i -
ea l l y sound e s t i m a t o r s . In choiee-based or endogenous s t r a t i f i e d sampling 
the c l a s s i f i c a t i o n of the decis ion-makers ' population in to subsets i s based 
on the observed chosen a l t e r n a t i v e s , while for each - and within each -
subset the requi red number of decision-makers i s drawn a t random. Conven-
t i o n a l maximum l ike l ihood es t imators wi l l be incons i s t en t and, t hus , asymp-
t o t i c a l l y biased in choiee-based sampling. This fac t has not seldomly been 
overlooked in empirical a p p l i c a t i o n s . But in the recent past s i g n i f i c a n t 
progress has been made in developing a va r i e ty of eomputationally t r a c t a b l e 
and s t a t i s t i c a l l y appeal ing choiee-based sampling es t imat ion procedures 
(see Manski and Lerman, 1977, Manski and McFadden, 1981, C o s s l e t t , 1981). 
Manski (1981) deser ibes three a l t e r n a t i v e approaches for obta ining s t a t i s ­
t i c a l l y sound e s t ima to r s . The f i r s t approaeh assumes that the a t t r i b u t e 
densi ty function ean be.a p r i o r i r e s t r i c t e d to a parametric family of den-
s i t y funct ions . This approaeh has only seldomly been appl ied in p rac t i ce 
because computation i s ra ther cos t ly and theory does not give s t rong guid-
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ance concerning the parametric r es t r i c t ion on the a t t r ibu te density func-
t ion. The second approach which does not involve the a t t r ibu te density, 
leads inter a l ia to the 'weighted exogenous sampling maximum likelihood' 
estimator (see also Manski and McFadden, 1981, 17-18). Use of th is estima-
tor assumes that the proportions of the population choosing each choice 
al ternative are known. This assumption is quite often sa t is f ied in applica-
t ions . The third approach suggested by Cosslett (1981) involves the use of 
joint maximum likelihood estimation of model parameters and the a t t r ibute 
density function. 

Tt i s worthwhile to mention that a properly deslgned choice-based sample 
may provide more precise estimators at lower costs than a random sample of 
the same to ta l si ze. Due to the lack of information about the choices and 
independent variables in the population, one may be forced to consider 
hybrid sampling procedures in which endogenous sampling is linked with 
additional survey data or s t a t i s t i c s taken from a random sample of the en-
t i r e population. Maximum likelihood estimators for a series of hybrid 
sampling procedures are provided by Cosslett (19,81). 

( i i i ) Model performance issues 
Probabil ist ic choice models are highly sensit ive to a large number of 

specification errors such as misspecification of the choice se t , incorrect 
specification of the probability dis t r ibut ion of the random component and 
incorrect • functional fora of the deterministic component of the u t i l i t y 
function. Models with specification errors can cause large errors in the 
choice probabi l i t ies . Thus, the identif icat ion of specification errors i s 
of central importance in spat ia l choice modelling. 

Three types of specification tes t s are available. The f i r s t type in-
cludes informal specification tes t s for the u t i l i t y functions, such as 
the examination of the signs, t - s t a t i s t i c s and ra t ios for the estimated 
parameters. These procedures are routinely used to arr ive at an acceptable 
specification of the u t i l i t y functions. They, however, lack power because 
models with specifation errors causing large errors in the choice probabi­
l i t i e s may have parameters with the right sign, sat isfactory t - s t a t i s t i c s 
and r a t i o s . 

The second type of specification t e s t s consists of formal s t a t i s t i c a l 
comparisons of models with different specifications and includes l i k e l i ­
hood ra t io t e s t s , Lagrangian multiplier t e s t s and tes t s of non-nested hypo­
theses suggested inter a l ia by Horowitz (1982, 1983). By means of these 
s t a t i s t i c a l procedures i t i s possible to detect violations with respect to 
the basic assumptions of the model i t se l f (for example to t e s t for viola-
tion of the IIA assumption, for the presence of tas te variation in the pop­
ulation, for heteroscedasticity in the u t i l i t y functions). These t e s t pro­
cedures give information on specifie causes of specification errors which, 
however, i s re l iab le only if certain a priori al ternative hypotheses with 
respect to the correct model are t rue . 
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The t h i r d type of procedures i s based on t e s t i n g the s t a t i s t i c a l s i g n i -
ficance of the d i f ferences between p red i c t i ons and observa t ions . For ex-
ample, Horowitz (1984) suggests formal s t a t i s t i c a l t e s t s for comparing pre-
d ic ted and observed aggregate shares in population s t r a t a and uses the fac t 
t ha t these d i f ferences are normally d i s t r i b u t e d in la rge samples in order 
to develop ch i -square t e s t s t a t i s t i c s , one for the case in which the t o s t 
and es t imat ion data s e t s are the same and one for the case in which they 
a re independent. Up to now, the small sample p roper t i e s of the s t a t i s t i c a l 
spec i f i c a t i on t e s t s , however, a re l a r g e l y unknown. 

The s t a t i c choice model r ep re sen ta t i ves discussed in t h i s sec t ion have 
often been c r i t i c i z e d for t h e i r temporal s t a t i o n a r i t y assumptions which a re 
obviously too u n r e a l i s t i c , e spec i a l l y in the case of recur ren t d i s c r e t e 
choice s i t u a t i o n s such as shor t - run des t i na t i on choices l ike shopping 
t r a v e l (cf. Clarke e t a l . , 1982, Wrigley and Dunn, 1984a, 1984b, Koppelman 
and Pas, 1985). Nevertheless they have been successful in gaining a deeper 
understanding of several aspects of chyoice behaviour. Following Ben-Akiva 
and De Palma (1981) a s t a t i c choice model may be considered as a va l id ap-
proach to analyse choice behaviour i f the following two condi t ions are met: 

the dynamic adjustment process has to be s u f f i c i e n t l y f a s t in r e l a t i o n 
to t y p i c a l time sca les of changes in exogenous choice v a r i a b l e s , and 
the psychological and monetary t r ans fe r cos ts (assoc ia ted with the t r a n -
s i t i o n from one choice a l t e r n a t i v e to another) a re n e g l i g i b l e . 

3. DYNAMIC MODELS OF DISCRETE CHOICE 

3-1 Introductory Remarks: Longitudinal Data and Different Survey 
Designs 

I t has been inc reas ing ly recognized tha t choice behaviour i s very d i f f i -
cu l t to analyse with only c r o s s - s e c t i o n a l da ta . In the l a s t few years human 
geographers and reg iona l s c i e n t i s t s have developed an increas ing i n t e r e s t 
in long i tud ina l survey da t a . Such da ta provide the information base for 
dynamic models of d i s c r e t e choice. 

There are many poss ib le long i tud ina l survey designs which might be used 
t o c o l l e c t information on choice behaviour over t ime. In p a r t i c u l a r , the 
panel designs provide the po t en t i a l to measure d i f fe ren t components of 
change in choice behaviour at the indiv idual l e v e l . Following Wrigley 
(1986) four d i f fe ren t long i tud ina l survey designs which a re most f requent ly 
used may be d i s t ingu i shed : 

( i ) Repeated c r o s s - s e c t i o n a l surveys 
Such surveys draw an independent sample of ind iv idua ls at d i f fe ren t 

points in time from the same popula t ion. As a consequence they provide a 
r ep re sen t a t i ve c ros s - sec t ion of the populat ion at each point in t ime. A 
major l i m i t a t i o n of t h i s type of surveys in the context of dynamic modell-



12 

ing of d i s c r e t e choice i s the fac t t h a t the sample un i t s are not r e t a ined 
from one time period to the nex t . There i s no p o s s i b i l i t y to decompose 
observed change in behaviour over time in to the two components: changes in 
populat ion composition and changes in sample un i t behaviour. Thus, dynamic 
models of d i s c r e t e choice have t o be based on panel da ta . The essence of 
panel data i s information on a (more or l e s s ) fixed sample of dec is ion-
makers across time such tha t s ta tements can be made about behavioural 
response at the indiv idual l e v e l . The panel survey designs b r i e f l y charac-
t e r i s e d below may be used for t h i s purpose. 

( i i ) C las s i ca l panel surveys 
C las s i ca l panel surveys involve repeated measurements on the same 

ind iv idua l s at d i f f e ren t points in t ime. That i s , in con t ra s t to repeated 
c ro s s - s ec t i ona l surveys the sample un i t s are kept in the panel . A major 
drawback of t h i s type, however, i s tha t the s i ze of the panel i s reduced 
over time by the process of 'panel a t t r i t i o n ' . Especia l ly , in the case of 
long-term panel surveys the panel may become unrepresenta t ive as time 
proceeds. 

( i i i ) Rotating panel surveys 
Rota t ional panel surveys are cha rac te r i sed by a process of planned 

' r e t i r e m e n t ' of sample un i t s and sys temat ic ' refreshment * by 'new 
rep resen ta t ive sample u n i t s . In t h i s way the problem of 'panel a t t r i t i o n ' ' 
i s circumvented, but at the pr ice of a reduct ion in measuring components of 
change in behaviour at the indiv idual l e v e l . 

( iv ) Mixed panel surveys 
This type of surveys i s a hybrid of the c l a s s i c a l panel survey on the 

one hand and the r o t a t i n g panel survey or the repeated c r o s s - s e c t i o n a l sur ­
vey on the other hand. The c l a s s i c a l panel survey component i s used to 
measure change at the indiv idual sample uni t l e v e l . The r o t a t i n g panel or 
the c ro s s - s ec t i ona l survey component i s used to check on poss ib le biases 
from d i f f e r e n t i a l r a t e s of a t t r i t i o n arnong subgroups in the panel . 

The grea t po t en t i a l of panel data for dynamic modelling sterns from both 
the temporal nature of the data and the data l inkage for each dec i s ion-
maker. Panel data enable one t o e x p l i c i t l y recognize the in ter temporal 
nature of choice outcomes, e s p e c i a l l y the ef fec t of .exper ience on dec i -
s i o n s . Moreover, i t i s expected tha t the use of panel data r e s u l t s in 
grea ter e f f i c i ency , in both s t a t i s t i c a l and behavioural terms, than the 
es t imat ion of separa te r e l a t i o n s h i p s in the case of a repeated c ross -
sec t iona l sample (see Johnson and Hensher, 1982, and Coleman, 1981). 

S tochas t ic models of buying behaviour such as brand choice models and 
purchase incidence models have been very successful in analysing panel 
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da ta . Brand ohoiee models predic t which choice a l t e r n a t i v e w i l l be 
chosen, given t h a t a decis ion i s made at a p a r t i c u l a r point in t ime . 
Purchase incidence models predic t how many choice a l t e r n a t i v e s w i l l be 
chosen in a spec i f i ed time period or when an a l t e r n a t i v e w i l l be• chosen. 
Most of these models have been o r i g i n a l l y developed in marketing research 
and have been brought to the a t t e n t i o n of reg ional s c i e n t l s t s and human 
geographers' by Wrigley and Dunn (1984a, 1984b), Davies (1984), Halperin 
(1985) and Timmermans (1985). Wrigley and Dunn (1984b) successfu l ly apply 
the Di r i ch le t model of heterogeneous buyer behaviour in the context of 
mul t i s to re purchasing in Cardiff . Although s t o c h a s t i c panel data models of 
buying behaviour provide a s u i t a b l e framework for analysing severa l aspects 
of dynamic choice behaviour, in t h e i r current form they do not incorpora te 
explanatory v a r i a b l e s . Moreover, i t i s often claimed tha t a dynamic ap-
proach to analysing panel data should e x p l i c i t l y take in to account adaptive 
behaviour ( i . e . the ef fect of past experience on choice behaviour) . 

In con t ra s t to the s t o c h a s t i c panel data models of buying behaviour, dy­
namic d i s c r e t e choice models incorporate explanatory var iab les and e x p l i c ­
i t l y account for dynamic e f fec t s of choice behaviour. 

3.2 Some Fundamental Issues in Dynamic Discrete Choice Modelling 

The extension of d i s c r e t e choice modelling to incorpora te choice behav­
iour over t ime r a i s e s severa l important methodological i s sues , such as (see 
a l so Kessler and Greenberg, 1981): 

the quest ion how to take s t r u c t u r a l s t a t e dependence (i .-e, the depen­
dence of current on past behaviour and of fu ture on current behaviour) 
in to account and 
the quest ion how to deal with s e r i a l c o r r e l a t i o n or spurious s t a t e de­
pendence in the omitted (unmeasured or unmeasurable) va r i ab les which 
generate the choice outcome. 

To d isen tangle the influences of s t r u c t u r a l and spurious s t a t e dependen­
ce i s a d i f f i c u l t , but a key issue in dynamic modelling a c t i v i t i e s . There 
are severa l sources of s t r u c t u r a l s t a t e dependence. Choice outcomes raay 
depend on previous choices (Markovian e f f e c t s ) , on the length of time the 
current s t a t e has been occupied (duration-dependence e f f e c t s ) , on p re ­
vious in te rcho ice time (lagged duration-dependence e f fec t s ) and on the 
number of times d i f fe ren t s t a t e s have been occupied (occurrence-dependence 
e f f ec t s ) (Wrigley, 1986). Information i s often not ava i l ab l e t o take a l l 
these d i f fe ren t s t r u c t u r a l s t a t e dependence e f f ec t s in to account. 

Omitted unmeasured or unmeasurable influences on choice behaviour, espe-
c i a l l y those which r e s u l t from the censoring of the data base, a re l i k e l y 
to introducé a s e r i a l c o r r e l a t i o n effect and a bias in the parameters of 
the observed var iab les (see Wrigley, 1986). If the degree of s e r i a l co r r e ­
l a t i o n in the data i s unknown, previous experience may appear to influence 
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future experienee only because it is a proxy for temporally persistent un-

observables which determine ehoices (see Heekman, 1981a). 

Some recent developments in the rapidly growing new field of dynamic dis­

crete choice modelling will be discussed in the sequel. 

3.3 Tardiff's Dynamic Discrete Choice Model 
, " " " — — - — . i — — . i i H . . I - . . I . — y . — , . - — . . , . i n - - u i . . I . . I I . . . I — . I l 

Tardiff (1980) was one of the f i r s t who made an attempt to extend d i s ­
c r e t e choice methodology by in t roducing s t r u c t u r a l s t a t e dependenee e f f ec t s 
and s e r i a l c o r r e l a t i o n in the u t i l i t y func t ions . He regards recur ren t 
choice as a sequence of s t a t i c u t i l i t y maximizing ehoices by dec i s ion-
makers whose u t i l i t y functions may have c e r t a i n i n d i v i d u a l , s t r u c t u r a l and 
spurious s t a t e dependence e f f e c t s . 

Let t = 1 . . . . . T denote an exogenously given sequence of time periods and 
assume tha t a decision-maker' i nas' tö choose an a l t e r n a t i v e a ( t ) from the 
s e t of Ghoice opt ions in the choice s e t in period t . The choice se t may 
vary from decision-maker •tadecl'six>rr-Tnaker ~as well as over t ime. But then 
the complex issue of fo recas t ing choice s e t s a r i s e s . Tardiff (1980) sug-
ges ts tha t a useful replacement for u t i l i t y function (3) in such circum-
stances i s : 

* 
u. . = x . . B + - I Y , C . ' , >. , x + e . + e . . (11) ï a t ï a t , aa ' i a ' ( t - 1.) i a ï a t a ' 

Evident ly , t h i s u t i l i t y function e x p l i c i t l y takes the in ter temporal nature 
of choice processes i n t o account. Uj_a^ i s the u t i l i t y of a l t e r n a t i v e a 
for decision-maker i a t time t ; x^a^ i s a vector of observed functions of 
(the decis ion-maker ' s and a l t e r n a t i v e ) c h a r a c t e r i s t i c s which may vary in 
t ime; C i a ' ( t - 1 ) ^ s a va r i ab le with C;j_ai ( t - i ) = 1 , i f i chooses a' in 
the previous period t -1 and 0 otherwise- The random term i s now disaggre-

gated in to two components: e. r ep resen t s unobserved t ime- invar i an t e f fec t s 
i a # 

(f ixed e f f ec t s of unobserved va r i ab le s ) whereas e. var ies among dec i s ion-
makers and time per iods . The inc lus ion of the second term at the r igh t -hand 
s ide of (11) makes i t poss ib le t ha t the choice in one period may influence 
ehoices in the following period and thus accounts for f i r s t - o r d e r Markov 
e f f e c t s . If the es t imate of y i s pos i t i ve (nega t ive ) , i t ind ica tes an i n -
creased (decreased) choice p robab i l i t y in the subsequent per iod. 

The s p e c i f i e form of a panel data d i s c r e t e choice model depends on 
whether s t r u c t u r a l s t a t e dependence and/or spurious s t a t e dependence ef­
fec ts are p resen t . By pu t t ing var ious terms in (11) equal to zero , Tardiff 
considers th ree spec ia l cases of the general data d i s c r e t e choice model: 
models with temporal independence, s t r u c t u r a l s t a t e dependence models 
and spurious s t a t e dependence models. These c lasses wi l l b r i e f l y be d i s ­
cussed now. 
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(i) Models with temporal independence 

In these models it is assumed that Yaat = 0 for all a and a' (i.e., 

no structural state dependence exists) and e. = 0 for all i and a (i.e., 
13-

no spurious s t a te dependence ex i s t s ) . If these assumptions are valid, then 
the probability of a sequence of choices i s disaggregated into a product of 
s t a t i c choice probabi l l t ies . The observations for decision-makers over time 
are treated as independent. The time series of choices made by a decision-
maker cannot be distinguished in th i s case frora a set of choices made by a 
cross-section of decision-makers at a single point in time. Thus, the s t a t ­
ic discrete choice models described in section 2 can be directly applied to 
th i s dynamic choice problem. The Standard s t a t i c discrete choice model is a 
special case when T = 1 ( i . e . , only one time period ex i s t s ) . 

( i i ) Structural s ta te dependence models 

Case 2 assumes' that e. = 0 for a l l i and a, but that s t ructural s ta te 
i a 

dependence effects are present. Thus, the effects of previous upon' current 
choices are expï ic i t ly considered. Since error terms are assumed to be in­
dependent across time periods and the second term of the right-hand side of 
(11) i s s t a t i s t i c a l l y predetermined, the usual discrete choice models can 
be direct ly applied. A special case resul ts when x^a^ g i s zero ( i . e . , 
when the current choice is only a function of previous choices). This spe­
cial case leads to t ransi t iön probabil i t ies of a f i rs t -order Markov model 
of spat ial choice. 

( i i i ) Spurious s ta te dependence models 
The key assumption in case 3 i s the presence of (non-trivial) spurious 

s t a te dependence effects and the absence of s tructural s ta te dependence ef­
fects ( i . e . , Yaai = 0 for a l l a , a ' ) . Because the choices depend upon ob-
served spurious s ta te dependence effects , they are s t a t i s t i c a l l y dependent. 
The usual estimation procedures are no longer valid. Tardiff (1980) sug-

gests to t rea t the E-effects as fixed rather than random (the so-called 

fixed coefficients model approach). By adopting th i s approach the e T 
1 ' l e i 

terms are expï ic i t ly specified as al ternat ive-specif ie constants for each 
decision-maker. Future research i s necessary to investigate the s t a t i s t i c a l 
r e l i a b i l i t y of the fixed-effects approach in small samples. 

3-4 Heekman's General Model of Dynamic Choice 

In contrast to Tardiff (1980), Heekman (1981a) derives a general dynamic 
model for the analysis of discrete panel data which can be used to analyse 
the strueture of discrete choices made over time from a direct considera-
tion of the complex error variable strueture (random-effects approach). 
The model which may be considered as a generalization of the models d is-
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cussed above in se ver .al d i r ee t ions i s based on the not ion t h a t d i s c r e t e 
outcomes are generated by oontinuous var iab les with c r o s s - t h r e s h o l d s . In 
a p p l i c a t i o n s , these oontinuous var iab les are r e l a t e d to well defined 
economie concepts . For example, in Domencich and MeFadden (1975) the 
oontinuous var iab les producing d i s c r e t e choices are di f ferences in U t i l i ­
t i e s of poss ib le choioes . The model based upon the multinomial p rob i t 
formulation i s s u f f i e i e n t l y f l e x i b l e to take in to account time dependent 
explanatory v a r i a b l e s , general spurious s t a t e dependence pa t t e rns for 
unmeasured a t t r i b u t e s as well as complex s t r u e t u r a l s t a t e dependence i n t e r -
r e l a t i o n s h i p s among decis ions taken in d i f fe ren t time pe r iods . This model 
w i l l now b r i e f l y be described for the sake of i l l u s t r a t i o n . 

I t i s assumed tha t from a random sample of decision-makers information 
on the presence or absence of an event ( i . e . , a d i s c r e t e choice in our con­
t e x t ) in each of T equi-spaced time periods i s assembled. The key assump-
t ion of Heekman's general dynamic model i s tha t an event for decision-maker 
i in time period t occurs , if and only if a continuous l a t e n t random v a r i -
able yj_t crosses a th resho ld . Only for convenience t h i s threshold may be 
assumed to be ze ro . The random var iab le y^_t may be disaggregated in to a 
purely random disturbance component e^ t and a de t e rmin i s t i c component 
v i f c , i . e . , 

V = v + e (12) 
y i t i t i t K ' 

with 

y.,. > 0 if and only if d . t = 1 (13) 

i t - i t 

and 

y < 0 if and only if d = 0 , (14) 
1 O 1 O 

where d^^ i s a dummy va r i ab l e denoting the oecurrence of the event under 
cons ide ra t ion . The d i s t r i b u t i o n of the d ^ t ' s i s generated by the d i s t r i -
butions of the e i t ' s and v ^ ' s where i t i s assumed tha t e^. i s nor-
mally d i s t r i b u t e d with mean zero and a (T ,T) -pos i t ive d e f i n i t e covarianee 
mat r ix . This normality assumption generates a general model which i s able 
to account for a wide va r i e ty of e r ror s t r u c t u r e s for s e r i a l l y c o r r e l a t e d 
unobserved v a r i a b l e s . 

Assuming t h a t the l a t e n t va r i ab le Y ^ i s a l i nea r function of observed 
choice- re levant a t t r i b u t e s x^, of> lagged values y^t and of past out­
comes d j ^ ' with t ' < t , Heckman's general dynamic model may be wr i t t en as 

CO 00 j 

v . t = x . t g + Z Y. .. d . t . + E \ .. . ïï d._ „ + G(L) y . . (15) 
i t itw t-jt ït-j jt-j i = 1 i t - a J i t 

where G(0) = 0 and G(L) = g-j L + g2 L2 + . . . + gK LK i s a gen­
e r a l lag ope ra to r , LK y ^ = yit-K" The i n i t i a l condi t ions dj_t' a n d 

y^ t ' fof t ' = 0 , - 1 , . . . ( i n other words, the r e l evan t presample h i s to ry 
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of the process) are assuraed to be predetermined or exogenous. This assump-
tion, however, i s only valid if the unobserved choice relevant characteris-
t ios generating the process are se r ia l ly independent. 

The f i r s t terra at the right-hand side of (15) may incorporate past and 
current information and future expectations on exogenous choice-relevant 
a t t r ibutes affecting current choiees. The second terra represents s t ruc­
tural s ta te dependence effects . In contrast to (11) the effect of the 
ent i re past history of the process on current choice i s taken into account 
-and not only the past time period. This term i s assuraed to be f i n i t e . The 
coefficients for past events ( i . e . , Yt-jt) a r e considered to be functions 
of the current time period t and the time period t - j in which the event 
occurred. The third term denotes the cumulative effect on current choiees 
of the most recent continuous experience in a s t a t e . I t i s assumed to be 
f i n i t e . The A's denote parameters. Finally, the las t terra in (15) repre-
senting the effect of previous relat ive evaluations of the two states on 
current choiees captures the action of habit persistence. 

Heekman (1981a) shows that (15) i s sufficiently flexible to accommodate 
time-varying exogenous explanatory variables, unobserved variables with a 
general ser ia l correlation structure ( i . e . , heterogeneity in the population 
which has an unmeasurable influence on the choiees made) and complex s t ruc-
tural interrelationships among decisions taken at different times. Imposing 
various res t r ic t ions on the parameters of the general model, a variety of 
models such as Markov models, renewal processes, Bernoulli models and Polya 
schemes emerge as special cases. 

3-5 Other Dynamic Discrete Choice Approaches 

Similar approaches to dynamic discrete choice raodelling have been sug-
gested by other researchers. Daganzo and Sheffi (1982) analyse the use of 
the multinomial probit model approach to panel data and show that the 
choice of a s t ructural s ta te dependence model, a se r i a l correlation model 
or any hybrid thereof is simply a specification issue that should be decid-
ed by the modeller. The computational complexity of the estimation process 
increases with the product of the number of al ternatives and time periods 
which can be handled. They also discuss the i n i t i a l conditions problem that 
arises in estimating a discrete time-discrete data stochastic process in a 
s i tuat ion where ser ia l correlation in the unobservables and s t ructura l 
s ta te dependence in the process are in evidence (see Heekman I98lb). In 
Daganzo and Sheffi 's approach the tricky i n i t i a l conditions problem is c i r -
cumvented because choiees do not enter expl ic i t ly the .structural s ta te 
dependence specification. An application of Daganzo and Sheffi 's approach 
to a binary two-period choice s i tuat ion can be found in Johnson and Hensher 
(1982). Computational res t r ic t ions on multinomial probit estimation limit 
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the app l i ea t ion of the approach t o l a r g e - s c a l e d i s c r e t e choice problems. 
Krishnan and Beekman (1979) have developed a dynamic model as an exten-

sion of a s t a t i c l o g i t model for binary choices which i s able t o capture 
a l so preference ind i f f e rence . The dynamic vers ion of the l o g i t model sug-
gested by Sonis (198M) rep laces the p r i n c i p l e of u t i l i t y maximization by a 
somewhat more r e a l i s t i c choi.ee p r i n c i p l e . A de ei s i on-maker does not choose 
the a l t e r n a t i v e on the bas i s of a comparison of u t i l i t i e s , but on the bas i s 
of a comparison of the temporal marginal u t i l i t i e s which may be i n t e rp r e t ed 
as the expecta t ions of a gain in the f u t u r e . Thus, h i s dynamic version i s 
based on accounting for dynamic marginal u t i l i t i e s and, moreover, on the 
incorpora t ion of a j o i n t influence of i n t e r a c t i o n and imi ta t ion processes 
between adopters of d i f fe ren t types of a l t e r n a t i v e s as well as on the 
in t roduc t ion of the i n t e rven t ion of an ac t ive environment which changes the 
a c c e s s i b i l i t y to choice opt ions for the adop te r s . 

Discre te choice models usual ly deal with the choices of a s i n g l e dec i -
sion-maker defined as a household br i n d i v i d u a l . There 'are many household 
decis ions which r e s u l t from i n t e r a c t i o n s among household members. De Palma 
and Lefevre (1983) have developed a dynamic extension~'öf"" the multino'mial 
l o g i t model which allows for such i n t e r a c t i o n s . The model i s formulated as 
an i n t e r a c t i v e continuous-time Markov process . Similar in s p i r i t i s Leonar-
d i ' s (1981, 1983) work. His t ime-nested random u t i l i t y approach introduces 
a . new way of looking a t the dynamics of the evaluafion process , r e l a t i n g 
them to the formation of expecta t ions over f u t u r e . Al te rna t ive and p a r t l y 
complementary con t r ibu t ions to simultaneous mul t i - ac to r choice problems can 
be found in Margolis (1980) as well as in Miyao and Shapiro (1981). 

Much progress has been made in the f i e l d of dynamic d i s c r e t e choice 
modelling in the l a s t few yea r s . But unquest ionably, t he re are severa l 
problems which a re not yet s a t i s f a c t o r i l y solved up to now, such a s , e . g . , 
the problem of a t t r i t i o n bias e f fec t s as well as the problem of i n i t i a l 
cond i t ions . Future research a c t i v i t i e s should be a l so d i rec ted to r e l a x 
the u n r e a l i s t i c assumption tha t the choice s e t i s f ixed over t ime. A 
r e l axa t i on of t h i s assumption implies the complex issue of forecas t ing 
choice s e t s . 

4. OUTLOOK: ALTERNATIVE APPROACHES TO MODELLING THE DYNAMICS OF SPATIAL 
CHOICE 

Recently, i t has been shown (Nijkamp and Reggiani, 1986) t ha t d i s c r e t e 
choice models can cons i s t en t l y be i n t e r p r e t e d in the context of s p a t i a l 
i n t e r a c t i o n models and Alonso's general theory of movement, in both a 
s t a t i c and a dynamic sense: (dynamic) d i s c r e t e choice models have s t rong 
roo t s in (dynamic) genera l ized s p a t i a l i n t e r a c t i o n ana lys i s (see a l so Anas, 
1983). 

Recently, the random u t i l i t y maximizing p r i nc ip l e which i s used in 

http://choi.ee
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spat ia l discrete choioe modelling as a principle of spat ial huraan beïiaviour 
has increasingly come under attack. Burnett and Hanson (1982), for example, 
argue that the assumption that intra-urban travel is the outcorae of a ra-
tional decision-making process, even with limited information, seems to be 
dubious since increasing evidenoe indicates that travel is a stable daily 
routine, also a constrained choice for most, but most l ikely a deep-seated 
avoidance behaviour for many, too. The human act ivi ty constraint time bud-' 
get approaoh to understanding spat ial ohoioe behaviour emphasizes espe-
eia l ly the need to view choice decisions within a broader context and to 
adopt a more r e a l i s t i c and more complex conceptualization. Recent advances. 
in measuring ac t iv i ty- t ravel patterns and in exploring constraints and 
their effects on the set of choice options within which travel decisions 
are made are discussed in Burnett and Hanson (1982). This conceptually 
appealing approach is useful to provide deeper insights into the derived 
nature of travel and the structure of multipurpose and multistop t r i p s . I t 
emphasizes the way individuals form'and rëirifor"ce behavioural patterns of 
travel and other ac t iv i t i es in.space and time. Spatial and temporal con­
s t ra in t s as well as interactions between-household'members 'deserve an ex-
p l i c i t and more comprehensive treatment. This approach, however, i s essen-
t i a l l y descriptive rather than explanatory and predictive. Nevertheless, i t 
might be f rui tf ui to integrate basic" ideas of th is approach into random 
u t i l i t y discrete choice models. An--ëarlier interest ing attempt in th i s 
direction was undertaken by Hensher (1976). 

In contrast to the dynamic discrete choice models, the so called 
heuris t ic choice modelling approach expl ic i t ly attempts to repl icate 
individual decision-making processes. Heuristic choice modelling introduced 
in geography and regional scienee by Smith and his colleagues (see Smith et 
a l . , 1982, Smith and Lundberg, 1984) adopts the viewpoint that decision-
making is a concurrent and heuristically-guided search of a physical space 
and i t s mental representation. Quite recently, advances in computer scienee 
and cognitive psychology have provided the potential to construct computa-
tional process models in order to represent complex choice behaviour of 
decision-makers with constrained computational capacity (see Smith, et a l . , 
1982). Such models are important in the case of complex choice problems in 
which exhaustive research is infeasible. Consequently, the decision-maker's 
memory and his perception of the choice context are major determinants for 
individual heuris t ic choice analysis. Computational process models of 
decision-making behaviour may be constructed in such a way that (a) they 
incorporate the view that choice behaviour presupposes a jo in t , 
heuristically-guided search of a physical space and i t s mental 
representation, (b) they enable to take into account individual var iabi l i ty 
in both mental representation and the related decision making behaviour, 
(c) they provide potential predictions of individual choices in re la t ively 
complex choice contexts, and (d) they are able to generate macro choice 
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models from individual choice models. The computational process modelling 
approach may imply a radical departure from models of rational decision-
making, as they are based on pattern-matching methods, s imilar i ty analysis 
and context-dependent modular design. 

A third interest ing development in the area of dynamic discrete choice 
modelling can be found in the so-ealled master-equation approach advoca-
ted among others by Weidlich and Haag (1983). A master equation describes 
the evolution of the probability dis t r ibut ion function, representing the 
t ransi t ion probabil i t ies for well defined s ta tes of a dynamic micro-based 
spat ia l system of actors . By using, for instance, a mean value approach an 
elegant link can be established between micro levels- and. macro levels of a 
system, so that s t ructural changes in dynamic systems can be analyzed in a 
s t a t i s t i c a l l y sat isfactory way. 

The use of master equations has two important advantages. In the f i r s t 
place, i t allows to take account of synergetic effects in the behaviour of 
different•• individualsr (social adaptation processes, congestion, learning 
effects e t c ) . The socio-configuration includes then the individual t rans i ­
tion probabilities- -based-- on joint interaction effects . A second major 
advantage of the master equation approach is that i t allows in principle to 
include micro u t i l i t y elements (based, e .g . , on dynamic discrete choice 
models of, for instance, the Togit type) in the probability dis t r ibut ion 
for individual choice. Consequently, feedback elements (s ta te dependence, 
e . g . ) , heterogeneity•• (variation between individuals) and non-stationarity 
(variation over time) can, thus, be taken care of. In th i s way, one can 
integrate a solid use of s t a t i s t i c s with the use of dynamic discrete choice 
models. 

In conclusion, the area of modelling the dynamics of spat ial choice 
offers a rich potential for path-finding analysis in the field of individ­
ual dynamic spat ia l behaviour. Random u t i l i t y based discrete choice models 
have now indeed reached a stage of development in which they offer a f lexi -
ble tooi for analysing a wide range of spat ia l s t a t i c and dynamic choice 
problems. In part icular , dynamic disaggregate models of choice appear to 
gain a great deal of in teres t , although various severe problems (such as 
the problem of 'stationarity, the problem of i n i t i a l conditions, the problem 
of a t t r i t i o n bias effects, the problem of t ransferabi l i ty of the resul ts 
over space and time etc.) are not yet sa t i s fac tor i ly solved. 

PN13/mt/170/manfred 
861105 



21 

REFERENCES 

Allen, P.M. and M. Sangl ie r , Urban Evolution, Self -Organisat ion and Deci-
sion-making, Environment and Planning A, 13, 1981, 167-183-

Anas, A., Res iden t ia l Looation Markets and Urban Transpor ta t ion . Economie 
Theory, Eoonometrios, and Polioy Analysis with Discrete Choiee Models, 
Academie Press , New York, 1982. 

Anas, A., Discre te Choiee Theory, Information Theory and the Multinomial 
Logit and Gravity Models, Transporta t ion Research, 17B, 1983, 13-23. 

Aufhauser, E., M.M. Fischer and H. Schönhofer, A Disaggregated P r o b a b i l i s t -
ic Approach t o - a Regulated Housing Market with an Emphasis on the Demand 
Side: The Vienna Case, Papers of the Regional Science Association 60, 
1986 ( in p r e s s ) . 

Barentsen, W. and P. Nijkamp, Modelling Non-Linear Processes in Time and 
Space, Research Memorandum, Dept. of Economies, Eree Univers i ty , Amster­
dam, 1986 (mimeographed). 

Ben-Akiva,. M» and A. De Palma, Modelling and Analysis of Dynamic Residen­
t i a l Location Choiee, Working Paper No. 83-19, MeMaster Univers i ty , 
Hamilton, 1983. 

Ben-Akiva, M. and S.R. Lerman, Discrete Choiee Analysis : Theory and Ap-
p. l icat ion to Pred ic t Travel Demand, The MIT P res s , Cambridge (Massa-
ehuse t t s ) and London, 1985. 

Burnet t , P. and S.M. Hanson, The Analysis of Travel as an Example of Com­
plex Human Behavior in Spa t ia l ly -Cons t ra ined S i t u a t i o n s : Defini t ion and 
Measurement I s s u e s , Transporta t ion Research 16A, 1982, 87-102. 

Clark, W.A.V. and J .L . Onaka, An Empirical Test of a Jo in t Model of Resi­
den t i a l Mobili ty and Housing Choiee, Environment and Planning A 17, 
1985, 915-930. 

Clarke, M. and A.G. Wilson, A Framework for Dynamic Comprehensive Urban 
Models: The In t eg ra t ion of Accounting and Micro-Simulation Approaches, 
Paper Presented a t the 25th European Conference Regional Seience 
Associa t ion, Budapest, 1985. 

Clarke, M., M. Dix and P. Goodwin, Some Issues of Dynamics in Forecast ing 
Travel Behaviour - A Diseussion Paper, Transporta t ion 1 1 , 1982, 
153-172. 

Coleman, J . S . , Longitudinal Data Analysis , Basic Books, New York, 1981. 

C o s s l e t t , S.R., Eff ic iënt Estimation of Discrete-Ghoiee Models, in C.F. 
Manski and D. McFadden (eds ) , Analysis of Discrete Data with Econom­
e t r i e Appl ica t ions , The MIT Press , Cambridge (Mass.) and London, 1981, 
51-111. 

Daganzo, C , F. Bouthelier'and Y. Sheffi, Multinomial Probit and Qualita-
tive Choiee: A Computationally Efficiënt Algorithm, Transportation 
Science 11, 1977, 338-358. 



22 

Daganzo, C.F. and Y. Sheff i , Multinomial Probi t with Time-Series Data: 
Unifying S ta te Dependence and Se r i a l Cor re la t ion Models,. Environment 
and Planning A 14, 1982, 1377-1388. . 

Davies, R.B., A Generalized B e t a - l o g i s t i o Model for Longitudinal Data, 
Environment and Planning A 16, 1984, 1375-1386. 

Dendrinos, D. and H. Mul la l ly , Urban Evolution, Oxford Univers i ty Press , 
New York, 1983. 

De Palma, A. and C. Lefevre, Individual Decision-Making in Dynamio Col lec-
t i ve Systems, Journal of Mathematical Soeiology 9, 1983, 103-124. 

Domeneich, T.A. and D. McFadden, Urban Travel Demand: A Behavioral Analy­
s i s , North-Holland, Amsterdam and American E l sev ie r , New York, 1975. 

Dunn, R. and N. Wrigley, Beta-Logis t ic Models of Urban Shopping Centre 
Choice, Geographical Analysis 17, 1985, 95-113-

Evers, G.H.M, and A. van der Veen, A Theoret ical Framework for Analyzing 
Labour Supply-Mobility: An Applicat ion of Spa t i a l Discre te Choice 
Modelling, Paper Presented a t the 23rd European Congress of the Regional 
Science Associa t ion , P o i t i e r s , 1983. 

Fischer , M.M., Changing Modes of Reasoning in Spa t i a l Choice Analysis , 
Papers of the Regional Science Associat ion 58, 1985, 1-6. 

Fischer , M.M., Travel Demand Modelling: A S ta t e -o f - the -Ar t Review, in P. 
Nijkamp and S. Reichman, ( eds ) , Transpor ta t ion Planning in a Changing 
World, Gower, Aldershot, 1986 ( in p r e s s ) . 

F ischer , M.M. and E. Aufhauser, Housing Choice in a Regulated Market: A 
Nested Multinomial Logit Analysis , Paper Presented a t the 33rd North 
American Meeting of the Regional Science Associa t ion, Columbus, 1986. 

Fischer , M.M. and G. Maier, Regional Labour Supply Mobili ty and the Logit 
Model: Test ing some Al te rna t ive P robab i l i t y Choice S t ruc tu res by means 
of Monte Carlo Simulation, in F ischer , M.M. and Kemper, F .J . ( e d s . ) , 
Modelle fü'r d i s k r e t e Daten und raumbezogene Probleme, Os te r re ich isches 
I n s t i t u t s für Raumplanung, Reihe B 12, Vienna, 1986, 38-75. 

Fischer.M.M. and P. Nijkamp, Categorical Data and Choice Analysis in a 
Spa t i a l Context, in B.G. Hutchinson, P. Nijkamp and M. Batty, ( e d s . ) , 
Optimization and Discrete Choice Urban Systems, Springer , Berl in et 
a l . , 1985a, 1-30. 

Fischer , M.M. and P. Nijkamp, Developments in Explanatory Discre te Spa t i a l 
Data and Choice Analysis , Progress in Human Geography 9, 1985b, 
515-551. 

Halperin, W.C., The Analysis of Panel Data for Discre te Choices, in P. Ni j ­
kamp, H. Leitner and N. Wrigley, ( e d s . ) , Measurlng the Unmeasurable, 
Martinus Nijhoff, Dordrecht and Boston, 1985, 561-585. 



23 

Halperln, W.C. and N. Gale, Towards Behavioural Models of Spa t la l Choice: 
Some Recent Developments, in D.E. P i t f i e l d ( e d . ) , Discrete Choice 
Models in Regional Science, Pion, London, 1984, 9-28. 

Halperin, W.C., G.D. Richardson, N. Gale and C.M. Costanzo, A Generalized 
Procedure for Comparing Models of Spa t i a l Choice, Environment and 
Planning A 16, 1984, 1289-1301. 

Hannan, M.T. and N.B. Tuma, Dynamic Analysis of Qua l i t a t ive Var iables : 
Applicat ions to Organizat ional Demography, in P. Nijkamp, H. Leitner and 
N. Wrigley ( e d s . ) , Measuring the Unmeasurable, Martinus Nijhoff, Dord­
recht and Boston, 1985, 629-661. 

Har r i s , B. and A.G. Wilson, Equilibrium Values and Dynamics of A t t r a c t i v e -
ness Terms in Production-Constrained Spa t i a l I n t e r a c t i o n Models, Envi­
ronment and Planning A 10, 1978, 371-388. 

Hausman, J.A. and D.A. Wise, A Conditional Probi t Model for Qua l i t a t ive 
Choice: Discrete Decisions Recognizing Interdependenc.e and Heterogeneous 
Preferences,Econometrica 46, 1978, 403-426. 

Heekman, J . J . , S t a t i s t i c a l Models for Discre te Panel Data, in C.P. Manski 
and D. McFadden ( e d s . ) , S t ruc tu ra l Analysis of Discrete Data with 
Econometrie Appl ica t ions , The MIT Press , Cambridge (Mass.) and London, 
1981a, 114-178. 

Heekman, J . J . , The Inc iden ta l Parameters Problem and the Problem af I n i t i a l 
Conditións in Estimating a Discre te Time-Discrete Data -Stochastic 
Process , in C.F. Manski and D. McFadden ( e d s . ) , S t ruc tu r a l Analysis of 
Discrete Data with Econometrie Appl ica t ions , The MIT Press , Cambridge 
(Mass.) and London, 198lb, 179-195. 

Hensher, D.A., The S t ruc ture of Journeys and Nature of Travel P a t t e r n s , 
Environment and Planning A 8, 1976, 655-672. 

Horowitz, J . , A Disaggregate Demand Model for Non-work Travel, Transporta­
t ion Research Record 673. 1979, 56-71. 

Horowitz, J . , A U t i l i t y Maximizing Model of the Demand for Mult i -Dest ina-
t ion Non-Work Travel, Transportat ion Research 14B, 1980, 369-386 

Horowitz, J . L . , Spec i f ica t ion Tests for P r o b a b i l i s t i c Choice Models, 
Transporta t ion Research 16A, 1982, 383-394. 

Horowitz, J . L . , S t a t i s t i c a l Comparison of Non-Nested P r o b a b i l i s t i c Discre te 
Choice Models, Transporta t ion Science 17, 1983, 319-350. 

Horowitz, J . L . , Testing P r o b a b i l i s t i c Discre te Choice Models of Travel 
Demand by Comparing Predicted and Observed Aggregate Choice Shares, 
Department of Geography, Universi ty of Iowa, 1984 (forthcoming in 
Transporta t ion Research) 

Jansen, G.R.M., P. Nijkamp and C. Ruygrok ( e d s . ) , Transportat ion and Mo-
b i l i t y in an Era of Trans i t ion , North-Holland, Amsterdam, 1985. 



24 

Johnson, L.W. and D.A. Hensher, Application of Multinomial Probi t to a 
Two-Period Panel Data Se t , Transpor ta t ion Research l6A, 1982, 457-464. 

Kess ler , R.C. and D.F. Greenberg, Linear Panel Analysis , Academie Press , 
New York, 1981. 

Koppelman, F.S. and E . I . Pas, Travel -Act iv i ty Behavior in Time and Space: 
Methods for Representat ion and Analysis , in P. Nijkamp, H. Leitner and 
N. Wrigley ( e d s . ) , Measuring the Unmeasurable, Martinus Nijhoff, Dord­
recht and Boston, 1985, 587-627. 

Krishnan, K.S. and M.J. Beckmann, Dynamic Disaggregate Choice Models with 
an Applicat ion in Transpor ta t ion , Decision Science 10, 1979, 218-231. 

Leonardi, G., A Choice-Theoretical Framework for Household Mobili ty and Ex-
t ens ion . Final Report of the Research Project on F e a s i b i l i t y Analysis of 
Studies on Transporta t ion-Locat ion I n t e r a c t i o n s , National Research 
Council , Rome, 1981. 

Leonardi, G., An Optimal Control Representat ion of a S tochas t i c Mul t i s tage-
Multiactor Choice Process , in D.A. G r i f f i t h and A.C. Lea ( e d s . ) , 
Evolving Geographical S t r u c t u r e s : Mathematical"Models and Theories for 
Space-Time Processes , Nijhoff, The Hague, 1983, 66-72. 

Lerman, S.R. and C.F. Manski, On the Use of Simulated Frequencies to 
Approximate Choice P r o b a b i l i t i e s , in C.F. Manski and D. McFadden ( e d s . ) , 
S t ruc tu r a l Analysis of Discr-ete Data with Econometrie Appl ica t ions , 
The MIT P res s , Cambridge (Mass.-) a-nd London,--l98l--, 305-319. 

Lierop, W.F.J. van, Spa t i a l I n t e r ac t i on Modelling and Res iden t ia l Choice 
Analysis , Gower, Aldershot, 1986. . . . . . . . 

Lierop, W.F.J. van and P. Nijkamp, Disaggregate Models of Choice in a 
Spa t i a l Context, Sistemi Urbani 3, 1982, 331-369. 

Lierop, W.F.J. van and A. Rima, Trends and Prospects for Qua l i t a t ive Dis­
aggregate Spa t i a l Choice Models, in P. Nijkamp, H. Leitner and N. 
Wrigley ( e d s . ) , Measuring the Unmeasurable, Martinus Nijhoff, Dord­
recht and Boston, 1985, 533-560. 

Maier, G., and M.M. Fischer , Random U t i l i t y Modelling and Labour Supply 
Mobili ty Analysis , Papers of the Regional Science Association 57, 
1985, 21-34. 

Manski, C.F. , S t ruc tu ra l Models for Discre te Data: The Analysis of Discre te 
Choice, in S. Leinhardt , ( ed ) , Sociological Methodology 1981, Jossey-
Bass, San Francisco , 1981, 58-109. 

Manski, C.F. and D. McFadden, Al ternat ive Estimators and Sample Designs 
for Discre te Choice Analysis , in C.F. Manski and D. McFadden ( e d s . ) , 
S t ruc tu r a l Analysis of Discrete Data with Econometrie Appl ica t ions , 
The MIT Press , Cambridge (Mass.) and London, 1981, 2-50. 

Margolis , H., Se l f i shness , Altruism and Ra t iona l i t y , Cambridge Univers i ty 
Press , Cambridge (Mass.) , 1982. 



25 

McFadden, D., Modelling the Choice of Res iden t ia l Location, in A. 
Kar lqv i s t , L. Lundqvist, F. Snickars and J.W. Weibull ( e d s . ) , Spa t i a l 
I n t e r ac t i on Theory and Planning Models, North-Holland, Amsterdam, 
1978. 75-96. 

McFadden, D., Qua l i t a t i ve Methods for Analysing Travel Behaviour of I nd i -
v idua l s : Some Recent Developments, in D.A. Hensher and P.R. Stopher 
( e d s . ) , Behavioural Travel Modelling, Croom Helm, London, 1979, 279-
318. 

McFadden, D., Econometrie Models of P r o b a b i l i s t i c Choice, in C.F. Manski 
and D. McFadden ( e d s . ) , S t ruc tu r a l Analysis of Discrete Data with Eco­
nometrie Appl ica t ions , The MIT Press , Cambridge (Mass.) and London, 
1981, 198-272. 

Miyao, T. and P. Shapiro, Discre te Choice and Variable Returns to Scale , 
I n t e r n a t i o n a l Economie Review 22, 1981, 257-273. 

N ico l i s , G. and I . -Prigogine, Se l f -ö rgan iza t ion in Non-Equilibrium Sys­
tems, Wiley, New York, 1977. 

Norman, K.L. and J . J . LouvTere,~"Integration of At t r ibu tes in Public Bus 
Transpor ta t ion : Two Modelling Approaches, Journal of Applied Psycho-
logy 59, 1974, 947-955. 

Nijkamp, P. and A. Reggiani, A Synthesis between Macro and Micro Models in 
Spa t i a l Interact icrn Analysis , with Special Reference to Dynamics; Re­
search Memorandum, -Dept. of "EconomTcs", "Free Univers i ty , Amsterdam, 1986. 

Nijkamp, P. and S. Reichman ( e d s . ) , Transporta t ion Planning in a Changing 
World, Gower, Alde-rshot, 1986. 

Nijkamp, P. , H. Leitner and N. Wrigley, ( e d s . ) , Measuring the Unmeasur-
ab l e , Martinus Nijhoff, Dordrecht and Boston, 1985. 

Onaka, J. and W.A.V. Clark, A Disaggregate Model of Res ident ia l Mobility 
and Housing Choice, Geographical Analysis 15, 1983, 287-304. 

P i t f i e l d , D.E. ( e d . ) , Discrete Choice Models in Regional Science, Pion, 
London, 1984. 

Prigogine, I . , Time, I r r e v e r s i b i l i t y , and Randomness, in E. Jantsch ( e d . ) , 
The Evolutionary Vision; Towards a Unifying Paradigm of Physical , 
Biologica l and Socio-Cul tural Evolution, Westview Press , Boulder, 
1981, 36-52. 

Quigley, J.M., Housing Demand in the Short Run: Analysis of Polytomous 
Choice, Explorat ions in Economie Research 3, 1980, 76-102. 

Quigley, J.M.., Consumer Choice of Dweiling, Neighborhood and Public Ser­
v i ce s , Regional Science and Urban Economics 15, 1985, 41-63. 

Ruygrok, C . J . , Transport and Mobility Research in a Changing Social and 
Technological Context, in P. Nijkamp and S. Reichman ( e d s . ) , Transpor­
t a t i o n Planning in a Changing World, Gower, Aldershot, 1986 ( in 
p r e s s ) . 



26 

Smith, T. R. and C E . Lundberg, Psychological Forraations of Individual 

Choice Behaviour and a New Class of Decision Making Units, in G. Bahren-

berg, M.M. Fischer and P. Nijkamp (eds.), Recent Developments in Spa­

tial Data Analysis; Methodology, Measurement, Models, Gower, Alder-

shot, 1984, 335-373-

Smith, T.R., J.W. Pelligrino and R.C. Colledge, Computational Process 

Modelling of Spatial Cognition and Behavior, Geographical Analysis-14, 

1982, 305-325. 

Sonis, M., Dynamic Choice of Alternatives, Innovative Diffusion, and Ecolo-

gical Dynamics of the Volterra-Lotka Model, in D.E. Pitfield (ed.), 

Discrete Choice Models in Regional Science, Pion, London, 1984, 30-43. 

Tardiff, T.J., Definition of Alternatives and Representat ion of Dynamic 

Behaviour in Spatial Choice Models, Transportation Research Record 

723, 1980, 25-30. 

Thom, R., Structural Stability and Morphogenis, W.A. Benjamin, Luc, 

Mass., 1975. 

Timmermans, H.J.P., Decision Models for Predicting Preferences among Multi-

attribute - Choice Alternatives, in G. Bahrenberg, M.M. Fischer and P. 

Nijkamp, (eds.), Recent Developments in Spatial Data Analysis: Method­

ology, Measurement, Models, Gower,' Aldershot, 1984, 337-354. 

Timmermans, H.J.P., Spatial Choice Models, Research Paper, University of 

Technology, Eindhoven, 1985. 

Varaija, P. and M. Wiseman, Bifurcation Theory and Urban Development - A 

Survey, Paper Presented at the International Conference on Structural 

Economie Analysis and Planning in Time and Space, Umea, 1981. 

Wegener, M., A Simulation Study of Movement in the Dortmund Housing Market, 

Tijdschrift voor Economische en Sociale Geografie, 74, 1983, 267-281. 

Weidlich, W. and G. Haag, Concepts and Models of a Quantitative Sociology, 

Springer, Berlin, 1983. 

Williams, H., Travel Demand Forecasting. An Overview of Theoretical Devel­

opments, in D. Banister and P. Hall (eds.), Transport and Public Poli-

cy Planning, Mansell Press, London, 1981, 283-306. 

Wilson, A.G., Catastrophe Theory and Bifurcation, Croom Helm, London, 

1981. 



27 

Wrigley, N., Quant i t a t ive Methods: The Era of Longitudinal Data Analysis , 
Progress in Human Geography, IQ, 1986, 84-102. 

Wrigley, N. and R. Dunn, S tochas t ic Panel-Data Models of Urban Shopping 
Behaviour: 1. Purchasing at Individual Stores in a Single Ci ty , 
Environment and Planning A 16, 1984a, 629-650. 

Wrigley, N. and R. Dunn, S tochas t ic Panel-Data Models of Urban Shopping 
Behaviour: 2. Mul t i s to re Purchasing Pa t te rns and the Di r i ch le t Model, 
Environment and Planning A 16, 1984b, 759-778. 

Wrigley, N. and P.A. Longley, Some Recent Developments in the Speci f ica-
t i o n , Estimation and Test ing of Discre te Choice Models, Paper Presented 
a t the 4th European Colloquium on Quant i ta t ive and Theoret ica l Geogra­
phy, Veldhoven, The Netherlands, 1985. 

PN13/mt/170/refmanf 
8611055 



1983-13 J.H.A. van Maanen De ra t ione le verwachtingshypothese 

1983-1't P. Nijkamp, H. van 
Pelt 

Spat ia l Impact Analysis for Developing 
Countries: A Fraraework and a Case Study 

1983-15 P. Nijkamp 
P. Rietveld 
A. Rima 

Sens i t iv i ty of Information for the 
t ion Level of Spat ia l Data 

grega-

1983-16 H. Blommestein en 
P. Nijkamp 

Testing the s p a t i a l soale and the dynamic 
s t ruc ture in regional models 

1983-17 F. Brouwer/ P. N i j ­
kamp/ H. Scholten 

1983-18 G. Morel lo 

Hybrid Log-Linear Models for Spat ia l In t e r -
action and S tab i l i ty Analysis 

The 'Made In' I ssue: A Comparative Research 
oh the Image of Domestic and Foreign Pro­
ducts . 

1983-19 S.C.W. Eijffinger Het monitaire beleid van De Nederlandsche 
Bank 

1983-20 G.M. van Westrienen De ro l van de agrar iese sektor in het t r an ­
s i t i e - p r o c e s van de Nicaraguaanse ekonomië. 
Exportgewassen versus basis-voedselgewassen 

1983-21 H. Jansen Het gedrag van de Nederlandse monetaire be­
leidsmakers: 'Maximizing' of 'Sat isf icing '? 

1981-1 A.J. Vermaat Vraagrevelatie-Methoden voor Kollektieve 
Goederen 

1981-2 P. Nijkamp Long-Term Economie Fluctuat ions: A Spat ia l 
View 

1981-3 W. Hafkamp 
P. Nijkamp 

An Operational Multi-Component Multie-Actor 
Polio iy Model for Economic-Environmental 
Scenarios 

1981-1 P. Nijkamp 
N. Wrigley 

Facts and Figures in Regional Science 

1981-5 P. Nijkamp Information Systems for Regional Develop-
ment Planning: A State-of- the-Art Survèy 

1981-6 W. Keizer De Economie van de Utopie 

1981-7 J.P.M. Sijm 
maart 1981 

Over het schuldenvraagstuk en de derde we­
re ld - dilemma tussen aanpassing en finan­
cier ing 

1981-8 H. Linnemann World Food Prospects t i l l 2000 

1981-9 H.M.I. van der Putten 
mei 1981 

1981-10 H. Visser 

1981-11 W. van Ditmars 

Behee 
geaut 
klein 

New 
impre 
Class 

Mantê 
gers 
naar 
de zaa 

1981-12 F.C. Palm/ 
Th.E. Nijman 

1981-13 F.C. Palm/ 
Th.E. Nijman 

Consi 
in Mo 

Missin 
the 
lands 

1981-11 J.G. Leibbrandt, F.T. 
J . Këijzer, H. 
Schreuder 

Tijdre 
dr i j f 
u i tbre 

1981-15 H.P. Smit/ 
H. Clemens 

1981-16 W. Keijzer 

Market 
Goods 

Furthe 
the C 
calcu 

1981-17 A. Nieman Inves 

1985-1 Ron Janssen 
Peter Nijkamp 

A Mu 
Env iro 

1985-2 Peter Nijkamp 
Adriaan Perrels 

Impac 
Locat 

1985-3 Peter Nijkamp Mobol 
Parado 

1985-1 Peter Nijkamp Equity 
l i cy 
r a b i l 

1985-5 Floor Brouwer 
Peter Nijkamp 

1985-6 Mahfred M. Fischer 
Peter Nijkamp 

1985-7 Arnoud Mouwen 
Peter Nijkamp 

A Sat 
Enviro 

Explan 
Choice 

Measur 
spatia 


