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Abstract-In several travel choice situations (e.g. automobile ownership level and trip frequency) the 
alternatives available to an individual randomly chosen from the populati,:,n exhibit some internal choice­
related rank.ing: the choice of a given alternative implies that all lower-ranked alternatives have been 
chosen. Such alternatives are rckrred to as "n�stcd". This p.1per presents a model for estimating choice 
probabilities among nested alternatives. The modei is devised from the well known logit model and uses 
existing legit maximum-likelihood estimation te,hniques (and computer packages). The approach is shown 
to be more attractive than the multinomial logit and lin�ar regression models, from a theoretical point of 
view, yet cheaper than the multinomial prubit model. The model is devdo;,ed in a disaggregate, utilitr 
maximization framework. An example application. estimating probabilities of trip frequencies by elderly 
individuals is presented. 

I. INTRODUCTION
This paper presents an econometric model for estimating choice probabilities among nested 
alternatives. The term nested alternatives (or nested choice set) is used to describe a choice set 
where the alternatives are associated with some ranking and the choice of any alternative 
implies that all lower-ranked alternatives have been chosen as well. The objective of this paper 
is to present a model that is based on a set of assumptions that differs from the ones leading to 
the multinomial logit (MNL), thereby overcoming some undesirable properties of the MNL 
model, yet retaining the choice theory base and the computational ease of the MNL model. 

In order to establish the basis for the model presented here, a short review of the 
disaggregate demand modelling framework and the MNL model is presented below.t 

Underlying disaggregate demand models is the hypothesis that in a choice situation. an 
individual associates a value with each available alternative. This value is commonly referred to 
in the travel demand literature as "utility". The utility of an alternative is a function of the 
decision-maker's characteristics and the alternative's attributes. and the decision-maker is 
assumed to choose the alternative which yields the greatest utility. Since utilities are not 
observable, they are modelled as random variables distributed across the population of 
decision-makers. 

Mo�t operational models assume a functional form of the utility which is linear in the 
parameLrs and with additive disturbance 1.;rm. Specifically. the utility of alternative i to an 
individual randomly chosen from the population, U;, is given by: 

U; = {3Z; + {;, ( I) 

where {3 is a vector of parameters. Z; is a vector of functions of characteristics of the individual 
under consideration and the attributes of alternative i, and [; is a random variable representing 
an unobserved disturbance or error term. The term {3Z; is denoted V; and termed the observed 
utility (or mean utility, since without loss of generality, it can be assumed that E[U;] = V;). 

Let I denote the index set of S, the set of alternatives available to a randomly chosen 
decision-maker. The probability that alternative. i is chosen, P;, is given by: 

P; = Pr(U; 2: U;;Vj E [);Vi E /. (2) 

t A more detailed disc11ssion of dis2ggrcgate demand m(lci�l5 an<.1 the related choice theory can be found in a �ariety of 
rcfrrenr.es inci?1ding the books hy Domencich and McFadden (1975) and Richards and Dcn-i\kiva (ln5). 
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In order to solve for the choice probabilities (eqn (2)), one has to assume a probability law 
for the error terms (1 (see eqn (1)). When the (;'s are assumed to be independently and 
identically distributed (i.i.d.) Gumbel variates, i.e. 

(3) 

eqn (2) reduces to the well known multinomial logit (MNL) formula: 

(4) 

as shown by Beilner and Jacobs (1972) and McFadden (1973). 
There have been numerous applications of the MNL model to travel demand analysis, and 

computer packages for estimating the vector of parameters, {3, using maximum likelihood are 
readily available (e.g. the National Bureau of Economic Research's TROLL System). These 
maximum likelihood estimates are consistent, asymptotically efficient and asymptotically 
normal. 

The major drawback of the MNL model is that it exhibits the so-called "Independence from 
Irrelevant Alternatives" (IIA) property (Luce, 1959). The IIA characteristic of the MNL model 
gives rise in some instances, to predicted behavior which is unacceptably counter-intuitive. As 
shown by many researchers (e.g. Mayberry (1970), Schneider (1973), Florian and Fox (1976) and 
Daganzo and Sheffi (1977)) the logit model tends to overestimate the choice probability of 
correlated alternatives. This pecularity of the MNL model is rooted in the assumption that the 
error terms, (1 's, are independent random variables, thus correlations among the 
utility functions cannot be captured. 

This paper deals with another choice situation where (as shown in Section 2) the in­
dependence (among the alternatives' utility functions) assumption leads to counter intuitive 
results, and therefore the multinomial logit cannot be utilized. This is the case of the choice set 
comprising nested alternatives, for which an alternative model is developed. 

The case of nested alternatives is presented in the next section. Section 3 presents the 
postulates on the structure of the utility functions, upon which the model is based and Section 4 
derives the model from these postulates. Sections 5-9 demonstrate the use of the 
proposed model to estimate and predict trip frequencies among elderly individuals. The model 
is also compared (costwise) with other available models, in Section 8. Section 10 concludes the 
paper, summarizing the model's features. 

t 

2. THE CASE OF NESTED ALTERNATIVES

The choice situation that this paper deals with is characterized by the alternatives being 
naturally rank-ordered. An example of this might be the number of automobiles owned by a 
given household. In this case the alternatives include: owning no cars, one car, two cars, etc. 
Another example involves trip generation (daily trip frequency) in which households (or 
individuals) are assumed to choose to undertake no trips, one trip per day, two trips per day, 
etc. A third example of ranked, nested alternatives (outside the context of travel dem;nd 
models) is the family size decision, which has a very similar structure to the car ownership 
example, with regard to the number of children that a family chooses to have. 

The basic characteristic of the choice situation under conccr.trltion here is that the ith 
alternative cannot be chosen without choosing all the alt,.rnativi;s 0, I, ... (i - I), oeforehand. ln 
fact, alternative i is considered only if alternative (i - I) (and all those prectding il) have been 
chosen. At this point, the decision-maker presumably cannot reverse former decisions and the 
choice is only between accepting i or rejecting it. In case of rejection, the final choice is (i - I). 
The (i + !)th alternative (and all higher ranked· alternatives) are not even considered if i is 
rejected. 

A choice model such as the one just described implies a particular interdependency among 
the alternatives included in a decision-maker's choice set. This interdependency excludes the 
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transformation shown in eqn (13); thus no posterior back-transformation of the result is needed 
and one gets the desired codficient directly from the computer output. 

The advantages of the nested-altema:ives-logit presented in this paper are the following: 
(1) It is a disaggregate choice model and as such has all the advantages of loi;it, probil and

other choice models (i.e. relative statistical efficiency in the use of the data, a chui�.!-theory 
based functional form, and the ability to predict the whole distribution of choice, rather than 

the mean only). 
(2) The problem of independence from irrelevant alternatives, crippling logit analysis is

overcome with the use of this model, albeit specific correlations among the alternatives. 

(3) The use of existing logit computer packages for the estimation of the model is
straightforward and no special maximum likelihood routine is needed. 

(4) No prior definition of the number of alternatives in each individual's choice set is

required (e.g. for a MNL or a MNP model the alternatives have to be specified as (for example) 

0, l, 3 or more). This eliminates possible biases that might have been introduce< by lumping the 

higher ranked alternatives as a single alternative. 
(5) By having to specify the model with respect to the utilities' index set as well, one is

provided with a convenient tool for introducing patterns of behavior that relate simply to the 
ranking of the alternatives. 

(6) The computation costs are modest: an order of magnitude Jess than a probit model and

generally comparable with MNL analysis. 

As an aside, note that the example application of the model might suggest several 

conclusions regarding trip generation behavior by elderly, including: 
(1) The elderly may be divided into mobile and relatively immobile groups on the basis of

driver's license ownership. 

(2) Elderly individuals living independently of non-elderly tend to travel more frequently.

(3) Travel impedance and level of service seem to significantly affect trip generation.

(4) In future surveys concerning the elderly population, the following issues have to be
taken care of: (a) Specification of the transit availability variable. (b) Information regarding 
walking trips. (c) Information regarding the physical condition of the interviewed individuals. 

More working experience with the model would be needed in order to establish it as a 

common tool for estimating choice probabilities among nested, ordered alternatives. However, 

its theoretical basis and the results of the example above seem to warrant its usefulness . 
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