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1. Consider the choice between buying or not buying a certain good. This

choice can be modelled by a binary logit model:

P = eK−µc
1 + eK−µc

where P is the probability to buy the good, c is the price of the good and
K and µ are constant parameters.
(a) Draw a graph of P as a function of c. Give some important properties

of the graph.
(b) Show how the appearance of the curve changes as K or µ changes,

respectively.
(c) Assume we have many individuals n, each with their own parameter

values µn and Kn. We are interested in the aggregated demand

P = 1
N

∑
n

eKn−µnc
1 + eKn−µnc

Discuss how the appearance of the curve is affected by the variance
in µn and Kn.

2. In a town there are N libraries. An individual is going to choose which
library he/she is going to visit. The utility from visiting library i (i =
1, 2, ..., N) is assumed to be

Ui = lnBi − ci + εi
where Bi is the number of books, ci is the travel cost and εi is a random,
Gumbel(0, 1) distributed variable. The individual is assumed to choose
the library that maximises his/her utility.
(a) What is the probability (you do not have to derive it) that the indi-

vidual chooses library i?
(b) Assume that the number of books in all libraries is redoubled. What

will the probability to choose library i be then?
(c) How much will the individual’s expected utility change in the latter

case?
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(d) One individual happens to live so that the travel cost is the same
to two of the libraries. Now there is a proposal to shut down one
of these and move all the books to the other one. What would the
probability to visit the one remaining library be, expressed in the
probabilities to visit the two old ones? What would the effect on the
expected utility of the individual be?

3. You are going to construct a transport demand model for a town. As a
part of this you are going to make a travel demand survey and estimate a
mode choice model in this form:

pnm = eαm+βtnm+γcnm∑
k eαk+βtnk+γcnk

where tnm is the travel time and cnm the travel cost with mode m for indi-
vidual n in the survey.
(a) What information about the individuals, except travel time and travel

cost, do you need to have in order to estimate the actual model?
(b) State the maximum likelihood-problem for estimation of the param-

eters αm, β, and γ.
(c) Define the direct elasticity for pnm with respect to the travel cost cnm,

and derive an expression for this elasticity.
4. Show that the solution to the optimisation problem

maxNi
−∑

i
Ni lnNi

such that ∑
i

Niti = Nt
∑
i

Ni = N

where N and t are given constants can be written in the form

Ni = N eβti∑
j eβtj

This could be a model for the distribution of N citizens on residential
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areas i in a town where all workplaces are situated in the city centre,
to which the travel time from residential area i is ti, and where the ob-
served mean travel time to the centre over all individuals is t. State with
a motivation how the sign of β depends on the values of these variables.

5. Consider an individual who will choose mode of transport for a trip. There
are m = 1, 2, ...,M modes to choose among. The probability that the
individual will choose mode m is

pm = exp(am − βtm − λcm)∑N
n=1 exp(an − βtn − λcn)

(a) Formulate a random utility maximixation problem that will imply
these choice probabilities.

(b) Express in words the meaning of the cross elasticity of a choice prob-
ability pm with respect to the travel time tn for a different mode
n.

(c) Derive a mathematical expression for this cross elasticity.
6. Assume that an individual has the following probability for the combined

choice of a destination d and a mode m:
pdm = exp(Vdm)∑D

d′=1
∑M

m′=1 exp(Vd′m′)

(a) Show that this probability can be expressed as the product of a prob-
ability of choosing destination d and a probability of choosing mode
m conditional on the choice of destination d as follows:

pdm = pd · pm|d

where

pd = exp(Ṽd)∑
d′ exp(Ṽd′)

(b) Specify Ṽd.
7. The following equation is included in a model for transport and location

analysis:

Sj = NS
exp(Vj)∑
k exp(Vk)
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where
NS = total number of shops in the region
Vj = βc lnTj + βwUj + βL ln(1/Sj)
Uj = ln∑i Wi exp(σ(tij + tji) + λ(cij + cji))
Tj = number of shopping trips to zone j
Wi = number of jobs in zone i
tij = travel time in minutes by car from zone i to zone j
cij = monetary travel cost in SEK by car from zone i to zone j

βc, βw, βL, σ and λ are estimated parameters.
(a) Explain in words what the model does.
(b) How can the three terms in Vj be justified?
(c) In what way could it be argued that the model takes agglomeration

effects into account?
(d) Explain with some brief justification what sign each of the parameters

βc, βw, βL, σ and λ should have.
8. In a town you can either go by car or by bus. A travel demand survey is

carried out considering the choice of mode.
(a) Set up a simple logit model for the mode choice, where you have

included some suitable variables and parameters.
(b) Set up the maximum likelihood-problem for the estimation of one of

the included parameters. State also which data that are needed to
estimate all the parameters in your model.

(c) Derive the direct elasticity for the car probability with respect to car
travel cost (which should be among the variables you included in 8a).

9. Consider a town with a centre where all jobs are located. Outside the
centre there are n equally large residential areas indexed i = 1, 2, ..., n.
The commuting cost from residential area i to the centre is ci. In the
town there are N households, and in every household there is one worker
commuting daily into the centre. The average commuting cost is known
to be c. We now want to set up a model for how many households Ni are
living in each residential area i. Derive a gravity model for this problem
according to the theory of entropy maximisation. If you need to include
some Lagrange parameter that you cannot solve for, specify how it can be
determined.

10. Show how to derive the so-called logsum, weighing together the travel
costs for different modes, from a doubly constrained gravity model with
and without modal split, T kij and Tij .
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11. Consider a logit model

Pi = exp(Ai − αti + βt2i )∑I
j=1 exp(Aj − αtj + βt2j)

, i = 1, ..., I

(a) Derive the direct elasticity Ei = ∂Pi/∂ti
Pi/ti for this model.

(b) Derive the cross elasticity Eij = ∂Pi/∂tj
Pi/tj , where j �= i, for this model.

(c) Interpret the definitions of the elasticities in words.
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