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ESTIMATION OF EVA MODE CHOICE MODEL PARAMETERS
WITH DIFFERENT TYPES OF UTILITY FUNCTIONS

ABSTRACT

This paper presents the estimation of nine types of util-
ity function parameters for the application in EVA mode
choice model for the city of Ljubljana, Slovenia. Four differ-
ent modes (private car, public transport, bike and walking)
and five purposes (work, education, shopping, leisure and
other) were taken into consideration. This paper presents
first the design of the Stated Preference survey, then a brief
review of the EVA model, different types of utility functions
and the estimation method. The final log-likelihood enables
comparison of different types of utility functions. The results
show that absolute differences in final log-likelihood among
most types of utility functions are not high despite the differ-
ent shapes, which implies that different functions may best
describe different variables.

KEY WORDS

mode choice, Stated Preference survey, utility functions,
maximum likelihood method, generalized cost

1. INTRODUCTION

An up-to-date disaggregated four-step traffic model
for passenger transport in the Ljubljana region has
already been developed. This model includes four
modes - private car, public transport, bike, and walk-
ing. The purpose of this study is to upgrade the exist-
ing model with additional parameters that affect the
mode choice, since this model contains only utility
functions of travel time and not of all mode choice af-
fecting factors.

The EVA (EVA - German abbreviation for Erzeugung,
Verteilung and Aufteilung meaning Production, Distri-
bution, and Mode Choice) algorithm has been adapted
for this purpose as it allows a non-linear specification
of the utility function to be contrasted with linear for-
mulations of the variables in discrete choice models

that have previously played the most important role in
transport modelling.

Our first step was to undertake a Stated Prefer-
ence survey in order to obtain the necessary data.
Many instructions for conducting a Stated Preference
survey are given by Ortizar and Willumsen [1] and in
Engineering Statistics handbook [3]. Several confer-
ence presentations i.e. those by Vrtic [4], Axhausen,
Koll, Bader [5], Axhausen [6] and the article by Vrtic,
Frohlich, Schussler, Axhausen, Lohse, Schiller, Teichert
[7] were taken into consideration when designing the
Stated Preference survey.

The Stated Preference survey was carried out with
portable computers at different locations around Lju-
bljana. Different locations were needed to ensure a
representative sample and the required sample size
for investigation purposes. For each origin-destination
purpose, 75 to 100 questionnaires per segment were
needed, so the sample size has to be about 1,000 sur-
vey respondents as utility functions are to be estimated
for ten origin-destination purposes. However, as mode
choice does not usually change for trips back from the
destination, five trip purposes were used (work, educa-
tion, shopping, leisure and other). Thus, the sample
size of 500 survey respondents was sufficient.

The survey included questions about the usage of
different modes in different situations. The question-
naire consisted of ten hypothetical situations in which
values of mode parameters changed. For each of
those hypothetical situations, each survey respondent
had to choose the most suitable mode for them pro-
vided they had already experienced such a situation.

The second step was to estimate and calibrate the
utility functions for each generalized trip cost param-
eter by using maximum likelihood method. As some
types of utility functions have linear and others have
non-linear elasticities, differences in function shapes
and log-likelihood were expected. The results show
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that absolute differences in final log-likelihood among
most types of utility functions are not high despite dif-
ferent shapes, different functions would best describe
different variables. To decide on the function that fits
best, the usage of various types of utility functions for
each generalized trip cost parameter would be neces-
sary, which would implicate a rather high number of
combinations.

2. STATED PREFERENCE (SP) SURVEY

The Stated Preference (SP) survey has become
a widely used transport planning tool, in spite of its
known limitations. SP data are convenient when an al-
ternative as a whole is described as a constituent of
different variables as the analysis of SP survey data
derives the relative importance of different variables.
Since SP derives the relative importance of variables,
their nature is best described with the term general-
ized cost parameters.

In our Stated Preference survey the travellers were
first asked about the employment status and car avail-
ability. Then questions about the trip they were making
followed to learn the purpose, length, duration, costs
and available travel alternatives. If there were other
available and acceptable alternatives, similar infor-
mation for those was collected as well. Each survey
respondent was then asked to choose the most suit-
able mode in ten hypothetical situations with different
values of trip attributes. The questionnaire design, the
generation of the situations and the survey perfor-
mance are briefly explained below.

2.1 Questionnaire Design

In our Stated Preference survey, four modes were
taken into account: private car, public transport, bike
and walking. The parameters included are:

Table 1 - Factors with their level

- Car: travel time in minutes, walking time from park-
ing to destination in minutes, parking price in euro.

- Public transport: travel time in minutes, comfort,
price of public transport in euro, frequency in min-
utes between two successive arrivals and walking
time from origin to start station and from final sta-
tion to destination in minutes.

- Bike: cycling time in minutes.

- Walking: walking time from origin to destination in
minutes.

The fractional factorial design was used to design
the hypothetical situations needed. The fractional fac-
torial designs are experimental designs consisting of a
carefully chosen fraction of the experimental runs of a
full factorial design. Fractional designs are expressed
with the notation /P, where | is the number of levels
of each factor investigated, k is the number of factors
investigated, and p is the number of generators, i.e.
assignments as to which effects or interactions are
confounded (cannot be estimated independently of
each other).

The study contained seven factors at three levels
and one factor at two levels, as shown in Table 1.

The levels for car use vary up and down, while lev-
els for public transport usage improve. The reason is
the transport policy goal to enlarge the share of pub-
lic transport users in comparison to private car us-
ers. This means that only improved changes in public
transport are needed.

Table 1 shows the parking price variability in per-
centage. Since few free parking lots in Ljubljana are
available, the price would not change in situations,
which would mean less realistic results of the parking
price affecting the mode choice.

In case of free parking, a new parking price was
set to generate situations. In case of trip purposes
such as work and education, the price is €5 and for
other purposes - €2. The prices were set on the basis
of average parking price in Ljubljana with different trip

Mode&levels car levels public transport levels
actual actual

parking price +50% price -25%

-50% -50%

actual actual

travel time +20% walking -20%

-20% -40%

actual actual

factors walking +20% frequency -20%
-20% -40%

actual

travel time -25%

-50%

actual

comfort better
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Table 2 - One factor at 2 levels and seven factors at 3 levels design

Lis — 2 x 3"® Fractional Factorial (Mixed-Level) Design
One factor at 2 levels and seven factors at 3 levels (18 Runs)

Run X1 X2 X3 X4 X5 X6 X7 X8
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10 2 1 1 3 3 2 2 1
11 2 1 2 1 1 3 3 2
12 2 1 3 2 2 1 1 3
13 2 2 1 2 3 1 3 2
14 2 2 2 3 1 2 1 3
15 2 2 3 1 2 3 2 1
16 2 3 1 3 2 3 1 2
17 2 3 2 1 3 1 2 3
18 2 3 3 2 1 2 3 1

Source: Engineering statistics handbook [3]

purposes. Prices set as described change according
to situations.

Building a fractional factorial design required gen-
eration of eighteen hypothetical situations (Table 2).

In each of those eighteen situations, factors were
at a different level and the traveller had to choose
the most suitable mode. Generating eighteen hypo-
thetical situations was a huge practical barrier, since
it meant a long questionnaire, which would have
caused problems in the travellers’ concentration and
the possibility to make choices different from those
they had ever made in situations experienced earlier.
We decided to split the eighteen designed situations

between two surveyed persons, each giving answers
for nine situations only. Our choice included one con-
trol situation, in which generalized trip cost param-
eters were the same as given for the actual trip. If
the traveller choice process complied with his actual
mode choice, the situation was taken as a control
situation.

The survey forms were made in Microsoft Access
program. The form was designed to begin with enter-
ing data about the car ownership and the driving li-
cense, employment status, purpose, origin and desti-
nation of the trip, frequency of trip, start time of the
trip and comments.

.Elsltuacue - = X
Car Public transport
travel time: 18 min travel time: 10 min
walking: 1,2 min © car walking 8 min
arking price: 5 €
P o & public transport| comfort: better
“ walking price: 048 €
- bl
Walking bike frequency: 9 min
travel time: 40 min between 2
arrivals
Bike
travel time: 20 min .
L

Figure 1 - Example of the choice process
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The focus of the rest of the survey was on the ac-
tual trip surveyed and the available alternatives for the
particular trip. On this basis the generation of ten hy-
pothetical situations was made.

An example of the choice process in one situation
is shown in Figure 1. The modes offered to be chosen
are the same as those available for the traveller. If the
person surveyed does not mark one alternative as
available, choosing the same will not be possible and
parameters of this alternative do not appear.

3. EVATRIP DISTRIBUTION AND
MODE CHOICE MODEL

Here, a brief review of EVA trip distribution and
mode choice model are given, presenting the types
of utility functions tested, the model for calculating
mode choice probability, and the parameter estima-
tion method as described in Visum 11.0 Basics [2].

Let Ty be trips from zone i to zone j by mode k. Let
o;, d;, my be balancing factors used to keep marginal
sums of productions, attractions, and mode trips.

Let W, be weighted utility of making trip from zone
i to zone j by mode k.

Then EVA model generalizes simultaneous trip dis-
tribution and mode choice to trilinear model:

T = Wj.0;.d;.my
(i=1,...nmj=1,...mk=1,...,p) (1)

To keep marginal sums of production, attraction
balancing factors o;, d;, m, must be determined in a
way that the following constraints will be satisfied:

ZZmodW—ZZM— (2)

j=1k= j=1k=

n P

ZZJkodmk—ZZTuk— : (3)
i=1k= i=1k=

ZZ ukOdmk_Zz i = M (4)

i=1j=
We|ghted utilities Wj, are calculated as product of
accessibility of mode k in zone i (MA;,) and product of
all utilities of making trip from zone i to zone j by mode
k taking into consideration only one attribute of gener-
alized cost ¢,y (eq. time, parking cost, fare,...).

W = MA; H 1 (Caik) ()
a

3.1 Utility functions

The main task of the study was to estimate the type
and parameters of utility functions to be used in trip
distribution and modal choice model.

Let x be the generalized cost parameter and a, b,
and ¢ parameters of the utility function. Then f(x) is
utility function. The following types of utility functions,
some of which with constant, some with linear, and
others with non-linear elasticity, have been studied:

EVA1
f(x) = (1 + xy°®, where =—a_ _ 6
() = (@42, where p(x) = T2 ©)
EVA2
_ X \py@
) = [1+(3)] (7)
Schiller
1
f(X) = — 8)
1+(5)
Logit
f(x) = e* (9)
Kirchhoff
f(x) = x° (10)
BoxCox
Xb-
f(x) = el5") (11)
Box-Tukey
. (x+ 1P
f(x) = e wherea ={—p P> 0 (12)
In(x+1),b=0
Combined
f(x) = ax"e™ (13)
Code
1
f(x)= ——— 14
() x° + cx? (14)

Parameters a, b, and ¢ of those nine types of utility
functions were estimated in the study and evaluated
according to their shape and log-likelihood, described
below.

3.2 Model parameter estimation method

Probability that trips between zone i and j will be
realized by mode k can be calculated from

Wi (15)

ZA,eAw) Wi

where A(ij) is a set of available alternatives between
zone i and j, and W), previously defined as weighted
utilities.

Model parameters a, b, ¢ have been estimated
using the Maximum Likelihood method, described by
Ortazar and Willumsen [1]:

Let Q be a set of all situations conducted in experi-
ment, A(q) - the alternatives available in situation q,
and A; - the alternative chosen in situation g. Then
we define
g, = {:L it A; was chosenby q

0 otherwise

Pijk =

(16)
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The likelihood function, which shows the model
probability that each individual chooses the option
they have already selected in an actual situation, is

0Q
— &j
L=11 TIPe
a=1A€A(q)
As it is more convenient to use the natural loga-

rithm of L, model parameters can be estimated by
solving the following non-linear program:

Find

(17)

ay, by, ¢y

where

Q
[=InL = Z Zgququ

q=1A;€A(q)

has the maximum.

4. RESULTS

4.1 SP survey results

From 2,438 survey forms made, only 1,276 were
used for calculating utility functions, as only those trav-
ellers with more alternatives and with willingness to
use them were taken into account. Besides, data from
situations were useful only if at least one of them re-
ferred to car or public transport since only parameter
values for these two alternatives change in situations.
Some basic information about survey performance is
shown in the tables below.

Table 3 shows that the number of surveys for each
purpose was sufficient to enable a representative sam-
ple. The number of surveys made on the trips by bike

Modal split
Bike 8%
Public
transport

28%

Chart 1 - Modal split in the surveys

(Table 3 and Table 4) was low because of cold weather

conditions.

Last column in Table 4 and Chart 1 show the modal
split in the surveys. This modal split cannot be taken
as actual modal split for several reasons:

- The mostimportant factor is the choice of locations,
which directly affects the choice in the sample (e.g.:
the more surveys made on trains, the greater share
of public transport choice in the sample).

- Car users and cyclists are relatively unready to use
any alternative.

- Relatively small sample to investigate modal split.

- Only trips in progress were measured.

4.2 Estimated utility function parameters

Table 5 shows the estimated values of parameters
a, b, ¢ for different utility functions x.

Table 3 - Number of surveys made for each mode and each purpose

Purpose - Mode - - total
car public transport bike walking
work 243 99 18 33 393
education 37 83 22 24 166
shopping 94 28 13 16 151
leisure 153 79 26 47 305
other 118 72 23 48 261
total 1,276
Table 4 - Number of surveys made for each mode regarding car ownership
car ownership
Mode
yes no total %
Private car 598 a7 51%
Public transport 182 179 28%
Bike 59 43 8%
Walking 94 74 13%
Total % 73% 27% 100%
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Table 5 - Estimated parameters and final log-likelihood

Function value

EVA1 EVA2 Schiller Logit Kirchhoff Boxcox | Combined Code Box-Tukey
a 1.4250 | 2420.5750| 5.9872 0.7202 3.3555
b 4.7334 1.9820 4.4407 1.7276 -0.0687 0.1063 0.5122
c 0.8336| 216.7200 -0.3060 -0.5429 -0.0431 -0.4536 0.0103 -0.0555
lfll(r;ﬁlhfog(; -598.1250 [-595.8490 |-679.4600 | -601.3290 |-618.5900 | -590.7410 |-586.9050 |-626.3640 |-581.5790
Utility functions
munns EVAL
— EVA2

m—— Schiller

— | ogit

= === Kirchhoff
Boxcox

=== Combined

e Code

= == Box-tukey

8

9

10 11 12 13

Public transport ticket fare in €

Chart 2 - Utility functions

Chart 2 displays only the utility functions for the trip
purpose - work, and for one generalized trip cost pa-
rameter - the public transport fare.

5. DISCUSSION

One can observe that the model which gives maxi-
mum final log-likelihood is the model with Box-Tukey
utility function, followed by Combined and others. Al-
though final log-likelihood does not differ much from
most utility functions, the graph shows different func-
tion shapes. While some of utility functions are monot-
onously falling and convex (Schiller, Logit, Combined,
Kirchhoff), others show more believable results.

The shape of Kirchoff utility function appears as a
surprise at first sight; its values are high (not falling to
zero) even when public transport fares are high. How-
ever, since the probability of using each mode is the
quotient between the weighted utility of that mode and
the sum of weighted utilities of all available modes,
the height of functions is not important.

Unlike the above, the lower values of final log-like-
lihood for three out of four convex functions (Schiller,
Logit, Kirchhoff) are no surprise. The utility function
Combined with high final log-likelihood is surprisingly
convex, which may propose that Combined utility func-
tion does not fit best for this particular generalized
cost parameter.
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The final log-likelihood is the lowest when Schiller
utility function is used. The graph shows that Schiller
utility function is the lowest of all and therefore, the
usage of this utility function for our model is less ap-
propriate. The log-likelihood of other functions does
not differ much, except for Code and Kirchhoff utility
functions that give lower values. While Kirchhoff gives
the highest values when the fare is very low or very
high, the shape of Code utility function when the fare
is low is not as expected and is therefore questionable.

The graph shows the utility functions for only one
generalized cost parameter - public transport fare. In
the mode choice model EVA2 the utility functions were
used, though final log-likelihood for some utility func-
tions was higher. The reason is that no outstanding
results for different generalized cost parameters and
different purposes (which gave different values of final
log-likelihood) were found. In general, different utility
functions for different generalized cost parameters
would fit best, varying from purpose to purpose. Using
the Fundamental Counting Principle, the number of
possibilities when choosing one of nine different utility
functions for each ten generalized cost parameters for
each purpose is

Npossiviiities = 9% = 3,486,784,401 (19)

The total number of 3,486,784,401 possibilities
for each purpose would be impossible to explore.

6. CONCLUSION

The paper presents the estimation of nine types of
utility function parameters for application in EVA mode
choice model for the city of Ljubljana, Slovenia. The
method used for EVA mode choice model parameter
estimation was the Maximum Likelihood method that
enables comparison among nine types of utility func-
tions according to final log-likelihood. Since absolute
differences in final log-likelihood among most types
of utility functions are not high despite the different
shapes, different functions would best describe differ-
ent variables. To decide on the function that fits best,
the usage of various types of utility functions for each
generalized trip cost parameter would be necessary,
which would implicate a rather high number of com-
binations.
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POVZETEK

OCENA PARAMETROV EVA MODELA IZBIRE
PROMETNEGA SREDSTVA Z RAZLICNIMI
TIPI UPORABNOSTNIH FUNKCIJ

V Clanku je predstavljena ocena parametrov devetih
tipov uporabnostnih funkcij za uporabo v EVA modelu izbire
prometnega sredstva za mesto Ljubljana. Obravnavana so
bila stiri prometna sredstva (osebni avtomobil, javni promet,
kolo in pes) in pet namenov potovanj (sluzba, Sola, nakup,
prosti ¢as in ostalo). Najprej je prikazana anketa izraZene
preference, nato EVA model, razlicni tipi uporabnostnih
funkcij in metoda ocene parametrov. Logaritem verjetja
omogoca primerjavo med razlicnimi tipi uporabnostnih funk-
cij. Rezultati kaZzejo majhne razlike v logaritmu verjetja med
vecino tipov uporabnostnih funkcij, navkljub razlicnim ob-
likam funkcij, kar nakazuje, da razlicne funkcije lahko bolje
opisejo razlicne parametre generaliziranih stroskov.

KLJUCNE BESEDE

izbira prometnega sredstva, anketa izrazene preference, up-
orabnostne funkcije, metoda najvecjega verjetja
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