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Abstract

In this paper we sudy a group of policies amed a discouraging the use of private
transportation during peak hours, both directly and indirectly, by increasing the attractiveness
of the only available subdtitute, the bus. Thisis done using a choice experiment constructed to
find the answer to the following basic question: Given fixed house-to-work structures and no
working hour flexibility, by how much is the choice of travel mode for commuters to work
sengtive to changesin travel time, changesin costs for each mode and other service attributes?
This information is then used to identify the most suitable combination of policies dedling with
ar pollution and congegtion in the typicad developing country context of metropolitan Costa
Rica We a0 provide estimates of the vaue of travel time as a measure of the potentia

benefits gained from reduced congestion.
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1. Introduction

The last 20 years have been characterized by a dramatic increase in the urban populations of
most developing countries. Even smal countries like the ones in Centrd America now have
metropolitan areas that surpass one million inhabitants. This increase, in combination with a
lack of urban planning and an inefficient trangportation system, causes problems of decreased
ar qudity in urban environments (World Bank, 1996). The pollution is associated with awide
vaiety of hedth problems (respiratory problems, cancer, blood poisoning), deterioration of
buildings, acid rain and globa warming. Traffic congestion further complicates matters snce it
not only imposes high cogis in terms of lost time and high stress, but also increases emissons
by decreasing the speed of travel.

The main objective of this sudy is to contribute to the design of policies deding with the
problems of congestion and air pollution in the urban context of atypica developing country.
We study the determinants of the choice of transport mode, bus versus car, for work trips in
the short run, where we treat the number of trips as exogenoudy given. This is done with a
choice experiment conducted on car commuters. These commuters are responsible for the
worst congestion and pollution during peak hours, and a the same time are the ones who can
most easly switch to public modes of trangportation. We explore a combination of policies
amed a increasing the cost of private transportation, specificaly increased fuel and parking
cogts, and policies amed at improving public transportation; in this case reduced travel time,
subsidized fares and improved quality of the service. The joint implementation of these policies
ams a reducing congestion and pollution, especialy during pesk hours, by restraining demand
for private trangportation while providing a suiteble subgtitute. Currently the Cogta Rican
government is involved in a program to improve and restructure the public transportation
system, emphasizing the type and quality of service provided. One of the ams of this program
is to achieve a reduction in the level of congesion and pollution originating from urban
trangportation. Therefore, our survey is dso atest of the ability of such a system to detract
customers from private trangportation.

2. Environmental Regulation of Transport in a Developing Country Context
Both market-based and command and control policies require strong and stable indtitutions,
adequate legidation and effective monitoring and enforcement. Many developing countries
have wesk inditutions and undear legidation, resulting in ineffective monitoring and
enforcement of policies. Furthermore, in many cases there is a wesk political commitment to
environmenta goas, which means that resstance to environmental measures is likely to be
successful. In addition, uncertainty about the permanence of environmenta regulations causes
an inefficient adaptation to the long run incentives of any given policy (O’ Connor, 1999; Huber
et a., 1998; Eskeland and Jmenez, 1992). In this context it may be particularly important to
revise the perspective of environmental regulations by emphasizing their short run effects, and
identifying ways of reducing the potentid resstance againg certain types of policies (see e.g.
Harrington et a. 1998).

The regulation of the urban transport system, intended to reduce congestion and pollution,
requires a combination of policies targeting the different interrdated components of that
system. On one hand, regulating private transportation requires a number of policies that can,



more or less, mimic the properties of the firs-best solution.* A first-best policy such as a
differentiated road charge (see e.g. Johansson 1997) is not yet economicaly feasible with the
present technology. On the other hand, public transportation is often regulated in terms of the
fee system, routes, number of departures, etc. The design of the public trangportation system
is, consequently, both a technica and a politicd decison, and decison makers need
information regarding which characterigtics of this service are most relevant to travelers. Thisis
particularly rlevant if thereisawish to shift travelers from private to public trangportation, and
if there is a need to provide travelers with an acceptable dternative mode, as a way to
increase the acceptance of the environmental regulations.

There are two interrdlated sources of reductions of the environmental impact from urban
transportation: (i) a decrease in the emissons per kilometer driven, and (ii) a decrease in the
number of kilometers driven. In this paper we focus on policies amed at reducing the amount
of private trips, by promoting a change from private to public modes of transportation, for a
given gructure of car ownership and house-to-work locations. These palicies include the
complementary gpplication of instruments to reduce the number of private trips by increasing
the cost per journey, as well as the provison of an improved sysem of public transport.
Fewer trips entail not only a reduction in the number of kilometers driven, but dso less
congestion and, consequently, fewer emissions per kilometer. In the long run, drivers can buy
gndler and more fud efficient cars, or even move closer to work in response to more
expendve travel.

An increase in the cost per trip for the private mode is expected to have two effectsin the
short run. Firg, there will be areduction in the overal number of trips, snce some tripswill not
take place, and second there will be a substitution towards public transport. In the case of
trips to work, we expect the fira effect to be smdl. A subgtitution from private to public
trangportation is expected to have two further effects: (i) a reduction in congestion levels,
which has a direct dfect on emissions and (ii) if the new passengers could be accommodated
by the existing bus journeys, then passengers per bus trip would increase. The more
passengers per bus, the lower the emissions per passenger. For the particular case of Costa
Rica, buses run during pesk hours with an average load of approximately two thirds of their
capacity, so a margind mode switch is not expected to raise the number of bus journeys
required to cope with the increase in demand (Ministry of Public Infrastructure and Transport,
1999). Note aso that a well-organized and efficient system of public trangportation does not
necessarily require additiona bus trips. By restructuring the number of routes into a trunk and
feeding system, as planned in Cogta Rica, fewer buses will enter the city center, therefore
reducing pollution and congestion. In cities where buses run with gpproximatdly full loads, the
number of bus journeys might increase due to increased demand. In such a case, the net
benefit of amode switch might not necessarily be postive.

Policies aimed at decreasing private transportation by means of increased costs include fue
taxes, parking fees and road tolls in city centers. The last two are particularly relevant for
tackling congestion, since they directly mise the cost of entering the city. As discussed by
Smal (1992), increased parking cods are likely to have a subgtantial effect on private

! See for example Johnstone and Karousakis, 1999; Fullerton and West, 2001; Eskeland and Devargjan,
1996. For a treatment of optimal policies of both private and public transportation, including a supply
decision, see De Borger et al. (1996) and De Borger and Wouters (1998)



trangport, inducing both carpooling and a substitution towards public transportation. (see eg.
Willson and Shoup, 1990). Fud taxes have been successful in reducing fue demand in many
countries, athough public perception about them is negative (Sterner, 1994; Thomson, 1998).
As we have discussed, one way to reduce the politica oppostion to such measures is to

provide a suitable sysem of public trangportation. The design and qudity of the public
transportation system is thus an important factor itsef in decreasing the use of privae
transportation, by providing a suitable subgtitute to the private mode. Some measuresinclude a
redllocation of road space favoring exclusive “right of way” for buses in order to reduce travel

time, enhanced safety and comfort on board and improved scheduling and punctuality in order
to reduce waiting times,

3. Urban transport in Costa Rica

Almogt hdlf of the population and most of the economic and governmenta activity in Cogta
Ricaislocated in the metropolitan areas of San José, Alguda, Cartago and Heredia. The city
of San Josg, the capital, serves as a bridge between the others and shows signs of a collapse
in its transport infrastructure? particularly during the pesk hours of the morning (7 to 9 am)
and the evening (5 to 8pm). The roads linking the other cities to San José have aso reached
severe congedtion levels. Mogt inhabitants of metropolitan Costa Rica are exposed daily to
very high pollution levels, with road transportation contributing more than 80% of the total ar
pollution in metropolitan San José (Alfaro, 1999). A survey conducted by the Minigtry of
Hedth identified respiratory and pulmonary illnesses as the most common causes for visting
the public hedth hospitd's (Ministry of Hedlth, 1997).

Government reactions have been mogtly limited to the provison of new infrastructure.
Unfortunatdly, the capacity of the additiona infrastructure is overflowed sometimes even
before its congtruction is completed, in an extreme example of the so-cdled “law of highway
congestion”. Even if this does not occur, it is likey that the government focus on providing
infredructure to private users causes negative network externdities for the public
trangportation sector, due to increasing returns to scale in public transportation (see e.g. Small,
1992).

In recent years there have been some attempts to tackle the problem of air pollution, mogtly
by usng command and control measures to reduce the amount of emissions per kilometer. As
of 1995, dl new cars are required to have a working cataytic converter, and lead was
eliminated from fuels in 1996. Also in 1996, the government introduced emissions standards
for al vehicles. These sandards were, however, not very strict and most cars passed the tests
without any adjustment. There is therefore little evidence that this policy has had any effect on
emissions (Pujol, 1996; Jmeénez, 1997). The tax structure for car ownership has had perverse
effects on the generation of pollution (Echeverria and Soldrzano, 2000). Firdt, in 1986 the
government restructured the import tariffs for private vehicles so that cars that were 5 years
old were paying around 30%, whereas new cars paid a 100% tariff. The impact of this policy
was dramatic. By the end of 1997, 72% of the car fleet for private use was more than 10

2 Although approximately 70% of all trips are made using the bus mode (mostly low and middle-low income
individuals), the number of commuters in private modes surpasses the capacity of the available
infrastructure. Furthermore, there are institutional and geographical limitations to the expansion of the road
network.



years old (RECOPE, 1999). In the last two years the government has tried to reduce this
distortion despite opposition from the affected parties; mainly used cars deders. Second, the
yearly road tax is caculated based on the vaue of the car, disregarding its impact on
infrastructure or the environment. Therefore, newer cars, which are more fud-€efficient and
generate fewer emissions, are subject to higher taxes than older vehicles.

Car ownership and fud consumption have been increasing at high rates. Between 1989 and
1999, the car fleet grew at an average rate of 7.6% per year,® with gasoline and diesd use
increasing at an average rate of 10.4% and 7% per year, respectively. In the same period, per
capita GDP increased, on average, 2.2% per year (Proyecto Estado de la Nacion, 1999).
The main factors behind this development are most likely the declining red price of fud, the
perverse tax dructure for car ownership and the lack of an adequate system of public
transportation. As of 1999, real prices on dl fuels were dightly lower than in 1988, with an
average yearly growth of 0.02% in thet period. The main reason for these policies is that
chegp transportation has been identified as crucia for economic development and prosperity.
Furthermore, paliticaly, measures to reduce the demand for private trangportation are seen as
too codly in terms of votes, snce mogt of the benefits of such policies are mainly redized in
the long term.

On the other hand, the public trangportation system is underdeveloped. The government
has paid little attention to its quality and service. Many times companies operating Smilar
routes find themsaves competing for passengers aong the same dreet, with most routes
leading dl the way to the center of the capitd (i.e. a radid system). This has resulted in
deteriorating levels of service and congestion deadlocks in the city center at peak hours. Fares
have been determined by the regulatory authority based on basic operating costs, paying little
attention to the qudity and type of service provided. Now, the Ministry of Transportation is
trying to organize the sector by restructuring the number of routes into a trunk and feeding
system. Furthermore, companies will face higher standards regarding the vintage of buses. The
new program aso provides economic incentives to bus companies that comply with the new
regulations. Bus fares will be linked to an evauation of the service provided, as measured by:
(i) travel time, i.e., compliance with number of departures and scheduling relidbility; (i) qudity,
defined as comfort, safety and sanitation; (iii) accessbility and maintenance of bus stops; and
(iv) provison of information about routes and timetables. If the project becomes a redlity, it
will imply better buses, better quaity of service, less congestion due to fewer buses entering
the city center and potentially shorter travel times. As mentioned in the introduction, our survey
then is aso atest of the ability of such a system to attract new customers away from private
transport.

4. M ode Choice Experiments

In order to evaduate the potentid impact of different policies on the subgtitution between
private and public trangportation, information regarding traveler preferences for the attributes
of the trangport system is needed. Since some of the attributes of interest do not exist today, it

% The car fleet doubled from 1978 to 1988 and doubled again from 1988 to 1998. Approximately 75% of the
fleet is for private use (RECOPE, 1999). According to a recent local newspaper survey, 47% of all
households own at |east one vehicle. This data refer to the whole country, and the numbers are probably
much higher in the metropolitan area.



is not possible to rely only on revealed preference data for that purpose. Therefore, we
conduct a mode choice experiment evauating traveler preferences for different atributes of
both private and public transportation. The basic idea behind a mode choice experiment is to
cregte a hypothetical Stuation and dicit the preferences of commuters for different attributes,
through their choice of mode of trangport in each of those Situations. Choice experiments have
along tradition in transport economics, where they have been developed as a complement to
revealed preference studies, because of the posshilities of analyzing preferences for new levels
of atributes (for an overview see Polak and Jones, 1997). The roots of choice experiments
can be traced back to Lancaster's (1966) microeconomic theory of demand for
characterigtics of goods, and the Random Utility Theory (Thurstone, 1927; McFadden,
1973).*

We assume that the utility derived from each of the two dternatives available, car and bus,
depends mainly on the attributes selected to describe those adternatives, and that a respondent
g will chooseto go by busfor agiven trip if and only if

VBq(XBq’yq'Sq’qu) >VCq (XCq’yq!Sq!qu)! (1)

where Viq isthe indirect utility function for individud q if dternativei is chosen, Xiq is the vector
of K attributes (including cogts) that congtitutes the profile of dternative i, y, istheindividud’s
income, s is a vector of g's socio-demographic charecteristics and €;,is a stochadtic
component that reflects observationa deficiencies arising from unobservable components, such
as characterisics of the individud or norrincluded atributes of the dterndives in the
experiment, measurement error and/or heterogeneity of preferences. In choice experiments,
the respondents face a sequence of such decisons, where each decison set (indexed by t)
contains different profiles of the dternatives. The objective of the survey isto obtain esimates
of the coefficients for dl the rdlevant attributes, based on the trade-offs made by the
respondents when faced with successve hypothetical Situations.

In this paper we gpply a generd type of modd called Random Parameter Modds, where
taste variation among individuas is explicitly treated (see eg. Bhat, 2000; Train, 1998). We
use alinear latent indirect utility function U, condsting of a systematic and a stochastic part:

Uiqt = aiq +gi Sq +biqxiqt +eiqt’ (2)

where a;, caotures an intrindc preference of individud q for dterndive i, g;s, captures
systematic preference heterogeneity as a function of socio-demographic characteristics, X, is
the vector of attributes (including the cost) describing dternative i for individud g, in the choice
situation t. The vector of coefficients b, isassumed to vary in the population, with probability

dendty givenby f (b|q), where g isavector of the true parameters of the taste distribution.

The probability thet individud g chooses dternative i in a choice Stution t, conditiona on
b, isgiven by:

* For a detailed presentation of choice experiments see e.g. Alpizar et a. (2001); Louviere et al. (2000).



Pq (It Ibq) = I:>{(a'iq +gisq + biqxiqt +eiqt) > (ajq + gjsq + ququt +eth)" JT At} (3)

where A, ={A., A} isthetwo dternatives, bus and car, availablein choice Stuetion t. If the
e's arelID type| extreme vaue, the probability of equation (3) can be caculated as

. _exp(aig + 6y ThigXig) 4
P,(t]b,)=— 3 SEELEL

'% exp(a ia + gj Sq + biqqut)
JI A

The conditiona probability of observing a sequence of choice decisions from individua q,
denoted j(q,t), from the successon of M-hypotheticd choice stuations in the survey, is the

product of standard logit probabilities:
_AL . (5)

Findly, the unconditiond probability for a sequence of choices for individud g is then the
integral of the conditiond probability in (5) over dl vauesof b, :

P.(a) = 35, (b) f(b|q)db. (6)

In this ample form, the utility coefficients vary across individuas, but are congtant across
the choice dtuaions for each individua. This reflects an underlying assumption of sable
preference structures for dl individuas (Train, 1998). The integrd in (6) generdly cannot be
evaduated andyticaly, and we have to rely on a smulaion method for the probabilities. Here
we will use a smulated maximum likelihood estimator, usng Haton draws, to estimate the
models (see Revelt and Train 1998, Train 1999).

An important eement of these Random Parameter Models is the assumption regarding the
digribution of each of the K random coefficients. In this pgper we use two aternative
formulations. The first assumption is anormd didribution, i.e. that the coefficient for the k-
atributeisgivenby b, ~ N[bk ,Wk]. However, a coefficient might then be negetive for some
individuas and positive for others. For most of the variables in this mode choice experiment it
is more reasonable to expect that dl respondents have the same coefficient sgn. For example,
the coefficient on travel time should dways be non-positive. For this type of coefficient, a
more reasonable assumption would be to assume a log-normd digtribution. In this case, the
log-normd coefficients have the following form:

bkq =t exp(b, +qu) ) (7)

where the Sgn of coefficient b, is determined by the researcher according to expectations, by
is congtant and the same for al individuals, and v, is normally distributed across individuas
with mean and variance equad to 0 and s 2, respectively. This means that the coefficient has



the following properties: &) median = exp(b, ) ; b) mean=exp(b, +s?/2) ; and ¢) standard
deviation = exp(b, +s2/2)(exp(s ) - 1)°°. For a more detailed treatment of preference
heterogeneity, see for example Bhat (1998, 2000).

5. The Mode Choice Survey

The population used in the survey is individuas with work that have access to a car, and that
are living and working in the metropolitan area of San Jose. The reason is that we want to
ensure that the respondents can actualy make a choice, in the short run, between private and
public transportation. As we have discussed, some policies can dso have an effect on the
decison of owning a car or not, but that effect is not included in this sudy. This sampling
strategy excludes the low-income segments of society from our study, since they cannot afford
to own a car. We dso focus on work trips since they, in particular, contribute to congestion
problems at pesk hours. Consequently, we investigate the effect of different policies on the
behavior of individuas who work and have access to a car. In our experiment the length and
dedtination of work tripsis assumed to be fixed. Additiondly, the timing of the trips is assumed
to be exogenous, i.e. we do not dlow the commuters to adjust their schedule in response to
the hypotheticad Stuation presented in the experiment. This might be a limitation of our study
(see Smdll, 1982). Neverthdess, since in Cogta Rica there is very little work-hour flexibility,
both in the public and private sector, we expect that our results will not be greetly affected by
these assumptions. Findly, we regtrict the sample to work trips with an origin and destination
within the metropolitan areg, in order to redtrict the analyss to the urban bus system. One
limitation of our andyds is that it is patid in nature. For example, our estimates of cost
eladticities cannot be regarded as the overdl price dadticity of trangport demand for
metropolitan San José. Even in the short run, individuas can adjust to higher costs per car trip
by carpooling and reductions in nontwork trips, among other possbilities. It is actudly
reasonable to expect that people will reduce the number of trips starting with the less important
ones (mainly nortwork trips). All of these ements hint to sgnificantly larger effects of the
policies that we andyze.

A survey company conducted the survey between September 1st and October 30™, 2000.
All interviews were persond interviews where the enumerator read the questions aoud. The
respondents were visited at their homes after office hours. In order to assure the best coverage
of the metropolitan area, the region was divided into smal segments of amilar Sze. A random
sample of those segments was taken and a number of questionnaires were then randomly
assigned to each of them. The fied supervisor would then decide which houses to survey in
each locdity. If the person at the door did not meet our criteria, the house next door was
surveyed. A tota of 602 questionnaires were completed.

Table 1 presents some descriptive statistics. The average income in Costa Rica was
160,000 colones® per month in 1999, whereas the average income of the 10" decileis around
600,000. Our sampled income digtribution seems to fit this description, given the excluson of
low-income and rurd families from our sample. The gender composition of our sampleisagain
amply the reflection of our sampling strategy, which required the respondent to be currently
employed. Of particular interest is the extremey high number of respondents who usudly use

® 1USD corresponds to approximately 300 colones.



the car to go to work, which posses an additiona chalenge for policy-makers. A large share
of the respondents aso stated that they sometimes need the car in their line of work.

Table 1: Sample statistics

Variable Frequency
Incomein colones 0-200,000 31.6%
200,001-400,000 40.3%
400,001-600,000 18.3%
600,001-800,000 5.7%
800,001+ 35%
Gender Made 77.2%
Femde 22.8%
Usual travel mode Car 90.7%
Bus 9.3%
Car needed at work Yes 39.9%
No 60.1%

The questionnaire consisted of three parts. The first part contained a number of questions
regarding their present work trips. The second part of the survey contained the choice
experiment. Before the actua experiment was conducted, the enumerator carefully explained
each of the attributes in the choice experiment. The respondent aso received a written
summary of the attributes. The last part of the survey contained questions regarding the
respondent’ s socio-economic status and debriefing questions regarding the choice experiment.

Severd focus groups, a pilot study and discussions with experts preceded the find desgn
of the experiment. These amed at identifying the relevant dternatives, ther attributes and
redidic attribute levels required to create the profiles. Two important conclusons of these
discussions were the need to customize some of the atributes, particularly trave time and cost
per trip, and the possibility of redtricting the number of aternatives to only two: car and bus.
All of the attributes sdlected are factors that a policy maker can directly affect through, for
example, a gasoline tax or, indirectly, through contracts with the bus companies, for example.
Locd newspapers have been discussing the imperative need for a solution to the problem of
public and private trangportation. Different aternatives have been discussed and described, in
particular the program for increasing the qudity of bus services. This gave extra redism to our
urvey.

The sdlected attributes for the car dternative are: (1) operating costs, (2) trave time per
trip and (3) parking cost. The sdlected attributes for the bus dterndive are: (1) trave time, (2)
bus fare per trip, (3) punctudity, (4) distance to bus stop, (5) frequency of departures and (6)
comfort and security. These attributes and their levels are presented in Table 2.



Table 2. Attributes and attribute levels

Attribute Levels

Travel cost car, per trip | i. Same astoday, ii. 25% increase, iii. 40% increase

Busfare, per trip i. 50 colones, ii. 100 colones

Parking cost i. Free parking, ii. 400 colones per day

Traved time Car i. Same as today

Bus i. Same time as car, ii. 20 minutes longer than car, iii. 30 minutes longer than

car, iv. 40 minutes longer than car

Punctuality i. The bus is always on time, ii. The bus sometimes is more than 15 minutes
late

Distanceto busstop i. 10 minutes, ii. 15 minutes, iii. 20 minutes

No. of departures Every i. 5 minutes, ii. 10 minutes, iii.15 minutes

Comfort and security i. Same astoday, ii. The Program for Quality Improvement isimplemented

The cost per trip and travel time for the car dternative, and travel time by bus, were
customized to the current Situation and thus not presented in Table 2.° Questions regarding the
distance to work, type of fud used and the trave time by car were asked a the beginning of
the survey. The enumerator then filled in the relevant information in the choice experiment. The
cost per car trip in colones was caculated based on converson tables, which included the
percentage increase in gasoline price. The punctudity attribute was defined and explained such
thet it was not rdlated to frequency of departures. For a high frequency service, one could
argue that punctudity is not important since travelers prefer to go to the bus stop
spontaneoudy. Nevertheless, it was explained that ddays in the bus imply that for at least 15
minutes there was no bus stopping, irrespective of the frequency of departures. Thisismorein
line with the actua Stuation. The Program for Qudity Improvement, currently under study by
the government, was carefully described. If this program were implemented, it would bring an
increase in the qudity of the sarvice, including more comfortable buses, and higher security
both onboard and at improved bus stops.

The choice Stuations were congtructed with a linear D-optimd design usng SAS (see eg.
Kuhfeld, 2001). Since there are only two dternatives, we tregted travel time in terms of the
difference between the two modes. The eight attributes were combined into 24 choice sets.
These where then divided into three groups of eight choice stuations. Consequently, each
respondent answered eight choice sets. In each choice set they were to choose between going
to work by car or by bus, given the combination of attributes.

Since task complexity, learning and fatigue effects are regularly mentioned as criticisms of
this type of experiments, we conduct a test of the stability of preferences. Following Carlsson
and Martinsson (2001), a ample test was incorporated into the design. This test conssted of
surveying haf of the respondents with the choice setsin the order { A,B} and the other haf in
the order {B,A}.” A test for stability was performed by comparing the preferences estimated

® In principle, the best way to customize travel time for the bus option would have been to define
percentage increases relative to the car alternative. Nevertheless, we feared that this would be too
demanding for the enumerator and possibly for the respondent as well. The levels chosen, in terms of
absolute differences, where then the most reasonable ones, based on the results of focus groups. The
average travel time for trips to work by bus and car are 60 and 25 minutes, respectively, for the individuals
in our sample.

"“A” refersto the original first 4 choice sets, and “B” to the original last 4 choice sets in each experiment.
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for the choices in subset A, when it was given in the sequence { A,B}, with the preferences
obtained when the choices in subset A were given in the sequence {B,A}. This can be
formaly tested in alikelihood retio test between the pooled mode of the choices in subset A
and the separate groups. A smilar test can be performed for subset B. If the pooled model
cannot be rgected, we can rgect the hypothesized presence of the effects mentioned above.
Based on the standard MNL, the hypothesis of stable preferences cannot be rgjected.?

The survey aso included debriefing questions, mainly intended to identify respondents who
did not like (protestors) or did not understand the experiment. Of al 602 interviewed
individuas, 3.8% (23 individuals) expressed a negative perception or understanding of the
experiment. These questionnaires are excluded from the estimations preserted in the next
section.

6. Results

We edimate two Random Parameter Logit models (RPL), in addition to the multinomia logit
mode. The two RPL modes are: one with the attributes independently normaly distributed
and one with the attributes independently lognormdly distributed. In both RPL models the cost
attributes are kept fixed for severd reasons: (i) we wish to redtrict the cost variables to be
non-positive for al regpondents, hence a norma digtribution is not recommended, (ii) a
lognorma distribution, which would redirict the Sgn of the varigble, can result in extremdy high
vaues-of-time estimates, snce values of the cos attribute close to zero are possible (Revelt
and Train, 1998), and (iii) the distribution of the margina vaue of time issmply the distribution
of the time attribute.

The attribute “distance to the bus stop” was congstently insignificant and caused problems
with convergence for some modeds, and was therefore dropped from the andysis® Both
gpecifications included a mode specific intercept for car; in the norma specification the
coefficient is fixed, while normdly didributed in the modd with lognormaly distributed
atributes.™® Another important part of the modd is a variable capturing state dependence or
inertia in travel behavior. This variable was specified as a dummy varigble equd to one if the
respondent usualy uses the car when traveling to work. In both random parameter models, a
fixed state dependence variable could not be rgected in alikelihood ratio test. Furthermore, a
number of individud characterigtics are included as fixed coefficients. These are (i) need car,
indicating whether the respondent sometimes needs hisher own car in the line of work, (ii) the
respondent's income and (iii) the respondert’s age.

® The statistic is equal to 14.76, which is ¢ 2-distributed with 14 degrees of freedom

® This variable was not significant in the pilot study either, although it was mentioned several times during
the focus groups. We tried to change the explanation of this attribute in order to have individuals make a
trade-off with this characteristic also. There are several explanations why this attribute turns out to be
insignificant. First, the respondents may actually not see this attribute as important, or the choice
experiment may have been too difficult and therefore many respondents chose not to focus on all

attributes, including the distance to the nearest bus stop. Alternatively, it may not have been thought of
as credible that the government could actually change the distance to the bus stop by changing the
routes. If thiswasthe case, it isan important issue to consider in future applications of choice experiments
in developing countries.

 The model with normally distributed attributes did not converge when we included a normally

distributed intercept.
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In Table 3 we present the results for the three estimated models. The modds were
esimated using Limdep 7.0.2, and simulated maximum likelihood, based on Halton draws and

500 replications.
Table 3. Econometric results
MNL ogit RPL (normal) RPL (lognor mal)
Coeff Coeff.  Coeff. Std. | Coeff | Coeff Std. | Median | Mean
Constant: Car 0.098 -1.427 Fixed -0.488 25% -0.488
(0.235) (0.740)° (0.814) (0.266) (0.814)
Time (minutes): Car -0.023 -0.032 0.066 -3221 0430 -0.040 -0.044
(0.004) (0.019)° (0.012) (0.496) (0.467) (0.020)° (0.016)
Time (minutes): Bus -0.017 -0.053 0.043 -3.187 0.988 -0.042 -0.067
(0.003) (0.006) (0.006)* (0.151) (0.208) (0.006)* (0.018
Cost (colones):  Car -0.001 -0.003 Fixed -0.003 Fixed
(0.0003)* (0.090) (0.0008)
Cost (colones): Bus -0.001 -0.002 Fixed -0.002 Fixed
(0.002) (0.249) (0.002)
Parking (dummy -0.1 -0.214 1 -1 15 -0.144 -0.
king (d ) 0.190 0.2 446 935 22 0 0.460
(0.075)° (0.151) (0.204)° (0.607) (0.313° (0.088)° (0.490)
Punctuality (dummy) 0.639 1111 1.864 -0.495 1.325 0610 1468
(0.076) (0.181)° (0.228) (0.253) (0.181) (0.154) (0.701)°
No. of departures 0.031 0.006 0.240 -3.225 1.053 0.040 0.069
(units) (0.012)* (0.030) (0.030)* (0.646) (0.456)° (0.026) (0.019)*
Quality program 0.04 0171 0.357 -2.928 1386 0.054 0.140
(dummy) (0.075) (0.132) (0.312) (1.458) (0447 (0.078) (0.289)
Non-random socio-demographic characteristics
State dependence 1.755 4.300 4.266
(0111 (0518 (0.555)%
Need car at work 0.553 0.791 1043
(0.081)° (0.307)% (0.348)°
Income 0.041 0.067 0.050
(0.011)* (0.041)° (0.046)
Age -0.081 -0.0%4 -0.146
(0.035)° (0.139) (0.154)
Log-likelihood 2226 1695 1662
Pseudo R2 031 047 0.48

Standard errorsin parentheses
asignificant at 1% level

b Significant at 5% level

¢ Significant at 10% level

Columns 3 and 4 give the estimated coefficients for the mode with the attributes normally
digtributed and columns 5 and 6 for the mode with the attributes lognormally distributed. The
last two columns in the table present the estimated median and mean of b, for the lognormal

distribution. The two RPL models have a substantialy higher pseudo-R? compared to the
MNL modd. The MNL is a redtricted verson of the two RPL models, in which dl the
coefficients are determinigtic. In a likelihood ratio test we can rgect the redrictions imposed
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by the MNL modd.™ The two RPL modes give Smilar resuits in terms of the significance of
coefficient and standard deviations estimates. ** The only differences are tha the mean
coefficient for Number of departures is indgnificant in the norma modd while sgnificant in
the lognorma modd, that the edtimated standard deviation for Travel time by car is only
ggnificant in the norma modd and findly that the estimated standard deviation for the Quality
program is only ggnificant in the lognorma modd. Mog of the standard deviations are
ggnificant, reflecting heterogeneity in the underlying preference dructure. There is a
fundamentd difference between the two Random Parameter Models in this respect. The
lognorma didtribution ensures thet dl individuas have the same coefficient sgns, while the
norma digtribution implies that some individuas will have the opposte coefficient Sgns. Since
the estimated standard deviations are large relative to the estimated mean coefficients in the
RPL mode with normad digtribution, a relatively large fraction of the respondents actualy has
the reverse sgn of the preference for the different attributes. This is perhaps not a desirable
feature of the modd and as such, ajudtification for preferring the lognorma modedl.

In the lognorma modd, al attributes except the Bus fare, the Quality program and
Parking, have significant mean effects™ The rdative importance of the level-of-sarvice
attributes is reveded by the estimates of the mean in columns (3) and (8) for the normd and
lognorma models, respectively, for those atributes that share the same unit of measurement.
For example, Punctuality has rdatively a much higher mean effect on the utility derived from a
bus trip than the Quality program.

For the car mode, Travel time and Cost per trip are the Sgnificant determinants of the
mode choice. It is surprising that Parking cost is not sgnificant, given our discussion in section
2. A possble explanation for this result is thet the levels presented in the experiment might
have been regarded as too low. The definition of the levels for the parking attribute proved to
be an evasive task throughout the congtruction of the experiment. Although parking in the city
can be regarded as freg, there is an informa system of car-watchers (mostly children and
indigents) who charge a fee for their service. For the bus mode dl aitributes except for the
Cost per trip and the Quality program are dgnificant determinants of the mode choice,
athough Number of departures is not sgnificant in the norma modd. This indicates that the
important characterigtic of the bus modeisthe overdl travel time.

An important varigble in our modd is the State dependence varigble, which is highly
ggnificant. This varigble captures a srong inertia in the use of the car for those individuas
dready usng it, and it has important policy implications. Another way in which we model
heterogeneous preferences is by including socio-demographic information about the
respondents. As expected, those individuals who sometimes need the car at work are more
likely to choose the car mode in the choice experiment. In the MNL model, both the income

" For the RPL (normal) and RPL (lognormal) models, the test statistics are 1062 which is ¢ 2-distributed with
6 degrees of freedom, and 1128 which is ¢ ?with 7 degrees of freedom, respectively.

2 The significance of the constant term (b,) in the log-normally distributed coefficients is not reported
since the only reasonable test of significance for this parameter is atest of negative infinity. In any case,
the standard errors of these estimated coefficients are small compared to the parameters.

 For large samples, and under quite general conditions, the sample mean of a sequence of random
variables converges to a normal distribution even though the parent distribution is not normal. A one-tail
t-student test can therefore be applied on the means to test the hypothesisb™" =0, versusb™" > 0.
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and the age of the respondent are highly sgnificant. This sgnificance is reduced in the RPL
models. The positive coefficient for income isin line with other studies that expectedly indicate
that higher income individuds are less likely to take the bus, since they experience a higher
cogt of traveling time.

7. Analysis of Results
In this section we explore the responsiveness of moda choice to changes in the attributes. The
mog interesting issue is to determine which attributes are more likely to affect the choice of
transport mode. For this purpose we calculate the aggregate eladticities and margina effects
for each atribute and we estimate the vaue-of-time for each mode. Reduced congestion not
only reduces emissons, but also reduces travel time for both car and bus users. The estimates
of the vaue-of-time provide information about the potentia gains from such policies. The
benefits from shorter travel time may actudly be as important as the benefits from reduced
emissons.

Since the two different RPL models give amilar dadticities and margind effects, we only
report the results for the modd with the attributes having a lognormd digtribution. The
disaggregate direct and cross elagticity for attribute x; for individual g is given by

YO b P, 1b)] ot B -
1-l‘Pq(J) Xiq N . . ﬂUiq Xiq

= b)P.(i |b f(b)db
W, Ry 00 IPRERG HOREE

The aggregate eadticities are computed as a weighted average of the individua dadticities
using the choice probabilities as weights (see BentAkiva and Lerman, 1985). Table 4 reports
the estimated easticities and margind effects™

Table 4: Average elagticitiesand marginal effects (times 100) for the car and bus
modes. RPL modd with Lognormal distribution

Average Elagticities Average mar ginal effects
Direct (Car) | Cross(Bus) | Direct (Car) | Cross(Bus)
Increasein travel timefor the car mode -0.093 0.319 -6.854 8.282
Increasein cost per car trip -0.064 0.219 -4.613 6.027
Increasein parking costsfor car -0.020 0.069 -1516 1673
Cross (Car) Direct (Bus) | Cross (Car) Direct (Bus)
Decreasein travel timefor the bus mode -0.136 0.468 -9.855 12813
Decreasein cost per bustrip -0.014 0.049 -1.055 1.239
Increasein punctuality -0.059 0.202 -4.280 5461
Increasein frequency -0.047 0.161 -3524 3.964
Increasein quality -0.006 0.022 -0.467 0.551

¥ Parking, punctuality and quality are dummy variables, so the reported elasticities and marginal effects

are only approximations.
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The dadticities and margind effects are generdly low, mainly due to the effect of date
dependence and the limited adjustment to the policies permitted in our study, due to the
assumptions of given number of trips, and fixed origin and destination. Thisis expected, and is
in line with other smilar studies (see for example Bhat, 2000 and 1998; and Swait and
Eskeland, 1995 for a LDC gpplication using reveded preference data). Travel time for bus
and car have the highest eadticities and margind effects. A hypothetical 10% decrease in
average travel time by bus (corresponding to an average reduction of 6 minutes) would reduce
the probability of car use by 1.36%.

The dadticity and margind effect of the cost per car trip is much higher than the dadticity
and marginal effect of the cost per bus trip, and parking cost is less important than both cost
per car trip and per bus trip. As we have discussed before, punctudity and frequency of the
bus service both have a larger impact on the choice of mode than the Quality Improvement
Program. This is dso an indication of the importance of travel time, snce frequency and
punctuaity have and impact on overdl travel time.

Our andysis dlows us to reach severd conclusions from a policymaking perspective. First,
the modd shows an important inertia in travel behavior. The car mode certainly has severd
advantages in terms of comfort, travel route timing flexibility and safety, among others, and our
results confirm that breeking the travel pattern of a car user is difficult, abeit not impossble, as
is commonly believed in Costa Rica. A reduction in travel time for the bus mode emerges as
the mogt important element in a program amed at attracting commuters towards public
transport and away from the private mode. Consequently, measures such as exclusve bus
lanes, faster and more accurate connections and traffic light priority, can have an impact on the
use of private trangport. On the other hand, subsidized bus fares seem to have very low
effectiveness according to our analysis. Subsidies should instead be linked to better service,
particularly regarding punctudity and frequency of departures, which further reduce overdl
travd time. Alternatively, the low direct dadticity of bus fares indicaes the feashility of
cregting a bus system that is more expengive, but faster and with better service, which would
target the middle class travelers sampled in our study. Of the monetary incentives that could be
used to discourage private transportation, increases in parking costs at work do not seem to
be as effective as expected. Its mean effect is not sgnificantly different than zero, and the
eladticity of car use with respect to parking costs is correspondingly very low. Due to the
reasons mentioned in the previous section, we prefer not to draw a strong conclusion from this
result. On the other hand, contrary to public perception, increases in cost per car trip do have
an effect on moda subgtitution, dthough this effect is rather smal.

Findly, the (average) margind value of time is caculated as the ratio of the coefficient for
travel and the coefficient of travel cost by car. The vaue of time is related to the vaue of
working time for individuas traveling to work. In our sample, the average wage per hour is
around 2,000 colones. Table 5 reports the estimated average margind vaues of time for al
three models. The confidence intervals are based on 9,000 replications of the Krinsky-Robb
(1986) method.
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Table 5: Average Value of Time, 90% confidence interval

MNL RPL (normal) RPL (lognormal)
Mean Median
Value of timein bus (col/hour) 949 1005 134 856
(602 - 4640) (666 - 1820) (795 - 3109) (536 - 1715)
Value of timein car (col/hour) 1291 614 908 827
(534 - 2806) (27 - 1878) (441 - 3171) (291 - 2952)

The differences between the two Random Parameter Models become clearer here. Due to
the assumption of a log-normd digribution, the esimated mean vaue-of-time is higher in the
lognorma mode compared to the norma modd, in particular for the vaue of time when
traveling by bus. The willingness to pay for reduced travel time in both modes is high, around
40 to 50% of the average hourly wage in our sample. This is in line with previous studies
(Small, 1992). Further, the confidence intervas are very large, in particular for the lognormd
mode. In the Random Parameter Models, the willingness to pay for reduced trave time is
higher for the bus mode than for the car mode. This result is expected since the disutility of the
time spent traveling by bus is likely to be higher. These results show that reductions in travel
time due to reduced congestion can have substantia benefits for our sample population.

8. Conclusion

In generd, the results indicate that modd subgtitution is senstive to the characteristics and
performance of each mode. In particular, travel time for both modes and travel cost for car are
the most important determinants of mode choice. Our estimates for the average dadticities and
margind effects are rather amal. Thisisin line with other sudies, and is partly the result of their
short run perspective. Since the am is to determine which characteristics are more relevant to
achieving a switch from private to public modes of transportation, we rather concentrate on
the relative importance of each attribute. We therefore conclude that a program aimed at
reducing congestion and pollution during pesk hours should focus on increasing the cost of
private trangport and providing faster and more rdliable public trangport. The posshility of
separaing public transport by creating a paralel service that provides a more expensive but
fagter sarvice, is one potentia aternative to detract customers from private trangportation. As
mentioned in section 3, the Costa Rican government is currently redesigning the system of
public transportation. Our study sheds light on the most important features required by that
system if it is to atract travelers from private modes. Specificaly, specid emphasis has to be
put on designing routes and exclusive bus lanes, and providing traffic priority for buses, faster
connections, and more frequent and religble departures, among other measures intended to
reduce travel time. Findly, our estimates of the willingness to pay for reduced travel timein
both modes show that large benefits can be obtained from a program aimed at reducing
congestion.
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