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Does Individual Capability Influence Travel Time Ex-
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Travel time saving has been thought as the major benefit of transport investment in cost-benefit analysis
in many developing cities. However, it has been criticized that the transport project evaluation based on
travel time saving can lead to unequitable results. For example, a positive association between individual
capability and travel time expenditure indicates that travel time saving might be benefical mainly for those
who are more capable. In this study, we empirically examine the association between individual capability
and travel time expenditure in 17 developing cities by using person trip survey data collected by JICA. We
further explore the mechanism how the capability affects travel time expenditure with a particular focus on
mediation and moderation effects through residential location choice. As an initial step to understand the
mechanism, mediation and moderation models are developed by using the person trip survey data collected
in Hanoi (Vietnam) in 2004. The results indicate that controlling residential location choice in identifying
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the association between individual capability and travel time expenditure is crucial.
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1. INTRODUCTION

Cost-benefit analysis is widely used before imple-
menting infrastructure development such as roads,
railways, harbors, and so on. It is widely known that
the results of cost-benefit analysis depend highly on
which benefits are taken into consideration. Recently,
in developed countries, in addition to the existing
basic benefits such as travel time saving, the social
benefits such as improvement of education, health,
and welfare have been discussed. On the other hand,
such social benefits have been little discussed in de-
veloping countries. Given that improvement of trans-
portation infrastructure leads to better occupation and
access to educational opportunities, it is desirable for
developing countries to evaluate social benefits as
well. One possible starting point is to consider the

role of capability introduced by Sen (1987) @ in
quantifying benefits from infrastructure investment.
Capability is an approach focusing on living stand-
ards, which is an attractive approach in temrs of con-
sidering actual social welfare evaluation. In this re-
gard, Chikaraishi et al. (2017) ® considered the in-
fluence of capability on traffic behavior theoretically
and empirically in Mumbai, India, and pointed out
the problem of existing ex ante assessment focusing
on travel time saving from the viewpoint of fairness
through showing the positive correlation between ca-
pability and travel time expenditure. This indicates
that the higher the capability is, the individual travel
time expenditure tends to become larger, indicating
that those who are more capable could obtain the
greater benefit from travel time saving. On the other



hand, it is pointed out that cost benefit analysis focus-
ing only on travel time saving makes it difficult to
take enough benefits for low capability group. Karel
et al.(2017)® identified five equity effects to analyze
the fairness of the results of the cost-benefit analysis
and each of them showed that transport projects serv-
ing the high capability people are highly likely to per-
form better in CBA than low capability people. How-
ever, the analysis in Chikaraishi et al. (2017) ® only
focuses on a limited situation where sufficient activ-
ity opportunities (jobs, educational institutions, etc.)
exist in surrounding areas in the slum of Mumbai. In
addition, only the correlation between capability and
travel time expenditure is analyzed, and the mecha-
nism of the correlation is not considered. Therefore,
this study firstly analyzes the association between ca-
pability and travel time expenditure in 17 developing
cities using the data of person trip survey which are
conducted by JICA to confirm whether the the corre-
lation between capability and travel time expenditure
exists in a more general setting. Then, the mecha-
nisms how capability affect travel time expenditure
with considering indirect (moderation) effects is ana-
lyzed with the aim at improving the hypothesis stated
in Chikaraishi et al. (2017) @,

2.DATA OVERVIEW AND PRELIMINARY
ANALYSIS

In this analysis, the person trip survey data in 17
developing cities collected by JICA (Japan Interna-
tional Cooperation Agency) are used. Tablel shows
basic information of the data.

Table 1 Basic information of data

City Year No. of Sample No. of Trip No. of Population
Tripoli 2000 3,608 7,615 330,900
Phnom Penh 2000 18,664 40,369 1,152,000
Damascus 1998 38.490 81,698 3,078.190
Manila 1996 231,889 471,035 9.454.000
Chengdu 2000 31.188 70,199 3.090.000
Managua 1998 24,854 54,138 1,200,000
Belem 2000 24,043 59,529 1,782,394
Bucharest 1998 87.792 169.069 2,150.000
Cairo 2000 136,070 268,360 14,400,000
Jakarta 2000 423,237 1,083,280 | 20,964,000
Kuala Lumpur 1997 80.560 218,460 1,390,800
He Chi Minh 2002 27.412 71,890 7,785,000
Hanoi 2004 63,716 188,949 2,355,000
Lima 2004 115,728 270,384 7,995,000
Dar es Salaam 2008 11,200 22.950 2,487,000
Da Nang 2010 18.171 52,694 890.000
Ulan Bator 2009 16.196 40,995 885,000

For a preliminary analysis, poor people and
wealthy people are defined by the seven indicators
(car ownership, motorcycle ownership, household in-
come, education standards, occupation, housing pos-
session and license hold) which are used to quantify
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the capability. Table 2 compare travel time expendi-
ture between poor and wealthy people. Downward ar-
rows indicate that the travel time expenditure of the
wealthy people is more than that of the poor at the 5
percent significant level, and bold-type allows indi-
cate the difference of travel time expenditure is 10
minutes or more. Generally speaking, significant dif-
ferences of travel time expenditure between poor
people and wealthy people are confirmed in most of
the cities through almost of all indicators, and
wealthy people tend to travel more compared to poor
people.

Table 2 Difference of travel time expenditure
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3. ANALYSIS OF RELATIONSHIP
BETWEEN CAPABILTIY AND TRAVEL
TIME EXPENDITURE

In order to analyze the relationship between capa-
bility and travel time expenditure in 17 developing
cities, the capability index is constructed through
principal component analysis of seven indicators
used in preliminary analysis with reference to the
concept of capability indicated by Sen (1987) @ as an
index for living standards. Table 3 shows the analysis
result of relationship between capability and travel
time expenditure in 17 cities. The horizontal axis is
capability and the vertical axis is travel time expendi-
ture, and the correlation between these two indices is
expressed using correlation coefficients. When the
correlation efficient is 0.2 or more, it is indicated by
a yellow marker as a mark showing a significant dif-
ference between travel time expenditure and capabil-
ity. As aresult, it is found that significant correlations
between the two indicater are confirmed only for four



cities (Managua, Bucharest, Hanoi and Ulan Bator).
The result shows that the association between capa-
bility and travel time expenditure are not really clear,
indicating that the mechanism causing the association
may not be so simple as Chikaraishi et al. (2017) ®
explain. The following section attempts to provide
more richer explanation on the association by consid-
ering a number of potential indirect effects.

4. STRUCTUAL EQUATION MODELING

In order to consider the mechanism how the capa-
bility influences the travel time expenditure, we em-
ploy the path diagrams with considering indirect ef-
fects, and check the performance of each model by
using a structural equation model. As an initial step,
mediation and moderation models are developed by
using the person trip survey data collected in Hanoi
in 2004. We used 17 cities data in the past analyzes,
but in this analysis, we use only the data in Hanoi due
to data constraints. It is hypothesized that the capa-
bility does not only have a direct effect on travel time
expenditure, but also have an indirect effect - popu-
lation density of residential location. The hypothesis
of path diagram among capability, density and travel
time is as shown in Fig. 1 and Fig. 2.

In the mediation model shown in Fig.1, we assume
that the population density of residential location is a
proxy variable of activity opportunities which exist
in the surrounding area. The greater the population
density of the residential location, the more various
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functions for living will be there. The area with vari-
ous opportunities are attractive for many people,
while the living cost may be higher than the other
area ingeneral, making the place mainly for the rich.
Thus, residential sorting would happen by the level
of capability. This would be one of the potential rea-
sons why we could not observe the clear association
between capability and travel time expenditure.

Also, since the population density is linked with
various functions and activity opportunities in the
surrounding area, the number of trips and travel dis-
tance would be affected by the population density. If
there are sufficient activity opportunities around the
residential area including occupation and educational
institutions, the travel time from home to the activity
place will be short, and vice versa. Hence, there
would be the association between the population den-
sity and travel time expenditure. Based on these con-
siderations, we hypothesize that the association be-
tween capability and travel time expenditure is medi-
ated by population density.
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Figue 1 Path diagram of mediation model

Table 3 Result of relationship between capability and travel time expenditure in 17 cities
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Another possible hyposthesis on the role of popu- Table 4 Result of SEM (Mediation model)
lation density is that the population density moder-
ates the association between capability and travel
time expenditure. Fig.2 illustrates such a situation. In
the moderation case, we assume that less capable
people basically want to reduce travel time as much
as possible to allocate more time to income-generat-
ing activities. This indicates that, the amount of ac-
tivity opportunities in the surrounding area would be
a crucial factor determing travel time: they may be
able to reduce travel time dramatically if they live in
the urban core, while it would be very long if they
live in the place with less job/education opportuni-
ties. On the other hand, since the rich may have more
non-income-generating (e.g., leisure) activities, their #*p<0. 05, **p<0. 01
travel time may depend less on population density.

£

- : Cm Llcense Llrense lnmme Denszty
Car 311“? Density
License | | License || Income

0 173 0.571** O 474**
\

—m

Education \ - Ca abilit B ———— [
-;,h _,?’ _,_y,/ f %z»‘ms o567 !
7 ;‘ l g House €
ouse Bike po T m
! :. I : ! !
& &
£ £

Figue 2 Path diagram of moderation model Figue 3 Result of Path diagram (Mediation model)

Based on the above considerations, we develop Table 5 Result of SEM (Moderation model)
mediation and moderation models based on structural
. . . Capability
equatlon m_Ode“ng (SEM) In the anaIySI_s’ Wwe con- Explanatory Variables Parameter S. E p
sider capability as a latent variable explgained by ob- Number of Motorbike 1. 000 0-000
servation variables such as car ownership, and occu- Number of Car 0.035 o.001  *
pation and educational level. fneome 0201 o-oon
. . . Education Level 3.567 0.044  **
Firstly, Table 4 shows the estimation result of the Oceupation 0243 T
mediation model. Table 4 shows that the influence of Ownership of House 0,029 0.002
population density on travel time expenditure is neg- Car License 0035 0.002
- - - ap Motorbike License 0.537 0.006
ative, while the influence of capability on the popu- P o S E
|atI0n denSIty |S pOSitlve Capability — Travel Time 0.186 0. 007 **
Secondly, Table 5 shows the estimation result of Density — Travel Time -0.921 0.097 **
moderation model. Figue 4 illustrates the path dia- Capablity* Density 'T“’S”‘ T“’”‘; . %MO' 196 0210
gram of the model. We confirm the positive moder- Lon Mt 268, 085, 70
ating effects of population density. AIC = 536, 225. 40
_ As aresults of SEM, the model using the popula- 56%p<0. 05, **p<0. 01
tion density of the residential location indicated that
all passes are significant, and it was confirmed that i
the population density can be used as both moderator ‘

and mediator which affects the relationship between
capability and travel time expenditure.
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Figue 4 Result of Path diagram (Moderation model




5. CONCLUSION

In this research, we first analyzed the association be-
tween the capability and travel time expenditure in 17
developing cities by using JICA person trip data. We
then explored the mechanism how the capability af-
fects travel time expenditure with a particular focus
on mediation and moderation effects through residen-
tial location choice. As the estimation result of the
moderation model, the influence of population den-
sity on travel time expenditure is negative, while the
influence of capability on the population density is
positive. In addition, as the estimation result of mod-
eration model, the positive moderating effects of pop-
ulation density was proved. Thus, the developed me-
diation and moderation models by using Hanoi per-
son trip data indicate that controlling residential loca-
tion choice in identifying the association between in-
dividual capability and travel time expenditure is cru-
cial.
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