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ABSTRACT

Using three different proposals made for Jakarta during 1988-1992 as a case study, this work
investigates the formulation of mass transit system proposals in Jakarta with the objectives of
comparing alternative transportation demand modelling methods, assessing their strengths and

weaknesses and recommending the most suitable ones to be adopted. The results indicate that,

in the general context of developing countries and for pre-feasibility level, simple methods and

models still seem more appropriate due to the lack of reliable data and expertise, fast changing
developments and high uncertainties. Despite the development of new models and methods in

developed countries, their application in developing countries might need to be adjusted and

simplified due to the different environment. More specifically. each study has its own strengths
and weaknesses, therefore their combination might resulits in better outcome.

I. INTRODUCTION
1.1 Background

It is well-known that there is a very close
relationship between the provision of trans-
portation system infrastructure and the de-
velopment of urban structure and fand use.
Given the current worldwide transportation
problems such as increasing traffic con-
gestion and energy crises, there is a fast
growing interest within large conurbations in
developing countries in providing public
transport in effective and cfficient forms
such as mass transit systems (Fouracre ef
al, 1990).

However, the success of the adoption of
mass transit is also influenced by, and re-
sults from, a good planning stage as well, It
can be argued that the sclection of the
system to be adopted is also dependent on
the demand modelling method used in the
preparation of the proposal, especially re-
lated to the prediction of the transport de-
mand level and the capacity of the system
which is required to accommodate it. All-
port and Thomson (1990) reported that the
performance of some new mass transit sys-
tem in developing cities was unsatisfactory
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duc to the mistakes made in the planning
stages, such as patronage overestimates.

Jakarta, which has been suffering for many
years with similar transportation problems
to other large developing cities due the very
rapid cconomic development which increase
the demand for the movement of people and
goods, which then cannot be accommodated
on the cxisting transportation system, has
conducted many studies in order to find ef-
fective and affordable solutions such as The
Jabotabek Railway Development Master
Pian (JRDMP) in 1982, The Arterial Road
System Development Study (ARSDS) in
1987, The Integrated Transportation System
Improvement (ITSI) in 1990, The Trans-
portation Network Planning and Regulation
(TNPR) and The Jakarta Mass Transit Sys-
tem (JMTS), all in 1992,

Of the studies mentioned above, three (ITSI,
TNPR and JMTS) had similar objectives
and were carried out at almost the same
time, using the same basic data sources.
However they presented proposals that dif-
fered substantially from each other. All three
studics adopted different  methodologies,
which resulted in different socio-economic
and trip demand forecasts, and recommend-
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ed alternative nctworks and corridors for
development, as well as the proposed tech-
nology to be adopted, as shown in Figure
1.1. Thus, the ITS! study proposed a system
that relied mainly on heavy rail technology
in combination with other still undefined
modes (but probably light rail transit), the
TNPR study proposed a system that com-
bined bus ways with both heavy and light
rail, while the JIMTS study proposcd a com-
bined system of light and heavy rail tech-
nologies.

Using this situafion as a case study, this
work intends to compare and assess the suit-
ability of the models used in each of the pro-
posals in the context of a developing country
such as Indonesia. Each study team adopted
transport planning methods originally deve-
loped and commonly used in the developed
world. Thercfore, the appropriateness of the
application of these methods to a developing
city like Jakarta can also be assessed, bear-
ing in mind that dissimilar conditions in dif-
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ferent countries could lead to unsuitable mo-
dels being adopted, unless they are modified
or simplified.

1.2 Work program

In order to achieve the research objectives,

the following work program was set up :

1. Review the three studies and their me-
thodologics to seck explanations for the
divergences which occurred in terms of
the methads or models used and the
forecasting of results.

2. Compare the methods and the results of
the threc studies based on both theo-
rctical and practical application points
of view, using a descriptive and gquali-
tative analysis framework. Also, more
recent data and information are used for
comparison.

3. Draw conclusions and reconunendations
which could be used as lessons for the
future in other citics in Indonesia or
clsewhere.

ITS1

Figure 1.1 Alternative network proposals
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1.3 Data and limitations

The data used for this research consists of
primary data (obtained from surveys or di-
rect observation in the ficld) and secondary
data (obtained from the original proposals
and other relevant studies or reports, and
from computer data files used in JIMTS and
TNPR).

Due to difficulties in obtaining all of the
data required from the original studies or
from the direct surveys, much of the work is
based on data from just one of the studies
which was then assumed to be valid for
other studies as well.

H. REVIEW AND COMPARISON OF
THE THREE STUDIES

2.1. The authorisation and terms of re-
ference of the studies

Of the three particular studies concerned,
ITSI was conducted under the direction of
the Railway Authoritics, whereas TNPR
was executed under the direction of the Di-
rectorate of Urban Transportation. Finally
JMTS was conducted under the direction of
the Ministry of Research and Technology.

The detailed terms of reference of each stu-
dy varied due to the different commission-
ing authorities and their different points of
view and responsibilities. However, all three
studies were instructed to recommend a
system that should take into account, and be
fully integrated with, the existing public
transport system and the available infra-
structure.

ITSI was carried out as the follow-up to the
JRDMP in 1985, with the objective to for-
mulate an Integrated Transportation System
plan in the Jabotabek Area, to enhance the
role of the railways and to provide links with
road transportation and metropolitan deve-
lopment plans. TNPR was undertaken as a
part of the Jabotabek Urban Development
Project, with the special task to investigate
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future levels of travel demand in and around
the study arca and identify an appropriate
set of possible mass transit routes and ser-
vices which could meet the requirement of
forming a comprehensive integrated mass
transit network. Finally, JMTS was con-
ducted as a pre-feasibility study in order to
propose a suitable system for a mass transit
system in Jakarta based on an integrated
network, and to identify a priority ranking of
the projects to be investigated in more detail
in a feasibility study.

2.2.  Overview of the methodology of the
studies

In terms of the whole planning process, the
general structure of their methodologies can
be represented as shown in Figure 2.1. The
planning process started by reviewing the
trip demand from the available ARSDS data
and the result of surveys carried out in the
studics, which was then updated and
adjusted in accordance with the planning
framework of the studies and the current
socto-economic data. At the same time, an
inventory was made of the existing trans-
port network. This, in conjunction with the
planning framework, was used in the trip
demand modelling and in formulating stra-
tegies. Next, the pre-selected strategy op-
tions were fed into the trip modelling pro-
cess to find the most suitable strategy to be
rccommcended. This process was carried out
iteratively. In an almost parallel work, the
accompanying measures to ensure the suc-
cess of implementing the strategy were also
investigated and put into the demand mo-
delling process (e.g. through the inclusion of
traffic restramt in the model).

2.3 Planning framework

2.3.1. Horizon year

All three studies used different horizon
years, although they all based on long term
strategies of 20 - 30 years ahead. The hori-

zon year in I'TSI was 2005, in TNPR 2010
and in JMTS 2015, In this aspect,the shorter
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Figure 2.1 General methodological structure of the three studies

horizon in ITSI (less than 20 ycars) was
perhaps due to the fact that it was essential-
ly a continuation of the previous JICA stu-
dy and might be followed by other studies,

2.3.2. Zoning system

The zoning system for all three studies were
mainly based on administrative structures.
The ITSI study used the old structure {be-
fore 1987), with 113 zones (90 for Jakarta
and 23 for Botabek) based on villages,
whereas TNPR and JMTS used the new
structures with TNPR based on villages
{190 zones, 146 for Jakarta and 44 for Bo-
tabek) and IMTS based on the sub-regen-
cies (59, i.e. 42 for Jakarta and 17 for Bota-
bek). The external boundaries in all studics
were the same, but some internal zonc
boundaries were different, cspecially bet-
ween ITSI's zones and the other two. Each
JMTS zone consists of one or more TNPR
zones, 1.e. aggregated from village level into
sub-regency level, thus they are both compa-
tible. However, somce of the ITSI zones are
included in different JMTS or TNPR zones
and the degree of overlap, between them is
approximately 80%.

In this respect, ITSI's zone system would be
more difficult to check against the current
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situation and future developments. There-
fore, its planning results would also be diffi-
cult to revise or adjust. The more detailed
zone system used by TNPR might be better
than the other two since it can give finer re-
sults; however, it needs more data and ana-
lysis as well as more complicated calcula-
tions or cstimations. On the other hand,
JMTS used a rather coarse zoning system
based on sub-regencics in the new admi-
nistrative structure, which has certain ad-
vantages due to its rclative simple system.
However, some of their intra-zonal trips
could be lost due to the level of aggregation.
However, this defect was partially overcome
by using the TNPR zone system for fine
tuning its demand model! calibration.

For more advanced stages of the plan, a
more dctatled zone system would be re-
quired to model the strategy more precisely.
For example, in the basic design stage, the
number of zones used was 198 (see Halcrow
Fox, 1996).

2.3.3 Urban structure, spatial distribu-
tion and land use development

All three studies bascd their approach to

these aspects on the Jakarta and Jabotabek
Master Plans. However, in their analysis
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they emphasized diffcrent points to back up
their development scenarios,

In ITSI, the conceptual population distribu-
tion up to 2005 was concentrated in areas to
the west and cast of Jakarta. A multicore
structure with eight activity centres was pro-
posed for work places, all to be developed
around railway stations. Large and medium
industries were to be located or relocated
downstream of Jakarta, whilst small and
home industrics would be dispersed into
neighboring residential areas. In TNPR, the
future development scenarios defined by the
Jakarta Masterplan 2005 were fully adopt-
ed, taking into account some rapid develop-
ment in certain areas such as Blok M, Setia
Budi (Golden triangle) and Kemayoran, Ac-
cording to JMTS, the rapid development of
some areas in Jakarta would lead to a
change of function from residential into
business areas with consequent depopula-
tion. In the Botabck region, the develop-
ment would be restricted along the border of
Botabek in the vicinity of each city. The dif-
ferences in these assumptions led to different
zone growth factors for example and, subse-
quently, different trip distribution patterns,
as observed in the three studies.

2.4 Exogenous factors
2.4.1 Population

The population forecast from all three stu-
dies are shown in Figure 2.2 for Jakarta and
Figure 2.3 for Jabotabek (some inter-medi-
ate figures were extrapolated due to incom-
plete information obtained). They show that
there are large differences about the predict-
ed future populatio for Jakarta resulting
from different data sources and development
scenarios assumed. TNPR gave the highest
predictions, and JIMTS the lowest. However,
for Jabotabck as a whole, the trend was al-
most the same except for ITST which gave a
lower growth rate.

The ITSI study based its population fore-
cast on the 1987 Indonesia Statistical
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Year Book and the 1981 Population census.
In TNPR, the data sources used were Zonal
registration data in 1985, the Jakarta Struct-
ure Plan evaluation team for 1987 and 1988
and the SUPAS (Intercensal) population to-
tal for 1985, and also the report of the stu-
dy "The Demography of Jakarta in the
1980s". This last report gives forccasts to
2005 under various scenarios of fertility and
migration. TNPR chose a low fertility and
high migration scenario and extrapolated it
to 2010. Forecast of the number of house-
holds in each zone were based on the 1988
average houschold size obtained from the
Jakarta Evaluation Team estimates. These
estimates were used with population esti-
mates to obtain the estimated number of
household by zone.

IMTS conducted its population study based
on the census data from 1970, 1980 and
1990. In their analysis, partly based on past
trends, three different scenarios were creat-
ed, i.e. the best, middle and worst case sce-
narios. The middle case scenario, which was
chosen for further analysis, is similar to the
best scenario (i.e. based on the assumption
that the family planning programme would
be successful, that the in-migration to Jakar-
ta would decline and that the out-migration
from Jakarta to Botabek would increase) but
fertility decline would be less rapid and the
predicted migration flows were slightly dif-
ferent. JIMTS then used different appropriate
forecasting parameters for Jakarta and Bota-
bek to consider the different development
level of the capital and the surrounding area.

Looking at this condition, the differences in
data sources and forecasting methods used
made the predicted populations very differ-
ent from each other. However, in terms of
methodology, JMTS seems better than the
other two since it developed its own more
rigorous model, and was also partly based
on, or checked by, the latest census of 1990,
This study also has another strength in that
it considered three different scenarios (best,
middle and worst).
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Figure 2.2 Population of Jakarta 1980 - 2015
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Figure 2.3 Population of Jabotabek 1980 - 2015
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Figure 2.4 Employment in Jakarta 1980 - 2015

By contrast, the weaknesses of the other forecasts from the special study of the De-
study methodologies were mainly in their mography of Jakarta in the 1980s report (in
basic procedure of following past trends TNPR}), without taking into account more
obtained from forecasts of the Bureau of recent developments such as the effect of
Statistics (in ITSI) or rather out-of-date family planning, migration trends etc.
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2.4.2 Employment

The employment forecast from all three
studies can be seen in Figure 2.4. It
shows that ITSI and TNPR have a very si-
milar trend, whereas JMTS gave a far low-
er predicted growth forecast.

According to ITSI, the labor force in Jakar-
ta grew at an annual rate of 4.85% between
1980 and 1985. In TNPR, the number in
employment in the base year (1985) was
based on the SUPAS (intercensal) data for
1985. They represents an average annual
predicted growth of 4.3%. In JMTS, the
employment forecast was made by using a
combination of two approaches, viz.: the la-
bor force and economic approaches, The la-
bor force approach was applied to analyze
and forecast the total cmplovment figures,
whereas the cconomic approach assesses the
total figures gaincd from the labor force ap-
proach and analyzes employment by speci-
fying the role of the basic economic sectors.

In comparing of this aspect, IMTS seems to
do better by combining two approaches into
its forecasting method, whercas the other
two studics mainly tended to use only eco-
nomic trends. As a whole, based on the pre-
dicted future employment, it was found that
TNPR again gave higher figures than the
other two studies. To some extent this situa-
tion might simply be explained by the fact
that a higher population ought to lead to
more employment, although this is not al-
ways the case and there is another possibi-
lity of employees commuting in from other
areas,

2.4.3 Income distribution

The analysis and forecast of income distri-
bution, were carried cut rather differently in
each study. In ITSI, the analysis was based
on houschold expenditure data obtained
from the 1984 National Social Economic
Survey (SUSENAS). In TNPR, the best
available estimate of per capita expenditure
for Jakarta for 1985 was also based on
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SUSENAS in 1985. In JMTS, the income
growth in Jakarta between 1980 - 2015 was
estimated to be 2.7% p.a. The forecast dis-
tribution of income groups and their trend
was predicted to change, with the percentage
of low incomes decreasing and the percent-
age of high incomes in-reasing.

In this case, in 1TSI, no further informa-
tion was available about the forecasting of
future income or expenditure, and this as-
pect was represented by economic develop-
ment in terms of GRDP. On the contrary,
the TNPR approach can be compared with
JMTS, resulting in a general conclusion that
based on the distribution of the population in
various income groups, JMTS was more
optimistic in predicting the percentage of
population with a high income.

2.4.4 Vehicle ownership

Figures 2.5 and 2.6 show the forccast
number of passenger cars and motorcycles
in Jakarta from 1985 to 2015. For cars,
TNPR had the highest growth rate. For mo-
torcycles, ITSI predicted the highest num-
ber whereas the TNPR prediction increased
from the lowest to almost the same as IMTS
by 2010. It should be noted that the dif-
ferences in the actual predicted numbers of
vehicles were also caused by different
starting points resulting from various data
sources, which have divergent records of
registered vehicles for unknown reasons.

In ITS], using the Jakarta Masterplan 2005
report as its source, the ownership of pri-
vate vehicles (passenger cars and motorcy-
cles) was predicted to grow at a rate of 4 to
5% p.a. until 2005. The private vehicles was
expected to reach the level of 2 million in
vear 2005, In TNPR no source of data was
mentioned; however, the study considered
that it was not possible to develop realistic
model of vchicle ownership due to the poor
data available. Therefore, it was decided to
incorporate the joint effect of income and
vehicle availability.
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Figure 2.6 Number of motoreycles in Jakarta 1985 - 2015

The income distribution mode! was used to
forecast the changing proportion of house-
hold with access to private vehicles. Then
for the forecast year of 2010, the average
proportion of houschold in each of the four
vehicle availability groups, which was as-
sumed constant over time, was distributed to
forecast income groups. In JIMTS, the study
found that there was a very close cor-
relation between the growth of the GRDP
per capita and the growth of the number of
passenger cars or motorcycles per thousand
inhabitants. Therefore the prediction of ve-
hicle ownership was based on the forecast of
economic growth. In their forecast for the
number of car in Jakarta, two scenarios
(high and low) were adopted, the former
being mainly based on current trends
whereas the latter considered the capability
of Jakarta to accommodate the maximum
number of cars.
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Looking at their methodologics, the JMTS
stady seem somewhat better. The forecast
results in Figures 2.5 and 2.6 show that the
TNPR scenario was the most optimistic in
predicting a larger number of passenger cars
and motorcycles in the future.

2.5 Comparison of forecast versus actual
data factors

Bascd on the above analyses so far, the
TNPR study always seems to give the high-
est predictions of exogenous factors to be
used in the demand model. TSI gave the
lowest and JMTS stands in the middle.
However, to check the accuracy of the fore-
cast made by each study, the results of their
forccast were compared with the data de-
rived from in 1992, as shown in Table 2.1.
These figures show that the predictions
made by JMTS are closer to the actual data
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Table 2.1 Forecast of the three studies versus actual data in 1992 (in ‘000)

Aspect Data 1992 175t TNFR JMTS
Population

-Jakarta 7,309 9400 10,000 8,600
« Jabotabek 15493 17,100 17,300 17,200
Employment 3,145 3,100 3,100 3,000
No. of Pessenger Cars 575 500 450 600
No. of Motorcydes 90 850 520 B10

Note: The numbers for employment and vehicle ownership are for Jakarta only

than the other two. However, the slightly
worse results from ITSI could be caused by
the prediction being made at an earlier time
(i.e.in 1988 compared with JIMTS in 1990).

In terms of population, the huge differences
between the actual and forecast figures
could yield a significant over-estimate in pa-
tronage. Moreover, it shows that the popula-
tion in Jakarta tends to decrease rather than
to increase as predicted and already detected
in IMTS, who found that in 1990 the popu-
lation of Jakarta was one million lower than
the previous prediction (8.2 compared with
9.2 million). Also some zones have a lower
population than before due to changes in
land use from residential to business. On the
other hand, the population of Botabek was
higher than predicted. This clearly indicates
that some of the former Jakarta population
has now moved to the outskirt or to Botabek
areas, although perhaps they still work in
Jakarta; the commuter trips thus created will
lead to a different pattern of trip distribution
which will in turn affect the system required
to accommodate these trips.

2.6 Trip demand modelling and analysis
2.6.1 Overview of works and models

In ITSI, the future transportation demand in
the area was estimated sequentially as fol-
lows: trip matrix ARSDS 1985 update, mo-
del development and validation, and future
demand forecast. Trips analyses and fore-
cast in this study area comprise the trips
within Jakarta, the trips between Jakarta and
Botabek and the trips between Jakarta and
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other areas. Modes considered were railway,
buses, a mass transit system, motorcycles
and passenger cars. The first three modes
were treated as a public mode, and the
others as private mode. Trucks were consi-
dered as a freight transportation mode sepa-
rate from the above modes.

In TNPR the network modelling was car-
ried out using the MINITRAMP package
and the trips were distinguished between
internal (Jakarta) and external (Jakarta -
Botabek). This study carried out the travel
demand modelling for the first category,
while the model from ARSDS was still used
for the second. In JMTS the EMME/2
package was used for network modelling.
The working steps for the study were data
collection and processing, modelling Jabo-
tabek 1990, and forecasting Jabotabek
2015. In modelling the demand O-D ma-
trix, trips within Jakarta and trips between
Jakarta-Botabek were separated. The inter-
nal Jakarta matrix for 1990 was derived
from the ARSDS 1985 O-D matrix and
adjusted to 1990, For the Botabek area, trip
generation in Jakarta was adjusted by ob-
serving volumes on cordon counts.

2.6.2. Trip generation and attraction
models

In ITSI, the trip generation and attraction
models were estimated by using the 1985
ARSDS trip matrix and zonal population
and employment parameters. There were
five models, derived through regression
analyses of the form:

Gi= A + B*E; + C*P; [2.1]
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where:

G; = Daily trips generated/ attracted from or
to zone 1.

E;= Employment of zonc 1.

P; = Population of zone 1.

In TNPR, internal Jakarta trips were deve-
loped through the use of regression models
which depenc d on houschold type (seg-
mented by 4 income groups and 4 vehicle
availabilities). Trnp purposes were dis-
tinguished as Home Based (HB), i.e. work,
education and ~thers, and Non Home Based
(NHB), re. zone based generation. Only
one-way HB or NHB (origin zone) trips
were estimatec and matrix manipulation was
used to create return journeys. HB trips
were developed as a function of household
size and structure (number of employed and
unemployed adults or housewives etc.) using
simple linear egquations unconstrained
through the origin. On the other hand, the
NHB trips were developed using the simple
linear independent variables of cmployment
and population density. For HB purposes,
there were 48 scparate models viz.: 4
income group * 4 vehicle availability group
* 3 modes used (MC, PC and PT).

An example of the HB model was, for
Work:
Thm =0.314 * Empad. [2.2]

whereas for NHB the model was:
Thz = 0.394 * Emp + 0.05 * Popdens.

[2.3]
where:

Thm = Dr vy trips per household for
inceme group 1, vehicle avail-
abiny group | and for mode
pub:ic transport.

Empad = nu..:ber of employed adult.

Thz = Dail. trips per zone.

Emp = Zon~| employment .

Popdens = Zon.l population density.

In JMTS, the factors selected for analyzing
demand gencrated were: population, sec-
toral employment, land use and vehicle
ownership. The forccast parameters were
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distinguished between Jakarta and Botabek.

To include land use aspects, the total num-

ber of zones was divided into three classes,

described by the ratio of population to the

total number of relevant workplaces, which

were;

~  Class |: employment-orniented areas (0-3
inhabitants per workplace).

—~  Class 2: mixed areas (3-3 inhabitants
per workplace).

—  Class 3: residential areas { > 5 inhabit-
ants per workplace).

Finally, based on multilinear regression, the
general equation used for both generation
and attraction was :

T =A<+ B*P0p¢+ C*Wpi iti {24}

where:

Tt = Total number of daily gene-
rated/attracted t rip of zones

Pop, = Population of zone 1.

Wpi = Total number of relevant

workplaces (sector 1ii) in zone
1.

Comparing this aspeet, the first drawback
of the TSI study occurred in its trip gene-
ration and attraction models, which used
zonal population and employment as expla-
natory parameters. This could be considered
as a shightly coarse approach, although it
does have the advantage of simplicity. In
TNPR, the trip production model used was
based on household, which has the advant-
age of being more disaggregate and accounts
for the trip purposes, therefore it was po-
tentially more accurate as well. However, as
a consequence, it needs more comphcated
data and analysis, and it is also more diffi-
cult to crosscheck. In IMTS, the models
used for trip production were based on zonal
parameters, as in the 1TSI study; therefore,
these models arc also constdered to be
slightly weak. )

On the other part, the total number of daily
trips forecast in all three studics is shown in
Figure 2.8. It is clcar from this figure that
JMTS gives the highest prediction, whereas
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TNPR, which was almost similar to ITSI up
to 1993, then becomes the lowest prediction
of the three. Therefore, from this case stu-
dy, it is clear that a higher prediction of exo-

genous factors does not necessarily lead to a.

higher trip demand prediction.

Having jooked at the results, the demand
forecast were clearly different given the dif-

ferent assumptions about the planning and
socio-economic frameworks mentioned pre-
viously. To illustrate these differences, Fi-
gure 2.9 compares the trip generation re-
sults obtained by inputting the JMTS zonal
population and employment data into both
the ITSI and IMTS models. Figure 2.10
does the same but using the ITSI data.
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Figure 2.8 Number of total trips 1985 - 2015
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Figure 2.9 Zonal trip generation using JMTS data
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Figure 2.10 Zonal trip generation using TSI data
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These figures show that the trips produced
by the JMTS models are always higher than
the ITSI models. These figures also show
that the use of 1TSI data gives more scat-
tered results, which might indicatc some
doubt over the model's validation and cali-
bration process. Also, the distribution of
ITSI zonal population data is mostly in the
region of approximately 100,000, In add-
ition, putting the 1TSI data into the modcls
can result In some negative trips which
could be neglected or set to zero.

2.6.3 Trip distribution models

In ITSI, a trip distribution model was esti-
mated from the O-D trip matrices and the
road distances betwcen zones. A gravity
model was adopted to represent a daily one-
way trip distribution pattern within the area
and this model was estimated through a
regression analysis as;

Tij - 00001695 ® 61 07025 AJ 070169 4 d.) -

0.26177 [27]

where:

T; = Trips between zones i and |

G, = Trips generated from zone 1.

Aj = Trips attracted to zone j.

d; = Road distance between zones i

and j. (calculated through a mi-
nimum path algorithm based on
the 1988 road network).

In TNPR, three approaches to trip distribu-
tion and mode choice were tried: convent-
ional individual choice modelling, stated
preference, and joint trip distribution-modal
split (dual mode gravity model). The last
model was finally selected because it pro-
duced the best results, According to TNPR,
the dual-mode gravity model is an extended
version of the simple gravity model, with
trips from vehicle available-household joint-
ly distributed between public and private
modes, and trips from vehicle unavailable
households constrained to public transport.
The general form of model is as follows:
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T = A™ OB, D, exp(-Pn. K™ {exp(-As
Ci*)/Zx exp(-A n Ci¥)}

[2.8]

where:

T = Trip between 1 and j by
mode k and by person type
n.

A"and B = Balancing factors,

O"andD; = Number of trips originat-
ing from O and destined to
D.

C,-jk = Generalised cost of travel
between zones i and j by
mode k.

K" = L P Gy Composite
generalised cost for per-
son type n.

Py = Proportion of trip using
mode k.

B, and A, = Calibration parameters.

The model used by JMTS was the Fra-
tar method (zonal growth factor). This me-
thod used a successive approximation ap-
proach to break down the total trip product-
ton of each traffic zone into interzonal vo-
lumes according to the following formula:

M = M ¥ (k)2 - G, Mg, *
AIES My

[2.9]
where:

MM = 0-D matrix of motorised
traffic after N+1 iterations.

M;; = Motorised traffic from zone k
to ). '

G = Total motorised traffic (tmt)
generated by zone &t in 1990
obtained by the formula de-
rived from the regression
analysis.

A = Corresponding figure of tmt
attracted by zone j in 1990,

g Gi1990 / Gi n

2, - Aj|990 /A

n = Number of zones.
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In this aspect, the use of a gravity model
based on trip generated and attracted and
road distance between O-D pairs, estimated
through the regression analysis in the 1TSI
study, seems to be not a very advanced ap-
proach. The use of a dual-mode gravity
model in TNPR has simifar problems to that
study's trip production models. For JMTS,
the use of a quite simple growth factor
method is also considered to be weak for a
long term study, since it is usually more
suitable for short term forecasting where no
major development takes place in the area.

We may also compare the results of the trip
distribution models among the three studics
through the pattern of trip movements
among O-D pairs. This is demonstrated,
either in terms of total daily trips in 2003
from ITSI and JMTS (Figures 2.11 and

2.12), or in the peak hour trips in 2010 from
the TNPR (Figure 2.13).

2.6.4 Modal split models

In ITSI, the modal split was combined with
trip assignment and its model, which di-
vides public trip into railway and bus
modes, was estimated on the basis of the
observed 1985 modal shares and explanato-
ry variables derived from the 1988 net-
works. A time value mode split model was
used; it deals with the two factors, time and
cost of travel, which are then converted into
the total generalised cost. This model as-
sumes that the time value is a logarithmic
normally distributed from experience. The
complete equation can be seen below
{equations 2,10 and 2.11).

In X
52 :[ £ (n Ay din A [2.10]
1 - - -
f(lﬂ )“): e—(in?. SHin A)2/2(aln)2 [211]
V2o in A2
where:

52 = modal share of the sccond mode; A = - (k1 - k2) / (t] - t2)
ki = monetary cost by mode I; t; = travel time by mode i
i In A=mean of In A, o In A = standard deviation of In A

Source: ITSI

Figure 2.11. Daily trip movement pattern of ITSI in 2005
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Figure 2.13 Peak hour trip movement pattern from TNPR in 2010

In TNPR the mode split was estimated si-
multaneously with the trip distribution as
mentioned before (equation 2.8), In JMTS,
the modal split in the base year was deter-
mined on the basis of cordon line surveys.
Since there were two different modal split
figures observed at the outer and inner cor-
dons, those O-D flows which passed the
outer cordon (i.e.Jakarta-Botabck trip) were
split in accordance with the corresponding
figure of 67 public: 33 private transport
whereas for other O-D flows (internal trips
not crossing the Jakarta border) the split
was 49:51. The overall public transport
share was calculated from the two observed
modal splits by the formula:
MSpub=(PubShare,,.*Trips.,+

PubShare; *Tripsi.)/ Tripsiom [2.12]
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where ;

PubShare,.. and Trips,. = Results of outer
cordon survey.
PubShare;, and Trips,, = Results of inner
cordon survey.

For the forecast year, IMTS dctermined the
modal split externally (i.e.using certain pro-
portions between particular zones) or using
no behavioral model. In comparison of the
modal split analysis, the inclusion of motor-
cycles in the ITSI model is very good, since
this mode of transport is quite common in
developing countries and thus its inclusion is
worthwhile. On the other hand, a limitation
of this study was to analyse the change of
trips by public modes only, aggregated over
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Table 2.2,

Predicted modal shares per weekday

Year Public Transport Private Remarks
Base vear 1990 52.5 475 %
ITSI 2005 50.0 50.0 %
TNPR 2010 55.0 45.0 Yo
IMTS 2015 59.0 41.0 Yo

Source: compiled from proposal reports

all purposes and for all day. This is inflex-
ible and to some extent is not realistic to
consider that the modal split would not
change if public transport facilitics are im-
proved, whereas in reality such changes are
very likely to occur.

The dual-gravity model used in TNPR has
the advantage of more detailed resuits and
the mclusion of trip purpose. However, its
complexity of analysis requires highly
skilled analysts to process. The modal split
model used in JMTS was not a behavioral
type of model and a drawback of this study
is the loss of person type and trip cha-
racteristics in the aggregated zonal data.

Looking at the results, the prediction of
modal splits in the horizon year between
public and private transport in cach study
can be seen in Table 2.2. This table shows
that the predicted public transport share in
each study ranged from 50% in 2005 in
ITSI to 59% in 2015 in JMTS, bearing in
mind that the strategics envisaged were also
different. Thus, all these studies forccast a
reversal of the historic trends in modal split,
against a background of increasing income
and car ownership.

2.6.5 Trip assignment

Whereas there were two type of techniques
used for assigning private vchicles, for pu-
blic transport trips the all-or-nothing assign-
ment technique was used in all three studies.
The assignment was based on peak hour
models. In all three studics the inputs into
the model were the transportation network
and trip matrices, The nctwork consisted of
the road, bus and raihway.

Vol. 10, No.1/Maret 1999

In ITS a capacity-restrained trip assign-
ment procedure was used for road vehicles,
including buses. The trip matrices consist-ed
of public mode users, cars and motorcycles.
The trip matrices were divided by three and
assigned to the networks three times respect-
ively. In cvery step the mode split model
divides the public mode trips into bus and
rathvay trips according to travel times and
costs of both modes, which were calculated
through a minimum path route of cach net-
work. The routes were not changed in these
assignments for public modes, while the tra-
vel tumes were changed through the increase
of road traffic in each assignment step.

In TNPR the trip assignment model adopt-
cd was the capacity-restrained model for pri-
vate trip. Public transport irips were as-
signed to the public transport network on a
mode by mode basis. In JMTS the model
used was user cquilibrium assignment. In
comparing trip assignment for private traf-
fic, the capacity restraint model used in ITSI
and TNPR is a slightly less advanced ap-
proach compared with the user equilibrium
approach used in JMTS, On the other hand,
IMTS was simple since just usced distance
for assigning public transport trip which
then took the shortest path between origin
and destination. Looking at the public trans-
port networks, there are no significant diffe-
rences between the studies. All three net-
works consist of bus-based and rail-based
modes. However, the TNPR modcl seems to
be more detailed. For example, it disting-
uished the waiting times for bus and rail-
based modes to be 1/2 and 1/4 the headway,
whereas i the other studics they were both
assumed as 1/2 the headway.
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2.7. Discussion of demand modelling me-
thodologies and their results

The type of trip demand models used in all
three studies, which were based on the usual
4-stage model, is now under review due to
certain weaknesses. They are not fully re-
presenting frip bchavior or taking into ac-
count the cffect of network congestion on
trip generation, and the development in
many areas which affect transportation,
such as telecommunication and information
technologtes like route gutdance are not pro-
perly represented.

Many alternative models arc being deve-
loped to improve the basic 4-stage model,
for example, by introducing more feedback
loops. There are also more radical attempts
to understand trip making based on indivi-
dual or houschold activities, as in the Dis-
aggregate Travel Demand Model (DTDM),
the Houschold Activitiecs Travel Simulator
(HATS) model or base the model on other
constraints, as in the travel budget model.
On the other hand, there have also been at-
tempts to simplify or modify current mo-
dels, due to the different characteristics bet-
ween the developed world, where these types
of model origmated, and the developing
countries (sce Dimitriou, 1990 for example).
However, the conventional 4-stage models
are still adopted in many studies around the
world. It appears that this will continue for
some years ahead until the new gencration
of models have been successfully applied,
have proved casicr to use and give better
results.

From the aspects investigated, the signifi-
cant differences between the results of the
three studies are not surprising as this sim-
ply reflects the conscquences of using the
different models and data inputs. This is in
line with the finding of Mackinder and
Evans (1984), that vanation in the external
inputs are as important as diffcrences in mo-
del specification, accounting for almost 50%
of the error produced. Equally, although
using the same data input, the different
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results  demonstrate the effect of the differ-
cnt models used.

HI. CONCLUSION AND RECOMMEN-
DATION

This case study shows that there is still
some co-ordination problem faced in infra-
structure development in Indonesia as de-
monstrated by this conflicting plans, Al-
though to co-ordinate all of these studics
spectal agencies exist at all level of govern-
ment (e.g. the Ministry of National Deve-
fopment Planning Agency at the national le-
vel), also these studics have to follow a ge-
neral guidance in the form of the Arca Mas-
ter Plan made by the City Council. How-
gver, the interest of their own institution
made the outcomes differ between studies,
In addition, the discrepancy in policics
among those authorities accentuated the pro-
blems of overlapping or even conflicting
plans.

From the assessment carnied out, it appears
that all of the studies have their strengths
and weaknesses. However, overall, the
JMTS methodologies offered slightly more
advantages. Thetr demand modelling data,
which was based on zonal statistical data, is
more commonly available and can be up-
dated regularly. Also, despite their rather
coarsc approach in some respects, their
accuracy has proved to be quite good.

Therefore, bascd on the strengths and weak-
nesses of the methods used in these studies,
a combination of all of them might give even
better results. Morcover, they could all im-
prove their methodofogics by considering
other important issues, as mentioned pre-
viously (e.g. the inclusion of motorcycle
trips).
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