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ment evaluation and a more advanced calculation method, I felt challenged and also
trusted. I strive to do all of them. And I did.

This work is a result of a man that learned from scratch with almost zero knowl-
edge on the field, that went through hard times on the process with a lot of support
from his teachers, family and friends.

To all of the e↵orts that I did. I would like to give my sincerest and heartfelt
gratitude to Professor Lori Tavasszy who believed and trusted me with the chal-
lenges, to Ron van Duin with his supports and feedbacks, to Bert van Enserink
with his knowledges during my 2 years study period and to Ni Luh who made this
research possible in her research. I would also never make this without the warmest
support from my father and mother that were always there when I need the most,
on my hardest time. To my friends and the people that once stepped in my life that
supported me mentally with the laughters, talks and presences. And the last but
not least to the Indonesian government who gave me the financial support for my
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I would not make it this far without the help and support of all the people around

me. I present this result for all the help, all the support, for the advancement of
science, and for a better life of the people in Indonesia. I will never stop learning.
This phase taught me to overcome my limit, to break the impossible, to give back
what I had took.

Evan Clearesta
February 2017
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Executive Summary

Introduction

As one of the main focus within the National Masterplan on the Acceleration of
National Development, Indonesia now turns their infrastructure development focus
and concept towards the multimodal transportation. As a result, the Ministry of Na-
tional Development Planning in 2015 planned develop road, railway and maritime
transportation for both passenger and freight transportation. Within the freight
transportation scope, they aim to reduce the disparity between the Western and
Eastern part of Indonesia, as well as reducing the general logistics costs. Several
policies have been developed. On maritime transportation, the central government
planned the development of 24 main ports and the national maritime highway con-
cept. Concerning road transportation, road maintenance and new highway route
construction have been planned. As for railway transportation, construction of new
railway connections in all the big islands in Indonesia will be performed.

Based on the past research by the Ministry of Transportation, the modal share in
Indonesia is mostly dominated by road transport using trucks. For an archipelagic
nation that mostly surrounded by water and with islands that have long spanning
distance, this is a proof that the transportation in Indonesia still can be optimized.
Trucks are not the most e�cient means of freight transportation as it can only carry
limited amount of goods and is slower compared to the other modes. By creating
policies to boost the usage of the other modes, the logistics costs in Indonesia can
be reduced and the network can be optimized.

Another issue faced by Indonesia is the domination of unimodal transportation
systems. Even though most of the shipments are long-haul shipments, trucks are
still mainly used. Hence, the economies of scale are not be achieved. By introducing
a multimodal transportation system, the freight transportation in Indonesia can be
optimized further and made more e�cient. Multimodal transportation could be the
solution to solve the high logistics cost faced by the country. It has been set as an
achievement target by the central government within the National Master Plan on
Acceleration of National Development to solve the logistics costs issue and trade
imbalance issue.

This research focused on the multimodal transportation network design and op-
timization in Indonesia along with the analysis on the government’s policies on
freight transportation. Beside the integration of the freight modes, the government
also planned to cut the fuel subsidy that accounts to a big portion of the national
spending. Therefore, the main focus of this research is to develop a multimodal
network along with several policy recommendations to support the Indonesian gov-
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ernment to optimize the network. Hence, in order to operationalize the objective of
this research, the following research question was formulated.

“What are the recommendations of optimized multimodal transport network de-
sign in Indonesia by considering the future infrastructure developments“

The scope of this research itself will focus on freight transportation between
provinces in Indonesia. The freight transport modes are limited to the main modes
used, which are trucks, railway and maritime transportation. In order to analyze
the e↵ect of the policies, this research performed several scenario analysis for the
year 2030. The year was decided based on the target of the National Master Plan.
The results then were compared to the present condition.

Multimodal Freight Transport Network Design and
Optimization

In order to design the multimodal freight transport network in Indonesia, the uni-
modal transport network in Indonesia was first build. The unimodal network was
integrated into a multimodal network by adding transshipment links between the
modal specific links.

The data for the network parameters was gathered from di↵erent resources. The
network parameters consist of vehicle data (i.e. speed and operational cost), node
set, link set, link distance, transshipment time and transshipment cost was listed
and added to the model. The data was then added to the program. The AIMMS
program was used to build the model. For the network flow between provinces, the
latest available data is the origin-destination (OD) freight flow matrix in 2011. The
future OD flow data was predicted using the growth factor method. The growth
factor data used by Faisal (2015) was used in this research.

The optimization problem was modeled as a bi-level optimization problem. The
lower level problem is the network optimization problem. The objective of the
network optimization problem is minimizing the logistics cost. Four-step modeling
approach was used on this level. Firstly, the k-shortest route method was used to
find a set of routes with di↵erent criteria such as least distance, least free-running
time, least cost, and least-transshipment. Secondly, the route-choice probability
was calculated using path-size logit model that takes into account the path overlap
within a route. Thirdly, the freight was assigned to the network based the route-
choice probability. From these steps, the total cost of the network, the modal share
and the link flow data were obtained.

The upper level problem covers the investment optimization problem. The ob-
jective on this level is to maximize the benefit to cost ratio (BCR) of the given set of
possible improvement actions. The upper level problem was solved with simulated
annealing method with tabu constraints. Simulated annealing is one of local search
heuristic method that was inspired by the physical process of a heated solid that
is cooled down. The lower the temperature gets, the lower the chance that bad
solution will be accepted. In every iteration, the benefit to cost ratio (BCR) of the
combinations were calculated through the lower level optimization. The network
improvement combination was added to the existing network and optimized on the
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lower level. The benefit was defined as the di↵erence between the logistics cost on
the improved network and the existing network. Finally, the BCR was calculated
by dividing the benefit with the total investment cost to improve the network.

After the model has been verified and validated, several scenarios were tested
and analyzed. Five scenarios were defined based on the current policy plan by the
Indonesian government. The first scenario is the status quo scenario, where no
improvement will be performed on the network. In this scenario, the e↵ect of the
freight flow growth on the existing network is assessed. The second scenario explores
the e↵ect of the fuel subsidy reform policy by the central government. The third
scenario explores the possibilities of relocating the subsidy to other modes. The
fourth scenario analyzes the e↵ect of network improvement plan on constructing all
the new railway connections in all the big islands in Indonesia. The last scenario
analyzes the alternative to implement a prioritization on the network improvement
actions in order to avoid the significant change on the network by performing all
actions at once.

The first scenario shows that if no improvement is added to the network, there
will be no significant change within the network, the flow concentration will still be
the same, as well as the modal share. The second scenario shows that by removing
the subsidy from trucks will reduce the trucks‘ modal share by 3.6% to 80% and
increase the railways‘ modal share to 6%. In terms of expenditures, the central
government could also save as much as 119.4Me. The third scenario shows that
maritime transportation are not sensitive to fuel subsidy as maritime transport costs
are mostly a↵ected by the transshipment cost. On the other hand, the railways’
modal share is more sensitive to the fuel price change. By giving 40% subsidy on its
fuel, the railways‘ freight flow increased by 176%, thus increasing the railways‘ modal
share to 7%. The implementation of all network improvements scenario found that
the change in the network would also change the modal share significantly. With
the BCR of 1.21, compared to the calculation of every action‘s BCR if they are to be
implemented individually, this BCR is relatively small. Beside the BCR calculation,
network accessibility measurement and net present value (NPV) analysis was also
performed. With the actions implemented, the overall accessibility of the network
would improve, especially the accessibility level in the Eastern part of Indonesia. The
highest increase would be in Papua, with 22.9% increase in its accessibility level.
On the financial side, the NPV analysis showed that the project would have positive
NPV within 19 years after the investment has been made. To explore the possibility
to ease the significant modal share change, the fifth scenario was analyzed. In the
fifth scenario, prioritization was added to the improvement plan. The prioritization
sort the improvement action combinations based on their BCR value relative to the
current network or the previous improvement. Using this alternative, the modal
share will change gradually.

Policy Recommendations

Based on the result of the scenario analysis on the central government’s future plan,
two policy recommendations were proposed. The first recommendation to the central
government is to perform the fuel subsidy reform on trucks. The fuel subsidy reform
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would give benefit to the central government by saving the subsidy expenses. Hence,
the financial allocation could be moved to other important sectors. The second
recommendation is to implement the improvement actions with the prioritization.
Not only does this alternative allow for incremental change, it would also provide the
decision maker valuable time to react to hurdles during the process. Performing the
improvement actions also found to be beneficial to the whole country by increasing
the overall accessibility level of all the provinces in Indonesia. Beside the positive
benefit to cost ratio given by the all actions, financially, the project would have
positive net present value within 19 years after the investment was made for the
scenario that the improvement actions are to be implemented all at once and 15
years in the case that the improvement actions are to be implemented based on
their priority rank.
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Chapter 1

Introduction

This chapter discussed the background of this research. Starting with explaining the
current practical problem in Indonesia and scientific problem on freight transporta-
tion, this chapter specified the research plan in order to solve part of the problems.
Given the problem, firstly the objective was defined. Secondly the research ques-
tions were formulated along with the approaches that will be taken to answer them.
Lastly, the planned outcome, the data gathering plan and the research structure
were listed.

1.1 Research Problem

Globally, freight transportation plays an important role in shaping the global econ-
omy. Freight transportation makes economic activities and transactions feasible,
connecting actors within supply chain networks that are geographically dispersed.
By connecting the supply-based regions and the demand-based regions, freight trans-
portation has received a big attention in the global supply chain.

The world trade has grown significantly in the last few decades from about 4
trillion USD in 1990 to about 24 trillion USD in 2014 (UNCTAD, 2015). The in-
crease in the world trade leads to higher demand in more reliable and cheaper freight
transportation. In order to cope with the increasing freight transport demand, most
actors aim to achieve high performance levels both in terms of economic e�ciency
(i.e. maximum profits, minimum costs) and service quality (i.e. total delivery time,
service reliability) (T. Crainic & Laporte, 1997). Many research in freight trans-
portation domain in strategic, tactical and also operational level have been con-
ducted. Within the strategic planning scope, multimodal transportation is seen as a
way to reduce the cost and increase the transport network e�ciency. T. G. Crainic
and Kim (2007) define multimodal transportation as the transportation of a person
or a load from its origin to its destination by a sequence of at least two transporta-
tion modes, the transfer of one mode to the next being performed at an multimodal
terminal (p. 467).

Several research have analyzed multimodal transportation network design and
its optimization with di↵erent objectives (i.e. minimum cost, distance, time, in-
vestment). The chapter of T. G. Crainic and Kim (2007), the review papers of
Christiansen, Fagerholt, Nygreen, and Ronen (2007), T. G. Crainic and Bektas
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(2007), and (Steadieseifi, Dellaert, Nuijten, Woensel, & Raoufi, 2014) are the most
recent review papers on multimodal transportation planning problems. Overall,
multimodal transportation has more benefit in terms of cost e�ciency (Janic, 2007)
and emission level (Liao, Tseng, & Lu, 2009) compared to unimodal transportation.
Multimodal transport system is also useful in expanding the freight transport sys-
tem in developing countries, where road transportation still has much more share
compared to the other transport modes. Using the combination of multiple trans-
port modes, the cost of medium and long-haul transport can be significantly reduced
compared to the use of a single transport mode (Banomyong & Beresford, 2001).
Therefore, for medium and large developing countries, it would be beneficial to im-
plement multimodal transport system for medium and long-haul freight transport.

Indonesia is the largest archipelagic country in the world with more than 17,000
islands and surrounded by water (i.e. ocean, sea, straits and rivers) in 80% of its
total area. Indonesia is still highly dependent on road mode freight transportation,
especially trucks. And the logistics costs for transporting goods in Indonesia are
really high. In order to reduce the costs, the Indonesian government has issued
maritime highway policy to reduce the maritime logistics costs and to increase the
maritime transport e�ciency. However, there is still room for improving the freight
transport system in Indonesia by integrating the di↵erent modes of transport that
are available. Thus, creating a more e�cient system with lower logistics costs.

1.1.1 Practical Problem

With the characteristic of an archipelago nation, Indonesia has some serious chal-
lenges on freight transportation domain. Both inter-islands and intra-island trans-
portation are required to ensure the connectivity of the separated areas. The need
of inter-islands connectivity makes maritime transportation important to connect
the islands. However, based on global competitiveness index 2015-2016, Indonesia‘s
maritime transport infrastructure is ranked 82 among the 144 other countries (World
Economic Forum, 2015). This means that the maritime transportation in Indonesia
is still far from e�cient. For intra-island connectivity in Indonesia, road transport
using trucks is mainly used. Hence, within an intra-island transportation, unimodal
transport system is mainly employed.

The ine�ciencies in Indonesia‘s inter-island supply chains have caused several
problems. These ine�ciencies adversely a↵ect the Indonesian economy in three
ways: di↵erent regional economic growth rates; disparities in prices of commodities
in di↵erent locations; declining competitiveness of domestic products in export and
local markets (Bahagia et al., 2013). The ine�ciencies also led to high domestic
logistics costs in both Indonesia‘s sea and inland freight costs. One of the reasons
that causes the high logistics cost are the di↵erences in trade volumes between the
origins and destinations. The utilization of trucks as the main transport mode also
contributes to the high total logistics cost in Indonesia.

Currently, the maritime transportation in Indonesia has lower modal share com-
pared to land transportation. The maritime transportation share is only 7.9%, while
the hinterland transportation share that is dominated by the use of trucks is 91%
(Indonesian Ministry of National Development Planning, 2013). The significant
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use of land transport has generated several problems such as increased congestion,
increased energy consumption and negative environmental impacts.

Acknowledging the need for a better maritime transport infrastructure as an al-
ternative, as well as to support the land transport and to reduce the logistics costs,
the Indonesian government introduced the maritime highway policy in 2014 and
planned several new land infrastructure constructions. The maritime highway policy
aims to develop strategic ports in Indonesia to form a backbone of national mar-
itime transportation network (Ministry of National Development Planning, 2014).
Development of other supporting ports and ship procurement also take part in this
policy, along with the main maritime routes for freight transportation.

From the research, the maritime highway network could increase the e�ciency
as well as reducing the cost by 44.5% (Bahagia et al., 2013). In the maritime
highway network, the network is switched from a single port call to hub-and-spoke
network where multi-port calls (MPC) are operationalized, and therefore increasing
economics of scale. 24 main ports are developed as the hub ports and the smaller
ports become the feeder to the hubs. The network is illustrated in Figure 1.1 below.

Figure 1.1: The maritime highway corridors in Indonesia (Indonesia Port Corpora-
tion II, 2012)

Indonesia has also been focusing in infrastructure planning and development in
land transportation especially in new rail and road infrastructure on every islands.
The development aims to increase the transport e�ciency in Indonesia. Even so,
the transport system in Indonesia can be improved further by introducing multi-
modal transportation system. Currently, the development of each transport mode
infrastructure are not yet integrated with other modes. The need for an multimodal
transport system has been discussed by the Indonesian government as stated in the
Sislognas, Sistranas and the Masterplan for Acceleration and Expansion of Indone-
sia‘s Economy (MP3EI). Therefore, by introducing multimodal transport system,
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the transport network in Indonesia can be optimized even further, thus reducing the
total logistics costs and increasing the network e�ciency.

1.1.2 Scientific Problem

Network design is one of the most di�cult and challenging problem in the transport
and logistics research (Yang & Bell, 1998). It can be modeled as a discrete or
continuous model. The discrete model of the network design problem is a NP-
complete problem, which means it is unlikely to solve the problem within polynomial
computation time (Johnson, Lenstra, & Kan, 1978).

Several researches in various articles and books presented the methods in solving
the network design problem, such as Magnanti and Wong (1984), Yang and Bell
(1998), Steenbrink (1974). These researches showed that there are many ways in
solving the network design problem. Even though the methods are di↵erent, they
also have certain similarities. One of the way to formulate most network design
problem is by formulating it as a bi-level problem. A bi-level problem consist of
upper and lower level problem, in which both levels has its own objective function.
The upper level usually consists of the problem whether new links or connections
should be added to the model or not. Network improvements such as capacity
expansion of the links or nodes can also be part of the upper level problem. The
lower level problem is the freight assignment problem, where the flow is assigned to
the network.

The bilevel problem can be solved in di↵erent ways. The existing approaches
in the literatures can be categorized into three groups (i.e. discrete and exact ap-
proach, discrete and heuristic approach, and continuous and heuristic approach).
The first group, a branch and bound algorithm (Leblanc, 1975) and a branch and
backtrack algorithm (Poorzahedy & Turnquist, 1982) was used. In the second group,
a cumulative genetic algorithm (Xiong & Schneider, 1992) is used. The third group
methods are used most frequently. Some methods are; simple approximation method
(Pearman, 1979), decomposition method (Steenbrink, 1974), and simulated anneal-
ing (Friesz, Cho, Mehta, Tobin, & Anandalingam, 1992).

The lower level problem can be solved by using di↵erent tra�c assignment meth-
ods. The tra�c assignment method should be chosen between static or dynamic
assignment, between deterministic or stochastic assignments, and between single or
multi-user assignment. The di↵erent assignment methods are discussed extensively
in Ortuuzar and Willumsen (2011).

Previously, not many research have been performed on freight network design
problem in Indonesia. Russ et al. (2005) conducted a research on bilevel optimiza-
tion of Indonesia‘s transport network but only limited in several parts of the country.
In their research, the model is aimed to deliver network improvement recommenda-
tions. However, the research does not extensively explore the other possible policy
recommendation for the national transport network. Faisal (2015) performed a net-
work optimization in Indonesia but only limited to the maritime network for the
maritime highway policy with several scenarios. (de Baat et al., 2015) analyzed
the multimodal transportation for di↵erent commodities in Java. Therefore, in the
previous researches, there is no complete model of Indonesia‘s transport network
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where the di↵erent transport modalities have been built.
Reflecting on the limitation of the previous research, this research aims to build a

national multimodal transport network in Indonesia along with the possible network
improvements. Besides optimizing the network, this research also explored the other
policy alternatives within the scenarios to tackle the freight transport problem in
Indonesia.

1.2 Research Objectives and Research Questions

Based on the aforementioned research problems, the main objective of the research,
therefore is to provide an optimized multimodal transport network design recom-
mendation for Indonesia. The model should incorporate the future infrastructure
planning with the current logistics infrastructure in Indonesia in order to analyze
the future alternatives and scenarios. In the end, an integrated maritime and land
transport network for multimodal transport system can be achieved and investment
recommendations (i.e. freight terminal locations and new links) could be proposed.
The challenge would be in integrating both maritime and land transport networks
into the model and to cope with the limited access to information and data in or-
der to build the model. The research also has other objectives to achieve the main
objective, which are:

1. To build the unimodal network schematizations of Indonesia transport net-
works.

2. To design the multimodal transport network for Indonesia.

3. To perform optimization on the multimodal transport network with the ob-
jective to minimize the total transportation cost and to maximize the benefit
to cost ratio (BCR).

4. To perform scenario analysis on the model.

5. To give policy recommendations based on the result of the scenario analysis.

In order to operationalize the research objectives, the following research question
was formulated: What are the recommendations for multimodal transport

network design and optimization in Indonesia by considering the fu-

ture infrastructure developments?. To answer the main research question, the
following sub-questions (SQs) are formulated.

SQ 1. Which factors should be incorporated into the model?

There are specific criteria of what factors should be incorporated to the model.
In order to specify the factors, the current condition in Indonesia‘s transport
network should be analyzed. The factors listed will be analyzed to define
the objective, the constraints, scope, limitation assumptions, data inputs and
further incorporated to the optimization model.
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SQ 2. How can an optimization model be made to optimize the multi-
modal transport network in Indonesia by taking into account the
aforementioned factors?

After the important factors have been listed, the optimization model will be
formulated. The next step is to design the multimodal transport network in
Indonesia. The initial multimodal transport network will be build and schema-
tized using AIMMS software. Then, the optimization method will be chosen
based on literature studies and the optimization model will be made in order
to optimize the new multimodal transport network. Several mathematical for-
mulations of the listed factors will be integrated into the optimization model.

SQ 3. What is a good design of multimodal transportation in Indonesia?

The network optimization is a combinatorial optimization problem, which
means there is no one best solution to the problem, but a set of solutions
to the problem. The data and all the input variable will be entered to the
optimization model and the model will be executed with all the constraints
and input in order to achieve the objectives. The model will give a set of
solutions to the problem, which will be analyzed further

SQ 4. How should the policies be implemented based on the model?

Using the model, the policies and plans by the main decision maker regarding
Indonesia‘s freight transportation will be analyzed. Several scenarios will be
developed based on the government‘s plans. The result of the scenario analysis
will be analyzed and policy recommendations based on the result will be given.

1.3 Research Scope

A model is a simplified representation of reality. It is called a simplified representa-
tion because not all details are added to the model. Several details are omitted, thus
the simplification is achieved. Real life condition contains many variables that some-
times it is not clear whether certain relations or entities are optional or important
within the system. Hence, the model designer must define an own interpretation
based on the model purpose. Therefore, the model should have certain scope in
order to give the model certain boundary based on the model purpose. The scope of
the research is formulated based on Sun, Lang, and Wang (2015) the optimization
model formulation characteristics as listed below

1. Scale. The research focuses on designing a multimodal freight transport net-
work on the national scale of Indonesia. The scope of the supply chain network
will be the chain from the manufacturer until the destination warehouse.

2. Objective. The objectives of the model itself are to minimize the total logis-
tics costs and to maximize the benefit to cost ratio (BCR) for the infrastructure
investments. The problem was modeled as a bilevel optimization problem.

3. Modes. The model would includes all the possible freight transport modes
that are available in Indonesia, which are road, rail, and maritime mode.
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4. Commodity and Commodity integrity. The model will analyze the sup-
ply chain network of single and unsplittable commodity. The commodity will
be measured in twenty feet equivalent unit (TEU).

5. Network Resources. The network is assumed to be an uncapacitated net-
work where the inventory capacity is not included in the constraints. Therefore
the links and the nodes are assumed to have unlimited capacity. This limita-
tion is due to data unavailability of the nodes and links capacity.

6. Data Assumption. The model will be assumed as a deterministic model
with fixed value of certain data (i.e. distance, demand, cost).

7. Perspective. The perspective of Indonesian government as policy maker will
be used. Specifically, the central decision maker is the Indonesian Ministry of
National Development Planning.

1.4 Research Approaches

The following research methods will be performed to answer the research questions.

Table 1.1: Research Methods for answering research questions

Sub-question Research Method Description
1 Literature Review Literature review will be used to find the fac-

tors related to the current situation in In-
donesia and also to find the important fac-
tors that should be included into the model
from other scientific research.

2 Literature Review Literature review will be performed to com-
pare optimization problems in network de-
sign problems. Based on the literature re-
view the suitable optimization model will be
chosen and adjusted to the research problems
and objectives.

3
Network Schemati-
zation

The transport network of di↵erent transport
modes in Indonesia will be schematized using
AIMMS software.

Mathematical Mod-
eling of Optimiza-
tion Model

Mathematical modeling will be used to for-
mulate the decision variables, objective and
constraints of the optimization model

Programming and
Simulation

The model will be run using AIMMS in order
to achieve the objective of the optimization
model
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Table 1.1: Research Methods for answering research questions

Sub-question Research Method Description

4 Scenario Analysis The model will be used to test several future
scenarios. Further, the results of the scenario
analysis will be used as the basis on giving
the policy recommendations

The following Figure 1.2 illustrated the approach for the research project. Firstly,
the theory related and the current situation in Indonesia will be studied. Secondly,
several models will be formulated. The multimodal transport network will be mod-
eled as the lower level problem, then the list of future infrastructure developments
will be added to the upper level problem and the solution technique model for
the bilevel optimization problem. Thirdly, the integrated multimodal transport su-
pernetwork of Indonesia will be optimized with the optimization model with the
objective of minimizing the logistics costs and maximizing the benefit and cost ra-
tio. Fourth, the scenario analysis will be performed to the optimized network in
order to test the network robustness for certain future scenarios. After the network
design satisfies the requirements, the result will be analyzed, recommendation will
be delivered and the research will be concluded.

Figure 1.2: Research Framework

1.5 Research Outcomes

There are three expected outcomes from this research. Firstly, an optimized multi-
modal transport network design for Indonesia. The multimodal transport network
will be schematized using AIMMS. In the future, this network schematization can
be used for other policy research and analysis in Indonesia. Secondly, the research
will give policy recommendations on the central government‘s plan concerning In-
donesia‘s transport and logistics systems. The policy recommendations will be given
based on the result of the scenario analysis performed.
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1.6 Data Gathering and Information Sources

Data and information needed in this study are mainly used as inputs for the model.
Table 1.2 below lists the data that would be needed in order to perform the research
along with the source that will be used to procure them. Mostly, the data are not
widely available or easily accessed on the web. Therefore, in order to obtain all the
data, several communications were made with some colleagues.

Table 1.2: Data list and sources

Data Needed Information Source
Origin-destination demand data be-
tween provinces in Indonesia

Ministry of Transportation (2014).

List and information of Ports in In-
donesia

Directorate General of Sea Transporta-
tion in the Transportation Ministry of
Indonesia.

Transport cost function (transport
cost, handling cost, transshipment
cost)

Bahagia et al. (2013)

Indonesian GDRP data per province Indonesian Central Statistics Bureau
(2016b)

Time and Distance between origin and
destinations by mode

Open Government Indonesia (n.d.)

1.7 Report Structure

This thesis report comprises of eight chapters. The chapters are as follows.

The First Chapter is the introduction part of the research. This chapter explains
the general overview of the practical and scientific problems, the research ob-
jectives, research questions, and the scope of this study.

The Second Chapter elaborated the problems that are intended to be solved in
this research. This chapter also introduces the general condition of Indonesia,
which is the country used as the case study. Further, it covers the explanation
of the current conditions of Indonesian freight transport facilities and infras-
tructures. Several policies regarding the freight transportation by the central
government of Indonesia are elaborated as well.

The Third Chapter elaborated further the policies related to freight transporta-
tion in Indonesia. These policies need to be incorporated into the future
scenario to see how they would perform. Actor analysis was also performed in
this chapter to understand the policy making environment in Indonesia.

The Fourth Chapter breaks down the aspects required to be considered for the
model building process in order to answer the research questions and also the
data that will be used in the model. In this chapter, the model resolutions,
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the key performance indicators and the scenarios are elaborated. Then, based
on these requirements, the specifications of the model are determined. The
data used for the model along with the source and the data processing are also
elaborated in this chapter.

The Fifth Chapter discusses model framework along with the knowledge back-
grounds required for the model in more depth. Literature studies were per-
formed and used in order to build the model framework. Further, based on the
model requirement, the model specifications were defined and the components
were explained.

The Sixth Chapter explained the implementation of the model framework on the
program. Firstly, the codes programmed within the model that are created
based on the theories are presented and explained. Then, in order to ensure
the model works as expected, the validation process is performed and analyzed
in this chapter.

The Seventh Chapter shows the application of the model on the case study. The
scenarios defined in the third chapter are added in the model and then the
result of the program execution are analyzed further. The model verification
was also performed in this chapter using the base case scenario. In the end,
policy recommendations are given based on the scenario analysis.

The Eighth Chapter lists and explains the conclusion of this research along with
several recommendations for future improvements.
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Chapter 2

Present Freight Transport
Condition in Indonesia

In this chapter, the current situation of Indonesia‘s transport system is described and
analyzed including the geographical characteristics, socio-economic characteristics,
and the development in the transport and logistic sector in Indonesia. The problems
of the high logistics costs and the lack of an integrated transport system are also
elaborated in this chapter.

2.1 General Overview of Indonesia‘s Geography
and Socio-Economy

Indonesia is a vast archipelago country with more than 17,000 islands. Indonesia
has an area of about 5.1 Million km2, with 75% are the sea area, making Indonesia
the world‘s 15th largest country in terms of land area. It is located between Indian
Ocean and Pacific Ocean and between the Asian continent and Australian continent.

Figure 2.1: Map of Indonesia
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Indonesia has 33 provinces, as listed in Table 2.1 below, with Jakarta as the
capital city of the country. These 33 provinces along with the capital will be incor-
porated into the model. The set of provinces will be the zones with the capital city
as its centroid.

Table 2.1: Provinces in Indonesia and the capital cities

No Province Capital City No Province Capital City

1 Nangroe Aceh Darussalam Banda Aceh 18 West Kalimantan Pontianak
2 North Sumatera Medan 19 East Kalimantan Samarinda
3 Riau Pekanbaru 20 South Kalimantan Banjarmasin
4 West Sumatera Padang 21 Central Kalimantan Palangkaraya
5 Jambi Jambi 22 North Kalimantan Tanjung Selor
6 South Sumatera Palembang 23 South Sulawesi Makassar
7 Bengkulu Bengkulu 24 North Sulawesi Manado
8 Lampung Bandar Lampung 25 Central Sulawesi Palu
9 Riau Islands Tanjung Pinang 26 South East Sulawesi Kendari
10 Bangka Belitung Pangkal Pinang 27 Gorontalo Gorontalo
11 DKI Jakarta Jakarta 28 West Sulawesi Mamuju
12 West Java Bandung 29 West Nusa Tenggara Mataram
13 Central Java Semarang 30 East Nusa Tenggara Kupang
14 East Java Surabaya 31 Maluku Ambon
15 Special Region of Yogyakarta Yogyakarta 32 North Maluku Ternate
16 Banten Tangerang 33 Papua Jayapura
17 Bali Denpasar 34 West Papua Sorong

The characteristics of an archipelago country, makes planning in transportation
system more complex. Compared to European countries which are interconnected
with land connection or inland waterway connection, the transportation system in
Indonesia is more challenging. Not all places are connected, some locations have very
limited accessibility. Unlike the intra-island transportation that usually uses trucks
or trains, the inter-islands transportation requires one or more change of transport
modes. With the associated cost of changing transport mode (i.e. transshipment
cost and waiting time), inter-islands transportation becomes relatively more expen-
sive compared to intra-island transportation.

Indonesia can be categorized as one of the countries in the world that has the
fastest acceleration of economic growth. Figure 2.2 below showed the GDP growth
rate of Indonesia from 2006. Over the period, Indonesia’s GDP growth was always
positive
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Figure 2.2: Indonesia GDP Annual Growth Rate (Trading Economics, n.d.)

Within the mid term development planning or RPJMN, Indonesia is also tar-
geting further growth in its GDP. Indonesia‘s GDP is projected to increase by 7%
in average for the period 2015-2019 that is also supported by industrial growth by
7.4% in the same period. These number are obtained based on the assumption that
the government‘s plan in all sectors achieved their target by the end of the period.
The GDP growth projection is showed in Table 2.2 below.

Table 2.2: Projection of Indonesias National GDP and Industry sector Growth for
the period 2015-2019 [%] (Indonesian Ministry of National Development Planning,
2014)

Growth [%] 2015 2016 2017 2018 2019 Average

National GDP 5.8 6.6 7.1 7.5 8.0 7.0
Industrial Sector (non oil & gas) 6.1 6.9 7.4 8.1 8.6 7.4

2.2 Freight Transportation in Indonesia

Infrastructure plays an important role within freight transportation. A good in-
frastructure would ensure a more e↵ective and e�cient transportation system in a
country. Indonesia‘s logistic infrastructure is generally lags behind compared to its
neighboring countries (i.e. Malaysia, Singapore and Thailand). This issue is caused
by the small investment made in the transport system and the related infrastruc-
tures following the 1997 Asian financial crisis where Indonesia got a big impact from
the crisis. Until 2004, the transport and logistic sector was the target of the budget
cut during the period of economic recovery after the crisis.

2.2.1 Transport Network Infrastructure in Indonesia

The main transport network infrastructure in Indonesia is comprised of three big
networks: road networks, railway networks and maritime networks.
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Road Network

Road mode is the most dominant mode with the highest modal share in Indone-
sia. Based on the Origin-Destination (OD) demand survey in 2011, road mode has
91.25% share of the total modal share in Indonesia. With trucks as the most com-
monly used vehicle in road mode, roadways networks are really important to support
the freight activities, along with other supporting infrastructure such as road ter-
minals. Indonesia has 330,495 km of roadways, of which 26,866 km is national road
that is built and maintained by the central government. It serves 9 million passen-
ger cars, 2.3 million buses, 4.7 million trucks, and 61 million motorcycles in 2010.
Of the whole road networks, 209,000 kms were unpaved. The general condition of
Indonesia‘s road infrastructure in 2002 is illustrated in Table 2.3 below.

Table 2.3: General Condition of Road Infrastructure in Indonesia in 2002

Road Status Length [km]
Road Condition [%]

Good Average
Lightly
Damaged

Heavily
Damaged

National Road 26,866 64.30 34.00 6.90 4.80
Provincial Road 37,164 34.10 32.10 16.90 16.90
Regional Road 240,946 19.00 34.00 28.50 18.50
City Road 25,518 9.00 87.00 4.00 0.00

Total 330,495 23.60 37.10 23.60 15.80

The damages in the roadways have been causing massive congestions in many
road networks. It limits the speed of the vehicles, thus causing longer transportation
time and leads to higher fuel consumption. In the end, the low network e�ciency
causes high transportation cost. In 2001, the total road user cost reached Rp 1,55
trillion per day (Direktorat Jenderal Perhubungan Darat, 2005).

For freight transport, the national road is mostly used as it has the capacity to
support the heavy trucks and connects big cities in Indonesia. The road network in
Indonesia is illustrated in Figure 2.5 below, comprising 330,495km of road networks.
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Figure 2.3: Indonesian National Road Network

Rail Network

The railway network in Indonesia was built during the Dutch colonial period around
one hundred and fifty years ago. The railway development was aimed to optimize
freight transportation of products from mining and farming activities, especially in
Sumatra and Java. Until 1939, the railway network was expanding with 6,800 km
total coverage, however, it has been declining for more than a decade (Kawaguchi,
Wachi, & Yagi, 2010).The decline is caused by several factors, such as the Asian
monetary crisis in 1997, the more dominant and faster development on passenger
service, aging rolling stocks, and the strong competition from the road transporta-
tion.

The modal share of rail transport in Indonesia only accounts for 7% for passenger
and 0.6% for freight, while road transport (i.e. truck) accounts for 84% for passenger
and 91% for freight transport (Mutohar, Tomonori, & Sutomo, 2010). The impact
of the competition between rail and road led to the closure of several railway lines
(i.e. Java, South Sumatra, North Sumatra, and West Sumatra) with the total of
2,000 km.

Indonesia has 6,797 km of railway tracks, but only 3,327 km is integrated as
a network and are all located on the Java island (Dikun, 2010). The railways are
divided into two unconnected networks. Three networks are in Java and one network
is in Sumatra. The railway network carried 203 million passengers in 2010, of which
98% is in Java. The annual freight tra�c volume is approximately 19 million of
tons, which consists of crude palm oil, cements, coal, steel, agricultural products,
and consumer goods. The freight activity is concentrated in Sumatra. In terms of
axle load, the Indonesian railway network remains of a low standard with only 9–18
tonnes, with relatively low size and a rail weight between 33 kg/m (R33) to 54 kg/m
(R54). The rail strength and the carrying capacity constraints limit the capability
of Indonesia‘s railway network.
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Figure 2.4: Existing Rail in Java

The current rail freight market in Indonesia is relatively small. Firstly, it is be-
cause the network is not fully interconnected, except on Java island. In Sumatra, the
distances from extraction points to the storage points that are approximately 250–
300 km means that the mode is mainly used for point to point transport. Secondly,
the total freight load is limited by low axle load capacity. In 2008, the total goods
transported in both Java and Sumatra are 19 billion tonnes, with the total trips
of approximately 5,500 billion tonnes-km (Dikun, 2010). 80% of the transported
goods are on Sumatra railway network, with over 15 billion tonnes of goods. The
significant number in Sumatra is because the railway in Sumatra is mainly used to
transport coal, fertilizers, palm oil, cement and container tra�c. In Java, the rail
freight activity is relatively low due to the dominance of passenger transport activity
with 95% of the national level in Java.

Maritime Network

As an archipelago country, Indonesia is surrounded with a large body of water. This
characteristic is both a challenge and an advantage for Indonesia to utilize maritime
transportation. In order to balance the economic development, the government
has to make sure that all the islands are well connected with the transportation
infrastructure, which makes the maritime transport became an important aspect
in the economy. One of the policy in maritime transport is the maritime highway
policy.

The main program of the maritime highway policy is to develop a hub and spoke
network, with several strategic ports as the main hub in maritime transport that
will be the backbone of the network (Indonesian Ministry of National Development
Planning, 2014). The main objective of this policy is to increase the national con-
nectivity covering all regions in Indonesia from the Eastern part to the Western part
of the country and to reduce the total logistic costs in Indonesia. The network of
the maritime highway policy is illustrated in Figure 2.5 below. The red line is the
main route that connects the 5 strategic ports as the hubs, while the yellow dots
represent the supporting ports as the spokes.
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Indonesia has 25 international ports out of 111 commercial ports across the
country. Four major ports act as strategic national hubs, which are Tanjung Priok
(Jakarta), Tanjung Perak (Surabaya), Belawan (Medan), and Makasar (South Su-
lawesi).

Figure 2.5: Map of Indonesia‘s 24 main ports (BAPPENAS, 2015)

Multimodality in Indonesia

Freight transport that utilizes several modes is therefore indispensable to ensure
the connectivity of all the islands. However, very low attention was given to the
utilization of multimodal transport system in Indonesia especially on the national
level. Freight transport in Indonesia is highly dependent on road modes. This is
caused by the dominance of intra-island freight transport, especially within Java,
Sumatra and between both islands (Lubis et al., 2005).

The transportation modal share in Indonesia for passenger and freight transport
is showed in table 2.4 below. There is a clearly significant di↵erence in the modal
share, especially the roads mode with 84.13% modal share for passenger transport
and 90.34% modal share for freight transport. Comparing to the other transport
modes, it is clear that road mode is dominating the transport modal share in In-
donesia.

Even though Indonesia is an archipelagic country, the goods distributions char-
acteristic that are mostly intra-island transport, has led to the dominance of the
road transport mode. There are also railways and river networks. However, these
modes are not very well developed. Sumatra, Java and Borneo holds a huge poten-
tial for river transport. Even so, the choice is not really popular and mostly it is
only used for barge transport by several coal mining industries.

Railways has the second biggest modal share in passenger transport but has
a really low modal share for freight transport. This is due to the dominance of
passenger transport in railway services. The railway connectivity in Indonesia is
very low. The networks only exist in Java and Sumatra, where in Sumatra the
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Table 2.4: Indonesia National Transportation Market Estimation (Lubis et al., 2005)

Mode
Passengers Goods

Millions/year % 1,000 tons/year %
Roads 2,021.08 84.13 2,514.51 90.34

Railroads 175.90 7.32 17.25 0.62
Rivers 10.31 0.43 28.00 1.01
Straits 116.03 4.83 27.40 0.98

Sea 42.34 1.76 194.81 7.00
Air 36.54 1.52 1.37 0.05

railways are used for mining transportation and in Java, the railway service is used
for both passenger and freight transportation. Sea transport comes second with 7%
modal share for freight transports. That is a relatively low share for a nation which
60% of its total area is covered with water body. Based on these facts, it can be
seen that Indonesia has not utilized the railways and maritime transportation to its
fullest especially for long distance shipments.

2.2.2 Unbalanced Economic Development in Indonesia

Even though Indonesia has positive GDP growth in long period, the economic de-
velopment in Indonesia mostly is focused on the Java island. This centralized de-
velopment is illustrated in Figure 2.6 below that shows the gross domestic regional
product (GDRP) of the provinces in Indonesia. Mostly the green area i.e. the
provinces with high economic growth are located in Java, some are in Sumatra and
one in Kalimantan. The economic growth in Java is due to concentrated indus-
trial clusters, while the other area outside Java have good economic growth mainly
because they are rich on natural resources such as oil, gas, and palm; or because
of tourism. It is distinguishable that the economic growth in the Eastern part of
Indoesia is really low.

The high economic growth in Java island has led to urbanization which is a
population shift from rural to urban area. Many people from other islands moved to
Java. The Figure 2.7 below showed the population concentration in every province
in Indonesia. The figure clearly shows that the population is highly concentrated
in Java island. Most areas in the Eastern part of Indonesia have a population
density of less than 50 people per km2. Other indicator to analyze the imbalance in
economic development is the regional poverty level, showed in Figure 2.8. The low
GDRP is a sign of high poverty in the respective province. This has become a big
issue regarding economic development. The poverty level in the Eastern region is
significantly higher than the level in the Western region.

In line with the research objectives, the facts about Indonesia‘s socio-economic
condition should be considered into the transportation model. The aim of the im-
provement of the transport network should be not only limited to decreasing the
total logistic costs, but also to balance the economic development and accessibility of
more remote locations within the network. Therefore, a more balanced demand and
supply in the future as the result of a better transport network can be considered
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Figure 2.6: GDRP per province in Indonesia (Self illustration from Indonesian Cen-
tral Statistics Bureau (2016b))

Figure 2.7: Population of every province in Indonesia (Self illustration from
Indonesian Central Statistics Bureau (2015))

as one of the important factors.

2.2.3 High Logistic Costs

A good transport system leads to low logistic costs, which would increase the ability
of a country to compete with other countries in terms of economic development.
However, in Indonesia, the logistics costs are relatively high compared to the other
countries as shown in Table 2.5 below.

The high logistic costs in Indonesia is illustrated by Figure 2.9 below. The chart
showed that the shipping cost to places within Indonesia is higher compared to
overseas shipping, even though the distance di↵erences are really significant.
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Figure 2.8: Poverty level of every province in Indonesia (Self illustration from
Indonesian Central Statistics Bureau (2016a))

Table 2.5: Logistic cost in several countries (World Bank, 2013)

Country Logistic Cost [% of GDP]

United States of America 9.9
Japan 10.6
South Korea 16.3
Singapore 8.0
Malaysia 13.0
Thailand 20.0
Vietnam 25.0
Indonesia 27.0

Figure 2.9: Comparison of container shipping cost from Jakarta to national and
international destination (Lino, 2013)

The logistic costs in Indonesia is even higher compared to its neighbors in South
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East Asia. There are several causes of the high logistics cost in Indonesia, namely,
the high trucking cost; the low infrastructure quality and performance; and the
trade imbalance between the Western part of Indonesia and the Eastern Part of
Indonesia, especially Papua. The low transport infrastructure performance and also
the lack of both main infrastructures in Indonesia are reflected by its rank in the
Global Competitiveness Index. Based on the Global Competitiveness Report by the
World Economic Forum (2015), Indonesia‘s Global Competitiveness Index is in the
81st position of a total of 140 countries. This position is far below the neighboring
countries such as Singapore, Malaysia, Thailand, Vietnam and Philipine. Indonesia
still ranks far below Malaysia and still lower than Thailand as well. Moreover,
Indonesia‘s rank is worse than the previous year, in which Indonesia is in 72nd
position.

Table 2.6: Transport Infrastructure Rank among 5 ASEAN big countries (World
Economic Forum, 2015)

2014-2015 2015-2016
Indonesia Malaysia Thailand Vietnam Philipines Indonesia Malaysia Thailand Vietnam Philipines

Overall Infrastructure 72 20 76 112 95 81 16 71 99 106
Road 72 19 50 104 87 80 15 51 93 97
Maritime 77 19 54 88 101 82 16 52 76 103
Air 64 19 37 87 108 66 21 38 75 98
Rail 41 12 74 52 80 43 13 78 48 84

Another cause of the high logistic cost as mentioned before, is the trade imbalance
between the Eastern and Western part of Indonesia. Figure 2.10 shows the freight
production and attraction in every province in Indonesia. The visualization is made
based on Indonesian OD Matrix data in 2011. The figure shows that most freight
activities are concentrated in Java and Sumatra. The activity level is much lower
in the eastern part especially Papua. This leads to low economies of scale. The low
demand and supply from the eastern part leads to fewer trip frequency to the East.
Most of the time there are also problems of empty containers because the supply
and demand imbalance. That is also the reason why international shipments cost
much less compared to national shipping cost.

Figure 2.10: Freight Production and Attraction in Indonesia (Self illustration from
(Ministry of Transportation, 2014)

High trucking cost is another major cause of the high total logistic costs in
Indonesia. One of the main factors is the congestion on the route, either from the
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warehouse/factory to the seaport, or the other way around. The average trucking
costs in Surabaya are IDR1,900,000 with the average distance of 68km which is
almost half of the total costs spent from the warehouse to the port, before being
loaded to the vessel. Meanwhile, in Makassar, the trucking costs amount to almost
reach three quarter of the total cost spent from warehouse before being loaded to the
vessel. The highest trucking cost are from Jakarta to Sorong. In Sorong the local
government regulation prevents a container truck to go outside the port. Thus,
multiple truck trips from port to consumers are required. While in Jakarta, the
worsening tra�c congestion from the industrial area in East Jakarta to the port of
Tanjung Priok is the main cause. The high logistic cost components in Indonesia is
illustrated in Figure 2.11 below.

Figure 2.11: Overall Transportation Cost for 20 TEU Container (Bahagia et al.,
2013)

2.3 Summary of Freight Transportation Condi-
tion in Indonesia

In this chapter, the current condition of freight transportation in Indonesia are
explained. Understanding the current situation is important before building the
model. By understanding the problem, the modeler could understand what are the
scope, the boundaries, and the objective of the model.

In general, the main problems in Indonesia‘s freight transportation are the low
usage of multimodal transport, unbalanced economies and the high logistics costs.
The freight transportation in Indonesia still mostly adopt the unimodal transporta-
tion system, especially in the intra-island transportation. For the inter-islands con-
nection, mostly ferries were used to transport the trucks. For an archipelagic nation,
a multimodal system could increase the e�ciency in the transportation system, es-
pecially on the long distance shipments. The central government of Indonesia has
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planned the modal integration to achieve multimodality in Indonesia. Therefore,
based on this problem, it is important to build a multimodal network model for
Indonesia.

Beside the freight transportation condition, the unbalanced economic growth
is another issue faced by Indonesia. This problem has a causal relation with the
transport system condition. There is imbalance in the supply and demand between
the Western and Eastern part of the country. The centralized development has also
caused the economic growth in Java to be bigger compared to other part of the
country, especially for the Eastern region.

The imbalance in freight demand and supply caused high logistics cost on ship-
ment to the Eastern part of Indonesia, because most of the time the ship returned
with empty containers. Therefore, they could not achieve the economies of scale.
Hence, the logistics cost to send goods to the Eastern parts of Indonesia became
really high thus causing higher goods price in those areas.
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Chapter 3

Actor Analysis and Current
Freight Transport Policies

This chapter analyze the problems in Indonesia further through actor analysis and
studying the current policies in freight transportation. Within the actor analysis,
the multi-actor environment of the problem were explored. And through the analysis
of the current policies, the targets and the objectives set by the decision maker were
studied to be incorporated into the model.

3.1 Actor Analysis

The freight transportation improvement issue is a big national issue in Indonesia.
As an archipelagic nation, the transportation in Indonesia is really complex, requir-
ing involvement of many actors within each transport modalities. Those big and
important actors come from both public and private sectors.

As multiple actors are involved in creating a multimodal transport policy in In-
donesia and the implementation of such policy has an impact on these stakeholder,
where some actors might be in favor and other against it. Knowing these actors’ at-
titudes and stances are pivotal to successful implementation of the policies. Without
an actor analysis, one alternative might be found unsuitable due to opposition by
certain actors that are not in favor in the future. By performing the actor analysis,
the possible reactions by each actors regarding the alternatives can be analyzed and
future opposition could be prevented. Therefore, an actor analysis will be performed
according to the methodology presented by Hermans and Thissen (2009).

In an actor analysis, firstly the actors will be identified and listed. Secondly, a
formal diagram will be used to map the relations between actors. Thirdly, each actor
will be analyzed in terms of the actors’ interests, goals and resources. Lastly, the
actors will be ordered based on its power level, interest level and attitude towards
the issue.

Later on in this research, the analysis of actors’ position towards the policy
implementation were analyzed further. Some actors that are not in favor of certain
policies might build a policy barrier through certain means in order to prevent the
negative e↵ect of the policy towards them. Therefore, it is important to analyze
the actors’ barriers and exploring the possible alternatives to prevent or to solve the
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actor‘s issue towards the policy.

3.1.1 Overview of Actors Involved

To identify the list of actors that are involved in this issue and to reduce the chance
of skipping any engaged actors, the Mitro↵ identification approach was used as a
starting point (Hermans & Thissen, 2009). Afterwards, a short description of each
actor is given.

The following actors were identified by means of the Mitro↵ identification ap-
proach.

1. The imperative approach: identifying actors that have a stake in the existing
problem or will be a↵ected by the solutions proposed or enacted.

(a) Indonesian Railway Company (PT KAI) (Indoneia Infrastructure Initi-
tatives, 2010)

(b) Indonesia Ship Operator (PT PELNI) (Indonesian Ministry of National
Development Planning, 2014)

(c) Truck operator (Bahagia et al., 2013)

(d) Indonesia Port Corporation (IPC) (Indonesia Investment Coordinating
Board, 2015)

2. The positional approach: identifying actors based on their formal positions
in legislative associations that can initiate, adjust, and implement policies,
regulations and processes. For the case at hand and through this approach
the following actors are identified based on the Indonesia development Mas-
terplan (Coordinating Ministry for Economic A↵airs and Ministry of National
Development Planning, 2011) :

(a) Ministry of Transportation

(b) Ministry of Public Works

(c) Ministry of Economy

(d) Ministry of Finance

(e) Ministry of State Owned Enterprise

(f) Ministry of National Development Planning

3. The opinion leadership approach: Identifying actors that play a role in a↵ect-
ing the opinion of other actors. By using this approach, the following actors
were recognized:

(a) Indonesia Infrastructure Initiative (Indii) - Australian Aid

4. The demographic approach: identifying actors that are a↵ected di↵erently
by the problem and its potential solutions because of the di↵erence in age,
gender, residence, level of education, occupation etc. By using this approach,
the following actors were recognized:
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(a) Local truck drivers

(b) Local governments

It is important to note that at this stage of the actor analysis the following actors
were identified; however, in such an iterative process of problem construction and
solution advising, new actors may come into the picture.

While defining the boundaries of the network of actors involved, the following
were taken into consideration:

1. The level at which the problem prevails was studied against the actor‘s in-
volvements, interests, and power exertion

2. The pool of actors was chosen in a manner to encompass the various interests,
preferences and dilemmas relevant to the problem

Consequently, two techniques were used to further structure the list of actors.
The first technique is grouping the actors based on their roles and positions such
as: The Indonesian Government, Local Governments and Nongovernmental organi-
zations. The second technique is classifying the actors based on their interests in
the problem such as: Stimulating multimodal transportation and protecting road
transportation. The list can be seen in Table 3.1 below.

Table 3.1: Actor roles and interests (Modified from Enserink et al. (2010))

Actors‘ Role in Governance Actors‘ Issues of Interest

Central Government National Transportation System Development
Ministry of National Development Planning* Ministry of National Development Planning*
Ministry of Transportation Ministry of Transportation
Ministry of Public Works Coordinating Ministry of Economic A↵airs
Coordinating Ministry of Economic A↵airs Ministry of State Owned Enterprises
Ministry of Finance Ministry of Public Works
Ministry of State Owned Enterprises National Economy

State Owned Enterprises Coordinating Ministry of Economic A↵airs

Indonesian Railway Company (PT KAI) Ministry of State Owned Enterprises
Indonesian Ship Operator (PT PELNI) Company Profitabiity

Indonesian Port Corporation (IPC) Indonesian Railway Company (PT KAI)
Non-Governmental Actors Indonesian Ship Operator (PT PELNI)

Truck Operators Indonesian Port Corporation (IPC)
Local Truck Drivers Truck Operators

Local Truck Drivers

*Main Actor

3.1.2 Actor Description

The following sections will provide a short description of the actors involved.

Ministry of Transportation. The Ministry of Transportation is one of the
ministries of the Indonesian government and is responsible for the governance
and regulation of transport in Indonesia. (Coordinating Ministry for Economic
A↵airs and Ministry of National Development Planning, 2011)
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Ministry of Public Works. Ministry of Public Works is one of the ministries
of the Indonesian government and is responsible for providing infrastructures
such as roads and bridges, dams, irrigations, waterways, water supply, public
buildings, and other public infrastructures to serve the economic activities
in Indonesia. (Coordinating Ministry for Economic A↵airs and Ministry of
National Development Planning, 2011)

Ministry of Economic A↵airs. Ministry of Economic A↵airs is one of the min-
istries of the Indonesian government and is responsible for planning and policy
co-ordination, as well as synchronization of policies in the fields of economics.
(Coordinating Ministry for Economic A↵airs and Ministry of National Devel-
opment Planning, 2011)

Ministry of Finance. Ministry of Finance is one of the ministries of the Indone-
sian government and is responsible for managing finance and state assets. It
covers the policy making in several sectors such as fiscal, economy, politics,
social and cultural, and institutional sector in Indonesia. (Coordinating Min-
istry for Economic A↵airs and Ministry of National Development Planning,
2011)

Ministry of State Owned Enterprise. Ministry of State Owned Enterprise
is one of the ministries of the Indonesian government and is responsible for
coordinating the function of state owned enterprises (Coordinating Ministry
for Economic A↵airs and Ministry of National Development Planning, 2011).
Within the scope of the freight transportation in Indonesia, the involved state
owned enterprises are the Indonesia Railway Company (PT KAI), the Indone-
sia Ship Operator (PT PELNI), and the Indonesia Port Corporation (IPC).

Ministry of National Development Planning (BAPPENAS). Ministry of
National Development Planning (BAPPENAS) is one of the ministries of the
Indonesian government and is responsible for formulating national develop-
ment planning and budgeting (annual, five-years, and long term) (Coordinating
Ministry for Economic A↵airs and Ministry of National Development Plan-
ning, 2011). BAPPENAS has also a responsibility to coordinate international
development (bilateral, unilateral and multilateral) cooperation.

Indonesia Railway Company (PT KAI). Indonesia Railway Company (PT
KAI) is a state owned enterprise that is responsible for governance, regulation,
maintenance and operation of railways in Indonesia. PT KAI is the major
operator of railways in Indonesia for both freight and passenger transportation
(of Connectiviy, 2010) .

Indonesia Ship Operator (PT PELNI). Indonesia Ship Operator (PT PELNI)
is a state owned enterprise that is responsible for providing sea mass trans-
portation that covered passenger and goodies transport amongst the island in
Indonesia (of Connectiviy, 2010).

Indonesia Port Corporation (IPC). Indonesia Port Corporation (IPC) is a
state owned enterprise that is responsible for the governance, regulation, main-
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tenance and operation of ports and harbors in Indonesia. IPC has four com-
pany numbers based on its coverage (i.e. IPC I, IPC II, IPC III, IPC IV).
IPC I is responsible for the ports in Aceh, North Sumatra, Riau, and Riau
islands. IPC II is responsible for the ports in West Sumatra, Jambi, South
Sumatra, Bengkulu, Lampung, Bangka Belitung, Banten, Jakarta, and West
Kalimantan. IPC III is responsible for the ports in Central Java, East Java,
Bali Nusa Tenggara, South Kalimantan and Central Kalimantan. And the
rest are under the responsibility of IPC IV.

Indonesia Infrastructure Initiative (IndII). Indonesia Infrastructure Initiative
(IndII) is an Australian Government-supported initiative (Indoneia Infrastruc-
ture Inititatives, 2010). The main program of Indii is to promote economic
growth in Indonesia by working with the Government of Indonesia to enhance
infrastructure policy, planning, delivery and investment. IndII focuses primar-
ily on water and sanitation issues and on transport (with particular attention
to roads and urban mobility), as well as a number of cross-sectoral policy
issues.

Truck Drivers. As the one with the highest modal share compared to railways
and maritime, truck drivers would feel the impact of the multimodal policies
since the policies might lower their modal share (Bahagia et al., 2013). The
high number of the group that is spread all over the country give them a
bargaining power over the policy.

Local Governments. The local government has the authority to issue policies
at regional level. The freight transport development covers the transport in-
frastructures that span along many regions. Therefore, the role of the local
governments is important for the success of the projects, especially in social-
izing the projects to the residents along the project areas.

3.1.3 Formal Relations

In order to understand the actors and the environment they interact within, one
must understand what formal and informal relationships these actors have within the
system. In general the actor‘s behavior is depicted by its position and relationship
with its fellow actors. Within the formal relationship, legislation and hierarchical
relation play the most important role. They describe the expected functions of the
actors within the problem system and the boundaries of the action that can be
taken. The formal (informal) relationship chart can be found in Figure 3.1 below.

From the formal relations diagram it becomes apparent that the regulations and
policies established by the central government of Indonesia influence the di↵erent
transport modalities through the respective transport mode‘s operator. The freight
transportations in Indonesia are mostly operated by the national enterprises (PT
PELNI, PT KAI, IPC), unless for the trucks, which shares are held by private
owners and operators. The national enterprises are regulated by the Ministry of
State Owned Enterprises. While the truck operators are regulated and coordinated
under the Ministry of Transportation.
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In order to apply the multimodal policies, all the ministries are coordinating
with each other. The final development plans are issued by the Ministry of National
Development Planning in the term of Middle Term National Development Plan and
Long Term National Development Plan.

Based on the formal relations diagram, the central government of Indonesia has
huge influence over the policies. They can issue the policy without taking into
consideration the demands from the lower parties. However, this might result in
an opposition especially by the truck operators which are independent from the
governmental bodies. The opposition by the truck operators could be an issue when
the central government wants to apply the multimodal transportation policy as they
are the major transport mode used in Indonesia. Therefore, the truck operators
could have huge blocking power against the policy if the policy is not in their favor.
This becomes a challenge for the central government when taking into account the
demand from the truck operators within the policy making process. Best policies
are made when stakeholders can find themselves presented in the policies as this
prevents barriers on the policy implementations.
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Figure 3.1: Formal relations diagram

3.1.4 Problem Formulation of the Actors

To understand how a problem can be solved, it is essential to know how the ac-
tors that are concerned with this problem, think about the problem. In complex
multi actor systems, actors mostly have di↵erent desires and objectives, this is what
makes the problem complex. To understand the position of the actors concerning
the problem, a problem formulation can be made for each actor. The problem for-
mulation provides insight in the desired situation and what prevents the actors from
reaching that desired situation. The problem formulation for the actors involved in
this stakeholder analysis can be found in Table 3.2.
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3.1.5 Interdependencies

In multi actor systems, the significance of actors behavior mostly depend on the
resources, power and influence of actors. In this way, some of the actors can be
defined as critical if they have power to influence other actors and take a particular
stand regarding the problem or even block the solution.

In terms of the power, the central governments or the ministries have the biggest
power as they are able to issue the policy on the national level. As the main pol-
icy maker, the Ministry of National Development Planning is supportive towards
the multimodal transport network policy in Indonesia. The other ministries are
coordinating with the Ministry of National Development Planning to arrange the
components of the policy based on their respective responsibilities. Based on the
RPJMN, the Indonesian government would make use of their resources in order to
ensure the success of the multimodal transportation policy. The success of the mul-
timodal transport policy will make the transport system in Indonesia more e↵ective
and e�cient, hence it could be a key for Indonesian companies to compete on the
international level. However, before a policy is implemented, the policy issued by
the Indonesian government should have the agreement from the impacted actors.

IPC, PT PELNI, PT KAI which are state owned enterprises have a high interest
and power within the network and fully support the multimodal transport policies.
The policies could increase their modal share, thus making them more profitable.
PT Pelni faces the ine�ciency and loss due to the current transportation system
which they have to cover the cost resulted from the trade imbalances. PT KAI could
build new railway networks in all the big islands in Indonesia which could increase
their profit and also the modal share of railways. As the port operator, IPC is
also in favor with the multimodal transport policy as the policy would improve the
infrastructure in Indonesian ports, thus making them more e�cient.

Multimodal transport could increase speed, reliability and e�ciency. The mul-
timodal transport policy could also be considered to be a motivation to push for
further innovation on road transport, however, the market share of road transport
is already big in Indonesia and the implementation of multimodal transport could
reduce the market share because it would stimulate the other modes of transport.
This would be the threat for the truck operators in Indonesia, which leads to their
di↵used position within the network.

3.1.6 Power and Interdependencies of Actors

The next step is the identification of the power and interests of the stakeholders.
This is done by mapping the stakeholders on three characteristics or dimensions. The
characteristics that are described considering stakeholders are (Murray-Webster &
Simon, 2006):

1. Actors power or ability to influence the system. This may be their potential to
influence derived from their positional or resource power in the system, or may
be their actual influence derived from their credibility as a leader or expert.

2. Actors interest or involvement in the project or program as measured by the
extent to which they will be active or passive.
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3. Their attitude to the project or program as measured by the extent to which
they will support, oppose or di↵used (can either support or block, depending
the impact of the project)

The power-interest matrix below will map the actors within the network based
on their power, interest and attitude towards the multimodal network policy.

Figure 3.2: Power-Interest Matrix of the Actors

Based on the power-interest matrix showed in Figure 2, there is no actors that
oppose the multimodal transport policy. However, there are certain actors that have
di↵used attitude towards the multimodal transport policy. They can support the
policy if the policy has favorable benefits for the e↵ort they do but they can also
oppose the policy if the risks are high.

3.2 Freight and Logistics Development Plans

The Indonesian government has developed several policies in order to increase the
e�ciency of Indonesian transportation network. There are three main policy for
transportation network and transportation infrastructure development. Those poli-
cies are Master Plan Percepatan Pembangunan dan Ekonomi Indonesia (MP3EI)
or The master plan to accelerate the development and the economy of Indonesia
andRencana Pembangunan Jangka Menengah (RPJMN) or Tactical development
planning.
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MP3EI is Indonesia‘s development plan covering several aspects, such as social,
cultural and economy. It is a long term development plan from 2005 - 2025. MP3EI
is intended to accelerate and foster economic development across the nation through
six economic development corridors. The main strategies of MP3EI are: (1) Eco-
nomic corridor development, (2) Strengthening the national connectivity and (3)
strengthening human resource capability and science-technology. Through MP3EI,
the Indonesian government has invested 250 billion USD for infrastructure devel-
opment which includes 2 seaport projects, 4 railway projects, 10 road and bridge
projects and 2 energy projects (Ministry of Economic A↵air, 2011).

Along with MP3EI, RPJMN defined development plan on many aspects and also
includes the national freight and logistics system. The RPJMN is updated every 5
years. It is a more detailed planning based on the strategic plan defined by MP3EI.
One of the target within MP3EI and RPJMN is to boost multimodal transportation
in Indonesia. In the transportation and logistics sector, the development plans
include the maritime highway policy, development of Indonesian ports and dry ports,
building new dry ports, building new railway network in all the main islands, existing
road revitalization and new road construction.

3.2.1 Rail Network Construction

From 2011–2015, the government aims to improve the role of trains to handle long
distance cargo transport on Java and Sumatra. Following the improvement, from
2016–2020, the government has planned to develop trans-Java and trans-Sumatra
railway to connect production centers and transport nodes. The new network is
expected to start operating between 2021–2025 and will become the alternative to
road freight (Bahagia et al., 2013).

The rail network construction is one of the biggest plan that would require huge
investments. The government is planning to build rail network that connects all
Indonesia‘s special economic zone. In Sumatra, the rail network will connect Aceh,
Medan, Pekanbaru, Padang, Jambi, Palembang and Lampung which have the total
length of 2,168 km and would cost IDR65 trillion. In Java, the existing single
track network will be upgraded to double track network which would double the rail
capacity. The total length is 441 km.
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Figure 3.3: Existing and planned rail network in Indonesia (Ministry of Transporta-
tion and Infrastructure and Australian Aid, 2014)

3.2.2 Maritime Highway Policy

The objective of maritime highway policy is to operate a maritime network that
continuously connect the eastern and western part of Indonesia. The maritime
highway policy operates hub and spoke network design. Therefore, for this policy,
the government has chosen 5 main ports as main or hub ports and 19 other ports
as feeder ports.

Several aspects are taken into account in selecting the 24 ports within the mar-
itime highway policy. They are chosen based on the respective port location, the
port‘s facilities and infrastructure, the port‘s capacity, the port‘s accessibility and
the port‘s throughput. The hub ports are the ports with higher throughput, ca-
pacity and accessibility compared to the feeder ports. These hub ports also have
better existing facilities and infrastructure, which means, fewer improvement would
be required when assigning them as the hub ports.

Main consideration in selecting the above 24 ports are the strategic location of
the ports; existing facilities and infrastructures; existing capacity and throughput of
the ports; and service coverage of the ports (access from other regions to the ports).
Ports in strategic location and wide coverage areas certainly become priority and
potentially to be hub ports in the network. These ports usually have higher capac-
ity and throughput such as Tanjung Priok, Belawan, Tanjung Perak, and Makassar.
In addition, existing facilities and infrastructures availability are also considered to
minimize development budget. Ports with better existing facilities and infrastruc-
tures will be more prioritized to be chosen as strategic ports in maritime highway
policy (Indonesian Ministry of National Development Planning, 2014).
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Table 3.3: Identification of 24 strategic ports in maritime highway policy (Indonesian
Ministry of National Development Planning, 2014)

Ports City Provinces Role
Malahayati Banda Aceh Nanggroe Aceh

Daroessalam
Feeder

Belawan Medan North Sumatera Hub
Kuala Tanjung Kuala Tanjung North Sumatera Hub (Interna-

tional)
Teluk bayur Padang West Sumatera Feeder
Batu Ampar Batam Riau Islands Feeder
Jambi Jambi Jambi Feeder
Palembang Palembang South Sumatera Feeder
Panjang Bandar Lam-

pung
Lampung Feeder

Tanjung priok Jakarta DKI Jakarta Hub
Tanjung emas Semarang Central Java Feeder
Tanjung perak Surabaya East Java Hub
Pontianak Pontianak West Kaliman-

tan
Feeder

Sampit Palangkaraya Central Kali-
mantan

Feeder

Kariangau Balikpapan East Kaliman-
tan

Feeder

Palaran Samarinda East Kaliman-
tan

Feeder

Tenau kupang Kupang East Nusa Teng-
gara

Feeder

Makassar Makassar South Sulawesi Hub
Pantoloan Palu Central Sulawesi Feeder
Bitung Manado North Sulawesi Hub (Interna-

tional)
Kendari Kendari South East Su-

lawesi
Feeder

Ambon Ambon Maluku Feeder
Ternate Ternate North Maluku Feeder
Sorong Sorong West Papua Hub/Feeder
Jayapura Jayapura Papua Feeder

The policy covers maritime connectivity for both people and freight transporta-
tion. In relation with freight maritime network design, Ministry of Development
Planning has also broken down the above definition into five main elements of mar-
itime highway policy:

1. Reliable Ports. Maritime highway policy will focus on development of strate-
gic ports to form a backbone of freight maritime network that can serve all
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region in Indonesia from west to east. Every port in the network must be reli-
able in its services and performances. Some important issues to be considered
in reliable ports development based on the policy are su�cient ports capacity
and productivity; e↵ectiveness activities documentation; data and information
system; water entrance (for inland transport, piping, etc.); internal infrastruc-
ture such as dock size, water depth, electricity, etc.; and strong supporting
institutions (ports operator, local government, etc.).

2. Su�cient load from west to east and vice versa. Loaded and unloaded freight
volume have to be su�cient to make certain routes become feasible. Otherwise,
regulation and subsidy from the government can also be applied but only for
short term. In the long term, through optimum maritime network and e↵ective
infrastructure development and regulation to minimize cost, the transportation
cost will be feasible for all routes that serves all regions in Indonesia from west
to east.

3. E↵ectiveness of supporting inland transportation. Inland transportation for
access to ports is very important such as road, railway and piping line. The
development of inland transportation is certainly required to be taken part on
ports infrastructure development planning on the policy.

4. Routine and scheduled freight shipping. At present, routine and scheduled
freight shipping is di�cult to be applied in Indonesian ports especially in small
ports with lack of supporting infrastructure. On the other hand, big ports
usually face unexpected problems such as high dwelling time, long queue and
tra�c jam inside the ports area that have already discussed in previous part.
All of these problem must be solved and freight shipping in every port must
have routine schedules. Su�cient load and sustainable maritime network with
reliable ports are required to maintain the routine schedules of freight shipping.

5. Su�cient Number Shipping industry. The number and capacity of shipping in-
dustry have to fulfill increasing demand due to development of strategic ports
on maritime highway policy. With the policy, maritime transportation is ex-
pected to become cheaper and reliable so the share of freight shipment through
maritime transportation modes will be better than the current situation, so
the higher number and capacity of shipping companies are required.

3.2.3 Road Network Improvement

Within the RPJMN, the Indonesian government also plans to build new toll road
connections in several islands in Indonesia (i.e. Sumatra, Java, Sulawesi). These
toll roads are intended to increase the road capacity and the connectivity between
the cities within the route (Ministry of National Development Planning, 2015).

Table 3.4 below shows the list of new toll roads construction plan in Indonesia.
However, based on the list, the toll roads covers mostly intercity connection within
a province. Therefore, the toll network is not within the scope of the model.
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Table 3.4: Toll Roads Development Plans in Indonesia (Ministry of National Devel-
opment Planning, 2015)

Island Route Length [km] Investment Cost
[⇥106 IDR]

Sumatra Medan - Tebing Tinggi 61.8 6718
Medan - Binjai 15.8 2411
Pekanbaru - Dumai 135 18321
Palembang - Indralaya 22 2469
Kayuagung - Betung 111.65 13708
Bakauheni - Terbanggi Besar 150 18422

Java Serpong - Balaraja 30 6928
Pasirkoja - Soreang 10.57 2482
Cileunyi - Dawuan 58.5 11328
Pandaan - Malang 37.62 3262

Sulawesi Manado - Bitung 39 2531

3.3 Fuel Subsidy Cut

One of the thing that caused the road mode more attractive for shipper is that the
diesel fuel is subsidized by the government. Ships and trucks use the same type of
fuel. However, only road transport receives fuel subsidy that make the fuel cheaper
compared to maritime transports.

As long as the subsidy exist, trucks would be more favorable compared to the
other modes because it is a cheaper option, even though it is less reliable and less
e�cient compared to the other modes. In Indonesia, subsidy reduction have been
discussed for the last few years. However, the subsidy reduction was only applied
on gasoline which mostly used by passenger cars.

Beside the impact on the freight transport modal share, the fuel subsidy also
influenced the national spending. Every year, the Indonesian government have to
allocate for the fuel subsidy (Nugroho, 2009). Within the National Spending Funds
Allocation Plan, subsidy is defined as a payment by the national government to
PERTAMINA (the national distributor company for oil and gas) in the case that
their profit is smaller compared to the cost of fuel distribution (Kamar Dagang
Indonesia, 2013). The amount of expenditure accounted to the fuel subsidy in
Indonesia is significantly bigger compared to expenditure on education and health
sector as illustrated in Figure 3.4 below. By cutting the fuel subsidy, the national
government could save on the funds and allocate the funds to the other critical
sectors.
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Figure 3.4: Fossil Fuel Subsidies Compared to Other Expenditures (Asian Develop-
ment Bank, 2015)

The fuel subsidy is the di↵erence between the reference oil price and the retail
fuel price without tax. The reference oil price for Indonesia is calculated based on
the sum of Mid Oil Platt‘s Singapore (MOPS) and the distribution cost. MOPS
is the price on the stock sale and purchase transactions on the Singapore oil. This
definition is illustrated in Figure 3.5 below.

Figure 3.5: Fuel Subsidy in Indonesia (Askolani, 2010)

The government gives subsidy up to 40% of the fuel price. However, this sub-
sidy only applicable mostly on road transportation of both freight and passenger
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transport.
High subsidy by the government has made the fuel price in Indonesia much

cheaper compared to the reference fuel price especially in South East Asia. The
Figure 3.6 below shows how the fuel price in Indonesia is relatively cheaper compared
to the neighboring countries due to the subsidy from the government.

Figure 3.6: Fuel Prices in Di↵erent Neighboring Countries (Askolani, 2010)

The government has planned to totally cut the fuel subsidy through the fuel
subsidy reform. With fuel subsidy reform, final energy consumption is projected
to decline by over 10% in 2030 (Asian Development Bank, 2015). The combined
e↵ect of a decline in energy consumption and fuel switching is estimated to reduce
CO2 emissions by over 9% relative to the status quo condition in 2030. Beside the
positive e↵ect on the national economy, the fuel subsidy reform would also give an
impact on freight transportation.

By reforming the fuel subsidy policy, the most impacted actor within the freight
transportation would be the shippers and the truck operators. The truck operators
might face a higher operational cost due to the increase of the fuel price. Thus,
leading to higher transportation cost for the shippers. However, this e↵ects would
push the truck operators to refine their business model and would make them try
to innovate in order to be able to compete with the other modes given the higher
operational cost. Therefore, the service quality and the e�ciency of the mode would
be increased in the long run.
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3.4 Future Scenario on Policies Implementation

The policies discussed earlier in this chapter are the central government‘s plan on
improving the freight transportation system in Indonesia. The policies will be im-
plemented in the future on the network. Therefore, it is interesting to analyze the
future e↵ect of the policies on the freight transportation system in Indonesia.

Within the model, the future e↵ect of the policies can be calculated by adding
several new parameters. For the fuel subsidy reform, the model will add the subsidy
rate on every mode and add the calculation of each modal‘s operational cost given
the subsidy rate. The general equation of the modal operational cost with the
subsidy rate will be as follows.

⇢

m = ⇢

m⇤(1� !S

m) (3.1)

⇢

m = Subsidized operational Cost of mode m j

⇢

m⇤= Operational Cost of mode m without subsidy
!

m = Percentage of fuel cost of mode m

S

m = Subsidy rate for mode m

The percentage of the fuel cost ! is the constant that represents to how much
the fuel cost accounts to the total operational cost of a mode. The variable subsidy
rate S will be modified in the scenario‘s program.

3.5 Summary

This chapter discussed the actor analysis and the policies in Indonesia that are
related to its freight transportation system. The actor analysis was performed in
order to understand the policy making Indonesia. Based on the actor analysis, the
Ministry of National Development Planning is the main actor in this issue. The
Ministry of National Development Planning work together with the other ministries
on defining the strategic and tactical planning on Indonesia‘s freight transportation
and other important sectors. Therefore, as the issuers of the policy, the position of
the Ministry of National Development Planning is crucial in this issue.

Together with the other ministries, the central government has defined several
policies in freight transportation. Within the Strategic and Tactical National Plan-
ning (RPJMN), the central government has planned to improve the existing trans-
portation network especially for the freight transportation. The central government
planned to build new road connections, highways, maritime transportation facilities,
and rail network. However, within the model, only the rail network improvement
will be added to the future scenario. The reason is because most of the other im-
provement plans (i.e. road construction, port construction) are at the regional level,
while the model will be build on provincial level.

Another highlighted policy in Indonesia is the fuel subsidy reform. The central
government planned to totally cut the fuel subsidy that was given to road trans-
portation, which in the freight transportation, it is given to trucks. The fuel subsidy

44



spending from the central government accounts to 4.1% of the total national expen-
diture. It is even bigger compared to the fundings allocated to health and education.
In order to see the e↵ect of these policies in the future, they are added as scenarios
in the model.
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Chapter 4

Model Specification

This chapter explained the foundations of the model building process. Firstly, the
requirements were stated, then the model specifications were defined based on the
requirements. Further on, this chapter explained the model parameters and the data
that are used to build the model.

4.1 Model Requirements

Before specifying how the problem should be modeled, it is important to firstly
define the model requirements. A model consists of several elements. The elements
that should be defined are the objective(s), the key performance indicator (KPI),
the model resolution, the data, and the scenarios.

Firstly, It has an objective, which is the main purpose of each model. The ob-
jective could be maximizing or minimizing certain variable or if there are several
variables, a combination of the maximizing and minimizing objective could be com-
bined depending on the problem. Secondly, one or more key performance indicators
(KPIs) should be defined to measure the quality of the model results. Thirdly, the
model resolution such as the spatial and temporal resolution must be defined to give
boundary to the model. By defining the boundaries, the model will performs within
the problem scopes. Fourthly, the list of available data should be made in order to
make sure that all the parameters can be used in the model. Last but not least,
the scenarios should be defined. Defining the scenario is important to understand
which parameters should be modified depending on the scenarios.

4.2 Model Specification

4.2.1 Model Objective

The model objectives refers to the basic purpose that the model serves. Based on
the research objectives, the following purposes of the model is intended to be used
for freight flow modeling and a quantitative tool for decision making support.

Within a transport model, freight flow modeling is a key component to the
model. Through freight flow modeling, one can analyze how the flow is distributed
within the transport network and find where the bottleneck lies. Furthermore, it
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is one indicator that determine how a scenario or policy would a↵ect the network.
Therefore, it helps in decision making process as a quantitative analysis tool.

4.2.2 Key Performance Indicators

In order to meet the goal of the research, specific outcomes of the model are needed.
Therefore, the following Key Performance Indicators (KPIs) are defined. With these
KPIs, insights about the current situations can be obtained and can be used to
compare the obtained result of the research from di↵erent scenarios to the current
situation.

Modal Split[ % ] The modal split indicates the modal share of a transport mode
in the freight transportation. The modal share of a mode is obtained by
calculating the amount of goods transported using the mode to the combined
amount of goods transported using all the available modes. This KPI can be
used to indicate the shift of freight transport modality in di↵erent scearios.

Generalized transport costs per mode[ IDR ] This KPI indicates the total
transport cost required when transporting certain amount of goods between
two zones. The generalized transport costs is the sum of link cost, the trans-
port mode cost, travel time cost and handling cost.

4.2.3 Model Resolution

In order to make a transport model, the units of the model, the modalities, the
spatial resolution, and the temporal resolution need to be specified.

Units of the Model

Based on the model requirement, a static model can be operated given the function
as a supportive quantitative tool for decision making support. The freight data
over a year based on origin-destination (OD) matrix will be modeled. The freight
is expressed in the unit of tonnages. The monetary values are converted to euro for
the purpose of simplification. For other parameters, metric measurement units are
used (i.e. km for distance and hour for time).

Modalities

Several means of transportation exist in Indonesia, i.e. Road mode, rail mode and
sea mode. These three transport modes will be included in the multimodal transport
network model. The study by Lubis et al. (2005) showed that in 2005, the modal
split for freight transportation in Indonesia is estimated as follows:

• Road Transport = 90.35%

• Rail Transport = 0.6%

• Sea Transport = 9.0%
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• Other = 0.05%

As the other means of transport (i.e. Inland waterway and air transport) have really
low percentage in the freight transport modal share, therefore, they are neglected
in the this study. Thus, only road, rail and sea modes are taken into account and
incorporated into the model.

In the model building process, the aforementioned modal share data is used as
a parameter to validate the model. This is because there is no data available on
the modal share at the provincial level and the national modal share data is not
applicable to all regions in Indonesia. Some area are only accessible through road
network, while some should be reached with sea transport.

Temporal Resolution

This model will be used as an insight to support decision making process for strategic
transportation problem. Therefore, it is important to define certain important points
in time based on the problem or the scenario to be analyzed.

Beside network design optimization, the model is also intended to be used for in-
vestment planning on transport network development. Therefore, the model should
be able to analyze the network for long term changes. Dynamic model would give
insight in the e↵ects of changes in production and attraction level on the freight
flows. However, a relatively large amount of data would be required for such model.
As the aims of the model is to find the suitable combination of transport network
infrastructure development given the freight flow in a certain point of time, a static
model would be su�cient.

The timeframe of the model follows the data availability, especially the origin
and destination (OD) freight flow data. The latest OD data that is available is the
2011 OD data. Therefore, the base year analysis will use the data in 2011. For the
future scenarios, the national growth rate data was used to calculate the predicted
future OD data.

Spatial Resolution

The spatial resolution refers to the model aggregation regarding the spatial data
available (i.e. household level, city level, provincial level, national level, and interna-
tional level). The temporal resolution refers to the specification of the time periods.
The availability of the data will determine the aggregation or dis-aggregation of the
model.

In order to model the freight flows in Indonesia, the country should be divided
at least to the provincial level. Therefore, the provinces will be the zones in the
network. The links that connect the zones should also be specified. And within a
zone, a point should be specified as the ’gravity point’, to be used as the origin and
destination node.

Indonesia is divided into four level of administrative borders, which are provinces,
cities or districts, sub-districts, and villages. More data is available on the first
administrative level, the province level. In order to obtain higher accuracy of the
model, due to the data availability and to build an aggregated model of Indonesia,
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the model covers the freight flows between the provinces in Indonesia. The province
acts as a zone, with the capital city as the centroid. Therefore, the network consists
of 33 zones. Each port and rail terminal that are used for transshipment activities
or as a multimodal hub, have a separate centroid as an origin and destination for
intra-islands and inter-islands trade.

The network of the model is divided into three network layers, namely road, rail
and maritime network. The layers connect all seaports, dry ports, terminals and
centroids in the network. For model aggregation reason, the road links are limited to
national roads and toll roads. This assumption is also based on the fact that trucks
are directed on the national roads and toll roads to minimize the congestion inside
the cities. The loading and unloading activities in a terminal are integrated to the
links that connect the ports or the terminal to the respective origin or destination
centroid.

4.2.4 Data Collection

The data collection process was done by the means of desk research and correspon-
dences with other researchers and employees in the related companies. The following
table summarize the list of data needed and the sources of the data.

Table 4.1: Data list and sources

Data Source
Coordinates Open Government Indonesia (n.d.)
Port list Indonesian Ministry of National Develop-

ment Planning (2014)
Trucking cost The Asia Foundation (2008)
Truck speed The Asia Foundation (2008)
Rail cost Wijaya et al. (2014)
Rail speed Wijaya et al. (2014)
Maritime cost de Baat et al. (2015)
Vessel speed Yamada (2013)
Transshipment Cost (Bahagia et al., 2013)
Transshipment time de Baat et al. (2015)
Road Distances Open Government Indonesia (n.d.)
Rail Distances Open Government Indonesia (n.d.)
Maritime Distances Open Government Indonesia (n.d.)

OD Matrix Ministry of Transportation (2014)

The coordinates data are retrieved from Indonesia GIS data from the Ministry
of National Development Planning. The GIS data contains the position of every
province‘s capital city which acts as a node within the model. The GIS also contains
the infrastructure data such as port location, road network along with the road
length data. The RPJMN listed the list of ports in Indonesia that will be focused
on for the maritime highway policy. The ports mentioned on the list are integrated
to the model.

The transport mode data are collected from di↵erent researches and documents.
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The truck cost and speed are processed from the research article by The Asia Foun-
dation (2008). The article presented the research on trucking cost in several locations
in Indonesia. The rail cost and speed are obtained from the research by Wijaya et
al. (2014) that performed a research on railway cost structure in West Sumatra.
The maritime costs used in the research by de Baat et al. (2015) that presented the
multimodal transportation system optimization in Java island. The transshipment
costs are compiled from the IPC data on di↵erent port‘s transshipment costs.

4.2.5 Scenarios

The model should be robust to support decision making process in which future
scenarios will be applied to the model. Therefore, several scenarios were defined
to be analyzed. To develop scenarios for the freight transport model, the degrees
of freedom should be based on the expected growth or changes of the Indonesian
future. Within MP3EI, the Indonesian government planned to increase the national
connectivity by 2025. (Coordinating Ministry for Economic A↵airs and Ministry of
National Development Planning, 2011). In order to increase the national connectiv-
ity, MP3EI made these following plans on transportation:

1. Optimizing the current transport and logistics network

2. Improving multimodal connectivity

3. Improving the existing network facilities and infrastructures

4. Building new infrastructures on road, rail and shipping network.

The plans based on the MP3EI therefore will be used as the base for the sce-
nario development. Aligning with the plans mentioned, the following scenarios are
developed.

1. Base case scenario optimization. Within MP3EI, the first target is to optimize
the current transportation network in Indonesia. Improving multimodality
and reducing the total transport cost is also part of the network optimization
objective. Therefore, in the first scenario, the current freight transport network
will be optimized. The multimodal network will be built and the design year
OD data will be used for the optimization of the existing network.

2. Cutting diesel subsidy. As mentioned in previous chapter, fuel subsidy on
trucks is the reason why trucks are more favorable even though it is less e�cient
and less reliable compared to maritime transport. Using the scenario of cutting
the fuel subsidy from road transportations, the e↵ect of the flow, the cost and
the modal share within the network will be analyzed.

3. Finding optimum subsidy level. The third scenario is to find a balance in sub-
sidy in all the transport modes. By giving subsidy to all the transport modes
and adjusting the total subsidy to optimize the modal share, the network e�-
ciency could be increased. This option could reduce the total logistics cost for
the shippers and lower operational cost for the modal operators. However, it
might increase the spending of the government on the fuel subsidy.
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4. Future transport network infrastructure development. The Indonesian gov-
ernment has planned several infrastructure construction such as new railway
network construction in Sumatra, Java, Kalimantan, Sulawesi, and Papua.
Within this scenario, the investment plan regarding the new facility construc-
tion will be analyzed in terms of the benefit and cost ratio. Therefore, the
result would be a policy recommendation regarding the plan and the e↵ects
on the network.

5. Future improvement prioritizing based on BCR. Instead of performing all of
the improvement all at once, the government could prioritize the improvement
actions based on the benefit to cost ratio of certain set of improvement actions.
The result of this scenario will be compared with the result of the fourth
scenario. In the end, policy recommendation will be explored based on the
comparison of the two scenarios.

4.3 Network Data

The network data is required in order to build the network visualization. The
network consists of the physical network of maritime and inland transportation
services. The network was build using province node with the capital city as the
centroids, port nodes and rail terminal nodes. Links are created to connect the
nodes based on the real physical network.

4.3.1 Zone and Centroid Data

Based on the spatial resolution of the model, the zones are defined from the provin-
cial data. Therefore a province is a zone with supply and demand information
based on the OD matrix. The centroid of the zone is the capital city of the re-
spective province. The complete list is shown in Table 2.1. The location of each
centroid is added based on the respective centroid‘s coordinate. The coordinates
are extracted from GIS data of Indonesia‘s ports. Figure 4.1 below illustrated the
location of every centroid nodes based on their coordinates.
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Figure 4.1: Zones and centroid nodes (Self Illustration from Open Government
Indonesia (n.d.))

4.3.2 Road Network

The road network data is obtained from the national road network GIS data of
Indonesia. Within the model, the aggregated version of the road network was made.
The aggregated network is illustrated in Figure 4.2 below.

Figure 4.2: National Road Network (Self Illustration from Open Government In-
donesia (n.d.))

4.3.3 Maritime Ports and Network

The maritime ports incorporated into the model are based on the ports associated
with the Indonesian maritime highway policy in the RPJMN. There are 6 main or
hub ports and 26 feeder ports as illustrated in table 4.2 below.
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Table 4.2: Hub and feeder ports in Indonesia (Indonesian Ministry of National
Development Planning, 2014)

Hub
Ports

Hub Ports Cover-
age Regions

A�liated Feeder
Ports (Spokes)

Feeder Ports Cov-
erage Area

Belawan/
Kuala
Tanjung

North Sumatera

Malahayati Nanggroe Aceh
Darussalam (NAD)
Province

Batu Ampar Riau Islands,
Bangka-Belitung,
Riau

Jambi Jambi
Teluk Bayur West Sumatera,

north part of
Bengkulu

Tanjung
Priok

West part of Java
Islands (DKI
Jakarta, Banten,
and West Java)

Palembang South Sumatera
and south part of
Bengkulu

Panjang Lampung
Tanjung Emas Central Java
Pontianak West Kalimantan

Tanjung
Perak

East Java, Bali, and
West Nusa Tenggara

Tanjung Emas Central Java
Sampit Central Kalimantan
Banjarmasin South Kalimantan
Palaran Part of East Kali-

mantan (Samarinda)
Kariangau Part of East Kali-

mantan (Balikpa-
pan)

Tenau Kupang East Nusa Tenggara

Makassar South Sulawesi

Pantoloan Central Sulawesi,
West Sulawesi

Kendari South East Sulawesi
Palaran Part of East Kali-

mantan (Samarinda)
Kariangau Part of East Kali-

mantan (Balikpa-
pan)

Tenau Kupang East Nusa Tenggara

Bitung
North Sulawesi,
Gorontal

Ternate North Maluku
Ambon Maluku
Sorong West Papua
Jayapura Papua

Sorong Papua

Ternate North Maluku
Ambon Maluku
Jayapura Papua
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The hub ports are connected by the main route of maritime highway network
that connects the regions in Indonesian from West to East as illustrated in Figure
1.1 . The distance between ports in Indonesia are obtained from nautical distance
calculator database, ports.com. The matrix shown by Table 4.3 below shows the
distance between the hub ports in Indonesia.

Table 4.3: Distance matrix of main ports in Indonesia [km]

Belawan Tj. Priok Tj. Perak Makassar Bitung

Belawan - 1535 2046 2662 3502
Tj. Priok 1535 - 713 1452 2543
Tj. Perak 2046 713 - 827 1946
Makassar 2662 1452 827 - 1284
Bitung 3502 2543 1946 1284 -

Then, the distance data between the main ports and their feeder ports are gath-
ered and combined into one maritime distance matrix. The maritime network model
is illustrated in Figure 4.3 below.

Figure 4.3: Indonesia Maritime Network (Self Illustration from Open Government
Indonesia (n.d.))

4.3.4 Rail Terminal and Network

The intercity rail network in Indonesia only exist in Java island. Within the model,
the main rail freight route is added to the network model. Most rail connections,
connect the capital cities, while some provinces have rail access to the maritime port
as well. Figure 4.4 below illustrated the rail network connections in Java island. And
the following Table 4.4 listed the rail terminal names and the respective terminal
type.
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Figure 4.4: Java rail network (Self Illustration from Open Government Indonesia
(n.d.))

Table 4.4: Rail terminals in Indonesia (PT Kereta Api Indonesia, 2016)

Province Rail Terminal Name Type
Banten Merak Port Rail Terminal

Serang Intercity Terminal
DKI Jakarta Jakarta Gudang Port Rail Terminal

Jakartakota Intercity Terminal
West Java Gedebage Intercity Rail Terminal
Central Java Semarang Tawang Intercity Rail Terminal
Yogyakarta Lempuyangan Intercity Rail Terminal
East Java Pasar Turi Intercity Rail Terminal

Kalimas Port Rail Terminal

4.3.5 Supernetwork

In 3 previous sections, the uni-modal transport network of road, rail and maritime
network have been modeled. In order to model the transport supernetwork, all 3
uni-modal networks are combined by adding transshipment links. The resulting
network is shown by Figure 4.5 below.
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Figure 4.5: Integrated transportation network in Indonesia

The three unimodal network of trucks, maritime and railways are integrated into
one multimodal transport network within the supernetwork. The di↵erent modal-
ities are connected using transshipment links that contains the transshipment cost
and time data. Therefore, the extra cost and time are only applied if the shipper
choses to use the transshipment link to change the transport mode.

4.4 Network Parameters

4.4.1 Operational Costs

The operational cost is the distance cost of the available transport modes. The
operational cost for all the 3 modes are listed in Table 4.5 below.

Table 4.5: Mode Operational Cost [e/km]

Truck Rail Sea Shipping

0.32 0.27 0.3

The trucking cost is based on the research by The Asia Foundation (2008) that
analyzed the trucking cost in several routes in Indonesia. Based on the research,
the average operational cost of truck in 9 routes is 0.32 e/km/ton. The research by
The Asia Foundation (2008) also found that fuel contributes to the total trucking
cost by 39%.

The maritime operational cost is obtained from the inter-island logistics per-
formance research by Ministry of Trade (2014). The maritime operational cost in
Indonesia varies in every routes. However, there are only route data from port of
Makassar and port of Tanjung Perak available. Thus, the average maritime opera-
tional cost is used for the whole network. Therefore, the average of 0.3 e/km/ton
is obtained

The rail operational cost is obtained from the research of railway cost compo-
nent by Wijaya et al. (2014). The research broke down the cost component of freight
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transportation using railway mode in West Sumatra. Based on the research calcula-
tion, the freight transporting cost using railway in West Sumatra is 0.27 e/km/ton.
Since, there is no data found on the railway cost in Java, the value is assumed the
same in other rail network.

4.4.2 Value of Time

The value of time is the cost for the time spent on the network. In this research, the
freight is treated as a multi commodity freight. Based on the research by de Baat
et al. (2015), there are di↵erent value of time for di↵erent freight categories. This
research treated the commodity as a single multi commodity freight. Therefore, the
average of the commodity value of time of all the commodity groups is used.

Table 4.6: Value of time of di↵erent commodities (de Baat et al., 2015)

NSTR 1-digit Commodity VoT [e/hr/TEU]
0 Agricultural products and live animals 0.23
1 Foodstu↵ and fodder 0.21
2 Solid mineral fuels 0.04
3 Crude oil 0.03
4 Ores and metal waste 0.2
5 Metal products 0.42
6 Crude and manufactured building materials 0.09
7 Fertilizers 0.14
8 Chemicals 0.2
9 Machinery, transport equipment, manufac-

tured articles and miscelllaneous articles
0.49

Average 0.205

4.4.3 Mode Speed

The mode speed is derived from the average speed of the mode on the whole network.
The average vehicle speed data used in the research by Russ et al. (2005) was used.
For the truck, the average speed is set to 60 km/h, 26 km/h for maritime network
and 65 km/h for rail network.

Table 4.7: Mode Speed (Russ et al., 2005)

Speed per Mode (km/h)
Truck Rail Sea Shipping

60 65 26

4.4.4 Terminal Handling Cost and Time

The terminal handling time represents the total time spent for the transshipment
processes (i.e. roll on, roll o↵, queueing). Not much data are available in Indonesia
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regarding the transshipment time. The dwell time at Gedebage rail terminal is 1 day
(Ferdian, 2005). And the only port dwell time known is the dwell time in Tanjung
Priok, which is 4.8 days (Bahagia et al., 2013). For the reason of simplicity, the
dwell time data in Gedebage will be used for the transshipment time between rail
and road mode. While, the transshipment time from both rail and road network to
the maritime network will use the Tanjung Priok‘s data. Table 4.8 below summarize
the transshipment time between the available modes.

Table 4.8: Transshipment time between modes (de Baat et al., 2015)

From mode To Mode Time (days)

Road Rail 1
Road Maritime 4.8
Rail Road 1
Rail Maritime 1
Maritime Road 4.8
Maritime Rail 1

4.4.5 Origin Destination Matrix

The input data for the model on freight flows were obtained from the OD Matrix
data by Coordinating Ministry for Economic A↵airs and Ministry of National De-
velopment Planning (2011) . The OD matrix is the aggregated flow between each
origin to the destination. The data does not specify the specific flow of di↵erent
goods or the flow using di↵erent means of transportation mode between the origin
and the destination.

4.4.6 Growth Factor Method for Future OD Data Calcula-
tion

The calculation of the OD matrix for the design year was done using the ’growth
rate’ calculation. The following equation is used for the design year OD Matrix
calculation (Ortuuzar & Willumsen, 2011).

T

ij

= ⌧

ij

· t
ij

(4.1)

where T

ij

is the flow from i to j on the design year, ⌧
ij

is the growth factor and t

ij

is the freight flow at the base year.
For the calculation of the growth factor, the available real growth factor data

from 2013-2015 was used. While for the year 2016-2019,the target growth factor
that is stated in RPJMN is used. And for the years ahead after 2019, it is assumed
that the government would at least try to maintain the growth rate from 2019. For
2016, a complete o�cial GDRP growth data is not yet available. Therefore, the
projected growth based on the target in RPJMN is used.

After all the growth factor of every provinces have been listed, then the growth
factor in 2030 will be calculated as the sum-product from year 2012-2030. The
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growth factor of a region determines the change (either increasing or decreasing) in
its supply. Therefore, the growth factor of North Sumatra for instance, will a↵ect
the number of freight flows from North Sumatra.

Table 4.9: Initial OD matrix sample for Sumut, Jabar, and Sulsel Province in year
2011 (Ministry of Transportation, 2014)

Destination

Origin Sumut Jabar Sulsel

Sumut 291,943,329 74,086,960 7,832,272
Jabar 73,210,120 1,961,544,047 17,907,477
Sulsel 4,365,642 6,002,047 156,634,718

Table 4.10: Growth factor calculation for period 2012-2030 (Faisal, 2015)

Year
GDRP Growth (1+Growth)

Sumut Jabar Sulsel
2012 1.062 1.063 1.084
2013 1.06 1.061 1.076
2014 1.061 1.058 1.075
2015 1.061 1.055 1.074
2016 1.067 1.066 1.074
2017 1.072 1.071 1.083
2018 1.076 1.078 1.091
2019 1.081 1.077 1.091
2020 1.081 1.077 1.091
2021 1.081 1.077 1.091
2022 1.081 1.077 1.091
2023 1.081 1.077 1.091
2024 1.081 1.077 1.091
2025 1.081 1.077 1.091
2026 1.081 1.077 1.091
2027 1.081 1.077 1.091
2028 1.081 1.077 1.091
2029 1.081 1.077 1.091
2030 1.081 1.077 1.091

Total Growth
Factor 2030

3.971 3.77 4.863
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Table 4.11: Estimation of OD matrix sample for Sumut, Jabar, and Sulsel Province
in year 2030

Destination

Origin North Sumatera West Java South Sulawesi

North Sumatera 1,159,306,959 294,199,319 31,101,953
West Java 276,002,153 7,395,021,057 67,511,189
South Sulawesi 21,230,116 29,187,953 761,714,635

4.5 Future Development Data

For the future scenario, as stated within the RPJMN, the Indonesian government
plans to improve the freight transport network infrastructures and connectivity in
Indonesia. Several improvement plans were made for the infrastructure of each
transport mode (i.e. rail, truck and maritime). The most significant improvements
are for the rail mode.

The Indonesian government plans to build new railway networks in all the big
islands in Indonesia, which are in Sumatra, Kalimantan, Sulawesi and Papua, where
railway network was not exist, unless in Sumatra, where some areas have small
railway networks for earth resources.

Within this research, only the railway network improvement will be taken into
account. This is because the capacity constraints is not taken into account do to
the data availability regarding the capacity constraints of each mode. The road and
maritime networks are mostly focused on the improvement of the existing infras-
tructures, which means, increasing the capacity of the respective links.

The new railway links to be built are listed in Table 7.11 below along with the
links’ respective length and investment costs.

Table 4.12: New Railway Network in Indonesia‘s Islands (Ministry of Transportation
and Infrastructure and Australian Aid, 2014)

Island Origin Destination Length [km] Investment Cost
[⇥1012 IDR]

Sumatra Aceh Medan 577 14.50
Medan Dumai 527 7.53
Dumai Pekanbaru 152 4.56
Pekanbaru Padang 374 11.23
Padang Jambi 518 15.56
Jambi Palembang 260 7.81
Palembang Lampung 386 11.59
Padang Palembang 1175 35.29
Pekanbaru Jambi 465 13.99

Kalimantan Pontianak Palangkaraya 984 29.55
Palangkaraya Banjarmasin 260 4.14
Banjarmasin Samarinda 500 15.27
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Table 4.12: New Railway Network in Indonesia‘s Islands (Ministry of Transportation
and Infrastructure and Australian Aid, 2014)

Island Origin Destination Length [km] Investment Cost
[⇥1012 IDR]

Sulawesi Bitung Manado 48 1.44
Manado Gorontalo 427 12.82
Gorontalo Palu 583 17.51
Palu Mamuju 395 11.86
Mamuju Makassar 350 10.51

Papua Sorong Manokwari 382 11.47
Manokwari Jayapura 1230 36.94

The railway network constructions mentioned in Table 7.11 above will be in-
tegrated in the upper level problem within the bilevel optimization problem. The
bilevel optimization program will find the good combination of the improvements in
order to maximize the benefit to cost ratio.

4.6 Summary of Model Requirement and Specifi-
cation

This chapter has elaborated the model specification. The specifications that were
defined are, the model objectives, scope, data, the model resolutions, and the sce-
narios that will be performed on the model. The problem has two main objectives.
Hence, it was modeled as a bi-level optimization problem. In the lower level prob-
lem, the objective is to minimize the generalized logistics cost of the network. On
the upper level, the objective is to integrate the improvement plan by the central
government and maximizing the total benefit to the investment cost ratio.

This chapter also presented the model illustration on Indonesia‘s unimodal net-
work for each mode (i.e. trucks, railway, and maritime). The network representa-
tions are the aggregated version of the real network. For road network, only national
roads was added to the model. For maritime network, the network based on the
maritime highway plan was used. While for the railway network, the data from
the Indonesian Railway Company (PT KAI) was used. Further, the parameters
that were used in the network were presented in this chapter. Lastly, the network
improvement plans data were discussed and presented.
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Chapter 5

Model Framework

After the model specifications and parameters were explained in the previous chap-
ter, this chapter focuses on the model building. The model framework along with its
building blocks were explained in this chapter. The components of the framework
were build based on literature studies on freight transportation modeling methods.

5.1 Network Representation

The basis of a transportation network model is the graph model (Cascetta, 2001).
The graph consists of a set of nodes, N and a set of links that connect the nodes,
L. Thus, the graph G can be represented as G(N,L).

The nodes corresponds to a point with certain position within the network where
a particular event happens. Important nodes in the transportation networks are
called centroid nodes, which represent the beginning or the end of individual trips.
As mentioned in the previous chapter, the centroid nodes within the models are the
capital province of each provinces in Indonesia.

The nodes are connected with each other by links. The links have a direction
which indicate the starting node and the end node of a link. A link can be repre-
sented by a single index (i.e. l), that represents its position in the list of the link set
or by the pair of node indices (i, j) that it connects. Another way is representing
the links using a so-called node-link incidence matrix indicating with zero-one vari-
ables whether a particular link directly connects to a particular node. The later is
used in the model. Links contain several network attributes such as distances [km],
link cost [EUR/km], transshipment cost [EUR/ton], transshipment time [hour] and
freight flow on the respective link [ton].

Between an origin and the destination, there might exist one link or more that
connect the origin and destination point. The collection of these links are called
path, k. These paths are sequences of phases allowing travel from a given origin to
a given destination and therefore represent possible trips. Each path is associated
with one and only one OD pair. While there might exist more than one paths that
connect one origin and destination(OD) pair. Similar to the definition of path, a
route is a collection of links and nodes between an OD pair. In this research both
term are used as a synonym.
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5.2 Multimodal Transport Super Network

Transport supernetwork model is a transport network model that allows simulta-
neous choice of transport modes and route, including transshipment points (She�,
1984). It combines several uni-modal networks into a single integrated multi-modal
network. The di↵erent modes are connected through the transshipment links that
represent the possibilities of modal change. The transport supernetwork model com-
bines the problems of multimodal transport network into single user equilibrium
model. Within model, virtual (dummy) links are added to represent several choice
dimensions such as the transshipment links. These transshipment links contain the
informations regarding the costs and times required for the transshipment between
di↵erent modalities. The integrated supernetwork is illustrated in Figure 5.1 below.

Figure 5.1: Integrated supernetwork illustration

Compared to an uni-modal transport network, the following process should be
followed for a supernetwork tra�c assignment.

1. the supernetwork building process,

2. the choice set generation,

3. the route choice modeling,

4. the tra�c assignment

The transport supernetwork building process consist of addition of transfer links
between modes at certain multimodal terminals. Therefore, the transfer links unite
several uni-modal networks into one multimodal network. Such supernetwork has
an interesting property which, the mode choice is now part of the route choice
model. Therefore, in a transport supernetwork, the multi dimensional travel choice
situation faced by traveler is transformed into a one dimensional choice situation of
alternative routes within the network.
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The terminals play important role for the freight movements. L. A. Tavasszy
(1996) proposed a simple transhipment link with fixed values of cost and delay
time, while Gulat, Florian, and Crainic (1990) used a more specific representation
of transfer link that creates more links in the multimodal terminal. Southworth and
Peterson (2000) created a more detailed representation of multimodal terminal by
separating transshipment link into terminal access link and transfer link inside the
terminal. However, the application is mainly intended for database and routing pur-
poses only. The transshipment link within the integrated supernetwork is illustrated
below.

Figure 5.2: Transshipment Links Representation (adapted from L. Tavasszy et al.
(2011))

At the terminal, it is possible to change from one mode to the other through the
transshipment link. By using the transshipment links, the transshipment time is
added to the total travel time and the transshipment cost is also added to the total
logistics costs.

5.3 Framework

The figure 5.3 in the following page shows the framework used in the model. A
bilevel optimization approach is used in the model. Firstly, using the OD trade flow
data along with the additional data on the di↵erent modalities are added to the
generated integrated multimodal network. Secondly, the lower level optimization is
performed by executing a route choice set generation to generate several alternative
least cost route based on di↵erent route choice behavior. The choice behavior added
to the model are least distance route choice and least cost route choice. Thirdly,
the route choice probability is calculated using path size logit model and lastly, the
freight assignment and modal split calculation are performed. The results (Freight
flow data and total transport cost) of the lower level problem are used in the upper
level problem to calculate the cost di↵erence and later for the BCR calculation.

The upper level problem used the improvement action list data. The data are
defined based on the central government‘s network improvement plans. The action
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combination are defined later in the model. There are three combinations used,
which are; implementing all action, calculation of each improvement‘s BCR by only
adding one improvement action; and finding a good improvement combination and
priority using random search method. After defining the improvement action com-
bination, the chosen combination are added to the transport network. Lower level
optimization of the improved network is performed taking into account the link ad-
dition. Afterwards, the cost di↵erence is calculated and finally the BCR value is
obtained.

The result of the model execution were analyzed further. The analysis performed
are the KPIs analysis and recommendation analysis for the network design. In the
scenario analysis, this model framework is used as the base framework. Several
modification will be added based on the scenario analysis requirements.

Figure 5.3: General framework of the model
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5.4 Generalized Cost

The cost from node i to node j using mode m is expressed as a generalized cost
composed of a fare component and a time cost component. The fare cost component
consists of distance cost (fuel consumption) and transshipment cost. While the time
cost component is the product of the total time on links and the transshipment
waiting time. The generalized cost formula is shown in equation 5.1 below, adapted
from (Russ et al., 2005) .
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The only variable that dependent on the freight volume is the transshipment
cost. The generalized cost is modeled as a deterministic function because there is
limited data to make the stochastic model.

5.5 Freight Flow Modeling

In order to model the freight flow in the network, four step modeling approach was
used. The four step modeling provides a mechanism to estimate direct demand func-
tions together with link performance function (Mcnally, 2007). With the availability
of the OD Matrix data, the modeling was started from the trip distribution phase.
Then, the flow in the network is calculated using all or nothing (AON) assignment
and considering the Wardrop‘s equilibrium.

5.5.1 Trip Distribution

Trip distribution represents the the number of trips that occur between each origin
zone and each destination zone. The calculation of the OD matrix for the base year
and the design year are using the Growth Factor method (Ortuuzar & Willumsen,
2011). This method is chosen because there is only the OD matrix data for 2011
available. Therefore, the OD matrix for 2016 and for the future scenario should be
constructed. The growth factor data is compiled from the Gross Domestic Regional
Product (GDRP) data by Indonesian Central Statistics Bureau and from the Min-
istry of Development Planning. It consists of the real GDRP growth value for year
2012-2013 and government projection for the growth target for 2015-2019. The years
following 2019 uses the same growth rate as the growth rate in 2019 as projected in
RPJMN.
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Figure 5.4: Four Step Modeling (Mcnally, 2007)

With the availability of only the GDRP data, this makes the use of singly con-
strained growth factor methods in order to calculate the design year OD matrix
feasible. In this case, the GDRP and the projected growth is an origin-based growth
factor (⌧

i

) that can be applied to the corresponding rows in the trip matrix (Ortuuzar
& Willumsen, 2011). This can be written as:
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= Design year OD Matrix flow from origin i to destination j

⌧
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= Origin(i) and destination(j) growth factor
t

i

j = Base year OD Matrix flow from origin i to destination j

5.5.2 Route Choice Model

”All-or-nothing”(AON) assignment is the simplest route choice and assignment
method (Ortuuzar & Willumsen, 2011). This method do not include congestion
e↵ects. It is also assumed that all transport actors aims to minimize their own
cost, thus they select the minimum route between the origin and the destination.
Therefore, all users consider the same attributes for route choice, thus every route
has same weight.

The mathematical formulation below is used for the AON assignment. The
objective is to select the combination of paths that leads to the least cost route from
origin o to destination d.
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The result of the AON mathematical program is a combination of path from
origin o to destination d. However, there are two limits of AON algorithm. AON
assignment assumed that there is no capacity constraint on the candidate route and
it does not take into account the route choice heterogeneity of the users (Zhang,
Wiegmans, & Tavasszy, 2013).

In order to cope with the algorithm‘s limitation, two approaches are taken.
Firstly, to introduce the capacity constraint, deterministic user equilibrium algo-
rithm was employed. Secondly, to take into account the route choice heterogeneity,
the set of route choice is generated. The alternative routes is the k-shortest path
of the network (Yen, 1971). Therefore, this model adopts the route based approach
on flow assignment. Both approaches are elaborated further in the following sub-
sections.

5.5.3 Choice Set Generation and Choice Function

The route choice set are generated using shortest path algorithm for every origin and
destination combination. In order to introduce route choice to the model, another
route alternative is defined using k-shortest path (Yen, 1971).The k-shortest path
uses AON as initial shortest routes. Then it removes one link in every iterations
and find the k-shortest path.

The AON will define the initial shortest path without flow on it. Then after
the flow is assigned, the flow will be updated through iteration until it reaches
convergence and resulted with the optimum shortest path given the flow on the
network

The route choice is modeled using Logit model (Ortuuzar & Willumsen, 2011)
as follows.

P

r

=
exp(��C

r

)X

r2R

exp(��C

r

)
(5.7)
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= Total cost of route r [e/Tonnage]
� = Parameter to be calibrated

However, the logit model does not take into account the path overlap between
the alternative routes. An overlapping path would be a bottleneck on the route,
therefore, it should be taken into account while choosing the best route. In order
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to cope with the overlapping path, a path size (PS) logit model is employed. The
model used is as follows (Ben-Akiva & Bierlaire, 1999).
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PS Logit adds correction term to the utility of the alternative routes. A route
with no overlapping links does not need correction, thus has a size of one. The size
of partially overlapping links is weighted based on the respective link‘s contribution
or its length compared to the whole route length.

5.6 Bilevel Optimization Problem

5.6.1 Lower Level Problem

The lower level problem is the network optimization problem. For the bilevel opti-
mization problem, a link improvement variable which is the result of the upper level
problem solution is added into the generalized cost function. The generalized cost
function then becomes a function of network improvement.
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Within the cost function, it can be distinguished that there is dm⇤
ij

. It is the dis-
tance data, where the new link distances are added to the distance data. Therefore,
using this new dataset, the optimization model will take into account the new links
within the network when finding the least cost routes.
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Solution Technique

The lower level program is solved using the mathematical program to find the route
set. Then, using the path size logit, the route choice probability is calculated and
then the route cost are calculated by multiplying the freight cost with the route
probability and the total freight between the origin and destination. The approach
illustrated in figure 5.5 below shows the steps for the freight assignment at the lower
level problem.

Figure 5.5: Lower Level Modeling Aproach

5.6.2 Upper Level Problem

The upper level of the model is to solve the investment planning problem. This
investment planning can be considered as a combinatorial optimization problem.
The objective is to determine the best combination of infrastructure development
and improvement to improve the existing transport network.

For the upper level problem, three subset is added to the set of links, L =
L1[L2[L3. L1 can be defined as the set of existing links that will not be modified,
L2 as the set of existing links with possible actions to be implemented, and L3 as
the updated version of subset L2 or the links that will be improved.

A set of possible combinations of action Y that is associated with L3 is then
defined. And action implementation variable y

a

with binary value of 1 if the action
related to link l on the set of L2 or L3 is implemented. The BCR calculation formula
by Russ et al. (2005) was adopted in this research and showed below.
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z(y) = Benefit to cost ratio
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G

o

= initial transport cost without improvement [e/tonnages]
A1 = set of links without improvement
A2 = set of improved links
C

m

a

= Transport cost on link a using mode m [e/tonnages]
x

m

a

= flows on link a by mode m [tonnages]
y

a

= action implementation indicator
b

a

= investment cost on link improvement if implemented [e]

Solution Technique: Simulated Annealing with Tabu Search Constraint

In order to solve the upper level problem, a local search heuristic method called
simulated annealing (SA) was used. Simulated annealing method was inspired by
physical process in solids when they are heated and cooled in a heat bath Metropolis,
Rosenbluth, Rosenbluth, Teller, and Teller (1953). In an annealing process, the
heated solid will have high entropy and by the time the temperature cools down,
the entropy will get lower and more stable.

Simulated annealing works like a standard local search heuristics, but sometimes
it accepts worse solution (Kirkpatrick, Gelatt, & Vecchi, 1983). Within simulated
annealing, if a neighboring solution is better than the current solution, it will be
accepted. On the other hand, if the neighbor solution is worse than the current
solution, the solution could be accepted with certain probability based on Boltzman
distribution (Kirkpatrick et al., 1983). The probability is calculated through the
equation 5.12 below.
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P = Probability the new solution will be accepted
�E = Energy Di↵erence [kJ]
T = Current Temperature [�C]
r = random number between 0 and 1
E

new

= Energy from new temperature [kJ]
E

old

= Energy from previous temperature [kJ]

The lower the temperature gets, the less likely the worse solution to be accepted.
Therefore, when the temperature gets low, the calculation moves toward the con-
vergence. In every iteration, the temperature drops with the function stated in
equation 5.15 below. The cooling rate determines how fast the temperature drops.
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Usually, the cooling rate is set between 0.8 to 0.99. In this research, every time the
temperature drop, one iteration is performed.

T
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= ↵T

prev

(5.15)

T

new

= New temperature [�C]
T

prev

= Previous temperature [�C]
↵ = Cooling rate

Additionally, to increase the e�ciency of the program, the tabu search constraint
was added to the simulated annealing program. Tabu search is another type of local
search heuristics. Tabu search is a local search method that has short term memory
to escape local minima and to avoid cycles (Glover & Laguna, 1997). Cycle means
using the solution that has been tested in the previous calculation. Within tabu
search, there is a parameter that is called ”Tabu list”. The tabu list contains the set
of solutions that have been evaluated in the previous iterations. Using the tabu list,
the program can be prevented from going back to the used moves. In the program,
the tabu list is updated after each iteration.

To perform the simulated annealing, the following steps were taken.

1. Initialize initial temperature, final temperature and initial random upper level
solution. In this research, the initial temperature was set to 1000 �

C and
cooled until 0.01 �

C with the cooling rate of 0.95/iteration.

2. Perform lower level optimization with the initial upper level solution and cal-
culate the BCR value.

3. Generate a random neighboring solution. In this research, 2-opt method was
used to change two values of the initial solution to obtain the neighboring
solution.

4. Calculate the BCR value, given the neighbor solution on the upper level.

5. Compare the BCR value between the two solutions. If the neighbor solu-
tion has higher BCR value, move to it. Otherwise, calculate the acceptance
probability of the neighboring solution.

6. Repeat step 3-5 until the target temperature is achieved.

5.7 Multimodal Freight Accessibility Measurement

Accessibility is a significant factor in transportation planning on expressing the mo-
bility of passenger, freight or information (Rodrigue, Comtois, & Slack, 2006). The
higher one country‘s transportation system e�ciency, the higher the accessibility
level of many locations in the country. This applies vice versa. Burns (1979) em-
phasized accessibility as the freedom of individual to decide whether to participate
or not in di↵erent activities.
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In order to measure the accessibility level, the potential accessibility measures
or the gravity-based measures concept is used to describe the accessibility to oppor-
tunities. This measure is used in the form of market potential in location analysis
(Geurs & Eck, 2001). For the accessibility measure in a multimodal transportation
system, Lim and Thill (2008) developed the accessibility measures for intermodal
freight accessibility using the potential accessibility measures. The potential acces-
sibility measurement takes into account the accessibility of a zone as a sum of the
generalized logistics costs between the origin and the destination point. The zones
are weighted in terms of the zones‘ opportunities. The weights W

j

are considered
the agglomeration e↵ects on the zone j, while the impedance function f(c

ij

) takes
into account the assumption that the attraction of a destination zone decreases
with distances, travel time, or costs. The basic potential accessibility measurement
equation used is as follow.
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The weight W
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is calculated by considering two type of opportunities of the
location, which are the economic opportunities of location j (W

jE

) and the logistics
opportunities of location j (W
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). Hence, the weight W

j

is the sum of the two
opportunities as stated in equation 5.17 below.
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= the measure of economic activities/ opportunities in location j
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= the measure of logistics activities/ opportunities in location j

The economic opportunities of location j (W
jE

) is measured using equation 5.18
below. The equation takes into account the zones‘ consumption expenditure on man-
ufactured goods, the employment in di↵erent industrial sectors and the purchases
of the industries from other manufacturing industries.
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W

jE

= the measure of economic activities/ opportunities in location j
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= the personal consumption expenditure on manufactured goods in j
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= the number of employees in industrial sector k in j

Y
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= purchases of industry k from manufacturing industry
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While the logistics opportunities of location j (W
jL

) is as follows.
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= the measure of logistics activities/opportunities in j

E
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= the number of employees in industrial sector l in j

Y

l

= the purchases of industry l from logistics industry

The impedance function represents the disincentive to travel as the logistics costs
increase. In this study, the exponential function is used. The exponential function
was formulated as follows based on Ortuuzar and Willumsen (2011).
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) = the measure of logistics activities/opportunities in j

� = parameter indicating the sensitivity to travel cost
c

ij

= the generalized cost between i and j [e]

The value of � is crucial for the model. The generalized costs will have no e↵ect
on the function if the � is 0. And the bigger the � value, the more sensitive the
function to the generalized costs. In this research, the value of � used in the research
by Martalia (2016) is adopted.

5.8 Net Present Value (NPV)

Several methods exist to conduct an investment evaluation, such as payback period,
internal rate of return (IRR), net present value (NPV), and profitability index (PI)
(Ross, Westerfield, & Ja↵e, 2005). Payback period method calculates the time re-
quired until the break even point of the project finance is achieved. The period
is calculated by simply adding up future cash flow without discounting the value.
Therefore, this method is not robust for financial evaluation. Overcoming the lim-
itation, the NPV method takes into account the discount rate into the calculation.
In addition, payback period evaluation also ignores cash flows beyond the cut o↵
point, which might lead to misinterpretations. Some projects might be profitable
when viewed as a long-term investment. IRR is closely related to NPV. The IRR on
an investment is the required return, that results in zero NPV when its used as the
discount rate. could be associated with the Expected Return from the project. If the
result of IRR is more than the Expected Return, then an investment is acceptable.
It should be rejected if the value is less than Expected Rate of Return.

In this research, the NPV method will be used as an additional evaluation for
the investment plans. Net Present Value (NPV) analysis is used to measure whether
a project would be beneficial to the project owner by calculating the cash flows of
the project, taking into account the discount rate that occurs every year. The value

74



of money in the future will be less that its value today. The future value of the
present money is quantified using the equation 5.21 below.

PV =
FV

(1 + r)t
(5.21)

PV = Present value of money [e]
FV = Future value of money [e]
r = the discount rate [%]
t = the number of years

In NPV analysis, the decision whether the project is acceptable or not is based
on the final NPV value. If the NPV is bigger or equal to 0, then the project is
acceptable. On the other hand, if the NPV is less than 0, then the project is not
beneficial for the project owners.

5.9 Conclusion

This chapter discussed the model frameworks that will be used as a basis to build
the model. The methodologies and the methods were elaborated. The methods are
explained based on the literature reviews. The model framework cover the steps
taken for the model to work. Firstly, the data discussed from the previous chapter
were added to the model. Secondly, for the lower level optimization problem, the
k-shortest path algorithm was employed to find the k number of optimum (least
cost, least distance, shortest time, shortest free running time) routes between each
origin and destination in the OD data. Thirdly, using the path size algorithm, the
probability of the network user on choosing each route was calculated for then the
freight flow was assigned based on the route choice probability. Lastly, this chapter
explained the benefit to cost ratio calculation which is the objective variable of the
upper level problem. The upper level optimization problem then will be solved
using the random search method that generates random combination of the decision
variable until the best solution was found.
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Chapter 6

Model Building, Verification and
Validation

This chapter proceeded the modeling process after the model structures were defined
in the previous chapter. The model components are integrated into a working model
with several codes that translate the model framework into several programs. After
the programs were made, the model was first verified and validated in order to ensure
that it works properly and gives the right result.

6.1 AIMMS Model

AIMMS is a mathematical modeling tool with its own language. It is a mathematical
modeling tool with full graphic user interface for advanced mathematical modeling.
AIMMS includes many di↵erent solvers for linear, mixed-integer and non-linear pro-
gramming such as baron, cplex, canopt, gurobi, knitro, path, snopt and xa (Bisschop
& Roelofs, 2006).

The sets, parameters and variables used in the main model are as follows.

Indices
n index of nodes
o index of origin nodes
d index of destination nodes
i index of start point within shortest path
j index of end point within shortest path
m index of modes
Parameters
⇢

m operational cost per km for mode m [IDR/km]
V oT

m value of time for mode m [IDR/h]
v

m velocity of mode m [km/h]
d

m

ij

distance between origin i to destination j using mode m [km]
T

m

ij

flow between origin i to destination j using mode m [ton]
G

t

n

Growth Rate of node n in year t [ton]
BCR flow between origin i to destination j using mode m [ton]
Variables
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C

m

ij

Transport cost between origin i to destination j using mode m [IDR]
y

m

ij

binary variable if link from i to j is within the shortest route
z

m

ij

binary variable if new link from i to j is added to the network

6.2 Program Codes

After declaring the sets, parameters, variables and mathematical programs in AIMMS,
then a program should be made in order to run the execution of the model. Within
the model, three programs exists.

6.2.1 Path Finding Model

The following code is used for the path finding model.

1 f o r ( o , d ) in ODMatrix ( o , d ) do
o r i g i n := o ;

3 de s t i n a t i on := d ;

5 Solve PathFindingModel ;

7 Route ( o , d , i , j ) := ArcSe lected ( i , j ) ;
RouteCost ( o , d ) := TotalCost ;

9 endfor

The first line defines all of the origin-destination (OD) pair that should be in-
cluded in the program. The program will find the least cost route between each
OD pair. The PathFindingModel contains the mathematical equation for the path
finding algorithm.

The equation in the software is modeled based on equation 5.4. By solving the
mathematical equation, two results are obtained. Firstly, the variablesArcSelected(i, j)
which is a matrix that contains the selected path between the OD pair that gives the
least cost route. Secondly, the totalcost variable returns the final objective value.
The variable Route(o, d, i, j) stores the least cost path for every OD pair and the
variable RouteCost(o, d) stores the route cost for every OD pair.

6.2.2 BCR Calculation

The BCR calculation program is used for scenario analysis, specifically in the fourth
scenario of performing all the improvement actions. The BCR calculation is based
on Equation 5.11.

1 Al lD i s tance s (m, i , j ) := I n i t i a l D i s t a n c e s (m, i , j ) +
NewLink Distance (m, i , j ) ;

3 f o r ( o , d ) in ODMatrix ( o , d ) do
o r i g i n := o ;

5 de s t i n a t i on := d ;

7 Solve PathFindingModel ;
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Solve New PathFindingModel ;
9 Route ( o , d ,m, i , j ) := ArcSe lected (m, i , j ) ;

RouteCost ( o , d ) := TotalCost ;
11 Route2 (o , d ,m, i , j ) := New ArcSelected (m, i , j ) ;

RouteCost2 ( o , d ) := New TotalCost ;
13 Cos tD i f f e r ence ( o , d ) := TotalCost ( o , d ) �

New TotalCost ( o , d ) ;
15 BCR := sum( ( o , d ) , Cos tD i f f e r ence ( o , d ) ) /

sum( (m, i , j ) | Imp ArcSelected (m, i , j ) ,
17 ImprovementCost (m, i , j ) ) ;

endfor

6.2.3 Upper Level Solution Technique

The upper level random search program is derived based on the solution technique
described in subsection 5.6.2. The program created a random combination of im-
provement actions added the chosen new links to the network and recalculates the
lower level optimization problem. In the end, the BCR value of the combination is
obtained. The program code is as follows.

Solve PathFindingModel ;
2 ! I n i t i a t e temperature and i t e r a t i o n count

i t e r a t i o n := 1 ;
4 Temp := 10000 ;

6

Distances ( (m, i , j ) | ImprovementList (m, i , j ) ) := 1000000000000;
8

! I n i t a i t e f i r s t s o l u t i o n
10 I n i t i a l S o l u t i o n ( (m, i , j ) | ImprovementList (m, i , j ) ) := binomial ( 0 . 5 , 1 ) ;

CombinationMemory ( i t ,m, i , j ) := I n i t i a l S o l u t i o n (m, i , j ) ;
12

! Ca l cu la t e BCR
14 Distances ( (m, i , j ) | I n i t i a l S o l u t i o n (m, i , j ) ) := Al lD i s tance (m, i , j ) ;

16 s o l v e LowerLevelProblem ;

18 BCR := [ sum( ( o , d , x ,m, i , j ) , FlowLink (o , d ,m, i , j ) ⇤RouteSetCost ( o , d ,m, i , j ) )
� sum( ( o , d ,m, i , j ) , New FlowLink (o , d ,m, i , j ) ⇤New RouteSetCost ( o , d ,m, i
, j ) ) ] / sum( (m, i , j ) | I n i t i a l S o l u t i o n (m, i , j ) , ImprovementCost (m, i , j ) ) ;

20 BCR memory( i t ) := BCR;
Temperature memory ( i t ) := Temp;

22

Temp ⇤= 0 . 9 5 ;
24 LAA += 1 ;

26 whi le Temp > 0 .1 DO
Distances ( (m, i , j ) | ImprovementList (m, i , j ) ) := 1000000000000;

28

r epeat
30 Neighbor ( (m, i , j ) | ImprovementList (m, i , j ) ) := binomial ( 0 . 5 , 1 ) ;
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Sumneigbor := sum( (m, i , j ) , Neigbor (m, i , j ) ) ;
32 Sumprevious := sum( (m, i , j ) , Copy Combinationbaru (m, i , j ) ) ;

break when Abs( sumneigbor�sumprevious ) = 2 ;
34 endrepeat ;

36 i f sumneigbor = 0 then
repeat

38 Neighbor ( (m, i , j ) | ImprovementList (m, i , j ) ) := binomial ( 0 . 5 , 1 ) ;
Sumneigbor := sum( (m, i , j ) , Neigbor (m, i , j ) ) ;

40 Sumprevious := sum( (m, i , j ) , Copy Combinationbaru (m, i , j ) ) ;
break when sumneigbor>0;

42 endrepeat ;
e nd i f ;

44

Distances ( (m, i , j ) | Neighbor (m, i , j ) ) := Al lD i s tance (m, i , j ) ;
46

s o l v e LowerLevelProblem ;
48

BCR := [ sum( ( o , d , x ,m, i , j ) , FlowLink (o , d ,m, i , j ) ⇤RouteSetCost ( o , d ,m, i , j ) )
� sum( ( o , d ,m, i , j ) , New FlowLink (o , d ,m, i , j ) ⇤New RouteSetCost ( o , d ,m, i
, j ) ) ] / sum( (m, i , j ) | I n i t i a l S o l u t i o n (m, i , j ) , ImprovementCost (m, i , j ) ) ;

50

i f BCR > Solusi BCR (LAA�1) then
52 BCR memory( i t ) := BCR;

Tempt memory ( i t ) := Temp;
54 CombinationMemory ( i t ,m, i , j ) := Neighbor (m, i , j ) ;

56 e l s e i f BCR < Solusi BCR (LAA�1) then
IF exp ( (BCR�SOlusi BCR (LAA�1) ) /Temp) > uniform (0 , 1 ) THEN

58 BCR memory( i t ) := BCR;
Temp memory( i t ) := Temp;

60 CombinationMemory ( i t ,m, i , j ) := Neighbor (m, i , j ) ;
e l s e

62 BCR memory( i t ) := BCR memory( i t �1) ;
Temp memory( i t ) := Temp;

64 CombinationMemory ( i t ,m, i , j ) := CombinationMemory ( i t �1,m, i , j ) ;
e nd i f ;

66 end i f ;

68 i t += 1 ;
Temp ⇤= 0 . 9 5 ;

70 endwhi le ;

The simulated annealing program starts by solving the lower level problem (line
1) with the existing network design in order to obtain the initial cost data. Then, it
generates the initial solution and evaluate the solution by performing the BCR cal-
culation. Then, the program generates the random neighboring solution by changing
2 values of the initial solution (line 37-44).

In this program, the variable ProgramDistance(m, i, j) is used as the distance
variable for the mathematical equation. This variable is the sum of the initial
network distance data and the improvement link distance data. Line 8 is used
to set the link penalty on the link distance in the improvement list. The variable
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InitialSolution(m, i, j) generate a random combination of the improvement actions.
The combination of improvement actions of every iterations are stored within the
variable CombinationMemory(it,m, i, j). Using this variable, the user could check
which combination of actions that gives the highest BCR value. After the combi-
nation of actions are selected, then the distance of the chosen links are returned to
the real value by the code in line 15.

Having all the parameters ready, then the lower level calculation is performed
again in line 16 This code recalculates the least cost path for every OD pair. There-
fore, the new network cost is obtained and the cost di↵erence between the initial
network and the network with improvements and the BCR is calculated in line 24.
It divides the cost di↵erence with the total improvement cost of the new links that
are chosen in that one single iteration. Then, the process are repeated again until
the stopping criteria is satisfied. Line 52-67 are the probability calculation if the
new solution is worse than the previous solution.

After the program has been executed, the highest BCR value is selected from
the variable BCR

m

emory(it). Using max function the BCR value is obtained, and
using ArgMax function, the iteration number can be identified. By knowing the
iteration number, the combination of action can be identified from the variable
IterationCombination(it,m, i, j).

6.3 Model Verification Using Test Network

In order to ensure that the model works as how it should be, the model should be
verified first. To verify the model, the model is used to solve optimization prob-
lem using simple test networks. The model result will be compared with manual
calculation.

The verification process consists of three part. Firstly, the test network is gen-
erated. Three test networks with di↵erent complexity were made for the validation
process. Secondly, the lower level optimization problem which is shortest path find-
ing model is validated by finding the shortest path between two points within the
test network. Thirdly, the bilevel optimization model is verified. Some possible
improvement actions are added to each network. The model will calculate if the
improvement(s), or which improvement(s) give the highest benefit to cost ratio.

6.3.1 Test Network Generation

Three test networks were made. The three networks are (1) a square network (4
nodes and 4 links), (2) a hexagonal network (6 nodes, 6 links), and (3) two hexagonal
network (12 nodes, 13 link) with maritime connection between the two networks.
The networks structure along with the distance data are illustrated in Figure 6.1
below.

These network will be used further to validate both the lower level optimization
and the bilevel optimization. The straight lines indicate the existing links and the
dashed lines indicate the links that could be added as improvement to the network.
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Figure 6.1: Test Network Illustration. (a) Square Network, (b) Hexagonal Network,
and (c) Two Hexagonal Network

6.3.2 Initial Lower Level Problem Optimization

The lower level problem consists of shortest or least cost path finding problem. For
all network, a shipment of 200 TEU is assigned. For the first network, the trip starts
in node 1 and ended in node 4. For the second network; from node 5 to node 6.
And lastly, for the third network; from node 5 to node 12.

Only one mode is available within this network. The related parameters such as
the vehicle speed and the value of time, are based on the real data. For trucks, the
velocity is 60 km/h and the value of time is 0.2 e/hr/TEU. Manual calculation was
done on paper and then compared with the computational result in the following
Table 6.1.

Table 6.1: Comparison of lower level optimization using manual calculation and
AIMMS program

Network
Manual Calculation AIMMS Model Calculation

Path Dist [km] Cost [e] Path Dist[km] Cost [e]
1 1-3-4 1600 405.3 1-3-4 2500 405.3
2 5-3-4-6 2600 658.67 5-3-4-6 2000 658.67
3 5-3-4-6-

7-10-11-
12

4800 1216 5-3-4-6-
7-10-11-
12

4800 1216

The result shows that for the lower level optimization, the AIMMS program
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that is showed in subsection 6.2.1 gives the same result as the manual calculation.
Therefore, it can be concluded that the code works as how it should be.

6.3.3 Bilevel Optimization

For the bilevel optimization model validation, improvement plans were added to the
test network. The improvement plan is indicated by the dashed line in Figure 6.1.
The benefit and cost ratio (BCR) will be calculated for each improvement and also
the possible combinations of several improvements. Table 6.2, 6.3, and 6.4 below
shows the comparison of BCR calculation by manual calculation and by AIMMS
model.

Based on the table, the calculation of upper level optimization using the upper
level solution techniques gives the result as the manual calculation. Therefore, the
upper level program works as how it should be.

6.3.4 Model Verification Conclusion

Both the lower level and the upper level program has been tested by comparing the
program result with manual calculation. Three test network with di↵erent network
size was created in order to be used for the model verification process. Using the
program that is written as the code presented in subchapter 6.2.1, 6.2.2, and 6.2.3.

The program result represented in subchapter 6.3.2 and 6.3.3 showed that the
program works as how it expected to be. Therefore, based on the result, it can be
concluded that the program can be used further for the real network optimization
problem. The following chapter presents the result of the real network optimization
in di↵erent scenarios using the programs.
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6.4 Model Validation

In order to validate the model, the OD Matrix in 2011 is used and the result will
be compared with the real data based on the KPIs. However, only the modal share
data in 2011 is available to be compared. Therefore, the modal share calculated
by the optimization program will be compared with the real modal share data of
Indonesia. As stated before in table 2.4, the modal share in Indonesia for truck is
90.3%, 0.62% for railways, and 7% for maritime transportation.

The model was executed using the initial data with the given modal costs, time
value, transshipment cost, transshipment time, and the existing network. The initial
result of the lower level optimization is illustrated in figure 6.3 below. The result
gives the modal split of every modalities. The modal share of trucks/ rail/maritime
based on the base year model in percent is 83.6/2/14.2. The optimization of the
current network design, yields to the following freight flow within the network.

Figure 6.2: Route Choice from Aceh to Manokwari

The model generated 3 di↵erent routes between each origin and destination pair.
The freight flow result of the whole network is showed in figure below.

Figure 6.3: Network Freight Flow
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The di↵erence is mainly due to the aggregation of the road networks. Whereas
in the real network, there are more alternative and choices for the truck mode to
choose the route. Within the model, only the national roads are included. This
aggregation leads to deviation between the model and the real world. Therefore,
these deviation should be considered when understanding the result of the model.
The deviation is showed in table 6.5 below.

Table 6.5: Modal share deviation of model result compared to real data

Road Maritime Rail

Real data [%] 90.3 0.62 7
Model Result [%] 83.6 2 14.2

Deviation [%] -7 223 103

6.5 Chapter Summary

This chapter has discussed the modeling in AIMMS. The main program codes for
the lower and upper level optimization problem were presented. Before using the
programs to perform the scenario analysis, the model should first tested in order to
make sure that it works as how it should be and represents the real world condition.
Therefore, model verification and validation were performed.

In order to verify the model, three test network were generated. These test net-
works were be added to the model and the optimization programs were executed for
these networks. The model verification was done by comparing the model calculation
and manual calculation on paper. In the end, it was found that the results given
by the model and the results obtained through manual calculation are the same.
Therefore, it was concluded that the model works as how it should be. Hence, it
was verified.

To validate the model, the integrated freight network of Indonesia that was
modeled earlier was used. The network parameter was added, and the OD data on
2011 was used. The result of the model was be compared with the real data from
the government in order to check if the model would give the same result with the
real data. However, the real data is limited. The only data that could be compared
is the modal share data on 2011. Therefore, the modal share data was used as a
comparison. The model result shows that the optimize network has a modal share of
trucks/rail/maritime of 83.6/2/14.2 all in percent. It is slightly di↵erent compared
to the real data where the modal share of trucks/rail/maritime are 90.3/0.62/7 in
percent. However, this di↵erence might be caused by the aggregation of the network
in the model, especially on the road network. Not all road networks covered by the
model. Therefore, when using the model and understanding the model result, the
deviation in the calculation as stated in table 6.5 should be considered.
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Chapter 7

Scenario Analysis and Policy
Recommendation

In this chapter, the model that has been validated and verified is used to analyze
di↵erent scenarios. The model parameters were modified based on the scenario that
will be analyzed. Later on, based on the findings of the scenario analysis, several
policy recommendations were given to support the decision making process of the
Indonesian government.

7.1 Scenario Analysis

The Indonesian government has planned several policies for Indonesia‘s freight trans-
portation. In order to analyze how the policies would a↵ect the transportation
system, the policies were turned into several scenarios. Through the scenario anal-
ysis, the prediction of how the policies will a↵ect the system in the future could be
obtained based on the model result.

The first scenario is the base case scenario where the future OD data was opti-
mized with existing network. The second scenario is implementation of fuel subsidy
reform policy, where the fuel subsidy for trucks are cut. The third scenario is giving
subsidy all modes to balance the modal share. The fourth scenario is adding new
links to the network. And the last scenario is finding good prioritization for the
improvement actions.

7.1.1 Scenario 1: Base Case Scenario

The base case scenario is the network design optimization of the existing network.
Thus, no network modification or improved are added to the network. The future
OD data of 2030 is used in order to see how the transport network would perform
in the future if the network is in status quo.

This scenario similar to the scenario used for the model validation. Only that in
the model validation, the OD data in 2011 was used to compare the model result
with the existing data on modal share. Therefore, the result of the model validation
was used as a comparison with the result of the base case scenario analysis using
the defined KPIs.
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In order to obtain the future OD data in 2030, the growth factor method was
used. The growth factor data used is based on the Indonesia‘s future growth rate
calculation by (Faisal, 2015) that can be seen in Appendix A. Performing the future
OD calculation with the growth rate data, the 2030 OD data in Appendix C was
obtained.

Within the base case scenario, the network is optimized by firstly finding the
optimum route between each origin and destination within the OD data. Then,
using the path-logit, the freight was assigned. The optimization result of the base
case scenario yields the freight flow in the network as illustrated in Figure 7.1 and
the modal split stated in Table 7.1 below.

Figure 7.1: Base Case Freight Flow in 2030

Table 7.1: Base Case Scenario Modal Split [%]

Truck Railway Maritime

83.6 2 14.2

The total generalized logistics cost of this scenario is 2.54*109e. The railway
freight tra�c is in the route between Jakarta and Surabaya, with 0.5% of the total
freight flow. For the maritime transportation, the link with the most flow is between
Lampung and Banten , with 0.9% of the total flow. While, in the road transport,
the freight flow is mostly concentrated between Semarang and Surabaya, with 2%
of the total flow. For the railway freights, the flow concentration between Jakarta
and Surabaya is mainly because that is the only route that covers a relatively long
distance shipment. The other routes in Java are not that long that the economies
of scale are not achieved. Therefore, the transshipment cost are relatively big for
the given distances.

Compared with the flow in 2011, the changes are not significant. This is due
to the fact that the demand is exogenous in this model. With the growth factor
method, the increase in the OD demand is linear depending on each region‘s growth
rate. Therefore, since there is no improvement or new links added to the network and
shortest path algorithm was used for the route set generation, the concentration of
the freight flow is similar. These reasons are also applied to the modal share. Which
is the reason why the modal share in 2030 is the same compared to the modal share
in 2011.
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Figure 7.2: Network accessibility in base case scenario

Performing the accessibility measurement on the base case scenario, the calcula-
tion result was illustrated in Figure 7.2 above. The network accessibility illustration
in Indonesia in the base case scenario proved the imbalance between the Western
and Eastern part of Indonesia. Java has the highest overall accessibility level. North
Sumatera and North Sulawesi also have relatively high accessibility level since both
provinces are international hub.

Based on this result, with no change in the current network, the freight flow,
the modal share and the generalized transport cost of the network does not change
significantly. Therefore, in order to improve the network in terms of the general-
ized logistics cost, the modal share and the freight flow, other scenarios should be
explored.

7.1.2 Scenario 2: Cutting Truck Fuel Subsidy

This scenario explores and analyzes the possible e↵ect of the government‘s plan on
fuel subsidy reform that was discussed in section 3.3. The fuel subsidy for trucks
has been the reason why road transport is cheap in Indonesia. Making the the
competition between the transport become low, hence slowing down innovation in
the sector.

Based on The Asia Foundation (2008), the fuel accounts to 39% of the total
operational cost for trucks. The cost component of truck‘s operational cost is listed
in table 7.2 below. By cutting the fuel subsidy, the trucking cost would increase,
thus the other modalities could be cheaper alternatives on freight transportation.
Beside increasing the modal share of other modes, this policy might also benefit the
central government by cutting their spending on fuel subsidy. Therefore, the cost
di↵erence could be saved.

Currently, the operational cost for trucks is 0.3 e/km/TEU, in which the fuel
cost is 0.12e/km. Therefore, by cutting the subsidy, which is 40% of the fuel cost
would increase the operational cost to 0.5e/km/TEU. This scenario analysis was
executed with the model by changing the operational cost parameter for trucks.

By cutting the subsidy, the central government could decrease the national
spending for up to 119 Me. Yearly, the Indonesian government spent 2,768Meon
fuel subsidy expenditure. Therefore, this saving would reduce the spending by 2%.
Beside the saving, the model result also showed that there is a small shift in the
modal share from trucks to train due to the policy. Based on Table 7.3, the signifi-
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Table 7.2: Truck Transport Cost Component in Indonesia (The Asia Foundation,
2008)

Cost Component Cost [IDR] Cost Percentage [%
Cost/Total Cost]

Fuel Cost 1,370 39
Lubricant Cost 457 13
Tire Cost 457 13
Maintenance Cost 141 4
Mechanic Cost 105 3
Driver Cost 387 11
Depreciation Cost 176 5
Interest 351 10

Total 3,514 100

Table 7.3: Modal Share with and without Subsidy on Truck Fuel

With Subsidy Without Subsidy

Truck 83.6 80
Train 2 6
Ship 14.2 14

cant changes in modal share happened to trucks and trains. The increase in truck‘s
operational costs leads to the decrease in the mode‘s modal share by 3.6%. The
freight flows that was from trucks are shifted towards railways. This is shown by
the increase by 4% in railways’ modal share. Maritime‘s modal share is slightly de-
creased by 0.2%. The decrease happens because maritime transports are dependent
on the truck shipments from the hinterlands. Since most railway stations are located
in the city, the shipment from the hinterland to the stations that are closer to the
hinterland in some locations caused the shift from maritime transports to railway
transports. Even though, the change in the modal share is relatively small, the 4%
increase in railway‘s modal share means 173.3% gain in the railway‘s fright flow.
Moreover, this policy is also really good for shifting the modal share from trucks,
which would lead to better e�ciency, economies of scale, and lower carbon emission.

7.1.3 Scenario 3: Finding Balanced Subsidy for All Modes

Cutting the fuel subsidy for trucks might also yields to higher total logistics cost in
the network. It might also leads to opposition by the truck associations that might
lose their modal share. Therefore, instead of cutting the whole subsidy, distributing
the subsidy across all the modalities might be an alternative to the problem.
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Maritime Transportation Cost Component

Based on the research by Muslihati (2012) on the cost component for liner shipping
in Indonesia, the fuel cost account to 41.43% of the total operational cost of a ship.

Table 7.4: Maritime Transport Cost Component in Indonesia (Muslihati, 2012)

Cost Component Cost [IDR] Cost Percentage [%
Cost/Total Cost]

Depreciation Cost 34,180,375 1.68
Interest Cost 51,450,459 2.53
Insurance Cost 10,793,803 0.53
Sailor Cost 442,938,527 21.80
Fuel Cost 841,883,798 41.43
Lubricant Cost 79,590,915 3.92
Grease Cost 6,000,000 0.30
Fresh water Cost 27,912,180 1.37
Port Cost 49,160,411 2.42
Sailing Cost 7,889,444 0.39
Maintenance Cost 480,329,862 23.64

Total 2,032,129,774 100.00

Rail Transport Cost Component

The research by Wijaya et al. (2014) analyzed the cost component on railways in
West Sumatra. Based on the research, the fuel accounts to 48.37% of the total
operational cost for railway transports. The cost components are listed in table 7.5
below.

Table 7.5: Railway Transport Cost Component in Indonesia (Wijaya et al., 2014)

Cost Component Cost [IDR] Cost Percentage [%
Cost/Total Cost]

Fuel Cost 1,673,438 48.37
Lubricant Cost 318,750 9.21
Locomotive Maintenance 318,750 9.21
Wagon Maintenance 395,117 11.42
Depreciation Cost 318,750 9.21
Crew Cost 375,000 10.84
Station Cost 60,000 1.73

Total 3,459,805 100
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Solution Technique

In order to find the best subsidy rate on each modality, an optimum level of subsidy
should be found. Therefore, another variable of subsidy level is added to the upper
level problem for this scenario. The subsidy level variable has a value between 0%to
40%. The program shall performed the optimization with all possible combination
of subsidy level on the three modalities. An increment of 5% is used. Therefore,
there are 93(729) possible combination of the subsidy level. For this scenario, the
following program is used.

2 s o l v e l ower l eve lp rob l em ;

4 Subsidy ( ’ t ruck ’ ) := 0 ;
Subsidy ( ’ maritime ’ ) := 0 ;

6 Subsidy ( ’ r a i l ’ ) := 0 ;

8 i t e r a t i o n := 1 ;

10 whi le subs idy ( ’ t ruck ’ ) < 0 .41 do
whi l e subs idy ( ’ maritime ’ ) < 0 .41 do

12 whi le subs idy ( ’ r a i l ’ ) < 0 .41 do
sub s i d y I t e r a t i o n ( i t e r a t i o n , ’ t ruck ’ ) := subs idy ( ’ t ruck ’ ) ;

14 s ub s i d y I t e r a t i o n ( i t e r a t i o n , ’ maritime ’ ) := subs idy ( ’ maritime ’ ) ;
s ub s i d y I t e r a t i o n ( i t e r a t i o n , ’ r a i l ’ ) := subs idy ( ’ r a i l ’ ) ;

16

SubCost ( ’ t ruck ’ ) := ( BasicCost ( ’ t ruck ’ ) ⇤ (1 � 0 .4 ⇤ Subsidy ( ’
t ruck ’ ) ) ;

18 SubCost ( ’ maritime ’ ) := ( BasicCost ( ’ maritime ’ ) ⇤ (1 � 0 .41 ⇤ Subsidy
( ’ maritime ’ ) ) ;
SubCost ( ’ r a i l ’ ) := ( BasicCost ( ’ r a i l ’ ) ⇤ (1 � 0 .48 ⇤ Subsidy ( ’ r a i l
’ ) ) ;

20

SubCost i ter ( i t e r a t i o n ,m) := SubCost (m) ;
22

s o l v e l owe r l e v e lw i th sub s i dy ;
24

TotalPerMode (m) := sum( ( i , j ) , Copy PathFlow (m, i , j ) ) ;
26 TotalMode := sum(m, Copy TotalPerMode (m) ) ;

ModalSpl it (m) := Copy TotalPerMode (m) /Copy TotalMode ;
28

Mo ld a t s p l i t i t e r a t i o n ( i t e r a t i o n ,m) := ModalSpl it (m) ;
30

Cos tD i f f e r e c e := [ sum( ( o , d , x ,m, i , j ) , FlowLink (o , d , x ,m, i , j ) ⇤
RouteSetCost ( o , d , x ,m, i , j ) ) � sum( ( o , d , x ,m, i , j ) , Copy FlowLink (o , d , x
,m, i , j ) ⇤Copy RouteSetCost ( o , d , x ,m, i , j ) ) ] / 1000 ;

32 Co s tD i f f I t e r a t i o n ( i t e r a t i o n ) := Cos tD i f f e r ence ;

34 ModeUsage ( i t e r a t i o n ,m) := sum( ( o , d , x , i , j ) , Copy FlowLink (o , d , x ,m, i
, j ) ) ;

36 i t e r a t i o n += 1 ;
subs idy ( ’ r a i l ’ ) += 0 . 0 5 ;

38 endwhi le ;
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40 Subsidy ( ’ r a i l ’ ) := 0 ;
subs idy ( ’ maritime ’ ) += 0 . 0 5 ;

42 i t e r a t i o n += 1 ;
endwhi le ; ;

44

subs idy ( ’ t ruck ’ ) += 0 . 0 5 ;
46 Subsidy ( ’ maritime ’ ) := 0 ;

i t e r a t i o n += 1 ;
48 endwhi le ;

Program Result

The program result of the modal share, new generalized logistics cost, modal flow
is listed in Appendix D. Based on the program result, several characteristic of
the transportation in Indonesia based on its fuel price can be deducted. Firstly,
the scenario analysis found that the maritime transportation is not sensitive to the
change on its operational cost. The maritime transport‘s modal share only change
slightly and stays around 14% even though the subsidy on fuel was added. This
happens mainly because within maritime transportation, the transshipment costs
have bigger influence in the total generalized cost of maritime shipment. Therefore,
giving subsidy on its fuel is not a robust solution on introducing higher modal share
on maritime transportation. Instead, in the future, the reduction in transshipment
cost with several means such as increasing the port e�ciency and reducing the
dwelling time at port could be explored to reduce the total logistics cost when using
maritime transportation.

Secondly, on the contrary, railway transportation and road transportation using
trucks are more sensitive to the changes in their operational cost. Introducing the
fuel subsidy to both modes a↵ect their modal share to certain extent. Several
interesting findings in the model result are as follows.

1. By keeping the subsidy for trucks and giving 40% fuel subsidy on railway trans-
port‘s fuel cost yields to a 2% increase in railway transport‘s modal share from
2% to 4%. This scenario would also increase the freight flow using railway net-
works by 176%. However this option would not be a robust alternative as the
government would need to increase their spending on fuel subsidy. However,
this alternative would be contrary to the fuel subsidy reform policy since this
would increase the fuel subsidy expenditure. This alternative would require
24Mefor the railway fuel subsidy.

2. By removing fuel subsidy from road transport and giving 40% subsidy on
railway transport, the modal share for railway will increase by 5%. The modal
share of trucks/maritime/rail become 79%/14.2%/7%. This result shows that
the change in the operational cost in the case the road transport price increase
and price decrease in railway transport, the freight flows are absorbed by the
railways. This scenario yields to an increase by 210% in railway freight flow,
0.03% decrease in maritime freight flow, and 5.8% decrease in road freight
flow. This is the scenario that benefit railway transport the most. In terms of
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the saving, the government would need to allocate 48Meto railway‘s subsidy.
Therefore, taking into account the saving from removing the truck‘s subsidy,
the central government would still save 70Me.

3. By giving 40% subsidy for railways, 20% for maritime, and 20% for trucks,
the flow decrease on maritime transportation is minimized to zero and the
flow decrease in road transportation is reduced to 4.3%. Yielding a modal
share of truck/maritime/railways of 80%/14.2%/6.2%. However, the model
result shows that this alternative would lead to higher expenditure on the fuel
subsidy.

Based on the program result, by cutting the fuel subsidy from road transporta-
tions to other modes, the central government would still gain benefits from the
savings. The main reason of this argument is that the amount of money given to
the road transportations are relatively big because the amount of the fuel consumed
by road transportations. Meanwhile, the low usage of fuel in railway transporta-
tions requires a relatively smaller spending on the fuel subsidy compared to road
transportation. Therefore, even though the central government is to give 40% fuel
subsidy on railway transportation, there would still be savings from cutting the fuel
subsidy from road transportation.

7.1.4 Scenario 4: Implementing All Network Improvement
Actions

As mentioned in subchapter 3.2, the Indonesian central government plans to per-
form several improvement actions on the existing network. One of the significant
improvement is the railway network expansion with the total of addition 17 new
railway connections. The central government intends to build new railway networks
in all of the big islands in Indonesia (i.e. Sumatra, Kalimantan, Sulawesi, Papua).

This scenario assumes that all of the railway network development will be im-
plemented. Therefore, all of the railway network improvement are added into the
network model as new links. The BCR of this scenario will be analyzed along with
the other KPIs. In order to calculate the BCR, the new network was built by
adding all the new links into the existing network. Further, the optimization will be
performed to the new model and then compared with the existing network.

The flowchart illustrated in Figure 7.3 below was used on the model to calculate
the BCR of this scenario. The lower level problem consist of the freight assignment
of the network with no improvement. On the upper level, the chosen improvement
actions, which are all actions in this scenario, was added to the network and the
freight assignment was performed. Then, the di↵erence between both optimized
network was calculated. Given the di↵erence of the generalized logistics cost, the
BCR is then calculated.
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Figure 7.3: Flowchart for BCR Calculation of All Improvement

BCR Calculation

Adding the new connections to the network, the model showed that there are changes
in the transport modal share and the total logistics costs. The modal share of the
improved network is showed in Table 7.6 below.

Figure 7.4: Freight Flow on the Improved Network

Table 7.6 shows that there are significant changes in the modal share between
the existing and the improved network. The modal share of trucks significantly
decreased by 19.6%, followed by significant increase of railways’ modal share by
20%. Maritime transport‘s modal share also decreased slightly by 1.2%. Based on
Figure 7.4, the freight flow in Sumatra and Sulawesi are concentrated on the railway
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Table 7.6: Modal Share of Existing and Improved Network

Existing Network Improved Network

Truck 83.6 64
Train 2 22
Ship 14.2 13

transportation. Compared to Java, the rail tracks in Sumatra and Sulawesi are
much longer. Therefore, long distance shipment using railways in those two islands
would have bigger economies of scale e↵ects. The significant change might draw
certain opposition especially from the actors that are related to road transportation.
Therefore, implementing all improvement at once might not be a good policy for all
the actors.

By performing all the improvement actions, the BCR obtained is 1.21. It is a
relatively low BCR. In order to understand the improvement actions e↵ect on the
total BCR, the BCR value of each improvement in the case they are implemented
individually were calculated. The Table 7.7 below shows the BCR value of every
improvement action in the case that they are implemented individually.

BCR Calculation on Individual Action Implementation

The flowchart illustrated in Figure 7.5 below was used on the model to calculate the
BCR of each improvement action. Compared to the previous scenario that added
the whole improvement actions, the flowchart was modified. One improvement ac-
tion was added in each iteration from the improvement actions set. The added
improvement action then excluded from the set on the next iteration. In the end,
the list of BCR if only one new link is added to the link was obtained.
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Figure 7.5: Flowchart for BCR Calculation of Single Improvement

Table 7.7: BCR of each action in case it is individually implemented.

No Origin Destination Investment Cost [⇥1012 IDR] BCR

1 Aceh Medan 14.5 1.99
2 Pekanbaru Medan 12.06 2.38
3 Padang Pekanbaru 11.23 2.57
4 Jambi Pekanbaru 13.99 2.06
5 Jambi Padang 15.56 1.85
6 Jambi Palembang 7.81 3.69
7 Lampung Palembang 11.59 2.49
8 Palangkaraya Pontianak 29.55 0.98
9 Banjarmasin Pakangkaraya 4.14 6.96
10 Samarinda Banjarmasin 15.27 1.89
11 Manado Bitung 1.44 20.01
12 Manado Gorontalo 12.82 2.25
13 Palu Gorontalo 17.51 1.65
14 Mamuju Palu 11.86 2.43
15 Makassar Mamuju 10.51 2.74
16 Sorong Manokwari 11.47 2.51
17 Jayapura Manokwari 36.94 0.78

The computational result shows a range of di↵erent BCR values from 0.78 to
20.01. The Figure 7.6 below shows the relation between the total investment cost on
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the improvement action and the BCR value of each action. Based on the figure 7.6,
and reflecting to the BCR formulation in equation 5.11, there is an inverse relation
between the BCR value and the total investment cost. The bigger the investment
cost, the smaller the BCR value tends to be. On the other hand, the smaller the
investment cost, the higher the BCR tends to be. The significant value between
the highest and the lowest BCR value can be explained with the di↵erence between
the two improvement actions’ investment cost. The new railway link form Manado
to Bitung only require 1.44 Trillion IDR investment, while the railway link from
Jayapura to Manokwari requires 36.94 Trillion IDR. Therefore, based on the single
improvement calculation, it would be better to perform the improvement based on
the total investment cost, starting from the improvement actions that require the
least cost.

Figure 7.6: BCR and Investment Cost Relation

Performing all of the improvement action at once gives a positive BCR value
of 1.21. However, reflecting to the BCR value of the one action at a time strategy,
there are improvement actions with very high BCR value and there are improvement
action with relatively small BCR value. The action with small BCR value reduces
the combined BCR value because they require more investments. Therefore, even
though it also gives high benefit, the high investment costs made the cost di↵erence
between the existing and the improved network become insignificant.

Network Accessibility Measurement after Improvement

In order to check the benefit of the improvement plan, the accessibility measurement
was performed on the new network. The economic data on 2030 was calculated
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using the growth factor method and the transport cost between the zones after
the new links have been added were used. In terms of the change in the network
accessibility, this scenario proved to increase the accessibility of all the places in
Indonesia. As illustrated in Figure 7.7 below, the most significant increase can be
seen in the Eastern part of Indonesia. The highest increase is in the Papua province
with 22.9% increase in its accessibility.

Figure 7.7: Accessibility increase after network improvement

Based on the network accessibility calculation, the improvement actions found to
have positive e↵ect on the overall network accessibility. The construction of new rail
networks in the Eastern part of Indonesia also could decrease the economic growth
gap between the East and the West. Therefore, based on this measurement, the
plan to build new rail networks could partly solve the economic growth imbalance
in Indonesia.

NPV Analysis

Additionally, to ensure the investment plan is financially beneficial for the central
government, an NPV analysis was performed. In the NPV analysis, several assump-
tions were made.

1. It is assumed that the project will be going on for 10 years from 2020 and the
investment will be made on 2020.

2. The latest net revenue of PT KAI in 2015 was 2,700,000 million IDR (PT
Kereta Api Indonesia, 2016). In the calculation, it was assumed that the
revenue on 2020 will stay the same. Even though in reality, the revenue might
increase, the calculation used this value to give pessimistic calculation on the
NPV analysis. Therefore, if the NPV is positive, in practice the payback
period could even be earlier that the calculation.

3. The income from the railway network in the other islands after the construc-
tions have been completed, will be calculated using the ratio of the rail freight
flow on the respective island to Java island. The ratio is then multiplied with
the net revenue made by the railways in Java. Based on the model calculation,
the rail flow in every islands are listed in table 7.8 below.
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Table 7.8: Rail freight flow ratio compared to Java

Java Sumatera Kalimantan Sulawesi Papua

Freight flow ratio 1 4.98 0.28 1.1 0.03
Net Revenue [⇥1012 IDR] 2.7 13.45 0.76 2.97 0.08

4. Based on the annual report by PT KAI, every year, there is an increase in
the net revenue made by the company. Therefore, beside the discount rate
applied to the cash flow every year, a revenue growth factor was also added
to the calculation. The revenue from 2011 - 2015 were stated in Table 7.14
below. For the calculation, the average of the revenue growth, which is 23%
was used for the future revenue calculation.

Table 7.9: Operational revenue of PT KAI

Year

2011 2012 2013 2014 2015

Revenue [⇥109 IDR] 6094 6966 8600 10478 13938
Increase [%] 14 23 22 33

5. The discount rate of 5% was used. This number was obtained from Indonesia‘s
interest rate forecast on 2020 by Trading Economics (n.d.)

Using the aforementioned assumptions, the NPV calculation was performed and
showed in Table 7.10 below.

Table 7.10: NPV calculation on rail investment

Period Year Cash Out
[⇥1012

IDR]

Cash In
[⇥1012

IDR]

Total
Income
[⇥1012

IDR]

PV
[⇥1012IDR]

1 2020 238.25 0.00 0
2 2021 0 0.00 0.00 -238.25
3 2022 0 0.00 0.00 -238.25
4 2023 0 0.00 0.00 -238.25
5 2024 0 0.00 0.00 -238.25
6 2025 0 0.00 0.00 -238.25
7 2026 0 0.00 0.00 -238.25
8 2027 0 0.00 0.00 -238.25
9 2028 0 0.00 0.00 -238.25
10 2029 0 0.00 0.00 -238.25
11 2030 0 10.59 10.59 -227.66
12 2031 0 15.26 25.85 -212.40
13 2032 0 17.88 43.73 -194.52
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Table 7.10 Continued: NPV calculation on rail investment

Period Year Cash Out
[⇥1012

IDR]

Cash In
[⇥1012

IDR]

Total
Income
[⇥1012

IDR]

PV
[⇥1012IDR]

14 2033 0 20.94 64.67 -173.58
15 2034 0 24.53 89.21 -149.04
16 2035 0 28.74 117.94 -120.31
17 2036 0 33.66 151.61 -86.64
18 2037 0 39.44 191.04 -47.21
19 2038 0 46.20 237.24 -1.01
20 2039 0 54.12 291.35 53.10

The NPV calculation shows that the project will have positive NPV after 19
years since the investment was made, or 9 years after the construction projects have
been completed. Given the fact that in the assumptions, the average revenue growth
was used and the revenue on 2020 was assumed to be the same as 2015, the project
could turn to have higher NPV and even have faster payback period in the real
practice,.

Based on the accessibility measurement and NPV analysis of the improvement
plan, the actions would benefit both the user and the decision maker as the investor.
Firstly, the accessibility measurement showed that the network improvement would
increase the accessibility of the Eastern part of Indonesia. Hence, it might decrease
the economic growth imbalance. Secondly, the NPV analysis showed a positive
NPV. Based on the positive NPV, this project would be financially beneficial to the
investors.

However, reflecting on the significant change in the modal share and in order
to find the good combination of improvement actions, another scenario analysis
using the fifth scenario was performed. In the following scenario analysis, the good
combination of improvement actions are searched through using heuristic approach.

7.1.5 Scenario 5: Adding Improvement Actions Based on
the BCR

In this scenario, instead of implementing all improvement all at once, priorities are
given to the combination of improvements that yields high BCR value. Therefore,
based on the result of this scenario, policy advices can be given to the central
government as the main decision maker on the improvement priorities.

The simulated annealing with tabu search constraint in subsection 6.2.3 is used
for this scenario. The combinations of improvements are chosen randomly. The
starting temperature of the simulated annealing was set to 1000 �

C with the cooling
rate of 0.95/iteration. Each time the program is executed, one priority was found.
The chosen actions are then excluded form the possible improvement action set on
the next execution. The first priority from the first execution result is shown in
table 7.11 below and figure 7.8 shows the iterations in the program execution.
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Table 7.11: Chosen Improvement

Island Route Length [km] Investment Cost
[⇥1012 IDR]

Sumatera Medan Pekanbaru 679 12.09
Pekanbaru Jambi 465 13.99
Padang Jambi 518 15.56
Jambi Pelambang 260 7.81

Kalimantan Palangkaraya Banjarmasin 260 4.14
Sulawesi Bitung Manado 48 1.44

Figure 7.8: Upper Level Iteration Process

As shown by figure 7.8, at the beginning of the simulated annealing program, as
the temperature is still high, the program still accept the worse solutions. However,
as the temperature decrease, the result goes into a convergence. Further, these
improvements from the first execution were added to the existing network as the
first improvement priority. Then, the program was executed again until all the
improvements are added to the network. The following Table 7.12 below shows the
improvement priority based on the model iterations result.

Contrasting to the choice of implementing all the improvement actions all at
once, by prioritizing the actions, the change in the modal share can be controlled in
an incremental manner. The result in Table 7.12 shows that in the implementation
of the first priority, the modal share for railways is 4% and dramatically increase to
22.9% after the last improvement action is performed.

The model search the actions based on the BCR of the combination in every
iteration. Therefore, every level of priority will give positive BCR when added to
the network. The BCR values do not have a linear pattern in the model result. This
is because the calculation of the BCR is relative to the previous action(s) chosen.
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Table 7.12: Improvement Action Priority Based on Model Iterations

Priority Route BCR
Modal Split

Cost Di↵erence [IDR]
Rail Maritime Maritime

1 Medan Pekanbaru 7.65 0.163 0.133 0.704 301,027,944,000
Pekanbaru Jambi
Padang Jambi
Jambi Pelambang
Palangkaraya Banjarmasin
Bitung Manado

2 Palembang Lampung 15.4 0.214 0.128 0.658 374,736,620,500
Palu Mamuju
Mamuju Makassar

3 Padang Pekanbaru 23.2 0.217 0.128 0.656 376,947,241,300
Sorong Manokwari

4 Aceh Medan 10.41 0.247 0.127 0.625 447,120,886,400
Samarinda Banjarmasin
Manado Gorontalo
Gorontalo Palu

5 Pontianak Palangkaraya 9.7 0.252 0.126 0.622 460,973,887,700
Manokwari Jayarpura

For instance, the addition of link from Pekanbaru to Padang in the second priority
yields a BCR value of 25.6. It is relative to the cost di↵erence between the network
with the link between Pekanbaru and Padang added and the network with the links
in priority 1.

This result could be used by the decision maker to help the implementation pro-
cess. Firstly, the decision maker could adjust the priority based on the progress of
the current development. For example, if in the process, there is certain event such
as fuel subsidy reform that would a↵ect the network, by performing the priority
calculation again, the priority list could be adjusted to adapt with the changes. Sec-
ondly, the incremental approach of this scenario would let the decision maker to cope
with the disturbances in every phase of the network improvement before proceeding
with the next priority. Shall there be some disturbances such as opposition after the
first phase (implementation of priority 1), the decision maker could try to solve the
problem and perform an evaluation for the future implementations. By choosing the
incremental approach, the decision maker could also adjust the network to adapt
with the changes given the new links. This would also give benefit to other actors
such as shippers or third party logistics actors to adjust their shipment route based
on the new links.

NPV Analysis for Prioritization Approach

To ensure the prioritization approach would also be financially beneficial to the de-
cision maker, another NPV calculation and analysis should be performed. The NPV
analysis used the same assumption as the NPV analysis in section 7.1.4. Additional
assumptions were added in this NPV analysis. They are as follows.

1. The first priority will start in 2020
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2. The following priorities will be started two years after the previous one.

3. Each priority project will be completed within 5 years. In the fourth scenario,
if the government managed to finish all the constructions within 10 years,
it means roughly, the construction speed would be 841.8 km/year given the
total new links length is 8418 km. The assumption of 5 years was taken by
considering that the project might be delayed.

The table 7.13 below shows the change in the rail flow ratio between the islands
in Indonesia and Java island. Same with the first NPV analysis, the net revenue in
the islands other than Java will be the product of the net revenue by PT KAI in
Java and the rail flow ratio.

Table 7.13: Rail flow ratio in Indonesia in each project phase

Priority Year Java Sumatera Kalimantan Sulawesi Papua

1 2020 1 3.16 0.1
2 2022 1 4.52 0.1 0.455
3 2024 1 4.63 0.1 0.455
4 2026 1 4.98 0.14 1.1
5 2028 1 4.98 0.28 1.1 0.03

As mentioned before, the net revenue of PT KAI in Java is 2.7⇥ 1012 and every
year, the net revenue increase by an average of 23%. Therefore, by applying the
revenue growth and multiplying the net revenue with the freight flow ratio, the net
revenue that will be obtained by PT KAI after each priority action is shown in table
7.14 below.

Table 7.14: Net Revenue of PT KAI in every islands [⇥1012 IDR]

Priority Year Java Sumatra Kalimantan Sulawesi Papua

1 2020 2.70 8.53 0.27
2 2022 4.08 18.46 0.41 1.86
3 2024 6.18 28.61 0.62 2.81
4 2026 9.35 46.56 1.31 10.28
5 2028 14.15 70.44 3.96 15.56 0.42

Further, the NPV calculation was performed. The result of the NPV calculation
is shown by table 7.15 below. The cash out is the total investment cost of each
priority. Discount rate of 5% was used in this calculation baed on the interest rate
forecast by Trading Economics (n.d.).

Table 7.15: NPV calculation on rail investment with prioritization

Period Year Cash Out
[⇥1012 IDR]

Cash In [⇥1012

IDR]
Total Income
[⇥1012 IDR]

PV [⇥1012

IDR]
Description
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Continued: NPV calculation on rail investment with prioritization

Period Year Cash Out
[⇥1012 IDR]

Cash In [⇥1012

IDR]
Total Income
[⇥1012 IDR]

PV
[⇥1012IDR]

Description

1 2020 55.03 Start Priority 1
2 2021 -55.03
3 2022 33.96 -88.99 Start Priority 2
4 2023 -88.99
5 2024 22.7 -111.69 Start Priority 3
6 2025 6.90 6.90 -104.79 Priority 1 Completed
7 2026 60.1 8.08 14.98 -156.81 Start Priority 4
8 2027 14.73 29.71 -142.08 Priority 2 Completed
9 2028 66.49 17.26 46.97 -191.31 Start Priority 5

10 2029 20.66 67.62 -170.66 Priority 3 Completed
11 2030 24.20 91.82 -146.46
12 2031 34.00 125.82 -112.46 Priority 4 Completed
13 2032 23.29 149.11 -89.17
14 2033 47.93 197.04 -41.24 Priority 5 Completed
15 2034 56.15 253.19 14.91

The NPV calculation performed on the fifth scenario shows positive value after
15 years. Compared to the fourth scenario, the payback period is 5 years faster.
Based on this NPV calculation, this approach would be more beneficial for the
central government. The only drawback is that they might not be able to finish the
whole new link constructions before 2030.

Comparing the priority approach with the choice to perform all improvement
actions at once, the priority approach is more robust to changes in the process.
This method could also give the decision maker a room to evaluate the process
and tackle the problems faced during the process and use it as a reflection for the
next phases. The incremental changes is another benefit of this method. In the
implementation of all actions at once, the change, especially in the modal share
is really significant. The significant change could turn to be an opposition by the
impacted actors such as the truck operators and the shippers. In terms of financial
aspect, the prioritization approach would also have positive NPV and would give
faster payback period to the investors.

7.2 Policy Recommendation and Policy Barriers
Analysis

Based on the scenario analysis, three policy recommendations can be given to the
central government of Indonesia, especially to the Ministry of National Development
Planning as the main decision maker. The first policy recommendation is to perform
the fuel subsidy reform policy and introducing subsidy to railway transportation.
And the second policy is to perform the improvement action based with priorities
based on the benefit to cost ratio of the actions.

In this section, the aforementioned policy recommendations were elaborated fur-
ther and the possible barriers that might appear from certain actors are elaborated
and discussed.
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7.2.1 Fuel Subsidy Reform

Based on the scenario analysis, the fuel subsidy reform would benefit the central
government by cutting the fuel subsidy spending that accounts to 4.1% of Indonesia‘s
total spending (Asian Development Bank, 2015). Firstly, by implementing the fuel
subsidy reform, the central government will be able to relocate the spending to
another vital sectors of the nation or to the infrastructure development.

Secondly, by cutting the fuel subsidy, the modal share of trucks would be reduced
and shifted to railways. Shifting the freight to railways would also reduce the total
carbon emission as railway transportation emit lower emission compared to trucks.
By using railways, the total logistics cost would also be reduced especially in long
distance shipment. This is reasonable because railways could carry more freights
compared to trucks, leading to higher economies of scale. Even further, by adding
additional subsidy to the railway transportation, the modal share for railways could
be increased even more to 7%.

Thirdly, this alternative would be a way to introduce competition in freight
transportation sector. The decrease in truck‘s modal share that is followed by the
increase in railway‘s modal share that absorbed the freight flows from trucks would
trigger the truck operators to bring innovation. In order to compensate the policy
impact, they would have to increase the e�ciency of the mode. Therefore, this
policy might give a benefit to the whole transportation network‘s e�ciency.

However, there would be several barriers on the policy implementation. Firstly,
there might be opposition especially from shippers and truck operators. For many
years, the truck operators and the shippers have enjoyed the relatively cheaper cost
of using trucks for freight transportation. The increase in the operational cost due
to increasing fuel cost might force the shipper to find a new alternative for a cheap
shipment and the truck operators to win their market share again. These impacts
that they might su↵er could be a cause for them to oppose this alternative.

Secondly, the railway capacities might not be able to fulfill the whole shipment.
The railway networks have limitation in terms of the number of available locomotives
for freight transportation, the wagon capacities and the journey frequency. Further
analysis on the railway capacity should be performed. Otherwise, this policy would
not be robust in the future and instead, would lead to a higher logistics cost in the
country.

Thirdly, this alternative would be most beneficial in the area with railway con-
nections. However, not all areas are connected with other modes than trucks in
Indonesia. The low accessibilities of many areas are the reason that the road trans-
portation have the highest modal share in the country. Therefore, the implementa-
tion might cause higher goods prices in certain areas due to higher transport cost.

These policy barriers could be tackled in several ways. The change in the modal
share is not significant but the e↵ect might be felt by the actors at the lower level such
as the truck operators and the drivers. Operating with subsidy for a long time, the
innovation in transportation in Indonesia especially in road modes is relatively slow.
Therefore, in order to increase the e�ciency of the network, the central government
should be able to help the transportation sectors with researches for innovations and
implementing them to the network.

Step by step improvement should also encouraged. Firstly, the network should
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be adapting to the fuel subsidy reform policy. The freight transport network would
need time to adjust the shift in the freight flow and the change in the generalized
logistics costs. Oppositions from the actors should be discussed and handled. Then,
by increasing the capacity of railway networks and building the new networks, the
central government could begin to shift the flow to railway transportation that is
more e�cient in terms of the speed, capacity and the emission. Therefore, the
following policy recommendation should also be encouraged.

7.2.2 Performing Improvement Action Based on Priority
List

The analysis performed on scenario 4 which is implementing all the improvement
actions at once gives a significant change in the freight network. It would increase
the overall accessibility of the network and would give positive net present value for
the investors. In terms of the transport modal share, the modal share of trucks fell
by almost 20%, the flow shifted mostly to railway transportation. This is a relatively
drastic change in the modal share.

On the other hand, the result from the fifth scenario analysis shows that by
implementing prioritization on the improvement actions, results in a more gradual
change in the freight flow. The modal share also gradually shifted from trucks to
railways. In the fifth scenario, the actions’ priority are defined based on the actions’
or the combinations’ BCR value relative to the previous improvement. In this policy,
an incremental approach was taken.

By adopting the incremental approach on the infrastructure development, firstly,
the government would have more time to response shall there are some obstacles on
the process. The obstacles would not a↵ect the whole construction of the new links
because the constructions are not started at the same time. Therefore, the central
government would have the time to avoid the problem from happening again for the
construction of the next priorities.

This alternative would also gives some room for evaluation from the ongoing
or the past projects of the network improvement. By performing evaluation on
the plans, the future projects could be executed more e�ciently. The incremental
characteristic of this policy also gives flexibility on the decision. The priority can
be adjusted in the process. For instance, if there are some unforeseen changes on
the network, the changes could be added to the model, therefore, the priority list
will be updated, ensuring the highest BCR possible is obtained. This benefit would
favor the Ministry of Transportation because it would prepare them for a better
preparation on every islands since the new railway system in the di↵erent islands
would require new planning. Through evaluation on the development of the previous
priority, the Ministry of Transportation could evaluate the issues that existed and
adjust the planning.

The barriers for this alternative would be the longer process time for the whole
plan completion. Compared to the implementation of all improvement actions at
once, this approach would require longer time. This might pose an issue for the
government itself. For the Ministry of Investment, the longer duration might lead
to higher project cost and to be flexible to the change on the priorities means extra
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cost on the delay and change o planning. Therefore, a good planning and further
cost and benefit analysis would be required in order to ensure that this planning is
robust for the government.

7.3 Summary of Scenario Analysis and Policy Rec-
ommendations

After the model has been verified and validated, the scenario analysis using the
model was performed. Five scenarios were tested using the model. The first scenario
is the base case scenario, in which there is no change nor improvement on the
network. The future OD data on 2030 that was calculated using the growth factor
method was used in the model to analyze the freight flow, the logistics cost and the
modal share in the future if there is no improvement on the network. The result
showed that in the base case scenario, there was no change in the flow concentration
nor in the modal share. This is because the only change is in the OD data. Therefore,
given the same network configuration, the route choice on this scenario was the same
as the model with the 2011 OD data in the model validation section.

In the second and third scenario, the fuel subsidy reform policy was explored.
Firstly in the second scenario, the future e↵ect by removing the fuel subsidy from
trucks was tested. It was found that this action would let the central government
to save approximately 62.5Meon the transportation sector. Further in the third
scenario, the possibilities to give subsidy to the other modes were explored. It
was found that the maritime transportation‘s modal share is not really sensitive
to the change in the fuel price. On the other hand, by giving subsidy to railways
transportation, the modal share of railways could increase up to 7%.

In the fourth and fifth scenario, the central government‘s plan to construct new
railway links on the network was tested. It was found that by performing all im-
provement actions, the benefit to cost ratio (BCR) was 1.21. This action will also
a↵ect the modal share significantly. By building new railway connections in all the
islands in Indonesia, the railway‘s share would increase from 2% to 22%, absorbing
the freight flow from trucks. Hence, the trucks’ modal share reduced from 83.6% to
64%. This option would give a significant impact on the network. However, it might
rose some oppositions especially from truck operators and shippers that use trucks.
Thus, the fifth scenario was explored, where instead of performing all actions at
once, prioritization was used. The priority list listed the combination of improve-
ment actions based on their BCR relative to the previous improvement. With this
alternative, the network would have some period to adjust and the flexibility when
the project is facing certain obstacles. From the financial point of view, both sce-
narios appear to have positive NPV. However, comparing the NPV calculation, the
fifth scenario has faster payback period compared to the fourth scenario, with 5
years di↵erence.

Based on the result of the scenario analysis that was performed, two policy rec-
ommendations were presented. Firstly, this research would recommend the central
government to perform the fuel subsidy reform. The removal of truck‘s fuel subsidy
would let the government to cut their spending and relocate the funds to other im-
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portant sectors. It was found that the impact of this policy is relatively small. It
will only reduce the modal share of trucks slightly.

Secondly, this research encourages the use of prioritization on the network im-
provement actions. Compared to the construction of all links at once, the option
to build new links based on their priority level would give incremental e↵ect on
the network especially on the modal share. This option would also give the central
government a room to adjust the project based on the obstacles that might appear
on the process.
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Chapter 8

Conclusions, Reflections and
Recommendations

This chapter concludes the study performed in this report. The first section pro-
vides answers on the research questions posted at the start of the report. The second
section shows the recommendation for further study related with multimodal trans-
portation in Indonesia. The third section reflects the di�culties faced and what
improvement that should be done by author.

8.1 Conclusions

The research question as defined in the Chapter 1 is: What are the recommendations
of optimized multimodal transport network design in Indonesia by considering the
future infrastructure developments?. To answer the main research question, the four
sub-research questions were answered first in this research. Below the answers for
the sub-research questions are stated.

1. Which factors should be incorporated into the model? From the findings on
chapter 2, 3, and 4 the factors that need to be incorporated into the model were
analyzed. Firstly, chapter 2 discussed the problems in freight transportation in
Indonesia. The problems are the high logistics cost and the imbalance between
the Western and the Eastern part of Indonesia. Based on these problems, the
objectives of the model were defined. Then, in chapter 3, the future plans of
the Indonesian central government were elaborated. These policies and plans
were added to the model as the future scenarios, which are the future network
improvement and the fuel subsidy reform. Chapter 4 studied further the model
specification on the technical perspective. The network parameters, variables,
and the required data were discussed.

2. How can an optimization model be implemented to design multimodal trans-
port network in Indonesia with taking into account the aforementioned factors?
Based on the discussion on chapter 4, the model requirements and specifica-
tions were defined. The model framework defined how the model should work.
Based on the model framework, firstly, the data and the model parameters
should be prepared. Then, after the parameters and the data were added
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to the model, the lower level optimization was performed. The lower level
optimization consists of route-set generation using k-shortest path with dif-
ferent objectives, route-choice modeling using path-size logit algorithm, and
the freight assignment. Then, the upper level optimization using local search
heuristics found the global optimum of the improvement actions that yields
the highest BCR.

3. What is the good design of multimodal transportation in Indonesia? The sce-
nario analysis analyzed the possible scenario in the future on Indonesia‘s freight
transport network. Based on the scenario analysis, it was found that a status-
quo option would lead to no change in the network. On the second scenario,
it was found that by removing the fuel subsidy through the fuel subsidy re-
form the government could save on the transport expenditure that accounts to
4.1% of the national GDP. Scenario 4 founds that by constructing new railway
connections in all the islands would lead to a better freight transport net-
work with the benefit to cost ratio of 1.21. Even better, the scenario 5 which
analyzed the improvement prioritization presented a priority list that yields
better result on the network improvement BCR. The implementation of the
improvement plans was also found to be able to increase the overall transport
network accessibility in Indonesia, especially in the Eastern part of Indonesia.

4. How the policies should be performed based on the model result? Based on
the result of the scenario analysis, two policy recommendations were given.
The first one is to implement the fuel subsidy reform. By performing the fuel
subsidy reform on trucks in the freight transportation system, the government
could save up to 119Me. On the modal share aspect, the policy would only
reduce the modal share of trucks slightly by 3.6%. The freight flow shifted
mostly to railway transportations, increasing the railway modal share to 6%.
The second policy is to build new railway links in all the islands with a priori-
tization based on the actions’ BCR on the network. Performing all the actions
at once would significantly change the modal share of trucks/railway/maritime
from 83.6%/2%/14.2% to 64%/22%/13%. By using prioritization, the change
could be done incrementally. This would avoid oppositions by the impacted
actors such as the truck operators and shippers. By adopting this approach,
the government would also have the flexibility to adapt with the uncertainties
and other obstacles in the process and adjust the planning based on the situ-
ations. The NPV analysis shows that both the choice to implement all of the
improvement actions at once and by prioritization would give positive NPV.
However, the prioritization approach would have faster payback period by 5
years compared to the all at once approach. Even so, the whole project will
require 3 more years if the prioritization approach was taken.

Based on the answers for the sub-research question, the main research questions
can be answered. This research would recommend the decision maker, which in
this issue is the Ministry of National Development Planning to implement the fuel
subsidy reform to reduce the usage of trucks in freight transportation and to allocate
the funds to other important matters within the scope of the national planning. By
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increasing the railway usage in the network, a higher economies of scale and lower
emission could be achieved. This could also trigger the truck operators to innovate
to make their business more e�cient with the increasing operational cost. Adding
the new railway connections on the network would also increase the share of railways
in Indonesia.

8.2 Recommendations

Due to limitation of time in this research, not all of the contents related to logistics
hub can be captured. On the other way around, in order to successfully developing
the multimodal transportation network in Indonesia, attention needs to be paid to
several details, for which further studies may be needed.

Network capacity data. This research does not incorporate network capacity
data into the model. The reason is due to the data limitation issue and the
time scope. The unconstrained network capacity might lead to overestimat-
ing the capacity of certain links and nodes. For instance, the railway network
might be unable to satisfy the whole freight flow as showed in the model, which
leads to higher modal share in the result.

Stochasticity. Deterministic model was used in this research. In the deterministic
model, all of the parameters are assumed to be known and the output of the
model is highly determined by the model parameters. Therefore, the dynamic
in the real world can’t be captured by the model. Within the stochastic
model, randomness could be integrated in the model. For instance, in the
deterministic model, the delay due to congestions could not be added to the
model. By using the stochastic model, the congestion can be modeled as the
ratio of the freight flow and the link capacity.

Integration with other network improvement. Within the network improve-
ment scenario, only the development of new railway connections were consid-
ered. Within the national development plan, there are also several planning
on port development, addition of new ships and road construction. However,
since this model do not consider the port and maritime capacity, the maritime
improvement was not added to the model. And the road transport devel-
opments are on regional level, hence it is not within the spatial resolution
of the model. By improving the spatial resolution of the model and adding
the network capacity constraints, it is possible to integrate the other network
improvement plans to the model.

Modeling the network improvement e↵ect on freight flow. In this research,
the demand was assumed to be exogenous. There is no causal relation within
the model that would a↵ect the demand in the future. Therefore this model
could not project the e↵ect of the scenarios to the demand change in the fu-
ture. By modeling the demand based on the actions taken on the network,
the model could be extended to give recommendations with the objective to
solve the demand imbalance problem.
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8.3 Reflections

Working on this research I learned a lot working in a field that I am really new into
it. I started with few technical knowledges in transport and logistics. This posed
a big challenge for myself. In order to deliver a good quality research I have to
catch up with the required knowledge. I took classes on transportation modeling
and advanced transportation modeling. I read many research articles to understand
the techniques, I asked many people for guidance and helps.

Before the kicko↵meeting, the challenge is to write a good research proposal. The
main problem for me is to understand the aspects and techniques in freight transport
network design and optimization. I also need to gain understanding on the practical
problems in Indonesia. With the help of my supervisors and my colleagues, I could
obtains good references on research articles and able to deliver a good research
proposal.

Later on during the research period, I found that data collection posed the
biggest challenge. Not all data are available freely on the web. And sometimes, the
data need to be calibrated and some data are not that extensive. The unavailability
of several data also required me to adjust the research framework. For instance,
the unavailability of the network capacity data made be unable to use a stochastic
model that can calculate the delays in the network. In the end, several assumptions
were made to cope with the data limitations.

I also faced hard time programming the model. I found the AIMMS software to
be a really good software for working with multidimensional data. Inputting and
checking the calculation result was really easy. However, the problem came on the
programming phase. With my lack of knowledge on programming, I struggled to
make the model work. Fortunately, the software comes with a good documentation
and program examples. Hence, learning from all of them, I could make the program
work.

In the end of the research process, I felt that there are still many rooms for
improvement. The result of this thesis is not perfect. But I feel satisfied that I
could finish this research even though the process was delayed. I faced one big
challenge of doing something that I am really new into it. I started from zero and
now I can deliver this result. With the result from this research I hope that my work
could benefit my country and the people as a whole through a better transportation
and logistics system. In the future I would strive to learn more about transport and
logistics, honing my knowledge and implementing it for the good purpose of making
a better nation for its people.
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Appendix D

Distance Matrix

Table D.1: Origin and Destination Distance Table

Origin Destination Distance [km] Origin Destination Distance [km]

Aceh Port Aceh 33.5 Makassar Sul-2 514
Aceh Medan 603 Kendari Port Kendari 17
Aceh Padang 1247 Kendari Palu 826
Medan Port Medan 26 Kendari Sul-2 507
Medan Aceh 603 Pontianak Port Pontianak 3
Medan Pekanbaru 661 Pontianak Palangkaraya 1077
Medan Padang 752 Pontianak Samarinda 1315
Pekanbaru Medan 661 Palangkaraya Pontianak 1077
Pekanbaru Padang 311 Palangkaraya Banjarmasin 192
Pekanbaru Jambi 452 Banjarmasin Port Banjarmasin 5
Padang Port Padang 9 Banjarmasin Palangkaraya 192
Padang Aceh 1247 Banjarmasin Samarinda 603
Padang Medan 752 Samarinda Port Samarinda 23
Padang Pekanbaru 311 Samarinda Pontianak 1315
Padang Bengkulu 538 Samarinda Banjarmasin 603
Bengkulu Padang 538 Samarinda Tanjung Selor 616
Bengkulu Jambi 426 Tanjung Selor Samarinda 616
Bengkulu Palembang 436 Denpasar Port Denpasar 10.5
Bengkulu Lampung 581 Mataram Port Mataram 24
Bengkulu Port Bengkulu 20 Kupang Port Kupang 13
Jambi Port Jambi 9 Sofifi Port Sofifi 4
Jambi Pekanbaru 452 Manado Port Manado 3
Jambi Bengkulu 426 Manado Gorontalo 470
Jambi Palembang 276 Manokwari Port Sorong 468
Palembang Port Palembang 3 Manokwari Jayapura 1230
Palembang Bengkulu 436 Jayapura Port Jayapura 12
Palembang Jambi 276 Jayapura Manokwari 1230
Palembang Lampung 370 Port Bengkulu Bengkulu 20
Lampung Port Lampung 138 Port Palembang Palembang 3
Lampung Bengkulu 581 Term Serang Serang 2
Lampung Palembang 370 Term Jakarta Jakarta 10
Serang Port Banten 36 Term Port Jakarta Jakarta 16.5
Serang Jakarta 85 Term Port Serang Serang 36
Serang Bandung 238 Term Bandung Bandung 12
Serang Term Serang 2 Term Cirebon Cirebon 4
Serang Term Port Serang 36 Term Semarang Semarang 5.5
Batam Port Batam 17 Term Yogyakarta Yogyakarta 1
Pangkal Pinang Port PangkalPinang 5 Term Surabaya Surabaya 3
Jakarta Port Jakarta 16.5 Term Port Surabaya Surabaya 6
Jakarta Serang 85 Port Aceh Aceh 33.5
Jakarta Bandung 160 Port Medan Medan 26
Jakarta Cirebon 193 Port Batam Batam 17
Jakarta Term Jakarta 10.3 Port Padang Padang 9
Jakarta Term Port Jakarta 16.5 Port Jambi Jambi 9
Bandung Serang 238 Port PangkalPinang Pangkal Pinang 5
Bandung Jakarta 160 Port Lampung Lampung 138
Bandung Cirebon 125 Port Banten Serang 36
Bandung Yogyakarta 369 Port Jakarta Jakarta 16.5
Bandung Term Bandung 12 Port Semarang Semarang 8
Cirebon Jakarta 193 Port Surabaya Surabaya 8.5
Cirebon Bandung 125 Port Pontianak Pontianak 3
Cirebon Semarang 223 Port Banjarmasin Banjarmasin 5
Cirebon Yogyakarta 364 Port Samarinda Samarinda 23
Cirebon Term Cirebon 4 Port Manado Manado 3
Semarang Port Semarang 8 Port Makassar Makassar 10
Semarang Cirebon 223 Port Kendari Kendari 17
Semarang Yogyakarta 105 Port Denpasar Denpasar 10.5
Semarang Surabaya 309 Port Mataram Mataram 24
Semarang Term Semarang 5.5 Port Kupang Kupang 13
Yogyakarta Bandung 369 Port Sofifi Sofifi 4
Yogyakarta Cirebon 364 Port Ambon Ambon 8
Yogyakarta Semarang 105 Port Sorong Manokwari 468
Yogyakarta Surabaya 312 Port Jayapura Jayapura 12
Yogyakarta Term Yogyakarta 1 Port Aceh Aceh 33.5
Surabaya Port Surabaya 8.5 Port Medan Medan 26
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Continued: Origin and Destination Distance Table

Origin Destination Distance [km] Origin Destination Distance [km]
Surabaya Semarang 309 Port Batam Batam 17
Surabaya Yogyakarta 312 Port Padang Padang 9
Surabaya Term Surabaya 3 Port Jambi Jambi 9
Surabaya Term Port Surabaya 6 Port P.Pinang Pangkal Pinang 5
Ambon Port Ambon 8 Port Lampung Lampung 138
Gorontalo Sul-1 440 Port Banten Serang 36
Gorontalo Manado 470 Port Jakarta Jakarta 16.5
Sul-1 Gorontalo 440 Port Semarang Semarang 8
Sul-1 Palu 212 Port Surabaya Surabaya 8.5
Palu Sul-1 212 Port Pontianak Pontianak 3
Palu Mamuju 399 Port Banjarmasin Banjarmasin 5
Palu Sul-2 437 Port Samarinda Samarinda 23
Palu Kendari 826 Port Manado Manado 3
Mamuju Palu 399 Port Makassar Makassar 10
Mamuju Sul-2 413 Port Kendari Kendari 17
Mamuju Makassar 440 Port Denpasar Denpasar 10.5
Sul-2 Palu 437 Port Mataram Mataram 24
Sul-2 Mamuju 413 Port Kupang Kupang 13
Sul-2 Makassar 514 Port Sofifi Sofifi 4
Sul-2 Kendari 507 Port Ambon Ambon 8
Makassar Port Makassar 10 Port Sorong Manokwari 468
Makassar Mamuju 440 Port Sorong Manokwari 468

Table D.2: Origin and Destination Distance Table : Maritime

Origin Destination Distance [km] Origin Destination Distance [km]

Port Aceh Port Medan 580 Port Pontianak Port Jakarta 909
Port Aceh Sum-1 200 Port Banjarmasin Port Surabaya 607
Port Medan Port Aceh 580 Port Banjarmasin Port Samarinda 669
Port Medan Port Batam 895 Port Samarinda Port Banjarmasin 669
Port Batam Port Medan 895 Port Manado Port Kendari 848
Port Batam Port Jambi 250 Port Manado Port Sofifi 393
Port Batam Port PangkalPinang 785 Port Manado Port Ambon 1020
Port Batam Port Pontianak 726 Port Makassar Port Surabaya 963
Port Batam Sum-3 455 Port Makassar Port Kendari 615
Port Padang Sum-1 1245 Port Makassar Port Denpasar 613
Port Jambi Port Batam 250 Port Makassar Port Mataram 550
Port PangkalPinang Port Batam 785 Port Makassar Port Kupang 1176
Port PangkalPinang Port Jambi 535 Port Kendari Port Manado 848
Port PangkalPinang Port Palembang 472 Port Kendari Port Makassar 615
Port PangkalPinang Port Jakarta 535 Port Kendari Port Ambon 854
Port Lampung Port Banten 137 Port Denpasar Port Surabaya 545
Port Lampung Port Jakarta 396 Port Denpasar Port Makassar 613
Port Banten Port Lampung 137 Port Mataram Port Surabaya 495
Port Banten Port Jakarta 330 Port Mataram Port Makassar 550
Port Jakarta Port PangkalPinang 535 Port Kupang Port Makassar 1176
Port Jakarta Port Lampung 396 Port Sofifi Port Manado 393
Port Jakarta Port Banten 330 Port Sofifi Port Ambon 695
Port Jakarta Port Semarang 389 Port Sofifi Port Sorong 892
Port Jakarta Port Surabaya 811 Port Ambon Port Manado 1020
Port Jakarta Port Pontianak 909 Port Ambon Port Kendari 854
Port Jakarta Sum-3 455 Port Ambon Port Sofifi 695
Port Semarang Port Jakarta 389 Port Ambon Port Sorong 915
Port Semarang Port Surabaya 526 Port Sorong Port Sofifi 892
Port Surabaya Port Jakarta 811 Port Sorong Port Ambon 915
Port Surabaya Port Semarang 526 Port Sorong Port Jayapura 1330
Port Surabaya Port Banjarmasin 607 Port Jayapura Port Sorong 1330
Port Surabaya Port Makassar 963 Sum-1 Port Aceh 200
Port Surabaya Port Denpasar 545 Sum-1 Port Padang 1245
Port Surabaya Port Mataram 495 Sum-3 Port Batam 455
Port Pontianak Port Batam 726 Sum-3 Port Jakarta 455

Table D.3: Origin and Destination Distance Table : Railway

Origin Destination Distance [km] Origin Destination Distance [km]

Port Aceh Port Medan 580 Port Pontianak Port Jakarta 909
Port Aceh Sum-1 200 Port Banjarmasin Port Surabaya 607
Port Medan Port Aceh 580 Port Banjarmasin Port Samarinda 669
Port Medan Port Batam 895 Port Samarinda Port Banjarmasin 669
Port Batam Port Medan 895 Port Manado Port Kendari 848
Port Batam Port Jambi 250 Port Manado Port Sofifi 393
Port Batam Port PangkalPinang 785 Port Manado Port Ambon 1020
Port Batam Port Pontianak 726 Port Makassar Port Surabaya 963
Port Batam Sum-3 455 Port Makassar Port Kendari 615
Port Padang Sum-1 1245 Port Makassar Port Denpasar 613
Port Jambi Port Batam 250 Port Makassar Port Mataram 550
Port PangkalPinang Port Batam 785 Port Makassar Port Kupang 1176
Port PangkalPinang Port Jambi 535 Port Kendari Port Manado 848
Port PangkalPinang Port Palembang 472 Port Kendari Port Makassar 615
Port PangkalPinang Port Jakarta 535 Port Kendari Port Ambon 854
Port Lampung Port Banten 137 Port Denpasar Port Surabaya 545
Port Lampung Port Jakarta 396 Port Denpasar Port Makassar 613
Port Banten Port Lampung 137 Port Mataram Port Surabaya 495
Port Banten Port Jakarta 330 Port Mataram Port Makassar 550
Port Jakarta Port PangkalPinang 535 Port Kupang Port Makassar 1176
Port Jakarta Port Lampung 396 Port Sofifi Port Manado 393
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Continued: Origin and Destination Distance Table : Railway

Origin Destination Distance [km] Origin Destination Distance [km]
Port Jakarta Port Banten 330 Port Sofifi Port Ambon 695
Port Jakarta Port Semarang 389 Port Sofifi Port Sorong 892
Port Jakarta Port Surabaya 811 Port Ambon Port Manado 1020
Port Jakarta Port Pontianak 909 Port Ambon Port Kendari 854
Port Jakarta Sum-3 455 Port Ambon Port Sofifi 695
Port Semarang Port Jakarta 389 Port Ambon Port Sorong 915
Port Semarang Port Surabaya 526 Port Sorong Port Sofifi 892
Port Surabaya Port Jakarta 811 Port Sorong Port Ambon 915
Port Surabaya Port Semarang 526 Port Sorong Port Jayapura 1330
Port Surabaya Port Banjarmasin 607 Port Jayapura Port Sorong 1330
Port Surabaya Port Makassar 963 Sum-1 Port Aceh 200
Port Surabaya Port Denpasar 545 Sum-1 Port Padang 1245
Port Surabaya Port Mataram 495 Sum-3 Port Batam 455
Port Pontianak Port Batam 726 Sum-3 Port Jakarta 455
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Appendix E

Transshipment Cost Matrix

Table E.1: Transshipment Cost between Trucks and Maritime Mode

Origin Destination Cost [e] Origin Destination Cost [e]
Port Banten Serang 96.93 Mataram Port Mataram 96.93
Port Jakarta Jakarta 96.93 Kupang Port Kupang 96.93
Port Surabaya Surabaya 96.93 Sofifi Port Sofifi 125.17
Term Port Jakarta Jakarta 96.93 Manokwari Port Sorong 125.17
Term Port Serang Serang 96.93 Jayapura Port Jayapura 125.17
Aceh Port Aceh 69.71 Port Aceh Aceh 69.71
Medan Port Medan 69.71 Port Medan Medan 69.71
Padang Port Padang 69.71 Port Batam Batam 69.71
Bengkulu Port Bengkulu 69.71 Port Padang Padang 69.71
Jambi Port Jambi 69.71 Port Bengkulu Bengkulu 69.71
Palembang Port Palembang 69.71 Port Jambi Jambi 69.71
Lampung Port Lampung 69.71 Port Palembang Palembang 69.71
Serang Port Banten 96.93 Port PangkalPinang Pangkal Pinang 69.71
Serang Term Port Serang 96.93 Port Lampung Lampung 69.71
Serang Term Serang 96.93 Port Semarang Semarang 96.93
Batam Port Batam 69.71 Port Pontianak Pontianak 48.93
Pangkal Pinang Port PangkalPinang 69.71 Port Banjarmasin Banjarmasin 48.93
Jakarta Port Jakarta 96.93 Port Samarinda Samarinda 48.93
Jakarta Term Port Jakarta 96.93 Port Manado Manado 125.17
Jakarta Term Jakarta 96.93 Port Makassar Makassar 75.00
Bandung Term Bandung 96.93 Port Kendari Kendari 75.00
Cirebon Term Cirebon 96.93 Port Denpasar Denpasar 96.93
Semarang Port Semarang 96.93 Port Mataram Mataram 96.93
Semarang Term Semarang 96.93 Port Kupang Kupang 96.93
Yogyakarta Term Yogyakarta 96.93 Port Sofifi Sofifi 125.17
Surabaya Port Surabaya 96.93 Port Sorong Manokwari 125.17
Surabaya Term Port Surabaya 96.93 Port Jayapura Jayapura 125.17
Surabaya Term Surabaya 96.93 Term Serang Serang 96.93
Ambon Port Ambon 125.17 Term Jakarta Jakarta 96.93
Makassar Port Makassar 75.00 Term Bandung Bandung 96.93
Kendari Port Kendari 75.00 Term Cirebon Cirebon 96.93
Pontianak Port Pontianak 48.93 Term Semarang Semarang 96.93
Banjarmasin Port Banjarmasin 48.93 Term Yogyakarta Yogyakarta 96.93
Samarinda Port Samarinda 48.93 Term Surabaya Surabaya 96.93
Denpasar Port Denpasar 96.93

Table E.2: Transshipment Cost between Railway and Maritime Mode

Origin Destination Cost [e] Origin Destination Cost [e]
Port Banten Term Port Serang 96.93 Term Port Jakarta Port Jakarta 96.93
Port Jakarta Term Port Jakarta 96.93 Term Port Serang Port Banten 96.93
Port Surabaya Term Port Surabaya 96.93 Term Port Surabaya Port Surabaya 96.93
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Appendix F

Fuel Subsidy Iteration

Table F.1: Subsidy Heuristic Iteration

Subsidy Rate Modal Share Logistics Cost Di↵erence [%] Flow Di↵erence [%]
n R M T R M T R M T R M T

1 0 0 0 0.060 0.143 0.797 91.03 9.55 14.83 173.27 -0.03 -5.35
2 0.05 0 0 0.060 0.143 0.797 90.12 9.53 14.79 173.27 -0.03 -5.35
3 0.1 0 0 0.060 0.143 0.797 89.20 9.51 14.76 173.27 -0.03 -5.35
4 0.15 0 0 0.060 0.143 0.797 88.29 9.49 14.72 173.28 -0.03 -5.35
5 0.2 0 0 0.063 0.143 0.794 95.24 9.47 14.50 185.68 -0.03 -5.48
6 0.25 0 0 0.063 0.143 0.794 94.27 9.45 14.47 185.68 -0.03 -5.48
7 0.3 0 0 0.063 0.143 0.794 93.29 9.43 14.43 185.69 -0.03 -5.48
8 0.35 0 0 0.063 0.143 0.794 92.31 9.41 14.39 185.70 -0.03 -5.48
9 0.4 0 0 0.068 0.142 0.789 103.96 9.38 14.04 210.86 -0.03 -5.76

10 0 0.05 0 0.060 0.143 0.797 86.38 5.72 12.01 173.27 -0.03 -5.35
11 0.05 0.05 0 0.060 0.143 0.797 85.47 5.70 11.97 173.27 -0.03 -5.35
12 0.1 0.05 0 0.063 0.143 0.794 92.23 5.68 11.76 185.67 -0.03 -5.48
13 0.15 0.05 0 0.063 0.143 0.794 91.25 5.66 11.72 185.68 -0.03 -5.48
14 0.2 0.05 0 0.063 0.143 0.794 90.27 5.64 11.68 185.68 -0.03 -5.48
15 0.25 0.05 0 0.063 0.143 0.794 89.29 5.61 11.65 185.69 -0.03 -5.48
16 0.3 0.05 0 0.063 0.143 0.794 88.32 5.59 11.61 185.70 -0.03 -5.48
17 0.35 0.05 0 0.063 0.143 0.794 87.34 5.57 11.58 185.70 -0.03 -5.48
18 0.4 0.05 0 0.068 0.142 0.789 98.89 5.55 11.22 210.87 -0.02 -5.76
19 0 0.1 0 0.063 0.143 0.794 89.21 1.89 9.01 185.67 -0.02 -5.48
20 0.05 0.1 0 0.063 0.143 0.794 88.23 1.87 8.97 185.67 -0.02 -5.48
21 0.1 0.1 0 0.063 0.143 0.794 87.25 1.85 8.94 185.68 -0.02 -5.48
22 0.15 0.1 0 0.063 0.143 0.794 86.27 1.82 8.90 185.68 -0.02 -5.48
23 0.2 0.1 0 0.063 0.143 0.794 85.30 1.80 8.87 185.69 -0.02 -5.48
24 0.25 0.1 0 0.063 0.143 0.794 84.32 1.78 8.83 185.70 -0.02 -5.48
25 0.3 0.1 0 0.063 0.143 0.794 83.34 1.76 8.79 185.70 -0.02 -5.48
26 0.35 0.1 0 0.063 0.143 0.794 82.37 1.74 8.76 185.71 -0.02 -5.48
27 0.4 0.1 0 0.068 0.142 0.789 93.83 1.71 8.41 210.88 -0.02 -5.76
28 0 0.15 0 0.063 0.143 0.794 84.24 -1.95 6.19 185.67 -0.02 -5.47
29 0.05 0.15 0 0.063 0.143 0.794 83.26 -1.97 6.16 185.68 -0.02 -5.47
30 0.1 0.15 0 0.063 0.143 0.794 82.28 -1.99 6.12 185.68 -0.02 -5.47
31 0.15 0.15 0 0.063 0.143 0.794 81.30 -2.01 6.08 185.69 -0.02 -5.47
32 0.2 0.15 0 0.063 0.143 0.794 80.32 -2.03 6.05 185.69 -0.02 -5.47
33 0.25 0.15 0 0.063 0.143 0.794 79.35 -2.05 6.01 185.70 -0.02 -5.47
34 0.3 0.15 0 0.063 0.143 0.794 78.37 -2.07 5.98 185.71 -0.02 -5.47
35 0.35 0.15 0 0.063 0.143 0.794 77.39 -2.10 5.94 185.72 -0.02 -5.47
36 0.4 0.15 0 0.068 0.142 0.789 88.76 -2.12 5.59 210.89 -0.02 -5.76
37 0 0.2 0 0.063 0.143 0.794 79.26 -5.77 3.37 185.68 -0.01 -5.47
38 0.05 0.2 0 0.063 0.143 0.794 78.28 -5.80 3.33 185.68 -0.01 -5.47
39 0.1 0.2 0 0.063 0.143 0.794 77.31 -5.82 3.30 185.69 -0.01 -5.47
40 0.15 0.2 0 0.063 0.143 0.794 76.33 -5.84 3.26 185.69 -0.01 -5.47
41 0.2 0.2 0 0.063 0.143 0.794 75.35 -5.86 3.23 185.70 -0.01 -5.47
42 0.25 0.2 0 0.063 0.143 0.794 74.37 -5.88 3.19 185.71 -0.01 -5.47
43 0.3 0.2 0 0.063 0.143 0.794 73.40 -5.90 3.15 185.72 -0.01 -5.47
44 0.35 0.2 0 0.063 0.143 0.794 72.42 -5.92 3.12 185.73 -0.01 -5.47
45 0.4 0.2 0 0.068 0.142 0.789 83.70 -5.95 2.77 210.90 -0.01 -5.76
46 0 0.25 0 0.063 0.143 0.794 74.29 -9.61 0.55 185.68 0.00 -5.47
47 0.05 0.25 0 0.063 0.143 0.794 73.31 -9.63 0.52 185.69 0.00 -5.47
48 0.1 0.25 0 0.063 0.143 0.794 72.33 -9.65 0.48 185.70 0.00 -5.47
49 0.15 0.25 0 0.063 0.143 0.794 71.36 -9.67 0.44 185.70 0.00 -5.47
50 0.2 0.25 0 0.063 0.143 0.794 70.38 -9.69 0.41 185.71 0.00 -5.47
51 0.25 0.25 0 0.063 0.143 0.794 69.40 -9.71 0.37 185.72 0.00 -5.47
52 0.3 0.25 0 0.063 0.143 0.794 68.43 -9.74 0.34 185.73 0.00 -5.47
53 0.35 0.25 0 0.063 0.143 0.794 67.45 -9.76 0.30 185.74 0.00 -5.47
54 0.4 0.25 0 0.068 0.142 0.789 78.63 -9.78 -0.04 210.91 0.00 -5.76
55 0 0.3 0 0.063 0.143 0.794 69.32 -13.42 -2.30 185.69 0.03 -5.49
56 0.05 0.3 0 0.063 0.143 0.794 68.34 -13.44 -2.34 185.70 0.03 -5.49
57 0.1 0.3 0 0.063 0.143 0.794 67.36 -13.46 -2.37 185.70 0.03 -5.49
58 0.15 0.3 0 0.063 0.143 0.794 66.39 -13.48 -2.41 185.71 0.03 -5.49
59 0.2 0.3 0 0.063 0.143 0.794 65.41 -13.51 -2.44 185.72 0.03 -5.49
60 0.25 0.3 0 0.063 0.143 0.794 64.43 -13.53 -2.48 185.73 0.03 -5.49
61 0.3 0.3 0 0.063 0.143 0.794 63.46 -13.55 -2.52 185.74 0.03 -5.49
62 0.35 0.3 0 0.063 0.143 0.794 62.48 -13.57 -2.55 185.75 0.03 -5.49
63 0.4 0.3 0 0.068 0.142 0.789 73.57 -13.59 -2.89 210.93 0.03 -5.77
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64 0 0.35 0 0.063 0.143 0.794 64.35 -17.26 -5.12 185.70 0.04 -5.49
65 0.05 0.35 0 0.063 0.143 0.794 63.37 -17.28 -5.15 185.71 0.04 -5.49
66 0.1 0.35 0 0.063 0.143 0.794 62.39 -17.30 -5.19 185.71 0.04 -5.49
67 0.15 0.35 0 0.063 0.143 0.794 61.42 -17.32 -5.22 185.72 0.04 -5.49
68 0.2 0.35 0 0.063 0.143 0.794 60.44 -17.34 -5.26 185.73 0.04 -5.49
69 0.25 0.35 0 0.063 0.143 0.794 59.46 -17.36 -5.30 185.74 0.04 -5.49
70 0.3 0.35 0 0.063 0.143 0.794 58.49 -17.38 -5.33 185.75 0.04 -5.49
71 0.35 0.35 0 0.063 0.143 0.794 57.52 -17.41 -5.37 185.77 0.04 -5.49
72 0.4 0.35 0 0.068 0.142 0.789 68.51 -17.43 -5.71 210.94 0.04 -5.77
73 0 0.4 0 0.063 0.143 0.794 59.38 -21.09 -7.92 185.71 0.04 -5.47
74 0.05 0.4 0 0.063 0.143 0.794 58.40 -21.11 -7.95 185.72 0.04 -5.47
75 0.1 0.4 0 0.063 0.143 0.794 57.42 -21.13 -7.99 185.73 0.04 -5.47
76 0.15 0.4 0 0.063 0.143 0.794 56.45 -21.16 -8.02 185.74 0.04 -5.47
77 0.2 0.4 0 0.063 0.143 0.794 55.47 -21.18 -8.06 185.75 0.04 -5.47
78 0.25 0.4 0 0.063 0.143 0.794 54.50 -21.20 -8.09 185.76 0.04 -5.47
79 0.3 0.4 0 0.063 0.143 0.794 53.52 -21.22 -8.13 185.77 0.04 -5.47
80 0.35 0.4 0 0.063 0.143 0.794 52.55 -21.24 -8.17 185.79 0.05 -5.47
81 0.4 0.4 0 0.068 0.142 0.789 63.45 -21.26 -8.50 210.96 0.05 -5.75
82 0 0 0.05 0.060 0.142 0.797 88.03 8.28 12.53 173.27 -0.03 -5.08
83 0.05 0 0.05 0.060 0.142 0.797 87.12 8.26 12.50 173.27 -0.03 -5.08
84 0.1 0 0.05 0.060 0.142 0.797 86.20 8.24 12.46 173.28 -0.03 -5.08
85 0.15 0 0.05 0.060 0.142 0.797 85.29 8.22 12.43 173.28 -0.03 -5.08
86 0.2 0 0.05 0.060 0.142 0.797 84.37 8.20 12.39 173.29 -0.03 -5.08
87 0.25 0 0.05 0.060 0.142 0.797 83.46 8.18 12.36 173.29 -0.03 -5.08
88 0.3 0 0.05 0.063 0.142 0.795 90.32 8.16 12.14 185.69 -0.03 -5.21
89 0.35 0 0.05 0.063 0.142 0.795 89.34 8.14 12.10 185.70 -0.03 -5.21
90 0.4 0 0.05 0.063 0.142 0.795 88.36 8.12 12.07 185.71 -0.03 -5.21
91 0 0.05 0.05 0.060 0.142 0.797 83.38 4.45 9.71 173.27 -0.02 -5.08
92 0.05 0.05 0.05 0.060 0.142 0.797 82.47 4.43 9.67 173.28 -0.02 -5.08
93 0.1 0.05 0.05 0.060 0.142 0.797 81.55 4.41 9.64 173.28 -0.02 -5.08
94 0.15 0.05 0.05 0.060 0.142 0.797 80.64 4.39 9.61 173.29 -0.02 -5.08
95 0.2 0.05 0.05 0.063 0.142 0.795 87.30 4.37 9.39 185.69 -0.02 -5.21
96 0.25 0.05 0.05 0.063 0.142 0.795 86.32 4.35 9.36 185.69 -0.02 -5.21
97 0.3 0.05 0.05 0.063 0.142 0.795 85.34 4.33 9.32 185.70 -0.02 -5.21
98 0.35 0.05 0.05 0.063 0.142 0.795 84.37 4.30 9.29 185.71 -0.02 -5.21
99 0.4 0.05 0.05 0.063 0.142 0.795 83.39 4.28 9.25 185.72 -0.02 -5.21

100 0 0.1 0.05 0.060 0.142 0.797 78.74 0.62 6.89 173.28 -0.02 -5.07
101 0.05 0.1 0.05 0.060 0.142 0.797 77.82 0.60 6.85 173.28 -0.02 -5.07
102 0.1 0.1 0.05 0.063 0.142 0.795 84.28 0.58 6.65 185.68 -0.02 -5.20
103 0.15 0.1 0.05 0.063 0.142 0.795 83.30 0.56 6.61 185.69 -0.02 -5.20
104 0.2 0.1 0.05 0.063 0.142 0.795 82.33 0.53 6.58 185.69 -0.02 -5.20
105 0.25 0.1 0.05 0.063 0.142 0.795 81.35 0.51 6.54 185.70 -0.02 -5.20
106 0.3 0.1 0.05 0.063 0.142 0.795 80.37 0.49 6.50 185.71 -0.02 -5.20
107 0.35 0.1 0.05 0.063 0.142 0.795 79.40 0.47 6.47 185.72 -0.02 -5.20
108 0.4 0.1 0.05 0.063 0.142 0.795 78.42 0.45 6.43 185.73 -0.02 -5.20
109 0 0.15 0.05 0.060 0.142 0.797 74.09 -3.21 4.07 173.28 -0.02 -5.07
110 0.05 0.15 0.05 0.063 0.142 0.795 80.29 -3.23 3.87 185.68 -0.02 -5.20
111 0.1 0.15 0.05 0.063 0.142 0.795 79.31 -3.26 3.83 185.69 -0.02 -5.20
112 0.15 0.15 0.05 0.063 0.142 0.795 78.33 -3.28 3.79 185.69 -0.02 -5.20
113 0.2 0.15 0.05 0.063 0.142 0.795 77.35 -3.30 3.76 185.70 -0.02 -5.20
114 0.25 0.15 0.05 0.063 0.142 0.795 76.38 -3.32 3.72 185.71 -0.02 -5.20
115 0.3 0.15 0.05 0.063 0.142 0.795 75.40 -3.34 3.69 185.71 -0.02 -5.20
116 0.35 0.15 0.05 0.063 0.142 0.795 74.42 -3.36 3.65 185.72 -0.01 -5.20
117 0.4 0.15 0.05 0.063 0.142 0.795 73.45 -3.38 3.62 185.73 -0.01 -5.20
118 0 0.2 0.05 0.063 0.142 0.795 76.29 -7.04 1.08 185.68 -0.01 -5.20
119 0.05 0.2 0.05 0.063 0.142 0.795 75.31 -7.06 1.04 185.69 0.00 -5.20
120 0.1 0.2 0.05 0.063 0.142 0.795 74.34 -7.08 1.01 185.69 0.00 -5.20
121 0.15 0.2 0.05 0.063 0.142 0.795 73.36 -7.10 0.97 185.70 0.00 -5.20
122 0.2 0.2 0.05 0.063 0.142 0.795 72.38 -7.13 0.94 185.71 0.00 -5.20
123 0.25 0.2 0.05 0.063 0.142 0.795 71.40 -7.15 0.90 185.71 0.00 -5.20
124 0.3 0.2 0.05 0.063 0.142 0.795 70.43 -7.17 0.86 185.72 0.00 -5.20
125 0.35 0.2 0.05 0.063 0.142 0.795 69.45 -7.19 0.83 185.73 0.00 -5.20
126 0.4 0.2 0.05 0.063 0.142 0.795 68.48 -7.21 0.79 185.75 0.00 -5.20
127 0 0.25 0.05 0.063 0.142 0.795 71.32 -10.87 -1.74 185.69 0.00 -5.20
128 0.05 0.25 0.05 0.063 0.142 0.795 70.34 -10.90 -1.77 185.69 0.00 -5.20
129 0.1 0.25 0.05 0.063 0.142 0.795 69.36 -10.92 -1.81 185.70 0.00 -5.20
130 0.15 0.25 0.05 0.063 0.142 0.795 68.39 -10.94 -1.84 185.71 0.00 -5.20
131 0.2 0.25 0.05 0.063 0.142 0.795 67.41 -10.96 -1.88 185.71 0.00 -5.20
132 0.25 0.25 0.05 0.063 0.142 0.795 66.43 -10.98 -1.92 185.72 0.00 -5.20
133 0.3 0.25 0.05 0.063 0.142 0.795 65.46 -11.00 -1.95 185.73 0.00 -5.20
134 0.35 0.25 0.05 0.063 0.142 0.795 64.48 -11.02 -1.99 185.74 0.00 -5.20
135 0.4 0.25 0.05 0.063 0.142 0.795 63.51 -11.05 -2.02 185.76 0.00 -5.20
136 0 0.3 0.05 0.063 0.142 0.795 66.35 -14.71 -4.55 185.69 0.01 -5.20
137 0.05 0.3 0.05 0.063 0.142 0.795 65.37 -14.73 -4.59 185.70 0.01 -5.20
138 0.1 0.3 0.05 0.063 0.142 0.795 64.39 -14.75 -4.63 185.71 0.01 -5.20
139 0.15 0.3 0.05 0.063 0.142 0.795 63.42 -14.77 -4.66 185.72 0.01 -5.20
140 0.2 0.3 0.05 0.063 0.142 0.795 62.44 -14.79 -4.70 185.72 0.01 -5.20
141 0.25 0.3 0.05 0.063 0.142 0.795 61.46 -14.81 -4.73 185.73 0.01 -5.20
142 0.3 0.3 0.05 0.063 0.142 0.795 60.49 -14.84 -4.77 185.75 0.01 -5.20
143 0.35 0.3 0.05 0.063 0.142 0.795 59.51 -14.86 -4.80 185.76 0.01 -5.20
144 0.4 0.3 0.05 0.063 0.142 0.795 58.54 -14.88 -4.84 185.77 0.01 -5.20
145 0 0.35 0.05 0.063 0.142 0.795 61.38 -18.52 -7.40 185.70 0.04 -5.21
146 0.05 0.35 0.05 0.063 0.142 0.795 60.40 -18.54 -7.44 185.71 0.04 -5.21
147 0.1 0.35 0.05 0.063 0.142 0.795 59.42 -18.56 -7.47 185.72 0.04 -5.21
148 0.15 0.35 0.05 0.063 0.142 0.795 58.45 -18.59 -7.51 185.73 0.04 -5.21
149 0.2 0.35 0.05 0.063 0.142 0.795 57.47 -18.61 -7.55 185.74 0.04 -5.21
150 0.25 0.35 0.05 0.063 0.142 0.795 56.49 -18.63 -7.58 185.75 0.04 -5.21
151 0.3 0.35 0.05 0.063 0.142 0.795 55.52 -18.65 -7.62 185.76 0.04 -5.21
152 0.35 0.35 0.05 0.063 0.142 0.795 54.55 -18.67 -7.65 185.77 0.04 -5.21
153 0.4 0.35 0.05 0.063 0.142 0.795 53.57 -18.69 -7.69 185.79 0.04 -5.21
154 0 0.4 0.05 0.063 0.142 0.795 56.41 -22.36 -10.22 185.72 0.05 -5.21
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155 0.05 0.4 0.05 0.063 0.142 0.795 55.43 -22.38 -10.25 185.72 0.05 -5.21
156 0.1 0.4 0.05 0.063 0.142 0.795 54.45 -22.40 -10.29 185.73 0.05 -5.21
157 0.15 0.4 0.05 0.063 0.142 0.795 53.48 -22.42 -10.33 185.74 0.05 -5.21
158 0.2 0.4 0.05 0.063 0.142 0.795 52.50 -22.44 -10.36 185.75 0.05 -5.21
159 0.25 0.4 0.05 0.063 0.142 0.795 51.53 -22.46 -10.40 185.76 0.05 -5.21
160 0.3 0.4 0.05 0.063 0.142 0.795 50.55 -22.48 -10.43 185.78 0.05 -5.21
161 0.35 0.4 0.05 0.063 0.142 0.795 49.58 -22.51 -10.47 185.79 0.05 -5.21
162 0.4 0.4 0.05 0.063 0.142 0.795 48.61 -22.53 -10.50 185.81 0.05 -5.21
163 0 0 0.1 0.060 0.142 0.798 85.03 7.01 10.23 173.27 -0.02 -4.79
164 0.05 0 0.1 0.060 0.142 0.798 84.12 6.99 10.20 173.27 -0.02 -4.79
165 0.1 0 0.1 0.060 0.142 0.798 83.20 6.97 10.16 173.28 -0.02 -4.79
166 0.15 0 0.1 0.060 0.142 0.798 82.29 6.95 10.13 173.28 -0.02 -4.79
167 0.2 0 0.1 0.060 0.142 0.798 81.37 6.93 10.09 173.29 -0.02 -4.79
168 0.25 0 0.1 0.060 0.142 0.798 80.46 6.91 10.06 173.29 -0.02 -4.79
169 0.3 0 0.1 0.060 0.142 0.798 79.54 6.89 10.02 173.30 -0.02 -4.79
170 0.35 0 0.1 0.060 0.142 0.798 78.63 6.87 9.99 173.31 -0.02 -4.79
171 0.4 0 0.1 0.060 0.142 0.798 77.72 6.85 9.95 173.32 -0.02 -4.79
172 0 0.05 0.1 0.060 0.142 0.798 80.38 3.18 7.41 173.27 -0.02 -4.78
173 0.05 0.05 0.1 0.060 0.142 0.798 79.47 3.16 7.38 173.28 -0.02 -4.78
174 0.1 0.05 0.1 0.060 0.142 0.798 78.55 3.14 7.34 173.28 -0.02 -4.78
175 0.15 0.05 0.1 0.060 0.142 0.798 77.64 3.12 7.31 173.29 -0.02 -4.78
176 0.2 0.05 0.1 0.060 0.142 0.798 76.72 3.10 7.27 173.29 -0.02 -4.78
177 0.25 0.05 0.1 0.060 0.142 0.798 75.81 3.08 7.24 173.30 -0.02 -4.78
178 0.3 0.05 0.1 0.060 0.142 0.798 74.90 3.06 7.20 173.31 -0.02 -4.78
179 0.35 0.05 0.1 0.063 0.142 0.795 81.40 3.04 7.00 185.71 -0.02 -4.91
180 0.4 0.05 0.1 0.063 0.142 0.795 80.42 3.02 6.96 185.72 -0.02 -4.91
181 0 0.1 0.1 0.060 0.142 0.798 75.74 -0.65 4.59 173.28 -0.02 -4.78
182 0.05 0.1 0.1 0.060 0.142 0.798 74.82 -0.67 4.56 173.28 -0.02 -4.78
183 0.1 0.1 0.1 0.060 0.142 0.798 73.91 -0.69 4.52 173.29 -0.02 -4.78
184 0.15 0.1 0.1 0.060 0.142 0.798 72.99 -0.71 4.49 173.29 -0.02 -4.78
185 0.2 0.1 0.1 0.060 0.142 0.798 72.08 -0.73 4.45 173.30 -0.02 -4.78
186 0.25 0.1 0.1 0.063 0.142 0.795 78.38 -0.75 4.25 185.70 -0.02 -4.91
187 0.3 0.1 0.1 0.063 0.142 0.795 77.40 -0.78 4.21 185.71 -0.02 -4.91
188 0.35 0.1 0.1 0.063 0.142 0.795 76.43 -0.80 4.18 185.72 -0.02 -4.91
189 0.4 0.1 0.1 0.063 0.142 0.795 75.45 -0.82 4.14 185.73 -0.02 -4.91
190 0 0.15 0.1 0.060 0.142 0.798 71.09 -4.48 1.77 173.28 -0.01 -4.78
191 0.05 0.15 0.1 0.060 0.142 0.798 70.17 -4.50 1.74 173.29 -0.01 -4.78
192 0.1 0.15 0.1 0.060 0.142 0.798 69.26 -4.52 1.70 173.29 -0.01 -4.78
193 0.15 0.15 0.1 0.063 0.142 0.795 75.36 -4.54 1.50 185.69 -0.01 -4.91
194 0.2 0.15 0.1 0.063 0.142 0.795 74.38 -4.57 1.47 185.70 -0.01 -4.91
195 0.25 0.15 0.1 0.063 0.142 0.795 73.41 -4.59 1.43 185.71 -0.01 -4.91
196 0.3 0.15 0.1 0.063 0.142 0.795 72.43 -4.61 1.40 185.72 -0.01 -4.91
197 0.35 0.15 0.1 0.063 0.142 0.795 71.45 -4.63 1.36 185.73 -0.01 -4.91
198 0.4 0.15 0.1 0.063 0.142 0.795 70.48 -4.65 1.32 185.74 -0.01 -4.91
199 0 0.2 0.1 0.060 0.142 0.798 66.44 -8.31 -1.05 173.29 -0.01 -4.78
200 0.05 0.2 0.1 0.063 0.142 0.795 72.34 -8.33 -1.24 185.69 -0.01 -4.91
201 0.1 0.2 0.1 0.063 0.142 0.795 71.36 -8.36 -1.28 185.69 -0.01 -4.91
202 0.15 0.2 0.1 0.063 0.142 0.795 70.39 -8.38 -1.31 185.70 -0.01 -4.91
203 0.2 0.2 0.1 0.063 0.142 0.795 69.41 -8.40 -1.35 185.71 -0.01 -4.91
204 0.25 0.2 0.1 0.063 0.142 0.795 68.43 -8.42 -1.38 185.72 -0.01 -4.91
205 0.3 0.2 0.1 0.063 0.142 0.795 67.46 -8.44 -1.42 185.73 -0.01 -4.91
206 0.35 0.2 0.1 0.063 0.142 0.795 66.48 -8.46 -1.46 185.74 -0.01 -4.91
207 0.4 0.2 0.1 0.063 0.142 0.795 65.51 -8.48 -1.49 185.75 -0.01 -4.91
208 0 0.25 0.1 0.063 0.142 0.795 68.35 -12.14 -4.03 185.69 0.00 -4.91
209 0.05 0.25 0.1 0.063 0.142 0.795 67.37 -12.16 -4.06 185.70 0.00 -4.91
210 0.1 0.25 0.1 0.063 0.142 0.795 66.39 -12.18 -4.10 185.70 0.00 -4.91
211 0.15 0.25 0.1 0.063 0.142 0.795 65.42 -12.20 -4.13 185.71 0.00 -4.91
212 0.2 0.25 0.1 0.063 0.142 0.795 64.44 -12.23 -4.17 185.72 0.01 -4.91
213 0.25 0.25 0.1 0.063 0.142 0.795 63.46 -12.25 -4.21 185.73 0.01 -4.91
214 0.3 0.25 0.1 0.063 0.142 0.795 62.49 -12.27 -4.24 185.74 0.01 -4.91
215 0.35 0.25 0.1 0.063 0.142 0.795 61.51 -12.29 -4.28 185.75 0.01 -4.91
216 0.4 0.25 0.1 0.063 0.142 0.795 60.54 -12.31 -4.31 185.77 0.01 -4.91
217 0 0.3 0.1 0.063 0.142 0.795 63.38 -15.97 -6.84 185.70 0.01 -4.90
218 0.05 0.3 0.1 0.063 0.142 0.795 62.40 -16.00 -6.88 185.70 0.01 -4.90
219 0.1 0.3 0.1 0.063 0.142 0.795 61.42 -16.02 -6.91 185.71 0.01 -4.90
220 0.15 0.3 0.1 0.063 0.142 0.795 60.44 -16.04 -6.95 185.72 0.01 -4.90
221 0.2 0.3 0.1 0.063 0.142 0.795 59.47 -16.06 -6.99 185.73 0.01 -4.90
222 0.25 0.3 0.1 0.063 0.142 0.795 58.49 -16.08 -7.02 185.74 0.01 -4.90
223 0.3 0.3 0.1 0.063 0.142 0.795 57.52 -16.10 -7.06 185.75 0.01 -4.90
224 0.35 0.3 0.1 0.063 0.142 0.795 56.55 -16.12 -7.09 185.77 0.01 -4.90
225 0.4 0.3 0.1 0.063 0.142 0.795 55.57 -16.14 -7.13 185.78 0.01 -4.90
226 0 0.35 0.1 0.063 0.142 0.795 58.41 -19.81 -9.66 185.71 0.02 -4.90
227 0.05 0.35 0.1 0.063 0.142 0.795 57.43 -19.83 -9.69 185.71 0.02 -4.90
228 0.1 0.35 0.1 0.063 0.142 0.795 56.45 -19.85 -9.73 185.72 0.02 -4.90
229 0.15 0.35 0.1 0.063 0.142 0.795 55.48 -19.87 -9.77 185.73 0.02 -4.90
230 0.2 0.35 0.1 0.063 0.142 0.795 54.50 -19.89 -9.80 185.74 0.02 -4.90
231 0.25 0.35 0.1 0.063 0.142 0.795 53.53 -19.91 -9.84 185.75 0.02 -4.90
232 0.3 0.35 0.1 0.063 0.142 0.795 52.55 -19.93 -9.87 185.77 0.02 -4.90
233 0.35 0.35 0.1 0.063 0.142 0.795 51.58 -19.95 -9.91 185.78 0.02 -4.90
234 0.4 0.35 0.1 0.063 0.142 0.795 50.61 -19.98 -9.94 185.80 0.02 -4.90
235 0 0.4 0.1 0.063 0.142 0.795 53.44 -23.62 -12.51 185.72 0.05 -4.92
236 0.05 0.4 0.1 0.063 0.142 0.795 52.46 -23.64 -12.54 185.73 0.05 -4.92
237 0.1 0.4 0.1 0.063 0.142 0.795 51.48 -23.66 -12.58 185.74 0.06 -4.92
238 0.15 0.4 0.1 0.063 0.142 0.795 50.51 -23.69 -12.61 185.75 0.06 -4.92
239 0.2 0.4 0.1 0.063 0.142 0.795 49.53 -23.71 -12.65 185.76 0.06 -4.92
240 0.25 0.4 0.1 0.063 0.142 0.795 48.56 -23.73 -12.68 185.77 0.06 -4.92
241 0.3 0.4 0.1 0.063 0.142 0.795 47.59 -23.75 -12.72 185.79 0.06 -4.92
242 0.35 0.4 0.1 0.063 0.142 0.795 46.61 -23.77 -12.76 185.80 0.06 -4.92
243 0.4 0.4 0.1 0.063 0.142 0.795 45.64 -23.79 -12.79 185.82 0.06 -4.92
244 0 0 0.15 0.060 0.142 0.798 82.03 5.74 7.93 173.27 -0.02 -4.47
245 0.05 0 0.15 0.060 0.142 0.798 81.12 5.72 7.90 173.28 -0.02 -4.47
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246 0.1 0 0.15 0.060 0.142 0.798 80.20 5.70 7.86 173.28 -0.02 -4.47
247 0.15 0 0.15 0.060 0.142 0.798 79.29 5.68 7.83 173.29 -0.02 -4.47
248 0.2 0 0.15 0.060 0.142 0.798 78.37 5.66 7.79 173.29 -0.02 -4.47
249 0.25 0 0.15 0.060 0.142 0.798 77.46 5.64 7.76 173.30 -0.02 -4.47
250 0.3 0 0.15 0.060 0.142 0.798 76.54 5.62 7.72 173.31 -0.02 -4.47
251 0.35 0 0.15 0.060 0.142 0.798 75.63 5.60 7.69 173.31 -0.02 -4.47
252 0.4 0 0.15 0.060 0.142 0.798 74.72 5.58 7.66 173.32 -0.02 -4.47
253 0 0.05 0.15 0.060 0.142 0.798 77.38 1.91 5.11 173.28 -0.02 -4.47
254 0.05 0.05 0.15 0.060 0.142 0.798 76.47 1.89 5.08 173.28 -0.02 -4.47
255 0.1 0.05 0.15 0.060 0.142 0.798 75.55 1.87 5.04 173.29 -0.02 -4.47
256 0.15 0.05 0.15 0.060 0.142 0.798 74.64 1.85 5.01 173.29 -0.02 -4.47
257 0.2 0.05 0.15 0.060 0.142 0.798 73.73 1.83 4.97 173.30 -0.02 -4.47
258 0.25 0.05 0.15 0.060 0.142 0.798 72.81 1.81 4.94 173.30 -0.02 -4.47
259 0.3 0.05 0.15 0.060 0.142 0.798 71.90 1.79 4.90 173.31 -0.02 -4.47
260 0.35 0.05 0.15 0.060 0.142 0.798 70.99 1.77 4.87 173.32 -0.02 -4.47
261 0.4 0.05 0.15 0.060 0.142 0.798 70.07 1.75 4.84 173.33 -0.02 -4.47
262 0 0.1 0.15 0.060 0.142 0.798 72.74 -1.93 2.29 173.28 -0.01 -4.47
263 0.05 0.1 0.15 0.060 0.142 0.798 71.82 -1.95 2.26 173.29 -0.01 -4.47
264 0.1 0.1 0.15 0.060 0.142 0.798 70.91 -1.97 2.22 173.29 -0.01 -4.47
265 0.15 0.1 0.15 0.060 0.142 0.798 69.99 -1.99 2.19 173.30 -0.01 -4.47
266 0.2 0.1 0.15 0.060 0.142 0.798 69.08 -2.00 2.15 173.30 -0.01 -4.47
267 0.25 0.1 0.15 0.060 0.142 0.798 68.17 -2.02 2.12 173.31 -0.01 -4.47
268 0.3 0.1 0.15 0.060 0.142 0.798 67.25 -2.04 2.08 173.32 -0.01 -4.47
269 0.35 0.1 0.15 0.060 0.142 0.798 66.34 -2.06 2.05 173.33 -0.01 -4.47
270 0.4 0.1 0.15 0.063 0.142 0.796 72.48 -2.08 1.85 185.74 -0.01 -4.60
271 0 0.15 0.15 0.060 0.142 0.798 68.09 -5.76 -0.53 173.29 -0.01 -4.47
272 0.05 0.15 0.15 0.060 0.142 0.798 67.17 -5.78 -0.56 173.29 -0.01 -4.47
273 0.1 0.15 0.15 0.060 0.142 0.798 66.26 -5.80 -0.60 173.30 -0.01 -4.47
274 0.15 0.15 0.15 0.060 0.142 0.798 65.35 -5.82 -0.63 173.30 -0.01 -4.47
275 0.2 0.15 0.15 0.060 0.142 0.798 64.43 -5.84 -0.67 173.31 -0.01 -4.47
276 0.25 0.15 0.15 0.060 0.142 0.798 63.52 -5.85 -0.70 173.32 -0.01 -4.47
277 0.3 0.15 0.15 0.063 0.142 0.796 69.46 -5.88 -0.90 185.72 -0.01 -4.60
278 0.35 0.15 0.15 0.063 0.142 0.796 68.48 -5.90 -0.93 185.74 -0.01 -4.60
279 0.4 0.15 0.15 0.063 0.142 0.796 67.51 -5.92 -0.97 185.75 -0.01 -4.60
280 0 0.2 0.15 0.060 0.142 0.798 63.44 -9.59 -3.35 173.29 0.00 -4.46
281 0.05 0.2 0.15 0.060 0.142 0.798 62.53 -9.61 -3.38 173.30 0.00 -4.46
282 0.1 0.2 0.15 0.060 0.142 0.798 61.61 -9.63 -3.42 173.30 0.00 -4.46
283 0.15 0.2 0.15 0.060 0.142 0.798 60.70 -9.65 -3.45 173.31 0.00 -4.46
284 0.2 0.2 0.15 0.063 0.142 0.796 66.44 -9.67 -3.64 185.71 0.00 -4.59
285 0.25 0.2 0.15 0.063 0.142 0.796 65.46 -9.69 -3.68 185.72 0.00 -4.59
286 0.3 0.2 0.15 0.063 0.142 0.796 64.49 -9.71 -3.71 185.73 0.00 -4.59
287 0.35 0.2 0.15 0.063 0.142 0.796 63.51 -9.73 -3.75 185.75 0.00 -4.59
288 0.4 0.2 0.15 0.063 0.142 0.796 62.54 -9.75 -3.78 185.76 0.00 -4.59
289 0 0.25 0.15 0.060 0.142 0.798 58.80 -13.42 -6.16 173.30 0.00 -4.46
290 0.05 0.25 0.15 0.060 0.142 0.798 57.88 -13.44 -6.20 173.30 0.00 -4.46
291 0.1 0.25 0.15 0.063 0.142 0.796 63.42 -13.46 -6.39 185.71 0.00 -4.59
292 0.15 0.25 0.15 0.063 0.142 0.796 62.45 -13.48 -6.42 185.71 0.00 -4.59
293 0.2 0.25 0.15 0.063 0.142 0.796 61.47 -13.50 -6.46 185.72 0.00 -4.59
294 0.25 0.25 0.15 0.063 0.142 0.796 60.49 -13.52 -6.49 185.73 0.00 -4.59
295 0.3 0.25 0.15 0.063 0.142 0.796 59.52 -13.54 -6.53 185.75 0.00 -4.59
296 0.35 0.25 0.15 0.063 0.142 0.796 58.55 -13.56 -6.56 185.76 0.00 -4.59
297 0.4 0.25 0.15 0.063 0.142 0.796 57.57 -13.58 -6.60 185.77 0.00 -4.59
298 0 0.3 0.15 0.063 0.142 0.796 60.41 -17.24 -9.13 185.70 0.02 -4.59
299 0.05 0.3 0.15 0.063 0.142 0.796 59.43 -17.26 -9.17 185.71 0.02 -4.59
300 0.1 0.3 0.15 0.063 0.142 0.796 58.45 -17.28 -9.21 185.72 0.02 -4.59
301 0.15 0.3 0.15 0.063 0.142 0.796 57.48 -17.30 -9.24 185.72 0.02 -4.59
302 0.2 0.3 0.15 0.063 0.142 0.796 56.50 -17.33 -9.28 185.73 0.02 -4.59
303 0.25 0.3 0.15 0.063 0.142 0.796 55.52 -17.35 -9.31 185.75 0.02 -4.59
304 0.3 0.3 0.15 0.063 0.142 0.796 54.55 -17.37 -9.35 185.76 0.02 -4.59
305 0.35 0.3 0.15 0.063 0.142 0.796 53.58 -17.39 -9.38 185.77 0.02 -4.59
306 0.4 0.3 0.15 0.063 0.142 0.796 52.61 -17.41 -9.42 185.79 0.02 -4.59
307 0 0.35 0.15 0.063 0.142 0.796 55.44 -21.07 -11.95 185.71 0.02 -4.59
308 0.05 0.35 0.15 0.063 0.142 0.796 54.46 -21.09 -11.99 185.72 0.02 -4.59
309 0.1 0.35 0.15 0.063 0.142 0.796 53.48 -21.12 -12.02 185.73 0.02 -4.59
310 0.15 0.35 0.15 0.063 0.142 0.796 52.51 -21.14 -12.06 185.74 0.02 -4.59
311 0.2 0.35 0.15 0.063 0.142 0.796 51.53 -21.16 -12.09 185.75 0.02 -4.59
312 0.25 0.35 0.15 0.063 0.142 0.796 50.56 -21.18 -12.13 185.76 0.02 -4.59
313 0.3 0.35 0.15 0.063 0.142 0.796 49.58 -21.20 -12.16 185.78 0.03 -4.59
314 0.35 0.35 0.15 0.063 0.142 0.796 48.61 -21.22 -12.20 185.79 0.03 -4.59
315 0.4 0.35 0.15 0.063 0.142 0.796 47.64 -21.24 -12.24 185.81 0.03 -4.59
316 0 0.4 0.15 0.063 0.142 0.796 50.47 -24.89 -14.79 185.72 0.06 -4.60
317 0.05 0.4 0.15 0.063 0.142 0.796 49.49 -24.91 -14.83 185.73 0.06 -4.60
318 0.1 0.4 0.15 0.063 0.142 0.796 48.52 -24.93 -14.87 185.74 0.06 -4.60
319 0.15 0.4 0.15 0.063 0.142 0.796 47.54 -24.95 -14.90 185.75 0.06 -4.60
320 0.2 0.4 0.15 0.063 0.142 0.796 46.57 -24.97 -14.94 185.77 0.06 -4.60
321 0.25 0.4 0.15 0.063 0.142 0.796 45.59 -24.99 -14.97 185.78 0.06 -4.60
322 0.3 0.4 0.15 0.063 0.142 0.796 44.62 -25.01 -15.01 185.80 0.06 -4.60
323 0.35 0.4 0.15 0.063 0.142 0.796 43.65 -25.03 -15.05 185.81 0.06 -4.60
324 0.4 0.4 0.15 0.063 0.142 0.796 42.68 -25.06 -15.08 185.83 0.06 -4.60
325 0 0 0.2 0.060 0.141 0.799 79.33 4.46 5.63 173.74 -0.02 -4.14
326 0.05 0 0.2 0.060 0.141 0.799 78.41 4.44 5.59 173.75 -0.02 -4.14
327 0.1 0 0.2 0.060 0.141 0.799 77.50 4.42 5.56 173.75 -0.02 -4.14
328 0.15 0 0.2 0.060 0.141 0.799 76.59 4.40 5.52 173.76 -0.02 -4.14
329 0.2 0 0.2 0.060 0.141 0.799 75.67 4.38 5.49 173.76 -0.02 -4.14
330 0.25 0 0.2 0.060 0.141 0.799 74.76 4.36 5.46 173.77 -0.02 -4.14
331 0.3 0 0.2 0.060 0.141 0.799 73.84 4.34 5.42 173.78 -0.02 -4.14
332 0.35 0 0.2 0.060 0.141 0.799 72.93 4.32 5.39 173.79 -0.02 -4.14
333 0.4 0 0.2 0.060 0.141 0.799 72.02 4.30 5.35 173.80 -0.02 -4.14
334 0 0.05 0.2 0.060 0.141 0.799 74.38 0.63 2.81 173.28 -0.01 -4.13
335 0.05 0.05 0.2 0.060 0.141 0.799 73.47 0.61 2.78 173.28 -0.01 -4.13
336 0.1 0.05 0.2 0.060 0.141 0.799 72.55 0.59 2.74 173.29 -0.01 -4.13
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337 0.15 0.05 0.2 0.060 0.141 0.799 71.64 0.57 2.71 173.29 -0.01 -4.13
338 0.2 0.05 0.2 0.060 0.141 0.799 70.73 0.55 2.67 173.30 -0.01 -4.13
339 0.25 0.05 0.2 0.060 0.141 0.799 69.81 0.53 2.64 173.31 -0.01 -4.13
340 0.3 0.05 0.2 0.060 0.141 0.799 68.90 0.51 2.60 173.32 -0.01 -4.13
341 0.35 0.05 0.2 0.060 0.141 0.799 67.99 0.49 2.57 173.33 -0.01 -4.13
342 0.4 0.05 0.2 0.060 0.141 0.799 67.08 0.48 2.53 173.34 -0.01 -4.13
343 0 0.1 0.2 0.060 0.141 0.799 69.74 -3.20 -0.01 173.28 -0.01 -4.13
344 0.05 0.1 0.2 0.060 0.141 0.799 68.82 -3.22 -0.04 173.29 -0.01 -4.13
345 0.1 0.1 0.2 0.060 0.141 0.799 67.91 -3.24 -0.08 173.29 -0.01 -4.13
346 0.15 0.1 0.2 0.060 0.141 0.799 66.99 -3.26 -0.11 173.30 -0.01 -4.13
347 0.2 0.1 0.2 0.060 0.141 0.799 66.08 -3.28 -0.15 173.31 -0.01 -4.13
348 0.25 0.1 0.2 0.060 0.141 0.799 65.17 -3.30 -0.18 173.32 -0.01 -4.13
349 0.3 0.1 0.2 0.060 0.141 0.799 64.25 -3.32 -0.22 173.33 -0.01 -4.13
350 0.35 0.1 0.2 0.060 0.141 0.799 63.34 -3.34 -0.25 173.34 -0.01 -4.13
351 0.4 0.1 0.2 0.060 0.141 0.799 62.43 -3.36 -0.29 173.35 -0.01 -4.13
352 0 0.15 0.2 0.060 0.141 0.799 65.09 -7.03 -2.83 173.29 0.00 -4.13
353 0.05 0.15 0.2 0.060 0.141 0.799 64.17 -7.05 -2.86 173.29 0.00 -4.13
354 0.1 0.15 0.2 0.060 0.141 0.799 63.26 -7.07 -2.90 173.30 0.00 -4.13
355 0.15 0.15 0.2 0.060 0.141 0.799 62.35 -7.09 -2.93 173.31 0.00 -4.13
356 0.2 0.15 0.2 0.060 0.141 0.799 61.43 -7.11 -2.97 173.31 0.00 -4.13
357 0.25 0.15 0.2 0.060 0.141 0.799 60.52 -7.13 -3.00 173.32 0.00 -4.13
358 0.3 0.15 0.2 0.060 0.141 0.799 59.61 -7.15 -3.04 173.33 0.00 -4.13
359 0.35 0.15 0.2 0.060 0.141 0.799 58.70 -7.17 -3.07 173.35 0.00 -4.13
360 0.4 0.15 0.2 0.060 0.141 0.799 57.79 -7.19 -3.11 173.36 0.00 -4.13
361 0 0.2 0.2 0.060 0.141 0.799 60.44 -10.86 -5.65 173.29 0.00 -4.13
362 0.05 0.2 0.2 0.060 0.141 0.799 59.53 -10.88 -5.68 173.30 0.00 -4.13
363 0.1 0.2 0.2 0.060 0.141 0.799 58.61 -10.90 -5.72 173.31 0.00 -4.13
364 0.15 0.2 0.2 0.060 0.141 0.799 57.70 -10.92 -5.75 173.31 0.00 -4.13
365 0.2 0.2 0.2 0.060 0.141 0.799 56.79 -10.94 -5.79 173.32 0.00 -4.13
366 0.25 0.2 0.2 0.060 0.141 0.799 55.88 -10.96 -5.82 173.33 0.00 -4.13
367 0.3 0.2 0.2 0.060 0.141 0.799 54.97 -10.98 -5.85 173.34 0.00 -4.13
368 0.35 0.2 0.2 0.062 0.141 0.796 60.55 -11.00 -6.04 185.75 0.00 -4.26
369 0.4 0.2 0.2 0.062 0.141 0.796 59.57 -11.02 -6.08 185.77 0.00 -4.26
370 0 0.25 0.2 0.060 0.141 0.799 55.80 -14.69 -8.47 173.30 0.01 -4.12
371 0.05 0.25 0.2 0.060 0.141 0.799 54.88 -14.71 -8.50 173.31 0.01 -4.12
372 0.1 0.25 0.2 0.060 0.141 0.799 53.97 -14.73 -8.54 173.31 0.01 -4.12
373 0.15 0.25 0.2 0.060 0.141 0.799 53.06 -14.75 -8.57 173.32 0.01 -4.12
374 0.2 0.25 0.2 0.060 0.141 0.799 52.15 -14.77 -8.60 173.33 0.01 -4.12
375 0.25 0.25 0.2 0.062 0.141 0.796 57.52 -14.79 -8.79 185.74 0.01 -4.25
376 0.3 0.25 0.2 0.062 0.141 0.796 56.55 -14.81 -8.82 185.75 0.01 -4.25
377 0.35 0.25 0.2 0.062 0.141 0.796 55.58 -14.83 -8.86 185.77 0.01 -4.25
378 0.4 0.25 0.2 0.062 0.141 0.796 54.61 -14.85 -8.89 185.78 0.01 -4.25
379 0 0.3 0.2 0.060 0.141 0.799 51.15 -18.51 -11.28 173.31 0.02 -4.12
380 0.05 0.3 0.2 0.060 0.141 0.799 50.24 -18.53 -11.32 173.32 0.02 -4.12
381 0.1 0.3 0.2 0.060 0.141 0.799 49.33 -18.55 -11.35 173.33 0.02 -4.12
382 0.15 0.3 0.2 0.062 0.141 0.796 54.51 -18.57 -11.53 185.73 0.02 -4.25
383 0.2 0.3 0.2 0.062 0.141 0.796 53.53 -18.60 -11.57 185.74 0.02 -4.25
384 0.25 0.3 0.2 0.062 0.141 0.796 52.56 -18.62 -11.60 185.75 0.02 -4.25
385 0.3 0.3 0.2 0.062 0.141 0.796 51.58 -18.64 -11.64 185.77 0.02 -4.25
386 0.35 0.3 0.2 0.062 0.141 0.796 50.61 -18.66 -11.67 185.78 0.02 -4.25
387 0.4 0.3 0.2 0.062 0.141 0.796 49.64 -18.68 -11.71 185.80 0.02 -4.25
388 0 0.35 0.2 0.060 0.141 0.799 46.51 -22.34 -14.11 173.32 0.03 -4.12
389 0.05 0.35 0.2 0.062 0.141 0.796 51.49 -22.36 -14.28 185.72 0.03 -4.25
390 0.1 0.35 0.2 0.062 0.141 0.796 50.51 -22.38 -14.31 185.73 0.03 -4.25
391 0.15 0.35 0.2 0.062 0.141 0.796 49.54 -22.40 -14.35 185.74 0.03 -4.25
392 0.2 0.35 0.2 0.062 0.141 0.796 48.56 -22.42 -14.39 185.76 0.03 -4.25
393 0.25 0.35 0.2 0.062 0.141 0.796 47.59 -22.44 -14.42 185.77 0.03 -4.25
394 0.3 0.35 0.2 0.062 0.141 0.796 46.62 -22.47 -14.46 185.78 0.03 -4.25
395 0.35 0.35 0.2 0.062 0.141 0.796 45.64 -22.49 -14.49 185.80 0.03 -4.25
396 0.4 0.35 0.2 0.062 0.141 0.796 44.67 -22.51 -14.53 185.82 0.03 -4.25
397 0 0.4 0.2 0.062 0.141 0.796 47.50 -26.17 -17.06 185.73 0.04 -4.24
398 0.05 0.4 0.2 0.062 0.141 0.796 46.52 -26.19 -17.09 185.74 0.04 -4.24
399 0.1 0.4 0.2 0.062 0.141 0.796 45.55 -26.21 -17.13 185.75 0.04 -4.24
400 0.15 0.4 0.2 0.062 0.141 0.796 44.57 -26.23 -17.16 185.76 0.04 -4.24
401 0.2 0.4 0.2 0.062 0.141 0.796 43.60 -26.25 -17.20 185.77 0.04 -4.24
402 0.25 0.4 0.2 0.062 0.141 0.796 42.62 -26.28 -17.24 185.79 0.04 -4.24
403 0.3 0.4 0.2 0.062 0.141 0.796 41.65 -26.30 -17.27 185.81 0.04 -4.24
404 0.35 0.4 0.2 0.062 0.141 0.796 40.68 -26.32 -17.31 185.82 0.04 -4.24
405 0.4 0.4 0.2 0.062 0.141 0.796 39.71 -26.34 -17.34 185.85 0.04 -4.24
406 0 0 0.25 0.060 0.141 0.799 78.17 3.19 3.44 176.71 -0.01 -3.68
407 0.05 0 0.25 0.060 0.141 0.799 77.26 3.17 3.41 176.71 -0.01 -3.68
408 0.1 0 0.25 0.060 0.141 0.799 76.34 3.15 3.37 176.72 -0.01 -3.68
409 0.15 0 0.25 0.060 0.141 0.799 75.43 3.13 3.34 176.72 -0.01 -3.68
410 0.2 0 0.25 0.060 0.141 0.799 74.51 3.11 3.31 176.73 -0.01 -3.68
411 0.25 0 0.25 0.060 0.141 0.799 73.60 3.09 3.27 176.74 -0.01 -3.68
412 0.3 0 0.25 0.060 0.141 0.799 72.69 3.07 3.24 176.74 -0.01 -3.68
413 0.35 0 0.25 0.060 0.141 0.799 71.78 3.05 3.20 176.75 -0.01 -3.68
414 0.4 0 0.25 0.060 0.141 0.799 70.86 3.03 3.17 176.76 -0.01 -3.68
415 0 0.05 0.25 0.060 0.141 0.799 71.67 -0.64 0.50 173.75 -0.01 -3.77
416 0.05 0.05 0.25 0.060 0.141 0.799 70.75 -0.66 0.47 173.75 -0.01 -3.77
417 0.1 0.05 0.25 0.060 0.141 0.799 69.84 -0.68 0.43 173.76 -0.01 -3.77
418 0.15 0.05 0.25 0.060 0.141 0.799 68.92 -0.70 0.40 173.76 -0.01 -3.77
419 0.2 0.05 0.25 0.060 0.141 0.799 68.01 -0.72 0.36 173.77 -0.01 -3.77
420 0.25 0.05 0.25 0.060 0.141 0.799 67.10 -0.74 0.33 173.78 -0.01 -3.77
421 0.3 0.05 0.25 0.060 0.141 0.799 66.19 -0.76 0.30 173.79 -0.01 -3.77
422 0.35 0.05 0.25 0.060 0.141 0.799 65.27 -0.78 0.26 173.80 -0.01 -3.77
423 0.4 0.05 0.25 0.060 0.141 0.799 64.36 -0.80 0.23 173.81 -0.01 -3.77
424 0 0.1 0.25 0.060 0.141 0.799 67.01 -4.47 -2.31 173.75 0.00 -3.77
425 0.05 0.1 0.25 0.060 0.141 0.799 66.10 -4.49 -2.35 173.76 0.00 -3.77
426 0.1 0.1 0.25 0.060 0.141 0.799 65.18 -4.51 -2.38 173.76 0.00 -3.77
427 0.15 0.1 0.25 0.060 0.141 0.799 64.27 -4.53 -2.42 173.77 0.00 -3.77
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428 0.2 0.1 0.25 0.060 0.141 0.799 63.36 -4.55 -2.45 173.78 0.00 -3.77
429 0.25 0.1 0.25 0.060 0.141 0.799 62.45 -4.57 -2.49 173.79 0.00 -3.77
430 0.3 0.1 0.25 0.060 0.141 0.799 61.53 -4.59 -2.52 173.80 0.00 -3.77
431 0.35 0.1 0.25 0.060 0.141 0.799 60.62 -4.61 -2.56 173.81 0.00 -3.77
432 0.4 0.1 0.25 0.060 0.141 0.799 59.71 -4.63 -2.59 173.82 0.00 -3.77
433 0 0.15 0.25 0.060 0.141 0.799 62.09 -8.30 -5.13 173.29 0.00 -3.77
434 0.05 0.15 0.25 0.060 0.141 0.799 61.18 -8.32 -5.17 173.30 0.00 -3.77
435 0.1 0.15 0.25 0.060 0.141 0.799 60.26 -8.34 -5.20 173.30 0.00 -3.77
436 0.15 0.15 0.25 0.060 0.141 0.799 59.35 -8.36 -5.24 173.31 0.00 -3.77
437 0.2 0.15 0.25 0.060 0.141 0.799 58.44 -8.38 -5.27 173.32 0.00 -3.77
438 0.25 0.15 0.25 0.060 0.141 0.799 57.52 -8.40 -5.31 173.33 0.00 -3.77
439 0.3 0.15 0.25 0.060 0.141 0.799 56.61 -8.42 -5.34 173.34 0.00 -3.77
440 0.35 0.15 0.25 0.060 0.141 0.799 55.70 -8.44 -5.38 173.35 0.00 -3.77
441 0.4 0.15 0.25 0.060 0.141 0.799 54.79 -8.46 -5.41 173.37 0.00 -3.77
442 0 0.2 0.25 0.060 0.141 0.799 57.44 -12.13 -7.95 173.30 0.01 -3.76
443 0.05 0.2 0.25 0.060 0.141 0.799 56.53 -12.15 -7.99 173.30 0.01 -3.76
444 0.1 0.2 0.25 0.060 0.141 0.799 55.62 -12.17 -8.02 173.31 0.01 -3.76
445 0.15 0.2 0.25 0.060 0.141 0.799 54.70 -12.19 -8.06 173.32 0.01 -3.76
446 0.2 0.2 0.25 0.060 0.141 0.799 53.79 -12.21 -8.09 173.33 0.01 -3.76
447 0.25 0.2 0.25 0.060 0.141 0.799 52.88 -12.23 -8.12 173.34 0.01 -3.76
448 0.3 0.2 0.25 0.060 0.141 0.799 51.97 -12.25 -8.16 173.35 0.01 -3.76
449 0.35 0.2 0.25 0.060 0.141 0.799 51.06 -12.27 -8.19 173.37 0.01 -3.76
450 0.4 0.2 0.25 0.060 0.141 0.799 50.15 -12.28 -8.23 173.38 0.01 -3.76
451 0 0.25 0.25 0.060 0.141 0.799 52.80 -15.96 -10.77 173.30 0.02 -3.76
452 0.05 0.25 0.25 0.060 0.141 0.799 51.88 -15.98 -10.80 173.31 0.02 -3.76
453 0.1 0.25 0.25 0.060 0.141 0.799 50.97 -16.00 -10.84 173.32 0.02 -3.76
454 0.15 0.25 0.25 0.060 0.141 0.799 50.06 -16.02 -10.87 173.33 0.02 -3.76
455 0.2 0.25 0.25 0.060 0.141 0.799 49.15 -16.04 -10.91 173.34 0.02 -3.76
456 0.25 0.25 0.25 0.060 0.141 0.799 48.24 -16.05 -10.94 173.35 0.02 -3.76
457 0.3 0.25 0.25 0.060 0.141 0.799 47.33 -16.07 -10.98 173.37 0.02 -3.76
458 0.35 0.25 0.25 0.060 0.141 0.799 46.42 -16.09 -11.01 173.38 0.02 -3.76
459 0.4 0.25 0.25 0.062 0.141 0.797 51.64 -16.12 -11.19 185.79 0.02 -3.89
460 0 0.3 0.25 0.060 0.141 0.799 48.15 -19.78 -13.59 173.31 0.02 -3.76
461 0.05 0.3 0.25 0.060 0.141 0.799 47.24 -19.80 -13.62 173.32 0.02 -3.76
462 0.1 0.3 0.25 0.060 0.141 0.799 46.33 -19.82 -13.66 173.33 0.02 -3.76
463 0.15 0.3 0.25 0.060 0.141 0.799 45.42 -19.84 -13.69 173.34 0.02 -3.76
464 0.2 0.3 0.25 0.060 0.141 0.799 44.51 -19.86 -13.73 173.35 0.02 -3.76
465 0.25 0.3 0.25 0.060 0.141 0.799 43.60 -19.88 -13.76 173.37 0.02 -3.76
466 0.3 0.3 0.25 0.062 0.141 0.797 48.62 -19.90 -13.93 185.78 0.02 -3.89
467 0.35 0.3 0.25 0.062 0.141 0.797 47.64 -19.93 -13.97 185.79 0.03 -3.89
468 0.4 0.3 0.25 0.062 0.141 0.797 46.67 -19.95 -14.01 185.81 0.03 -3.89
469 0 0.35 0.25 0.060 0.141 0.799 43.51 -23.61 -16.40 173.33 0.03 -3.75
470 0.05 0.35 0.25 0.060 0.141 0.799 42.60 -23.63 -16.44 173.33 0.03 -3.75
471 0.1 0.35 0.25 0.060 0.141 0.799 41.69 -23.65 -16.47 173.34 0.03 -3.75
472 0.15 0.35 0.25 0.060 0.141 0.799 40.78 -23.67 -16.51 173.36 0.03 -3.75
473 0.2 0.35 0.25 0.062 0.141 0.797 45.60 -23.69 -16.68 185.76 0.03 -3.88
474 0.25 0.35 0.25 0.062 0.141 0.797 44.62 -23.71 -16.71 185.78 0.03 -3.88
475 0.3 0.35 0.25 0.062 0.141 0.797 43.65 -23.74 -16.75 185.79 0.03 -3.88
476 0.35 0.35 0.25 0.062 0.141 0.797 42.68 -23.76 -16.79 185.81 0.03 -3.88
477 0.4 0.35 0.25 0.062 0.141 0.797 41.71 -23.78 -16.82 185.83 0.03 -3.88
478 0 0.4 0.25 0.060 0.141 0.799 38.87 -27.44 -19.22 173.34 0.05 -3.75
479 0.05 0.4 0.25 0.060 0.141 0.799 37.96 -27.46 -19.26 173.35 0.05 -3.75
480 0.1 0.4 0.25 0.062 0.141 0.797 42.58 -27.48 -19.42 185.76 0.05 -3.88
481 0.15 0.4 0.25 0.062 0.141 0.797 41.60 -27.50 -19.46 185.77 0.05 -3.88
482 0.2 0.4 0.25 0.062 0.141 0.797 40.63 -27.52 -19.50 185.78 0.05 -3.88
483 0.25 0.4 0.25 0.062 0.141 0.797 39.66 -27.54 -19.53 185.80 0.05 -3.88
484 0.3 0.4 0.25 0.062 0.141 0.797 38.69 -27.56 -19.57 185.82 0.05 -3.88
485 0.35 0.4 0.25 0.062 0.141 0.797 37.72 -27.58 -19.60 185.84 0.05 -3.88
486 0.4 0.4 0.25 0.062 0.141 0.797 36.75 -27.60 -19.64 185.86 0.05 -3.88
487 0 0 0.3 0.060 0.140 0.800 75.12 1.91 1.12 176.71 -0.01 -3.30
488 0.05 0 0.3 0.060 0.140 0.800 74.21 1.89 1.09 176.71 -0.01 -3.30
489 0.1 0 0.3 0.060 0.140 0.800 73.29 1.87 1.05 176.72 -0.01 -3.30
490 0.15 0 0.3 0.060 0.140 0.800 72.38 1.85 1.02 176.73 -0.01 -3.30
491 0.2 0 0.3 0.060 0.140 0.800 71.46 1.83 0.98 176.73 -0.01 -3.30
492 0.25 0 0.3 0.060 0.140 0.800 70.55 1.81 0.95 176.74 -0.01 -3.30
493 0.3 0 0.3 0.060 0.140 0.800 69.64 1.79 0.91 176.75 -0.01 -3.30
494 0.35 0 0.3 0.060 0.140 0.800 68.73 1.77 0.88 176.76 -0.01 -3.30
495 0.4 0 0.3 0.060 0.140 0.800 67.82 1.75 0.84 176.77 -0.01 -3.30
496 0 0.05 0.3 0.060 0.140 0.800 70.42 -1.91 -1.69 176.71 0.00 -3.29
497 0.05 0.05 0.3 0.060 0.140 0.800 69.50 -1.93 -1.73 176.72 0.00 -3.29
498 0.1 0.05 0.3 0.060 0.140 0.800 68.59 -1.95 -1.76 176.72 0.00 -3.29
499 0.15 0.05 0.3 0.060 0.140 0.800 67.67 -1.97 -1.80 176.73 0.00 -3.29
500 0.2 0.05 0.3 0.060 0.140 0.800 66.76 -1.99 -1.83 176.74 0.00 -3.29
501 0.25 0.05 0.3 0.060 0.140 0.800 65.85 -2.01 -1.87 176.75 0.00 -3.29
502 0.3 0.05 0.3 0.060 0.140 0.800 64.94 -2.03 -1.90 176.76 0.00 -3.29
503 0.35 0.05 0.3 0.060 0.140 0.800 64.03 -2.05 -1.94 176.77 0.00 -3.29
504 0.4 0.05 0.3 0.060 0.140 0.800 63.12 -2.07 -1.97 176.78 0.00 -3.29
505 0 0.1 0.3 0.060 0.140 0.800 64.01 -5.74 -4.63 173.76 0.00 -3.38
506 0.05 0.1 0.3 0.060 0.140 0.800 63.09 -5.76 -4.66 173.76 0.00 -3.38
507 0.1 0.1 0.3 0.060 0.140 0.800 62.18 -5.78 -4.69 173.77 0.00 -3.38
508 0.15 0.1 0.3 0.060 0.140 0.800 61.27 -5.80 -4.73 173.78 0.00 -3.38
509 0.2 0.1 0.3 0.060 0.140 0.800 60.35 -5.82 -4.76 173.78 0.00 -3.38
510 0.25 0.1 0.3 0.060 0.140 0.800 59.44 -5.84 -4.80 173.79 0.00 -3.38
511 0.3 0.1 0.3 0.060 0.140 0.800 58.53 -5.86 -4.83 173.80 0.00 -3.38
512 0.35 0.1 0.3 0.060 0.140 0.800 57.62 -5.88 -4.87 173.82 0.00 -3.38
513 0.4 0.1 0.3 0.060 0.140 0.800 56.71 -5.90 -4.90 173.83 0.00 -3.38
514 0 0.15 0.3 0.060 0.140 0.800 59.35 -9.57 -7.44 173.76 0.01 -3.38
515 0.05 0.15 0.3 0.060 0.140 0.800 58.44 -9.59 -7.48 173.77 0.01 -3.38
516 0.1 0.15 0.3 0.060 0.140 0.800 57.53 -9.61 -7.51 173.77 0.01 -3.38
517 0.15 0.15 0.3 0.060 0.140 0.800 56.61 -9.63 -7.55 173.78 0.01 -3.38
518 0.2 0.15 0.3 0.060 0.140 0.800 55.70 -9.65 -7.58 173.79 0.01 -3.38
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519 0.25 0.15 0.3 0.060 0.140 0.800 54.79 -9.67 -7.62 173.80 0.01 -3.38
520 0.3 0.15 0.3 0.060 0.140 0.800 53.88 -9.69 -7.65 173.82 0.01 -3.38
521 0.35 0.15 0.3 0.060 0.140 0.800 52.97 -9.71 -7.69 173.83 0.01 -3.38
522 0.4 0.15 0.3 0.060 0.140 0.800 52.06 -9.73 -7.72 173.84 0.01 -3.38
523 0 0.2 0.3 0.059 0.141 0.800 54.44 -13.40 -10.26 173.30 0.02 -3.38
524 0.05 0.2 0.3 0.059 0.141 0.800 53.53 -13.42 -10.29 173.31 0.02 -3.38
525 0.1 0.2 0.3 0.059 0.141 0.800 52.62 -13.44 -10.33 173.32 0.02 -3.38
526 0.15 0.2 0.3 0.059 0.141 0.800 51.71 -13.46 -10.36 173.33 0.02 -3.37
527 0.2 0.2 0.3 0.059 0.141 0.800 50.79 -13.48 -10.40 173.34 0.02 -3.37
528 0.25 0.2 0.3 0.059 0.140 0.800 49.88 -13.50 -10.43 173.35 0.02 -3.37
529 0.3 0.2 0.3 0.059 0.140 0.800 48.97 -13.52 -10.47 173.36 0.02 -3.37
530 0.35 0.2 0.3 0.060 0.140 0.800 48.06 -13.53 -10.50 173.38 0.02 -3.37
531 0.4 0.2 0.3 0.060 0.140 0.800 47.16 -13.55 -10.54 173.39 0.02 -3.37
532 0 0.25 0.3 0.059 0.141 0.800 49.80 -17.23 -13.08 173.31 0.02 -3.37
533 0.05 0.25 0.3 0.059 0.141 0.800 48.89 -17.25 -13.11 173.32 0.02 -3.37
534 0.1 0.25 0.3 0.059 0.141 0.800 47.97 -17.26 -13.15 173.33 0.02 -3.37
535 0.15 0.25 0.3 0.059 0.141 0.800 47.06 -17.28 -13.18 173.34 0.02 -3.37
536 0.2 0.25 0.3 0.059 0.141 0.800 46.15 -17.30 -13.22 173.35 0.02 -3.37
537 0.25 0.25 0.3 0.059 0.141 0.800 45.24 -17.32 -13.25 173.36 0.02 -3.37
538 0.3 0.25 0.3 0.059 0.141 0.800 44.33 -17.34 -13.29 173.37 0.02 -3.37
539 0.35 0.25 0.3 0.060 0.141 0.800 43.42 -17.36 -13.32 173.39 0.02 -3.37
540 0.4 0.25 0.3 0.060 0.141 0.800 42.52 -17.38 -13.35 173.41 0.03 -3.37
541 0 0.3 0.3 0.059 0.141 0.800 45.16 -21.05 -15.90 173.32 0.03 -3.37
542 0.05 0.3 0.3 0.059 0.141 0.800 44.24 -21.07 -15.93 173.33 0.03 -3.37
543 0.1 0.3 0.3 0.059 0.141 0.800 43.33 -21.09 -15.96 173.34 0.03 -3.37
544 0.15 0.3 0.3 0.059 0.141 0.800 42.42 -21.11 -16.00 173.35 0.03 -3.37
545 0.2 0.3 0.3 0.059 0.141 0.800 41.51 -21.13 -16.03 173.36 0.03 -3.37
546 0.25 0.3 0.3 0.059 0.141 0.800 40.60 -21.15 -16.07 173.37 0.03 -3.37
547 0.3 0.3 0.3 0.059 0.141 0.800 39.69 -21.17 -16.10 173.39 0.03 -3.37
548 0.35 0.3 0.3 0.060 0.141 0.800 38.78 -21.19 -16.14 173.41 0.03 -3.37
549 0.4 0.3 0.3 0.060 0.141 0.800 37.88 -21.21 -16.17 173.43 0.03 -3.37
550 0 0.35 0.3 0.059 0.141 0.800 40.51 -24.88 -18.71 173.33 0.04 -3.36
551 0.05 0.35 0.3 0.059 0.141 0.800 39.60 -24.90 -18.75 173.34 0.04 -3.36
552 0.1 0.35 0.3 0.059 0.141 0.800 38.69 -24.92 -18.78 173.35 0.04 -3.36
553 0.15 0.35 0.3 0.059 0.141 0.800 37.78 -24.94 -18.82 173.36 0.04 -3.36
554 0.2 0.35 0.3 0.059 0.141 0.800 36.87 -24.96 -18.85 173.38 0.04 -3.36
555 0.25 0.35 0.3 0.059 0.141 0.800 35.96 -24.98 -18.88 173.39 0.04 -3.36
556 0.3 0.35 0.3 0.059 0.141 0.800 35.05 -25.00 -18.92 173.41 0.04 -3.36
557 0.35 0.35 0.3 0.062 0.140 0.798 39.71 -25.02 -19.09 185.83 0.04 -3.49
558 0.4 0.35 0.3 0.062 0.140 0.798 38.75 -25.04 -19.12 185.85 0.04 -3.49
559 0 0.4 0.3 0.059 0.141 0.800 35.87 -28.71 -21.53 173.35 0.05 -3.36
560 0.05 0.4 0.3 0.059 0.141 0.800 34.96 -28.73 -21.56 173.36 0.05 -3.36
561 0.1 0.4 0.3 0.059 0.141 0.800 34.05 -28.75 -21.60 173.37 0.05 -3.36
562 0.15 0.4 0.3 0.059 0.141 0.800 33.14 -28.77 -21.63 173.38 0.05 -3.36
563 0.2 0.4 0.3 0.059 0.141 0.800 32.23 -28.79 -21.67 173.40 0.05 -3.36
564 0.25 0.4 0.3 0.062 0.140 0.798 36.69 -28.81 -21.83 185.81 0.05 -3.49
565 0.3 0.4 0.3 0.062 0.140 0.798 35.72 -28.83 -21.86 185.83 0.05 -3.49
566 0.35 0.4 0.3 0.062 0.140 0.798 34.75 -28.85 -21.90 185.85 0.06 -3.49
567 0.4 0.4 0.3 0.062 0.140 0.798 33.78 -28.87 -21.93 185.88 0.06 -3.48
568 0 0 0.35 0.060 0.140 0.800 72.07 0.64 -1.19 176.71 0.00 -2.86
569 0.05 0 0.35 0.060 0.140 0.800 71.16 0.62 -1.23 176.72 0.00 -2.86
570 0.1 0 0.35 0.060 0.140 0.800 70.24 0.60 -1.26 176.72 0.00 -2.86
571 0.15 0 0.35 0.060 0.140 0.800 69.33 0.58 -1.30 176.73 0.00 -2.86
572 0.2 0 0.35 0.060 0.140 0.800 68.42 0.56 -1.33 176.74 0.00 -2.86
573 0.25 0 0.35 0.060 0.140 0.800 67.50 0.54 -1.36 176.75 0.00 -2.86
574 0.3 0 0.35 0.060 0.140 0.800 66.59 0.52 -1.40 176.76 0.00 -2.86
575 0.35 0 0.35 0.060 0.140 0.800 65.68 0.50 -1.43 176.77 0.00 -2.86
576 0.4 0 0.35 0.060 0.140 0.800 64.77 0.48 -1.47 176.78 0.00 -2.86
577 0 0.05 0.35 0.060 0.140 0.800 67.37 -3.19 -4.02 176.72 0.00 -2.88
578 0.05 0.05 0.35 0.060 0.140 0.800 66.45 -3.21 -4.06 176.72 0.00 -2.88
579 0.1 0.05 0.35 0.060 0.140 0.800 65.54 -3.23 -4.09 176.73 0.00 -2.88
580 0.15 0.05 0.35 0.060 0.140 0.800 64.63 -3.25 -4.13 176.74 0.00 -2.88
581 0.2 0.05 0.35 0.060 0.140 0.800 63.71 -3.27 -4.16 176.74 0.00 -2.88
582 0.25 0.05 0.35 0.060 0.140 0.800 62.80 -3.29 -4.20 176.75 0.00 -2.88
583 0.3 0.05 0.35 0.060 0.140 0.800 61.89 -3.31 -4.23 176.77 0.00 -2.88
584 0.35 0.05 0.35 0.060 0.140 0.800 60.98 -3.33 -4.26 176.78 0.00 -2.88
585 0.4 0.05 0.35 0.060 0.140 0.800 60.07 -3.35 -4.30 176.79 0.00 -2.87
586 0 0.1 0.35 0.060 0.140 0.800 62.66 -7.01 -6.84 176.72 0.01 -2.87
587 0.05 0.1 0.35 0.060 0.140 0.800 61.75 -7.03 -6.87 176.73 0.01 -2.87
588 0.1 0.1 0.35 0.060 0.140 0.800 60.84 -7.05 -6.91 176.74 0.01 -2.87
589 0.15 0.1 0.35 0.060 0.140 0.800 59.92 -7.07 -6.94 176.74 0.01 -2.87
590 0.2 0.1 0.35 0.060 0.140 0.800 59.01 -7.09 -6.98 176.75 0.01 -2.87
591 0.25 0.1 0.35 0.060 0.140 0.800 58.10 -7.11 -7.01 176.76 0.01 -2.87
592 0.3 0.1 0.35 0.060 0.140 0.800 57.19 -7.13 -7.04 176.78 0.01 -2.87
593 0.35 0.1 0.35 0.060 0.140 0.800 56.28 -7.15 -7.08 176.79 0.01 -2.87
594 0.4 0.1 0.35 0.060 0.140 0.800 55.37 -7.17 -7.11 176.80 0.01 -2.87
595 0 0.15 0.35 0.059 0.140 0.801 56.35 -10.84 -9.76 173.77 0.02 -2.96
596 0.05 0.15 0.35 0.059 0.140 0.801 55.43 -10.86 -9.79 173.77 0.02 -2.96
597 0.1 0.15 0.35 0.059 0.140 0.801 54.52 -10.88 -9.83 173.78 0.02 -2.96
598 0.15 0.15 0.35 0.059 0.140 0.801 53.61 -10.90 -9.86 173.79 0.02 -2.96
599 0.2 0.15 0.35 0.059 0.140 0.801 52.70 -10.92 -9.90 173.80 0.02 -2.96
600 0.25 0.15 0.35 0.059 0.140 0.801 51.79 -10.94 -9.93 173.81 0.02 -2.96
601 0.3 0.15 0.35 0.059 0.140 0.801 50.88 -10.96 -9.97 173.82 0.02 -2.96
602 0.35 0.15 0.35 0.059 0.140 0.801 49.97 -10.98 -10.00 173.84 0.02 -2.96
603 0.4 0.15 0.35 0.059 0.140 0.801 49.06 -11.00 -10.04 173.86 0.02 -2.96
604 0 0.2 0.35 0.059 0.140 0.801 51.69 -14.67 -12.58 173.77 0.02 -2.96
605 0.05 0.2 0.35 0.059 0.140 0.801 50.78 -14.69 -12.61 173.78 0.02 -2.96
606 0.1 0.2 0.35 0.059 0.140 0.801 49.87 -14.71 -12.64 173.79 0.02 -2.96
607 0.15 0.2 0.35 0.059 0.140 0.801 48.96 -14.73 -12.68 173.80 0.02 -2.96
608 0.2 0.2 0.35 0.059 0.140 0.801 48.05 -14.75 -12.71 173.81 0.02 -2.96
609 0.25 0.2 0.35 0.059 0.140 0.801 47.14 -14.77 -12.75 173.82 0.02 -2.96
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Continued: Subsidy Heuristic Iteration

Subsidy Rate Modal Share Logistics Cost Di↵erence [%] Flow Di↵erence [%]
n R M T R M T R M T R M T
610 0.3 0.2 0.35 0.059 0.140 0.801 46.23 -14.78 -12.78 173.84 0.02 -2.95
611 0.35 0.2 0.35 0.059 0.140 0.801 45.32 -14.80 -12.82 173.85 0.02 -2.95
612 0.4 0.2 0.35 0.059 0.140 0.801 44.41 -14.82 -12.85 173.87 0.03 -2.95
613 0 0.25 0.35 0.059 0.140 0.801 46.80 -18.49 -15.39 173.31 0.03 -2.95
614 0.05 0.25 0.35 0.059 0.140 0.801 45.89 -18.51 -15.43 173.32 0.03 -2.95
615 0.1 0.25 0.35 0.059 0.140 0.801 44.98 -18.53 -15.46 173.33 0.03 -2.95
616 0.15 0.25 0.35 0.059 0.140 0.801 44.07 -18.55 -15.50 173.34 0.03 -2.95
617 0.2 0.25 0.35 0.059 0.140 0.801 43.16 -18.57 -15.53 173.36 0.03 -2.95
618 0.25 0.25 0.35 0.059 0.140 0.801 42.25 -18.59 -15.56 173.37 0.03 -2.95
619 0.3 0.25 0.35 0.059 0.140 0.801 41.34 -18.61 -15.60 173.39 0.03 -2.95
620 0.35 0.25 0.35 0.059 0.140 0.801 40.43 -18.63 -15.63 173.40 0.03 -2.95
621 0.4 0.25 0.35 0.059 0.140 0.801 39.52 -18.65 -15.67 173.42 0.03 -2.95
622 0 0.3 0.35 0.059 0.140 0.801 42.16 -22.32 -18.21 173.32 0.04 -2.95
623 0.05 0.3 0.35 0.059 0.140 0.801 41.25 -22.34 -18.24 173.33 0.04 -2.95
624 0.1 0.3 0.35 0.059 0.140 0.801 40.34 -22.36 -18.28 173.34 0.04 -2.95
625 0.15 0.3 0.35 0.059 0.140 0.801 39.42 -22.38 -18.31 173.36 0.04 -2.95
626 0.2 0.3 0.35 0.059 0.140 0.801 38.51 -22.40 -18.35 173.37 0.04 -2.95
627 0.25 0.3 0.35 0.059 0.140 0.801 37.61 -22.42 -18.38 173.39 0.04 -2.95
628 0.3 0.3 0.35 0.059 0.140 0.801 36.70 -22.44 -18.42 173.40 0.04 -2.95
629 0.35 0.3 0.35 0.059 0.140 0.801 35.79 -22.46 -18.45 173.42 0.04 -2.95
630 0.4 0.3 0.35 0.059 0.140 0.801 34.89 -22.48 -18.48 173.45 0.04 -2.94
631 0 0.35 0.35 0.059 0.140 0.801 37.52 -26.15 -21.02 173.34 0.05 -2.94
632 0.05 0.35 0.35 0.059 0.140 0.801 36.61 -26.17 -21.06 173.35 0.05 -2.94
633 0.1 0.35 0.35 0.059 0.140 0.801 35.69 -26.19 -21.09 173.36 0.05 -2.94
634 0.15 0.35 0.35 0.059 0.140 0.801 34.78 -26.21 -21.13 173.37 0.05 -2.94
635 0.2 0.35 0.35 0.059 0.140 0.801 33.88 -26.23 -21.16 173.39 0.05 -2.94
636 0.25 0.35 0.35 0.059 0.140 0.801 32.97 -26.25 -21.20 173.40 0.05 -2.94
637 0.3 0.35 0.35 0.059 0.140 0.801 32.06 -26.27 -21.23 173.42 0.05 -2.94
638 0.35 0.35 0.35 0.059 0.140 0.801 31.15 -26.29 -21.27 173.45 0.05 -2.94
639 0.4 0.35 0.35 0.059 0.140 0.801 30.25 -26.31 -21.30 173.47 0.06 -2.94
640 0 0.4 0.35 0.059 0.140 0.801 32.88 -29.98 -23.84 173.35 0.06 -2.93
641 0.05 0.4 0.35 0.059 0.140 0.801 31.97 -30.00 -23.87 173.36 0.07 -2.93
642 0.1 0.4 0.35 0.059 0.140 0.801 31.06 -30.02 -23.91 173.38 0.07 -2.93
643 0.15 0.4 0.35 0.059 0.140 0.801 30.15 -30.04 -23.94 173.39 0.07 -2.93
644 0.2 0.4 0.35 0.059 0.140 0.801 29.24 -30.06 -23.98 173.41 0.07 -2.93
645 0.25 0.4 0.35 0.059 0.140 0.801 28.33 -30.08 -24.01 173.43 0.07 -2.93
646 0.3 0.4 0.35 0.059 0.140 0.801 27.43 -30.10 -24.05 173.45 0.07 -2.93
647 0.35 0.4 0.35 0.059 0.140 0.801 26.52 -30.11 -24.08 173.47 0.07 -2.93
648 0.4 0.4 0.35 0.062 0.140 0.798 30.82 -30.14 -24.24 185.90 0.07 -3.06
649 0 0 0.4 0.020 0.142 0.838 -4.39 -0.65 -1.14 -7.56 0.00 0.34
650 0.05 0 0.4 0.022 0.142 0.836 -0.46 -0.65 -1.25 0.01 0.00 0.24
651 0.1 0 0.4 0.060 0.139 0.801 67.19 -0.68 -3.60 176.73 0.00 -2.41
652 0.15 0 0.4 0.060 0.139 0.801 66.28 -0.70 -3.63 176.73 0.00 -2.41
653 0.2 0 0.4 0.060 0.139 0.801 65.37 -0.72 -3.67 176.74 0.00 -2.41
654 0.25 0 0.4 0.060 0.139 0.801 64.46 -0.74 -3.70 176.75 0.00 -2.41
655 0.3 0 0.4 0.060 0.139 0.801 63.55 -0.76 -3.74 176.76 0.00 -2.41
656 0.35 0 0.4 0.060 0.139 0.801 62.63 -0.78 -3.77 176.78 0.00 -2.41
657 0.4 0 0.4 0.060 0.139 0.801 61.73 -0.80 -3.81 176.79 0.01 -2.41
658 0 0.05 0.4 0.020 0.142 0.838 -8.31 -4.48 -3.97 -7.56 0.01 0.34
659 0.05 0.05 0.4 0.022 0.142 0.836 -4.51 -4.48 -4.09 0.01 0.01 0.25
660 0.1 0.05 0.4 0.060 0.139 0.801 62.49 -4.51 -6.41 176.73 0.01 -2.41
661 0.15 0.05 0.4 0.060 0.139 0.801 61.58 -4.53 -6.45 176.74 0.01 -2.41
662 0.2 0.05 0.4 0.060 0.139 0.801 60.67 -4.54 -6.48 176.75 0.01 -2.41
663 0.25 0.05 0.4 0.060 0.139 0.801 59.75 -4.56 -6.52 176.76 0.01 -2.41
664 0.3 0.05 0.4 0.060 0.139 0.801 58.84 -4.58 -6.55 176.77 0.01 -2.41
665 0.35 0.05 0.4 0.060 0.139 0.801 57.93 -4.60 -6.58 176.79 0.01 -2.41
666 0.4 0.05 0.4 0.060 0.139 0.801 57.03 -4.62 -6.62 176.80 0.01 -2.41
667 0 0.1 0.4 0.020 0.142 0.838 -12.22 -8.30 -6.81 -7.56 0.02 0.35
668 0.05 0.1 0.4 0.022 0.142 0.836 -8.56 -8.30 -6.92 0.02 0.02 0.25
669 0.1 0.1 0.4 0.060 0.139 0.801 57.79 -8.33 -9.22 176.74 0.02 -2.41
670 0.15 0.1 0.4 0.060 0.139 0.801 56.88 -8.35 -9.26 176.75 0.02 -2.41
671 0.2 0.1 0.4 0.060 0.139 0.801 55.96 -8.37 -9.29 176.76 0.02 -2.41
672 0.25 0.1 0.4 0.060 0.139 0.801 55.05 -8.39 -9.33 176.77 0.02 -2.41
673 0.3 0.1 0.4 0.060 0.139 0.801 54.14 -8.41 -9.36 176.78 0.02 -2.41
674 0.35 0.1 0.4 0.060 0.139 0.801 53.23 -8.43 -9.40 176.80 0.02 -2.40
675 0.4 0.1 0.4 0.060 0.139 0.801 52.33 -8.45 -9.43 176.82 0.02 -2.40
676 0 0.15 0.4 0.020 0.142 0.838 -16.14 -12.12 -9.67 -7.55 0.02 0.34
677 0.05 0.15 0.4 0.022 0.142 0.836 -12.60 -12.13 -9.77 0.03 0.02 0.24
678 0.1 0.15 0.4 0.060 0.139 0.801 53.09 -12.15 -12.05 176.75 0.02 -2.42
679 0.15 0.15 0.4 0.060 0.139 0.801 52.17 -12.17 -12.09 176.76 0.02 -2.42
680 0.2 0.15 0.4 0.060 0.139 0.801 51.26 -12.19 -12.12 176.77 0.02 -2.42
681 0.25 0.15 0.4 0.060 0.139 0.801 50.35 -12.21 -12.16 176.78 0.03 -2.42
682 0.3 0.15 0.4 0.060 0.139 0.801 49.44 -12.23 -12.19 176.80 0.03 -2.42
683 0.35 0.15 0.4 0.060 0.139 0.801 48.54 -12.25 -12.23 176.81 0.03 -2.42
684 0.4 0.15 0.4 0.060 0.139 0.801 47.63 -12.27 -12.26 176.83 0.03 -2.42
685 0 0.2 0.4 0.020 0.142 0.838 -20.05 -15.95 -12.51 -7.55 0.03 0.34
686 0.05 0.2 0.4 0.022 0.142 0.836 -16.65 -15.95 -12.61 0.03 0.03 0.24
687 0.1 0.2 0.4 0.060 0.139 0.801 48.39 -15.98 -14.87 176.76 0.03 -2.41
688 0.15 0.2 0.4 0.060 0.139 0.801 47.47 -16.00 -14.90 176.77 0.03 -2.41
689 0.2 0.2 0.4 0.060 0.139 0.801 46.56 -16.02 -14.94 176.78 0.03 -2.41
690 0.25 0.2 0.4 0.060 0.139 0.801 45.65 -16.04 -14.97 176.79 0.03 -2.41
691 0.3 0.2 0.4 0.060 0.139 0.801 44.75 -16.06 -15.00 176.81 0.03 -2.41
692 0.35 0.2 0.4 0.060 0.139 0.801 43.84 -16.08 -15.04 176.83 0.03 -2.41
693 0.4 0.2 0.4 0.060 0.139 0.801 42.93 -16.10 -15.07 176.85 0.04 -2.41
694 0 0.25 0.4 0.020 0.142 0.838 -25.44 -19.77 -15.45 -10.51 0.04 0.26
695 0.05 0.25 0.4 0.021 0.142 0.837 -22.16 -19.78 -15.54 -2.92 0.04 0.16
696 0.1 0.25 0.4 0.059 0.140 0.801 42.21 -19.80 -17.78 173.81 0.04 -2.50
697 0.15 0.25 0.4 0.059 0.140 0.801 41.30 -19.82 -17.82 173.82 0.04 -2.50
698 0.2 0.25 0.4 0.059 0.140 0.801 40.39 -19.84 -17.85 173.83 0.04 -2.50
699 0.25 0.25 0.4 0.059 0.140 0.801 39.48 -19.86 -17.89 173.85 0.04 -2.50
700 0.3 0.25 0.4 0.059 0.140 0.801 38.58 -19.88 -17.92 173.86 0.04 -2.50
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Continued: Subsidy Heuristic Iteration

Subsidy Rate Modal Share Logistics Cost Di↵erence [%] Flow Di↵erence [%]
n R M T R M T R M T R M T
701 0.35 0.25 0.4 0.059 0.140 0.801 37.67 -19.90 -17.95 173.88 0.04 -2.50
702 0.4 0.25 0.4 0.059 0.140 0.801 36.76 -19.92 -17.99 173.91 0.04 -2.50
703 0 0.3 0.4 0.020 0.142 0.838 -29.53 -23.60 -18.29 -10.97 0.05 0.26
704 0.05 0.3 0.4 0.021 0.142 0.837 -26.38 -23.60 -18.38 -3.37 0.05 0.16
705 0.1 0.3 0.4 0.059 0.140 0.801 37.34 -23.63 -20.60 173.35 0.05 -2.49
706 0.15 0.3 0.4 0.059 0.140 0.801 36.43 -23.65 -20.63 173.37 0.05 -2.49
707 0.2 0.3 0.4 0.059 0.140 0.801 35.52 -23.67 -20.67 173.38 0.05 -2.49
708 0.25 0.3 0.4 0.059 0.140 0.801 34.61 -23.69 -20.70 173.40 0.05 -2.49
709 0.3 0.3 0.4 0.059 0.140 0.801 33.71 -23.71 -20.73 173.42 0.05 -2.49
710 0.35 0.3 0.4 0.059 0.140 0.801 32.80 -23.73 -20.77 173.44 0.06 -2.49
711 0.4 0.3 0.4 0.059 0.140 0.801 31.90 -23.75 -20.80 173.46 0.06 -2.49
712 0 0.35 0.4 0.020 0.142 0.838 -33.39 -27.43 -21.13 -10.97 0.07 0.27
713 0.05 0.35 0.4 0.021 0.142 0.837 -30.37 -27.43 -21.22 -3.36 0.07 0.17
714 0.1 0.35 0.4 0.059 0.140 0.801 32.70 -27.46 -23.41 173.37 0.07 -2.49
715 0.15 0.35 0.4 0.059 0.140 0.801 31.79 -27.48 -23.45 173.38 0.07 -2.49
716 0.2 0.35 0.4 0.059 0.140 0.801 30.88 -27.50 -23.48 173.40 0.07 -2.49
717 0.25 0.35 0.4 0.059 0.140 0.801 29.97 -27.52 -23.52 173.42 0.07 -2.49
718 0.3 0.35 0.4 0.059 0.140 0.801 29.07 -27.54 -23.55 173.44 0.07 -2.49
719 0.35 0.35 0.4 0.059 0.140 0.801 28.16 -27.56 -23.58 173.46 0.07 -2.48
720 0.4 0.35 0.4 0.059 0.140 0.801 27.26 -27.58 -23.62 173.49 0.07 -2.48
721 0 0.4 0.4 0.020 0.142 0.838 -37.24 -31.25 -23.97 -10.96 0.08 0.28
722 0.05 0.4 0.4 0.021 0.142 0.837 -34.35 -31.26 -24.05 -3.34 0.08 0.18
723 0.1 0.4 0.4 0.059 0.140 0.801 28.06 -31.28 -26.23 173.39 0.08 -2.48
724 0.15 0.4 0.4 0.059 0.140 0.801 27.15 -31.30 -26.26 173.40 0.08 -2.48
725 0.2 0.4 0.4 0.059 0.140 0.801 26.25 -31.32 -26.30 173.42 0.08 -2.48
726 0.25 0.4 0.4 0.059 0.140 0.801 25.34 -31.34 -26.33 173.44 0.08 -2.48
727 0.3 0.4 0.4 0.059 0.140 0.801 24.43 -31.36 -26.36 173.47 0.08 -2.48
728 0.35 0.4 0.4 0.059 0.140 0.801 23.53 -31.38 -26.40 173.49 0.08 -2.48
729 0.4 0.4 0.4 0.059 0.140 0.801 22.63 -31.40 -26.43 173.52 0.08 -2.48
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