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Abstract 
Severalintermodal transportation models have been analyzed to convincethe integration of spatial and 
transportation modeling by using the existing transportation infrastructures (such as road and river networks, 
ports, etc.). Themodeling analysis of CPO transportation in Central Kalimantan Province using geographical 
information system(GIS)showed that intermodal transportation, especially combination of road-river 
networks, is the best alternative obtained from the models. In order to have a more robust model and to 
predict the likely effect of new transport infrastructures to the cost efficiency (in term of generalized cost), 
hence, it is required to analyze a future scenario. To do so, a case study of spatial and transportation modeling 
by integrating inter-modality concept between the existing transportation networks and planned railways in 
Central Kalimantan is also conducted by using ArcGIS. By considering all networks (road, river, railways, 
and intermodal networks), the reasonable minimum generalized cost (GC) to be applied in the field is a 
combination of road-rail-river networks.  
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INTRODUCTION 
Freight transportation has important role in regional and economic development, 
specifically to ensure the efficient movement and availability of materials/goods. To 
enhance the efficiency and quality of freight transportation, it is necessary to improve the 
overall cost effectiveness and function of transport operations and infrastructures. 
Nowadays, it is more and more realized that inter-modality may provide a key towards a 
better performing transport system (Kreutzbergeret al, 2006) because of environmental 
concerns, reasons of efficiency and benefits of co-ordination of modes to cope with 
growing transportation flows (OECD, 1997 in Bontekoning, 2000; 2004).  
 
Several studiesconcerning intermodal freight transportation have been conducted to 
analyze the integration of spatial and transportation modeling using the existing 
transportation infrastructures (i.e.road and river networks, general and special ports, etc.) to 
modeling CPO transportation in Central Kalimantan Province. The case studies of CPO 
transportation modeling in Central Kalimantan Province in the period of 2010 up to 2012 
showed that generally intermodal transportation, especially combination of road-river 
networks is the best alternative obtained from the models and it is recommended to be 
applied in the real world(Mahmudah et al, 2010; 2011, 2012). In order to have a more 
robust model and to predict the likely effect of new transport infrastructures to the cost 
efficiency (in term of generalized cost), hence, it is required to analyze a future scenario. 
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To do so, a case study of spatial and transportation modeling by integrating inter-modality 
concept between the existing transportation infrastructures and planned (future) railways in 
Central Kalimantan is carried out (Mahmudah, 2014). 

 
METHODS 
In this study, the model development is considered a planned railways network in Central 
Kalimantan. The data used in model development in the period of 2010 to 2013are as 
presented inTable 1.Transportation infrastructures and CPO factories (formatted in geo-
database) considered in spatial and transportation modelling are as shown in Table 2. 

 
Table 1GIS (geo-database) utilized in model development  

No. Data Format Year 

1 Palm plantation and attributes Geo-database 2010, 2011, 2012 
2 Road networks and attributes Geo-database 2010, 2011, 2012 
3 River networks and attributes Geo-database 2010, 2011, 2012 
4 River centerline Geo-database 2010, 2011, 2012 
5 General ports map  Geo-database 2010, 2011, 2012 
6 Special ports map Geo-database 2011, 2012 
7 District map  Geo-database 2010, 2011, 2012 
8 Sub district map Geo-database 2010, 2011, 2012 
9 Village map Geo-database 2010, 2011, 2012 
10 Land use map and attributes Geo-database 2010, 2011, 2012 
11 Railway and attributes 

(1A, 1B, 2, 3, 4A, 4B) 
  Geo-database  2012 

 
 

Table 2The infrastructures and CPO factories considered in the model 
Transportation networks Number of  

general port 
Number of 
special port 

Number of 
CPO factories 

Road 
River 
Railways 
Intermodal road-river  
Intermodal road-rail (1A) 
Intermodal rail-river (1A) 
Intermodal road-rail river (1A) 

2 
2 
2 
2 
2 
2 
2 

11 
11 
11 
11 
0 
0 
0 

281 
281 
281 
281 
85 
85 
85 

The conceptual framework for model development by using network analysis of ArcGIS 
10.1 is as illustrated in Figure 1. There are several stages considered in modeling 
intermodal transportation  using ArcGIS 10.1 as follows: 

 
1) Number of and location of CPO factories. The number of CPO factory is defined by 

assuming that one factory should have at least 6000 hectares of plantation (so called 
served by factory). In case the area of plantation is less than 6000, the owner 
(company) of this plantation cannot build his own CPO factory (namely un-served by 
factory) and this plantation is served by the closest factory. Each factory is assumed to 
be located in the center of plantation area, so every central point (centroid) of factories 
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can be located using ArcGIS software. These CPO factories are supposed to be the 
origin points of freight transportation simulated in the models. 

 
Figure 1The conceptual framework formodel development using ArcGIS 

(Source: Mahmudah, 2014) 
 

2) Access of CPO factories. By using the closest facility of ArcGIS software, access of 
CPO factories to transportation networks (in term of distance) can be determined. 
Furthermore, these accesses are then classified as good (distance of 0 to 10 km), 
moderate (10 to 20 km), and bad (20-30  km);  

3) The shortest route of CPO factories to the final destination (general ports). Utilizing 
network analysis of ArcGIS, the shortest path of each CPO factory (origin) to the port 
(destination)-in term of travel distance and time, using different transportation 
networks can be determined. Spatial mapping of shortest route for CPO factories to 
ports can also be plotted using ArcGIS. Due to river networks as well as railways and 
intermodal rail-river networks (as indicated in the red boxes of Figure 1), cannot be 
applied in the real world due to these transport networks need the road networks to 
deliver CPO to river or railways, so they do not take into consideration for the final 
desicion of mode choice based on generalized cost (GC); 

4) Origin-Destination matrices (so called O-D cost matrices). O-D cost matrices are the 
best O-D pair of each CPO factory to certain port by considering distance and time 
and are visualized as O-D line. The O-D cost matrices cannot present the route/path 
usedfor transporting commodity from origin to final destination. Nevertheless, the 
final result of O-D cost matrices and shortest route analysis are the same. 



The 18th FSTPT International Symposium, Unila,Bandar Lampung, August28, 2015 

5) Generalized cost (GC) is considered as the indicator of transportation performance. To 
determine GC, travel distance andtime, which are obtained from shortest route 
analysis using ArcGIS, are then further calculated by employing equation 1 for various 
transportation networks. The GC of the same O-D pair with different transportation 
networks is compared. The lowest GC is chosen as the optimum one. 

���� = (�����,
  +  �����,
 ∗  ���)  ∗  ����,
  (1) 
Where 
���� : generalized cost (Rp) 
�����,
 : fare from i to j on link r for mode type m (Rp/T) incl. transfer cost 
��� : value of time (Rp/T/hour) 
�����,


 : total travel time spent from i to j on link r for mode type m (hour) 
����,
 : weight of commodity transported from i to j on link r for mode type m (T) 

Value of time (VoT) is weighted by considering the type of commodity. In this study, the  
FEMEX(Fidelity Advisor Emerging Europe Middle East Fund) standard, is used to 
determine the value of time. According to FEMEX (2003), the value of time for bulk 
commodity is 0,63 euro/ton/hour or equal to Rp 7.700/ton/hour (Mahmudah et al, 2012). 

 
RESULTS AND DISCUSSIONS 
1) Model development. In model development, there are some analysis conducted among 

other: closest facilities to analyze the access, shortest route analysis to calculate the 
shortest distance and time of each factory to certain port, O-D cost matrices to 
determine the best O-D pair (CPO factory-port) using specific transport networks, and 
to calculate generalized costs based on travel distance and time obtained from shortest 
route analysis. More specifically, there are two types of generalized cost analyzed. 
Firstly, generalized cost by considering all CPO factories by employing 2 general 
ports (Bagendang and Bumiharjo) with 3 transportation networks (road, river, and 
inter-modal road-river networks). This model fits with the real condition in Central 
Kalimantan Province. Secondly, generalized cost by considering CPO factories 
located along railways link 1A and 1B. The second model attempts to predict future 
transportation system by including the planned railways as a transportation network 
beside road and river. The new general ports located in Bangkuang and 
LupakDalamare also considered in the second developed model instead of Bagendang 
and Bumiharjo ports. The analysis results of spatial and transportation modeling using 
ArcGIS 10.1 are as illustrated in Appendix 1 and 2 respectively. 

2) Accessibility of CPO factories. By utilizing ArcGIS software, it is known that there 
are 281 CPO factories located in Central Kalimantan Province that have access to 
road, river, and railways. However, only a few of those factories (around 85 CPO 
factories) are located along the railways link 1A and 1B and have access to road, river, 
and railways as well. The accessibility of CPO factories to all networks considered in 
the model (road, river, and railways) is classified by considering the distance range. 
Most of the factories have good access to road networks, that is in less than 5 km 
distance range, followed by river networks and, last one, by railways. However, when 
the distance range is increased (5 to 30 km), river network is better than road and 
railways. Only considering factories located along railways link 1A and 1B (around 
85), most of them have good access (less than 10 km) to road networks. Meanwhile, 
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river network still has a chance to compete to other networks when the distance
is between 10 and 30 km
 

 
 
 
 
 
 
 
 
 
 

Figure 2The accessibility
 
 
 
 
 
 
 
 
 
 

Figure 3Accessibility of CPO factories along rail

3) Generalized cost (GC) 
using ArcGIS can produce the shortest distance and time needed 
from factory (origin) to the selected port (destination). 
generalized cost (GC) of each O
factory to port using road, river, and intermodal road
When the three GC of different networks are compared, the cheapest GC is 
from using uni-modal river networks, followed by intermodal road
uni-modal road networks as the 
still facing the longest travel time due to long haul distance.
 

4) Generalized cost (GC) 
GC for transporting CPO from factory to port using road, river, railways, intermodal 
road-river, intermodal road
are then also predicted (see Appendix 3)
the cheapest GC is 
followed by intermodal 
well as railways and intermodal rail
due to these transport networks 
railways. Thereforeintermodal 
generalized cost. 
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river network still has a chance to compete to other networks when the distance
is between 10 and 30 km (see Figure 2 and 3). 

The accessibilityof all CPO factories to the networks

Accessibility of CPO factories along railways link 1A and 1B
 

(GC) by considering all CPO factories. The shortest route analysis 
using ArcGIS can produce the shortest distance and time needed for
from factory (origin) to the selected port (destination). Employing equation 
generalized cost (GC) of each O-D matrices, which is for transporting CPO from 
factory to port using road, river, and intermodal road-river networks 
When the three GC of different networks are compared, the cheapest GC is 

modal river networks, followed by intermodal road-
modal road networks as the most expensive one. However, the river network is 

still facing the longest travel time due to long haul distance. 

(GC) by considering CPO factories along rail link 1A and 1B. 
nsporting CPO from factory to port using road, river, railways, intermodal 

river, intermodal road-rail, intermodal rail-river, and intermodal road
predicted (see Appendix 3). If all GC of various networks are compared, 

the cheapest GC is againobtained by using uni-modal river networks and then 
followed by intermodal road-rail-river network. However, uni-modal 
well as railways and intermodal rail-river networks cannot be applied i

to these transport networks need the road networks to deliver CPO to river
intermodal road-rail-river is the best option t

5 

Km

5 - 10 

Km

10 -15 

Km

15 -20 

Km

20 - 25 

Km

25 - 30 

km

>30 Km

Distance (km)

Percentage of CPO factories served by the networks

5 - 10 

Km

10 -15 

Km

15 -20 

Km

20 - 25 

Km

25 - 30 

km

Distance range (km)

Percentage of CPO factories along rail link 1A and 1B 

served by the networks

Bandar Lampung, August28, 2015 

river network still has a chance to compete to other networks when the distance range 

of all CPO factories to the networks 

link 1A and 1B 

The shortest route analysis 
for transporting CPO 

mploying equation 1, the 
nsporting CPO from 

river networks can be predicted. 
When the three GC of different networks are compared, the cheapest GC is obtained 

-river networks, and 
expensive one. However, the river network is 

by considering CPO factories along rail link 1A and 1B. The 
nsporting CPO from factory to port using road, river, railways, intermodal 

river, and intermodal road-rail-river 
networks are compared, 

modal river networks and then 
modal river networks as 

cannot be applied in the real world 
need the road networks to deliver CPO to river or 

est option to have optimum 
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The comparison of all generalized costs using different tr
illustrated in Figure 4below. Overall, 
good option with the lowest generalized cost
of generalized costs has included the costs 
vehicles and containers, as well as the costs of roadways, storage facilities, and terminals 
required to support the transfer (handling) of goods.
road-rail-river, the big challenge  to be considered are the provision of proper and adequate 
intermodal transfer (i.e. CPO storage in port and rail station) and the transfer (handling) 
cost, including transfer penalty, that should be calculated in more detail.
 

Figure4 Comparison of generalized cost for all 

 
CONCLUSIONS 
In order to have a more robust model and to predict the likely effect of new transport 
infrastructures to mode transportation choice (in term of generalized cost), it is required
analysea future scenario. To do so, 
integrating inter-modality concept between the existing networks (road and river) and 
planned (future) railways in Central Kalimantan is carried
considered the planned railways
road, river, and railways (link 
and railways for link 1A and 1B using generalized cost (GC) as 
 
The data obtained from spatial and transportation modeling using network analysis of 
ArcGIS 10.1 are: a) number of and location of CPO factories; b) location of transfer point; 
c) access of CPO factories; d) shortest route of CPO f
(general ports); e) Origin
Generalized cost (GC) that is considered as the indicator of transportation performance.
 
By considering all networks (road, river, rail
reasonable minimum generalized cost (GC) 
road-rail-river networks.To apply the intermodal networks like road
challenge  to be considered are the 
(i.e. CPO storage in port and rail station) and the transfer (handling) cost, including 
transfer penalty, that should be calculated in more detail.
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The comparison of all generalized costs using different transportation networks is as 
below. Overall, intermodal network of road-rail-river is offering the 

with the lowest generalized cost.Transportation cost considered in calculation 
s has included the costs of labour and the operation and maintenance of 

vehicles and containers, as well as the costs of roadways, storage facilities, and terminals 
required to support the transfer (handling) of goods.To apply the intermodal networks like 

challenge  to be considered are the provision of proper and adequate 
intermodal transfer (i.e. CPO storage in port and rail station) and the transfer (handling) 
cost, including transfer penalty, that should be calculated in more detail.

 
 
 
 
 
 
 

Comparison of generalized cost for all transportation 

more robust model and to predict the likely effect of new transport 
infrastructures to mode transportation choice (in term of generalized cost), it is required

future scenario. To do so, a case study of modeling spatial and transportation by 
modality concept between the existing networks (road and river) and 

planned (future) railways in Central Kalimantan is carried-out. The develop
railways and includesan analysis of  access of CPO factories to 

link 1A, 1B, 2, 3, 4A, and 4B) and shortest route of road, river, 
1A and 1B using generalized cost (GC) as an efficiency indicator.

he data obtained from spatial and transportation modeling using network analysis of 
ArcGIS 10.1 are: a) number of and location of CPO factories; b) location of transfer point; 
c) access of CPO factories; d) shortest route of CPO factories to the final destination 
(general ports); e) Origin-Destination matrices (so called O-D cost matrices); and f) 
Generalized cost (GC) that is considered as the indicator of transportation performance.

By considering all networks (road, river, railways, and intermodal network
minimum generalized cost (GC) to be applied in the field is a 

To apply the intermodal networks like road
challenge  to be considered are the provision of proper and adequate intermodal transfer 
(i.e. CPO storage in port and rail station) and the transfer (handling) cost, including 
transfer penalty, that should be calculated in more detail. 

 

-500,000 1,000,000 1,500,000 2,000,000 

RoadRoad- RiverRoad - RailRoad-Rail-

River

Max 1,124,153 1,028,076 1,236,682 1,082,790 

Average736,599 497,974 653,198 433,555 

Comparison of GC for all transportation networks
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ansportation networks is as 
river is offering the 

Transportation cost considered in calculation 
r and the operation and maintenance of 

vehicles and containers, as well as the costs of roadways, storage facilities, and terminals 
To apply the intermodal networks like 

challenge  to be considered are the provision of proper and adequate 
intermodal transfer (i.e. CPO storage in port and rail station) and the transfer (handling) 
cost, including transfer penalty, that should be calculated in more detail. 

transportation networks 

more robust model and to predict the likely effect of new transport 
infrastructures to mode transportation choice (in term of generalized cost), it is required to 

case study of modeling spatial and transportation by 
modality concept between the existing networks (road and river) and 

out. The developed model is 
access of CPO factories to 
shortest route of road, river, 

efficiency indicator. 

he data obtained from spatial and transportation modeling using network analysis of 
ArcGIS 10.1 are: a) number of and location of CPO factories; b) location of transfer point; 

actories to the final destination 
D cost matrices); and f) 

Generalized cost (GC) that is considered as the indicator of transportation performance. 

ways, and intermodal networks), the 
to be applied in the field is a combination of 

To apply the intermodal networks like road-rail-river, the big 
provision of proper and adequate intermodal transfer 

(i.e. CPO storage in port and rail station) and the transfer (handling) cost, including 
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Figure 3Intermodal road-river networks in Central Kalimantan 
 

Appendix 1 The results of spatial and transportation modeling using ArcGIS 
(Source: Mahmudah, 2014) 
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Appendix 2The results of spatial and transportation modeling using ArcGIS  
(Source: Mahmudah, 2014) 
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Appendix 3 Generalized cost(GC) of unimodal and intermodaltransportation networks by 
considering 85 factories(Source: Mahmudah, 2014) 

 

 

 

 


