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The development of inter-urban railway transportation, especially in Greater Jakarta and its 

surroundings, has a significant impact on regional development. The government is developing 

the railway network, allowing for expansion of development in the area around the railway 

network, leading to urban sprawl and other negative externalities. A comprehensive study is 

needed to anticipate and provide policy instruments to control the negative impacts of railway 

expansion. This study aimed to address such an issue by developing a dynamic model of inter-

urban railway transportation and its impact on the development of a region using a system 

dynamic modeling, by developing land-use sub-model, population sub-model, housing sub-

model, and economic sub-model. The study was conducted in the Sukaraja District of Bogor 

Regency, part of the Greater Jakarta railway network transportation development. The study 

shows that within the next 50 years, the study area will be impacted significantly by the railway 

networks, leading to declining agricultural land availability, increasing settlement areas, and 

expansions of economic infrastructures. These will positively and negatively impact the 

regions and their neighborhood regions, such as Bogor and Jakarta. 
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1. INTRODUCTION

As elsewhere in typical metropolitan areas of developing 

countries, the Greater Jakarta area, which includes an area of 

the City of Bogor, the capital city of Jakarta, the City of 

Bekasi, and the City of Tangerang, is experiencing a complex 

socio-economic and environmental problem, of arising from 

growing settlement and transportation problems. As the price 

of land in the capital city is skyrocketing, people who work 

there prefer to settle in the neighboring areas, such as Bogor 

Regency, and commute to the capital city. They will occupy 

land that is more accessible areas near railway stations and 

make it higher development intensity [1, 2]. 

Consequently, traffic congestion and other negative 

externalities such as pollution and loss of time have become 

common problems in the regions. Road transport imposes 

negative externalities on society, including environmental 

damage [3, 4]. Such issues have put additional burdens on 

household economics regarding extra spending for fuel 

consumption and other expenditures related to commuting 

using their vehicles or public land transportation [5]. 

Realizing such problems, people opt to use an inter-urban 

railway transportation system connecting neighborhood areas 

with Greater Jakarta. Inter-urban railway transportation is

deemed more time-efficient and less costly than conventional 

land-based transport systems [6]. It is because, as in many 

developing countries, in Indonesia, the government heavily 

subsidizes the commuter train as a mass rapid transportation 

system. In addition, as more people use the interurban railway 

transportation system, the interurban railway was viewed as 

the key to reducing congestion, improving air quality, and 

providing quality transit service for the region [7] and an 

alternative method to solving traffic congestion in the city [8]. 

However, an increase in the number of people using mass 

rapid transport, such as inter-urban railway transportation, 

creates a double-edged sword. On one side, inter-urban 

railway transportation could ease congestion, increase 

commuting efficiency, and improve productivity [9-11]. Still, 

on the other side, it induces more and more people to live away 

from the capital city, preferring to settle in suburban areas, as 

land prices decrease with the distance from the city center [12]. 

It is the cease of Jakarta metropolitan and its neighboring areas 

of cities such as Bogor, Depok, Tangerang, Bekasi, and Bogor 

Regency. Nevertheless, as more and more people choose to 

live in suburban areas, it creates a vicious circle whereby an 

increase in the influx of people creates a high demand for land, 

and as a result, increases the price of land in suburban areas 

and addition of land conversing of productive land for 

agriculture for housing and other amenities. That is, inter-

urban railway transportation could induce land use change in 

sub-urban areas [13]. This situation also supports the 

proposition that a railway transport system plays a crucial role 

in regional economic development and creates a domino effect 

on other economic activities [14], impacts economic growth 

[15], local economy [16], promotes regional economic 

development and socio-economic of communities residing in 

areas connected to railway system [17]. 

One of the crucial problems that might arise in the future in 

the context of urban development driven by railway networks 

is uncontrolled development leading to urban sprawl, 
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uncontrolled land conversion, a sharp increase in land price, 

and negative environmental externalities due to uncontrolled 

development. Urban development can be faster in suburban 

areas with more reserve lands because of more opportunities 

for transportation infrastructure investment [18]. 

All of these might outweigh the benefits of the inter-urban 

railway transportation system developed in the region. In 

Indonesia's context, many suburban areas are now connected 

to inter-urban railway transportation to Greater Jakarta 

metropolitan areas. Suburban regions to the west, east, and 

south of Jakarta are planned to have an integrated railway 

network to the capital (Figure 1). Hence, not only will 

economic development growth allow these corridors, but 

uncontrolled development might also arise. Therefore, a study 

to assess the dynamic impact of inter-urban railway 

transportation systems on regional development is essential 

and is sorely needed in a developing country such as 

Indonesia. At this time, no such study exists. Yet, the 

expansion of urban areas driven by the inter-urban railway 

transportation system is continuing along with increasing land 

conversion and human settlement. With the number of inter-

urban transportation railway lines in Greater Jakarta and other 

cities in Indonesia, it is urgent to address such problems that 

this study is carried out. Lessons learned from this study could 

be drawn as a recommendation to the government for 

improving inter-urban railway transportation-related 

development and urban development in general. 

Figure 1. Masterplan of the Greater Jakarta railway network 
Source: Railroad Information Book 2014. The Ministry of Transportation of 

The Republic of Indonesia, page 50 

2. DESCRIPTION OF STUDY AREA

This study was carried out in a Suburban area in the 

Sukaraja District of Bogor Regency. Located between the 

capital city of Jakarta in the north and the City of Bogor in the 

south (Figure 2), the district has become the preferred and 

ideal choice among people working in Jakarta and Bogor. The 

district is connected with the Jakarta-Bogor railway system, 

and its main railway station, i.e., Cilebut train station, is the 

main entry for commuters to Jakarta and Bogor. Traveling to 

Jakarta from this station takes only 60 minutes, compared with 

more than 90 minutes by land transportation. From the station 

to the City of Bogor, it takes only 10 minutes, compared with 

30-40 minutes by another public transport system.

As the preferred location for commuters, the development

of settlements in Sukaraja has been expanding quite rapidly 

recently. Human settlements, built areas, and business 

infrastructures have been developing. From 2011 to 2019, 

population growth in the Sukaraja District had also grown 

around 3.70% per year. Along with the population growth, the 

number of people commuting from Cilebut central station to 

Bogor and Jakarta areas has risen 11.05% per year. 

A study shows a strong correlation between population 

increase in the areas and an increase in train passengers along 

this route. Conversely, the site has been experiencing a decline 

in agricultural land areas and people working in agriculture-

related sectors [19]. In addition, uncontrolled development in 

the region has also been witnessed, especially in areas 

surrounding the Cilebut railway station. Roads network 

structure tends to be sporadic or unorder, while the sign of 

urban sprawl is also beginning to appear in the Sukaraja 

District. It could become a severe consequence in the future 

development of the area and the surrounding areas of Greater 

Jakarta and Bogor. 

Figure 2. Study area 
Source: 1. Indonesian Earth Map; 2. KRL Commuter Line 2022 Route Map 

3. METHOD

There are various ways of modeling the relationship 

between inter-urban transportation railway and urban 

development. One of the models to address the dynamic of 

inter-urban transport railway and urban and regional 

development is using system dynamic modeling. Forrester 

developed a model describing the interrelationships between 

various components in 1969 [20]. A model that simulates a 

complex dynamic system [21]. A model that can be used to 

determine scenario planning as a strategic method in future 

planning [22]. 

Even though there are various studies on using system 

dynamics in relationship with transportation [23], the model 

can use concern with the environment [24], land use changes 

[25], and population [26, 27], that the urban transportation 

system emphasizes a complex system with multiple variables 

and various loops, and its interaction with other socio-

economics of urban and regional development is inevitable. 

Therefore, one of the best approaches is using system 

dynamics to model the dynamic interaction between 

transportation and regional development.  

This study uses a system dynamic approach integrating 

transport systems with other systems such as population, land 

use change, housing and industries, and service sectors, as 
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sectors in urban areas [28]. In this study, the industry and 

services sectors represent economic activities driven by the 

development of the railway network. The growth in hospitality 

industries, such as hotels and restaurants, and services 

industries, such as banks, will be used as proxied in the model. 

The causal loop of the conceptual model is described in Figure 

3.  

Figure 3. Causal loop diagram of the study 

As seen in Figure 3, it is predicted that the growth of railway 

passengers will have a positive feedback loop on migration, 

industry, and services. Increases in population will affect the 

demand for housing, industry, and services, increasing the 

demand for land and eventually affecting the supply of land 

since the total land is fixed. The dynamic of disequilibrium 

between supply and demand for land will give feedback to the 

boundary growth of housing, service, industrial, and net 

migration. Loop B indicates a balance between variables, for 

example, between the availability of residential, service, and 

industrial land with changes in land permitted from 

agricultural or other land. Figure 3 also describes other 

balancing loops between service, industry, and housing 

activities with land availability or the balance between net 

migration and the availability of residential land. 

The model is run with three scenarios to simulate different 

policy scenarios, as listed in Table 1. 

Table 1. Policy scenarios for inter-urban dynamic mode 

Scenarios Railway Policy 
Landuse 

Change Policy 

Scenario-0 Without railway Permitted 

Scenario-1 With railway Permitted 

Scenario-2 
With railway and adjustment 

of railway capacity 
Permitted 

As can be seen from Table 1, all scenarios assume that the 

local government allows land use change to occur in the 

region. It is to mimic the uncontrollable development in the 

area which is currently occurring. It is also designed to project 

what would happen in the area if such land use change occurs 

with regard to other sectors such as agriculture and housing. 

4. RESULT AND DISCUSSION

The conceptual causal loop of the system dynamic model of 

inter-urban transportation and its impact on regional 

development in Sukaraja District – Bogor Regency was 

implemented using a stock-flow diagram. The stock-flow 

diagram is divided into several sub-model, i.e., land use sub-

model, population sub-model, housing sub-model, and 

economic-sub model. Each sub-model ran as an integral part 

of the whole model. 

4.1 Land use sub-model 

The stock-flow diagram of the land use sub-model is 

described in Figure 4. The impact of development due to the 

railway network is shown by the changed land use in the area, 

from non-built to built-up areas. Five coverages of land are 

being analyzed in this study: paddy fields, service land, 

residential land, industrial land, farm, pond and yardland, and 

other land. Existing land stock data is taken from the 1: 50,000 

scale map of the earth [29] in 2011, 2015, and 2018, as shown 

in Figure 5. 
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Figure 4. Stock-flow diagram of land use change sub-model in Sukaraja District 

 

 
 

Figure 5. Map of land use change in the study area in 2011, 2015, and 2018 
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Results of the simulation on land use change driven by the 

inter-urban railway system are depicted in Figures 6 and 7. 

Figure 6. Decreasing in paddy land, other land, farm pond, 

and yard land 

Figure 7. Increasing in residential land, service land, and 

industrial land 

As can be seen from Figure 6, the impact of the inter-urban 

railway network will induce land conversion of agricultural 

land to other uses. As a consequence, paddy fields decline 

significantly in an exponential pattern, while pond and yard 

land tend to decline in a linear pattern. Land used for paddy 

fields reduced from 359 ha in 2011 to approximately 0.44 ha 

in the year 2050. The decline in agricultural land is attributed 

to an increase in residential areas, which increased from 2052 

ha in 2011 to approximately 2976 ha in 2050, and land used 

for services (45 ha in 2011 to 82 ha in 2050) and industrial 

areas (455 ha in 2011 to 742 ha in 2050) as described in Figure 

7. 

The impacts of land use change under different policy 

scenarios are depicted in Figures 8, 9, 10 and 11. 

Figure 8. Impact of railway on paddy land use 

Figure 9. Index of Impact of railway on paddy land use 

Figure 10. Impact of the railway on residential land use 

Figure 11. Index of Impact of the railway on residential land 

use 

The impact of different policy scenarios on land use change 

can be summarized as follows: 

- Decreased paddy fields due to the expansion of economic

activity triggered by the railway network are much faster than 

the no-railway network. The rate of the decline in paddy fields 

is more than double under scenario 2 when the capacity of the 

railway network is increased.  

- Without a railway network, residential areas will increase

naturally from 2052 ha in 2011 to 2976 ha in 2050 (scenario-

0). The residential areas will increase significantly at a rate of 

1.08 times the baseline (without a railway network) in the first 

five years and then decline after reaching equilibrium (under 

scenario 1 and scenario 2). The decline in the multiplication 
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factor is due to the limited availability of land to support 

further development of residential areas. 

4.2 Population sub-model 

Figure 12 describes the stock-flow diagram of the 

population sub-model. As shown in Figure 12, the impact of 

the inter-urban railway network on population development is 

driven by the railway passenger growth variable. This variable 

is then assumed to impact net migration and, eventually, 

population growth in the region. 

The simulation results on the railways' impact on population 

growth are described in Figure 13 and Figure 14. 

Figure 13 and Figure 14 reveal the impact of the railway 

network on population growth under different scenarios. 

Under scenario 0 (no railway network), the population of 

Sukaraja will grow naturally from 177,000 people in 2011 to 

approximately 370,000 in 2050. Under scenario 1, the 

population will grow at 1.12 times the baseline (scenario 0) or 

1.12 times the baseline under scenario 2. The growth of the 

people in the region will undoubtedly significantly impact 

other sectors, such as housing and economic activities, as 

explained in the following sections. 

Figure 12. Stock flow diagram of population sub-model in 

Sukaraja District 

Figure 13. The effect of the presence and absence of 

railways on population increase 

Figure 14. Index of the effect of the presence and absence of 

railways on population increase 

4.3 Housing sub-model 

The impact of railway network development on housing is 

modeled through the indirect impact of the railway on the 

population and housing. As can be seen from the stock-flow 

diagram in Figure 15, the growing demand for housing will be 

triggered by a change in people. Eventually, it will have a 

domino effect on the demand for housing and land availability. 

The relationship between housing demand and population 

is proxied within the model through the ratio of needs and 

demand for housing land. This ratio yields a multiplier 

coefficient for the land and housing simulation. If the ratio of 

need over demand is greater than one, then we can set the 

multiplier equal to 1, i.e., there is no effect on land availability. 

On the other, if the land is limited, the multiplier effect would 

be less than 1. This multiplier effect is then used to predict the 

number of houses built during the simulation periods. The 

results of the simulation on housing are described in Figure 16 

and Figure 17. 

Figure 15. Stock flow diagram of housing sub-model in 

Sukaraja District 
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Figure 16. Impact of the railway on housing 

 

 
 

Figure 17. Index of impact of the railway on housing 

 

Figure 16 and Figure 17 depict the effect of the railway 

network on housing development under different scenarios. 

The left part of Figure 16 and Figure 17 describes the number 

of houses that will expand until 2050 under various scenarios, 

representing the railway's multiplier effect on housing under 

different scenarios. As seen from Figure 17, under the no 

railway scenario (scenario-0), housing will grow from 3400 

units in 2011 to 97,000 units in 2050. Under scenario 1, this 

housing will increase by 1.04 times the baseline (scenario 0), 

while under scenario 2, housing growth will be at 1.09 times 

the baseline.  

 

4.4 Economic sub-model 

 

The impact of the railway network on economic 

development in Sukaraja District was identified by the 

development of service activities, including hotels and inns, 

shopping infrastructures, and banks representing the service 

sector, as seen from the stock-flow diagram in Figure 18. 

Figure 19 and Figure 20 display the simulation results on 

hotels and Inns in the area, while Figure 21 and Figure 22 

display the simulation for shopping facilities. Figure 19 and 

Figure 20 were run under the assumption of exogenous 

growth, i.e., it is not purely influenced by the growth of 

population since it is not directly correlated between the 

number of people residing in the area and the number of hotels. 

The growth of the hotel is mainly determined by the 

development of network infrastructure, which in turn induces 

the need for amenities and MICE (meeting incentive 

convention and exhibition) activities. 

 
 

Figure 18. Stock flow diagram of hotel, inn, and services 

sub-model in Sukaraja District 

 

 
 

Figure 19. Impact of the railway on the number of hotels and 

inns 

 

 
 

Figure 20. Index of impact of the railway on the number of 

hotels and inns 
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Based on the simulation, it is predicted that under scenario-

0 (no railway network), the number of hotels and Inn will grow 

from 19 units in 2011 to 530 in 2050. This number will 

increase 1.1 times under scenario 1 and 1.15 times under 

scenario 2 in 2050. Again, the increase in this number is 

attributed to the need for MICE activities which is currently 

served by the areas nearby Jakarta, such as Bogor and its 

vicinities. Most people and government activities prefer to 

have meetings and conventions in nearby cities around Bogor, 

which offers competitive prices and a better environment 

(amenities) compared with Jakarta areas. 

Figure 21 and Figure 22 display the growth of shopping 

infrastructures due to the railway's network. As seen in Figure 

18, under scenario 0, the number of shopping facilities will 

grow from 130 units in 2011 to approximately 174 units in 

2050. The number of facilities will increase in the first five 

years of simulation at around 1.04 times the baseline under 

scenario 1 and 1.07 times the baseline under scenario 2.  

As competition for land intensifies, and land is getting 

scarce, the number of shopping facilities is predicted to decline 

at 0.95 times the baseline. 

 

 
 

Figure 21. Impact of the railway on the number of shops 

 

 
 

Figure 22. Index of impact of the railway on shopping 

facilities 

 

The impact of the development railway network on the 

service sector can be proxied through the growth of the 

banking sector. With the number of people, housing, and 

economic activities, the demand for banking services is also 

expected to grow. Nevertheless, establishing bank offices will 

be limited by the availability of land allotment. Therefore, the 

number of banks is expected not to grow indefinitely. This 

prediction is reflected in Figure 23 and Figure 24, whereby the 

number of bank offices peaks in the first three years of 

simulation and eventually will decline afterward. 

 
 

Figure 23. The effect of the number of banks due to the 

presence or absence of railways 

 

 
 

Figure 24. Index of the effect of the number of banks due to 

the presence or absence of railways 

 

 

5. CONCLUSIONS 

 

In contrast to Wijayanto et al. [30], who did dynamic 

modeling of prediction models for the number of passengers, 

the number of trains, income, and the number of subsidies for 

policymakers to formulate a Jabodetabek KRL management 

strategy in the future. In this study, dynamic modeling was 

carried out to determine the impact of the development of the 

rail network on regional development, especially in suburban 

areas, to provide valuable insights for policymakers. First, the 

dynamic simulation results will provide ex-ante predictions 

about how the sub-urban area will develop. Therefore, policy 

frameworks can be designed in advance to anticipate and 

offset the negative consequences of rail networks or inter-city 

transportation developments. That way, the benefits of 

building a rail network can be more sustainable. Second, 

uncontrolled suburban development will significantly impact 

economic and social factors as well as the environment. Urban 

shifts, waste, and pollution from increased settlements can 

take a toll on communities and government budgets. 

Therefore, the government can design adaptive steps to 

overcome this problem from dynamic simulation system 

projections. Third, the development of the future rail network 

can be anticipated so as not to cause a surge in the price of land 

and other expensive infrastructure. 

Inter-urban transportation railway system plays a significant 

role in developing the economics of sub-urban regions. That is 
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a more beneficial regional development that could be driven 

by expanding the railway network. Nevertheless, as suburban 

cities expand into bigger cities, it creates more burden on 

environment-carrying capacity. Therefore, comprehensive 

policies to address such issues are needed. The model 

presented here did not address the consequences on 

environmental carrying capacity, except for land availability. 

Nevertheless, by analyzing the possible paths of housing and 

economic development in the years to come, policymakers 

could benefit from the model to design an environmental 

policy in the regions. 

Further research is needed to determine the development of 

areas around other inter-urban transportation railway stations 

to determine which areas have faster development than others. 

Furthermore, the government can provide regional 

development policies based on the areas urgent for spatial 

planning first. 
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