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Napan Village, North Bikomi District - North Central Timor Regency - East Nusa Tenggara is some of the
areas that border Indonesia on land with neighboring countries. Napan Village shares a land border with
Timor Leste. Various issues regarding security, prosperity and the environment in development often arise.
This research was conducted to develop models dynamically in three development scenarios using these
three approaches. The research sample was obtained using a questionnaire distributed to 78 respondents
consisting of village soldiers and police, Napan village officials, the North Bikomi sub-district head, and
border officers in Napan village. From the results of the questionnaire, descriptive analysis and multiple
regression analysis were carried out to obtain a regression model of the influence of security, prosperity,
and environmental approach variables on border area development. Next, the analysis results are used to
develop a system dynamics model with three simulation scenarios. The reference used in this simulation is
the average data value for each variable minus and adding one standard deviation and the equation
resulting from multiple regression analysis. The simulation results show that the target for achieving
development in border areas will reach 73% within 5 years if input from security, prosperity, and
environmental factors is increased from the current condition of 8% for security, 6% for prosperity, and 9%
for the environment. Furthermore, it is recommended to increase development on factors in security,
prosperity, and environmental approaches according to these results so that in the next five years

significant progress can be achieved, which reaches almost double the current conditions.

INTRODUCTION

Indonesia, with 17,504 islands, is the largest archipelagic
country in the world. Indonesia's sea area reaches 3,257,483
square kilometers, much larger than its land area of only
1,904,569 square kilometers. Indonesia's Exclusive Economic
Zone (EEZ) also stretches wide, reaching 2,749,000 square
kilometers (Djunarsjah & Putra, 2021). This shows the very
wide territorial reach. Indonesia's vast territory is managed into
38 provinces, some of which are areas that border other
countries, both sea borders and land borders.

This geographical position means that Indonesia has
extensive maritime boundaries, bordering 10 neighboring
countries, such as India, Singapore, Malaysia, Thailand,
Vietnam, the Philippines, Palau, Australia, Timor Leste and
Papua New Guinea. In addition, Indonesia shares land borders
with three countries, namely: Malaysia in Kalimantan, Papua
New Guinea in Papua, and Timor Leste in East Nusa Tenggara.
Characteristics of Indonesia's territorial boundaries, include:
The land borders are situated in Kalimantan, Papua, and East
Nusa Tenggara. The border is marked with boundary markers
and state border crossing posts (Winarwati, 2021). Maritime
boundaries, determined by imaginary straight lines connecting
the outermost points of the outer islands, are delimited by the
Exclusive Economic Zone (EEZ) and the Continental Shelf.

Indonesia's border areas have an important role in various
aspects of national and state life. Therefore, it is very important
to prioritize the development of border areas. In the political
and security aspects involve bolstering strengthening the
sovereignty and territorial integrity of the Republic of Indonesia,
combating smuggling, illegal trade, and other criminal activities,
enhanncing security stability in border areas, and establishing a
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roboust and resilient national defense (Bria & Lam, 2022). In the
economic aspect, namely: increasing economic growth in border
areas, creating jobs and business opportunities for local
communities, strengthening connectivity between regions in
Indonesia, and increasing trade and investment with
neighboring countries (Sudiar & Irawan, 2018; Sunarya et al.,
2016). In the social and cultural aspect, namely: improving the
quality of life of people in border areas, strengthening the sense
of national unity and integrity, increasing access to education,
health, and other public services, and preserving the culture and
customs of local communities (Gunawan & Ratmono, 2018). In
the Defense and Security aspect, namely: strengthening national
defense in border areas, preventing the entry of radicalism and
terrorism, and increasing security cooperation with neighboring
countries, other aspects are: improving Indonesia's image and
profile in international eyes, and realizing integrated and
sustainable border area management.

Various laws and regulations that can be used to implement
border area development include: Law Number 43 of 2008
concerning State Territory mandates the government to develop
border areas in order to realize the sovereignty and territorial
integrity of the Republic of Indonesia. Next is Presidential
Regulation Number 12 of 2010 concerning the National Border
Management Agency (BNPB), which explains the BNPP as the
institution responsible for planning, implementing, and
supervising development in border areas. Furthermore, the
2020-2024 National Medium-Term Development Plan makes
border area development one of the country’s priorities.
(Mangku, 2018).

Development in border areas is still lagging behind
compared to other regions in Indonesia. This is caused by several
factors, including: limited infrastructure in the form of road
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access, electricity and telecommunications in border areas. The
limited human resources in border areas stem from the low
levels of education and skills among the people living there.
Budget limitations include the government's insufficient
allocation of funds for development in border areas. Security
includes: border areas are still vulnerable to various illegal
activities, such as smuggling and drug trafficking.(Bobrovskaya
et al,, 2019; Gunawan & Ratmono, 2018).

Conversely, the system dynamics approach has gained
widespread use in development modeling and analysis. This is
due to the fact that the border area is a complex system with
various elements that are interconnected and dynamic. The
system dynamics approach offers several advantages for
analyzing and modeling border area development, namely: it can
be used to understand complexity, predict policy impacts with
various scenarios prepared, and improve communication and
collaboration. Several uses of system dynamics to analyze and
model border area development in various countries include:
studying the impact of infrastructure development in border
areas, analyzing the dynamics of migration and trade in border
areas, developing strategies to increase resilience and stability in
border areas, and predicting the impact of climate change in
border areas.(Tommy et al., 2016).

Based on this background, the problem in this research is
how to analyze border area development through security,
prosperity, and environmental approaches using system
dynamics in various development scenarios. The aim of research
on developing border areas with various scenarios using system
dynamics is to obtain sufficient scenario input for sustainable
development in border areas with optimal results. This is also
the novelty of this research, namely that the border area
development model uses security, prosperity and environmental
approaches simultaneously with various scenarios that have not
existed in previous researches.

METHOD

This research used dynamic simulation. The dynamic
simulation method utilized data about border area development,
which was obtained from a questionnaire distributed to Napan
village officials, border guard officers, the nearest military post,
and 78 North Bikomi sub-district officials. The data from the
questionnaire is arranged in the form of averages and standard
deviations for security factors, prosperity factors, and
environmental factors. Meanwhile, the border area development
model used a multiple linear regression model on the data.

The simulation was developed with three scenarios based on
the average of the data and reduced and increased by the
standard deviation. The first scenario was a simulation based on
the average security, prosperity, and environmental approach
data minus the standard deviation. The second scenario was a
simulation based on the average of security, prosperity, and
environmental approach data. The third scenario was a
simulation based on the average security, prosperity, and
environmental approach data plus the standard deviation.
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In detail, the research steps can be described as follows.
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Figure 1. Research flow diagram
(Currie et al., 2018; Eidin et al., 2024)

RESULT AND DISCUSSION

Based on the research results, the research results can be
compiled as a description of the research respondents. A
description of the results of the weighted questionnaire is
presented as follows.

Table 1. Description of research results

Standard

Variable Average . Min  Max
Deviation
Security factors 0.65 0.08 049 0.8l
Prosperity factors 0.60 0.06 048 072
Environmental 0.55 0.09 0.37 0.73
factors

Based on the description above, it appears that the average
scores on security factors, prosperity factors and environmental
factors are 65%, 60% and 55% respectively with standard
deviations of 8%, 6%, and 9%. These results show that the three
development factors in border areas are still not optimal and
need to be accelerated. Next, the results of the regression
analysis are presented as follows.
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Table 2. Regression model

Beta
Variable (Standardized t Sig
Coefficients)
Constant
Security App 0.36 475  0.000
Prosperity App 0.44 593  0.000
Environmental App 0.20 392 0.000

Based on the results of the regression analysis, a regression
equation is then prepared, namely:

Border Area Dev = 0.36 Security App
+ 0.46 Prosperity App
+ 0.20 Environmental App

Information:

Border AreaDev = Border Area Development
Security App = Security Approach
Prosperity App = Prosperity Approach

Environmental App = Environmental Approach

The results of this regression analysis will be used to
develop scenario-based analysis using system dynamics. The
first step in system dynamics is to construct a Causal Loop
Diagram as a diagram that describes the cause-and-effect
relationship between variables in a system. In detail it is
described as follows.

pppppp

prosperity ‘zol erity
Tactors prosperity border area
developmant

Figure 2. Causal loop diagram in the dynamic model of border
area development in Napan village, North Bikomi District

The causal loop diagram shows that border area
development is positively influenced by the security approach,
prosperity approach and environmental approach. Meanwhile,
each approach is influenced by security factors, prosperity
factors and environmental factors. Furthermore, border area
development influences every development factor. Based on the
causal loop diagram above, a system dynamics model was
prepared for modeling and calculating according to the
following scenario.
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Figure 3. Dynamic model of border area development

Based on the model in Figure 2, the model function
framework is prepared as follows. First, security factors,
prosperity factors, and environmental factors are functions with
a uniform distribution in the data range of the average value of
the questionnaire results minus the standard deviation to plus
the standard deviation. Second, the functions of security flow,
prosperity follow, and environmental flow are the values of each
corresponding factor. Third, the stock for the security approach,
prosperity approach, and environmental approach is an integral
result of the respective input flow which is reduced by the
outflow for the corresponding security development, prosperity
development, and environmental development. Fourth, outflow
for security, prosperity, and environmental are the input flow of
all proceeds from stocks from security, prosperity, and
environmental which are reduced by the output flow which is
channeled to the border development area. Fifth, border area
development is formulated in an integral form of security,
prosperity, and the environment, each of which is given a weight
according to the parameters calculated from the regression
equation resulting from questionnaire processing, namely: 0.36
for security, 0.44 for prosperity, and 0.20 for the environment.

Based on this model, three border area development
scenarios will be carried out based on security, prosperity, and
environmental approaches. The three scenarios were carried out
respectively with input from security, prosperity, and
environmental factors with low, medium, and high values. The
distribution of security, prosperity, and environmental factor
scores is being carried out based on the results of a
questionnaire given to experts and practitioners who
understand border issues in Napan village, North Bikomi sub-
district — East Nusa Tenggara. Next, the low scenario is
approached by subtracting the medium value by the standard
deviation, and the scenario with the high value is done by
adding the standard deviation. Input data for the three scenarios
for the three approaches is presented as follows.
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Table 3. Data for scenarios 1, 2, and 3 on the security approach prosperity dev Prosperity ~ Approach - Unit
Average StaI}d:itrd Min Max ' Border Area D‘evelopment ‘
deviation Prosperity Int (prosperity factors - Unit
Scenario 1 0.51 0.08 0.35 0.67 Approach prosperity dev)
Scenario 2 0.65 0.08 0.49 0.81 prosperity factors Random Uniform (0.43, Unit
Scenario 3 0.79 0.08 0.63 0.95 (scenariol) 0.55,0.05)
prosperity factors Random Uniform (0.54, Unit
From table 1, for the three scenarios in the security (scenario2) 0.66, 0.05)
approach, the average score for the security approach is 0.50 in prosperity factors Random Uniform (0.65, Unit
the first scenario, 0.65 in scenario 2 and 0.80 in scenario 3. Based (scenario3) 0.77,0.05)
on these three scenarios, border development patterns are environmental Environmental Approach - Unit
simulated under conditions of a prosperity approach and an dev Border Area Development
environmental approach in scenario 1, scenario 2 and scenario 3. Environmental Int (Environmental factors Unit
Approach - environmental dev)
Table 4. Data for scenarios 1, 2, and 3 on the prosperity Environmental Random Uniform (033, Unit
approach factors (scenariol)  0.51,0.05)
Average Standard ~ Min Max Environmental Random Uniform (0.46, Unit
deviation factors 0.64,0.05)
Scenario 1 0.49 0.06 0.37 0.6l (scenario2)
Scenario 2 0.60 0.06 0.48 0.72 Environmental Random Uniform (0.69, Unit
Scenario 3 0.71 0.06 0.59 0.83 factors 0.87,0.05)
(scenario3)
According to table 2, in the three scenarios for the prosperity
approach, the average score is 0.50 in the first scenario, 0.65 in Security Approach

scenario 2, and 0.80 in scenario 3. These three scenarios simulate
border development patterns under security and environmental
approaches in scenarios 1, 2, and 3.

Table 5. Data for scenarios 1, 2, and 3 on the environmental
approach

Average Starllda'trd Min Max
deviation
Scenario 1 0.42 0.09 0.24 0.60
Scenario 2 0.55 0.09 0.37 0.73
Scenario 3 0.78 0.09 0.60 0.96

Based on the three scenarios in the environmental approach,
in the environmental approach the average score for the
environmental approach is 0.40 in the first scenario, 0.55 in
scenario 2 and 0.70 in scenario 3. Based on these three scenarios,
border development patterns are simulated under conditions of
a security approach and a prosperity approach in scenario 1,
scenario 2 and scenario 3. Next, based on the scenario data, the
model function is prepared as follows.

Table 6. Variables/ factors, formulation, and unit in the

scenarios

Variable/ factor Formulation Unit
Border Area  Int (0.01*(3.6*security dev+ Unit
Development 4.4*prosperity dev+

2*environmental dev))

security dev Security Approach — Border Unit

Area Development

Security Int (security factors - Unit

Approach

security dev)

security  factors Random Uniform (0.43, Unit
(scenariol) 0.59, 0.05)
security  factors Random Uniform (0.57, Unit
(scenario2) 0.73,0.05)
security  factors Random Uniform (0.71, Unit
(scenario3) 0.88,0.05)
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In the security approach, simulation results are obtained
randomly with a uniform distribution. Graphically presented as
follows.

Security Approach
1
B il —
08 —— o L — =
- — \\w/ —
42 o 8 o~ AN
2 P M e 1 P > i’
06 7 = = //ﬁ - N ——

———  Security Approach 1 : current

Security Approach 3 : current
———  Security Approach 2 : current

Figure 4. Simulation results of the security approach

Figure 4 shows a simulation of uniform random results with
scores ranging from average - standard deviation to average +
standard deviation in the three scenarios. The first scenario is
the lowest level of security development (blue), then the second
scenario is development at the middle level of security factors
(red), and the third scenario is the highest (green). Based on the
three scenarios, development is carried out based on safety
factors as presented in Figure 4.

Prosperity Approach

In the prosperity approach, simulation results are obtained
randomly with a uniform distribution. Graphically, it is
presented as follows.
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Figure 5. Simulation results of the prosperity approach

Figure 5 shows a simulation of random uniform results with
scores ranging from average — standard deviation to average +
standard deviation in the three scenarios. The first scenario is
the lowest level of prosperity factor development (blue), then
the second scenario is development at the middle level of
prosperity factors (red), and the third scenario is the highest
(green). Based on the three scenarios, development is carried out
based on prosperity factors as presented in Figure 5.

Environmental Approach

In the environmental approach, simulation results are
obtained randomly with a uniform distribution. Graphically, it
is presented as follows.

Environmental Approach
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Figure 6. Simulation results of the environmental approach

Figure 6 shows a simulation of random uniform results with
scores ranging from average - standard deviation to average +
standard deviation in the three scenarios. The first scenario is
the lowest level of environmental factor development (blue),
then the second scenario is development at the middle level of
environmental factors (red), and the third scenario is the highest
(green). Based on the three scenarios, development is carried out
based on environmental factors as presented in Figure 6.

Border Area Development

In developing border areas, simulation results are obtained
within a specified time span, namely from t=0 to t=10 (t in
semester). The result of simulation is presented graphically as
follows.
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Figure 7. Border area development simulation results based on
the three scenarios

Based on the Figure 7 as simulation results, it appears that
with the highest scenario, results reach 73% of current
conditions with a development period of 5 years. If calculated
annually, the development achievements of border areas can
increase from the previous condition of 14.5%. This condition
has the prerequisite that input from security, prosperity, and
environmental factors be increased from the current condition of
8% for security, 6% for prosperity, and 9% for the environment
consistently for 5 vyears. If security, prosperity, and
environmental factors are developed with the same development
capital as today, then the development of border area
development in Napan will only reach 58% higher than now
within a period of 5 years. Even if security, prosperity, and
environmental factors are reduced by 8%, 6%, and 9%, it will
reduce the percentage increase in border area development
achievements within five years to an increase of only 48% from
now. For this reason, the desired major achievements can be
achieved by using an optimized approach to security, prosperity,
and environment.

CONCLUSION

Based on the results of the analysis and discussion, it can be
concluded that the system dynamics model for the development
of the RI border area with Timor Leste in Napan Village, North
Bikomi District - East Nusa Tenggara can be developed using
multiple regression analysis. The equation resulting from
multiple regression was used as a basic model, which was then
developed into three system dynamics simulation scenarios,
with reference to the average value of data for each variable
being reduced, and one standard deviation added. The
simulation results show that the target for achieving
development in border areas will reach 73% within 5 years if
input from security, prosperity, and environmental factors is
increased from the current condition of 8% for security, 6% for
prosperity, and 9% for the environment consistently. If the
current situation persists, the development of border areas in
Napan will only increase by 58% over a 5-year period. Even if
security, prosperity, and environmental factors are reduced by
8%, 6%, and 9%, it will reduce the percentage increase in border
area development achievements to only 48%.

Furthermore, it is recommended to increase development on
factors in security, prosperity, and environmental approaches by
a minimum of 8%, 6%, and 9% from current conditions. This is
intended so that in the next five years significant progress will
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be achieved which will reach almost double the current
condition.
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