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ABSTRACT Marine management areas in Indonesia can be claimed 12 nautical miles from the coastline
by regional governments, according to Law 23 of 2014. However, in reality, there are many provinces
whose distances to other provinces are fewer than 2 × 12 nautical miles, necessitating that they be
delimited fairly and proportionally. The provinces of South Sumatra and Bangka Belitung Islands are
such an example. The absence of clear boundaries drawn on the national map of Indonesia was the
fundamental problem and focus of this study, owing to the need for delimitation of regional sea boundSUBMITTED 13 September 2020
aries. The delimitation method used to obtain the median line was the equidistance principle using
REVISED 31 March 2021
the basepoint to basepoint approach and baseline to baseline, within the consideration of the coastACCEPTED 15 April 2021
line proportion. Small islands are taken into account as a highly influencing factor and cause of the
deviation from the pure median line. The median line results based on the basepoint to basepoint
approach showed an area of the ocean as large as 7426.24:5973.41 km2 , considering the coastline proportion. Meanwhile, with the baseline to baseline approach, resulting area was 7430.65:5956.13 km2
(South Sumatra:Bangka Belitung Islands). The equidistance principle is a comprehensive method for
calculating the median line, as shown in this research.
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1. INTRODUCTION
The geographical condition of Indonesia was formed of an
archipelagic state, making it a country that has an important and strategic position with a high amount of maritime
traffic (Lasabuda 2013). Management of the sea area is affirmed in Law No. 23 of 2014 concerning Marine Affairs,
where the management of sea space is concerned with
the planning, utilization, supervision, and control of the Indonesian maritime. Each region in the management of natural resources and environmental preservation in the sea
has a relatively broad authority with the enactment of Law
No. 22 of 1999 (Adnyana et al. 2009).
The vast territory of Indonesia requires effective and
optimal management of the sea area, consequently necessitating clear boundaries to avoid conflicts in the management of marine resources. The enactment of Law No. 23
of 2014 concerning Regional Government is expected to be
able to accelerate the welfare of local communities through
the use of natural resources, including those originating
from the ocean (Simatupang 2016).

Clear and definitive boundaries legally play an important role in governance, defense and security and so on.
The boundaries of concern are not only land borders—
maritime boundaries are also issues that need to be considered. The need to formulate boundary arrangements for
areas with adjacent and opposite coastlines arises with the
continued expansion of maritime space under national jurisdiction (Republic of Indonesia 2014).
Determination of maritime boundaries becomes important for local governments, at both the provincial and district or city levels. The purpose of determining and affirming boundaries refers to the desire to maximize regional
autonomy, and aims to elucidate the extent of the spatial
boundaries of a legal state, ranging from ownership, usage rights, boundaries in spatial planning, government responsibility, taxation, determining the area’s size in order
to calculate potential resources, population density, to regional balance funds. This work includes: 1) determination
of boundaries from the juridical aspect, 2) measurement of
boundary coordinates in the field, and 3) mapping of the
border area on a map or in a digital database (Sugito 2016).
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In view of the geopolitical conditions of the region and
the conditions of laws and regulations in Indonesia that
support accelerating the determination and assertion of
territorial boundaries, particularly in the marine area segment, this study tried to describe the maritime boundaries
of two adjacent provinces in northwest Indonesia. The unclear boundaries of the assertion of maritime boundaries
in Indonesia can be observed in the printed map of the national marine environment, on which the boundaries of the
sea area are not drawn, as reflected in the waters between
the South Sumatra Province and Bangka Belitung Islands
Province (Figure 1).
South Sumatra Province and Bangka Belitung Islands
have a distance of <2 × 12 nautical miles, which means that
legally the area must be divided into two sea areas allotted
for each province, in order to obtain a fair boundary. The
fact that the boundary of the sea area has not been a priority was the impetus for this research, which took as a case
study the regional sea boundaries between the provinces
of South Sumatra and Bangka Belitung Islands, where the
sea area between the two provinces is rich in natural resources that can be utilized by each provincial government,
with a note of clear boundary management. On the other
side, as an archipelagic country, straits serve as routes for
strategic shipping and trade. This research focused on the
application of technical methods that refer to the Ministry
of Home Affairs of Indonesia’s Regulation No. 141 of 2017
concerning the Enforcement of Regional Borders, or regulations regarding other technical methods obtained from
various literature sources, as well as Republic of Indonesia
Law No. 23 of 2014 concerning Regional Government. The

method chosen will determine the results depicted on the
map, so that in addition to the shape factor and coastline
variation, it will also determine the subsequently formed
boundary line of the sea area. This study sought to obtain
the regional maritime boundaries by considering the technical and legal aspects under certain circumstances and international case study references.
Past research has discussed the strait between the two
provinces, such as that by Rais (2003). However, as far as
we know, the effect of the smaller islands has not been considered yet, while the method used was the cartometric
method. From this gap in the previous research, we aimed
to obtain a new perspective built upon the aforementioned
study, wherein the regulation used was Law No. 22 of 1999
(Rais 2003), a law that is no longer used today and has been
repealed, so it needs to be updated.

2. MATERIALS AND METHODS
2.1 Research location
The location of this study comprised the Bangka Strait region, which borders two provinces, namely South Sumatra Province and Bangka Belitung Islands Province. South
Sumatra Province is located 1–4°S, 102–106°E, while Bangka
Belitung Islands Province is locaed 1°50′ –3°10′ S, 105–108°E.
Figure 2 is a map of the research location with the Mercator
projection and on canvas with a Geographic grid, showing
the two provinces as well as the Strait of Bangka and surrounding areas. The selection of research sites was based
on the fact that there are no strict local marine management boundaries in the area, as well as data showing that
waters in the area have abundant marine resources, especially for fisheries. Another factor was the geographical fact
that shows that the area of South Sumatra Province is approximately 19.7 nautical miles from its counterpart, so the
boundary between the two provinces has become increasingly important.

2.2 Data, GIS tools, and supported instruments
The data used in this study was in the form of National
Marine Environment map data (Lingkungan Laut Nasional;
LLN) with sheet number LLN-07 scale 1:500,000, sheet
number LLN-09 scale 1:500,000, and sheet number LLN11 scale 1:500,000. The maps obtained were in the form of
digitally printed maps, so a georeferencing process needed
to be carried out before the map was used as a base map
FIGURE 1. Visualization of the Indonesian base map, showing that there
are no boundaries drawn on the map.

FIGURE 2. Research location, comprising the two provinces of South
Sumatra and Bangka Belitung Islands and the Bangka Strait.
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FIGURE 3. Marine environmental map (composed of sheet numbers LLN07, LLN-09, and LLN-11), following the georeferencing process.
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in the process of drawing sea boundaries. Figure 3 shows
the subsequent map following the georeferencing and mosaic processes. Georeferencing was carried out using an
affine transformation and first-order polynomial, by using
a tie point at the intersection of the latitude and longitude
on the map with a geographic coordinate system, and WGS
84 Datum with Mercator projections. First-order polynomial is a geometry-based mathematical calculation technique for interpolating data. Meanwhile, the georeferencing process needs to be done carefully because it will affect accuracy. The process of obtaining regional maritime
boundaries practically needs GIS, which improves human
knowledge in resolving the issue of lack of knowledge on
maritime boundaries, and makes it clear with a visualization on the map canvas (Arsana et al. 2006). Delimitation of
regional maritime boundaries for obtaining a marine management area domestically requires that attention is paid
to some process, namely 1) preliminary issues, 2) collecting the data including maps, treaties, regulations, and laws,
3) choosing the study methods, 4) the delimitation process,
and 4) negotiations and drafting at the institutional level,
with both the central and regional governments.
For supporting the delimitation process, GIS tools play
an important role in determining the median line as the
result of the delimitation of maritime boundaries and can
be powerful tools for applications as long as the user employs clear data (Caflisch 2012). Two types of GIS software
were used in this research, QGIS within the EqDistant plugin for delimitation of the maritime boundaries using the
equidistance principle with the basepoint to basepoint approach, and AutoCAD MAP 3D for delimitation of the maritime boundaries using the equidistance principle within
the baseline to baseline approach. We also used the ArcGIS
software to make an effect buffer from the small islands
around the strait. Another necessary instrument was the
legal aspect, which is supported with government regulations, specifically Law No. 23 of 2014 concerning Regional
Government, and Regulation of the Minister of Home Affairs No. 141 of 2017 concerning the Enforcement of Regional Borders. The regional sea authority for the regional
government is described in article 27(3) of Law No. 23 of
2014 as follows (Republic of Indonesia 2014):
“The authority of a provincial region to manage
natural resources in the sea as referred to in
paragraph (1) is no more than 12 (twelve) nautical
miles measured from the coastline towards the
high seas and/or to archipelagic waters.”

the boundary lines and coastlines, as well as the elements
of the base map, with at least one segment with a boundary
corridor of at least 15 cm from the boundary line on the map.
The equidistance principle is one delimitation method that
recognizes this regulation. There are three different conditions on the calculating of boundaries in the ocean: (1) region with the coast facing the open sea and/or archipelagic
waters by more than 12 nautical miles from the coastline
or an island separated from the mainland, (2) region with
the opposite coast of each other’s coasts, and (3) the region
with the coast side-by-side with another regional coast.

2.3 Delimitation of regional sea areas
Delimitation of the regional sea area boundaries was based
on Law No. 23 of 2014, which is the result of the revision
of Law No. 32 of 2004 and Law No. 22 of 1999, where regions are given the authority to manage marine areas up to
the limit of 12 nautical miles (Kurniawan 2019). The management of 12 nautical miles is given to the area except for oil
and gas matters. The area referred to in this paper is that
of the provincial government (Republic of Indonesia 2014).
Drawing of the cartographic boundary is shown technically
in Figure 4. The boundaries of the marine management
area are obtained through the redrawing of the median line
by considering the shape of the baseline. The use of the
median line drawing method is greatly concerned with the
shape of the baseline formed from the basepoint, so that
the midpoint will be determined by the meeting of the two
nearest base points (Figure 4a); this method is commonly
referred to as the same method distance with the basepoint
to basepoint approach. As a result, the shape of the median line obtained is still in a rough configuration, and on

(a)

Article 27(4) of Law No. 23 of 2014, meanwhile, discusses
when two regions have a sea area that is less than 2 × 12
nautical miles. In this context, the provinces can negotiate
in accordance with article 27(4):
“If the sea area between two provinces is less
than 24 (twenty four) miles, the authority to manage natural resources in the sea is divided equally
or measured in accordance with the principle of
the diameter of the area between the two regions
of the province.”
Regulation of the Minister of Home Affairs No. 141 of 2017
concerning the Enforcement of Regional Borders plays a
main role in defining the technical aspect. According to this
regulation, a maritime boundaries map is a kind of thematic
map that depicts the position of the coordinate points of
ASEAN J SCI TECHNOL DEV 38(2): 51–58

(b)

FIGURE 4. Two approaches to the delimitation of maritime boundaries
of two opposite regions based on the equidistance principle (Patmasari
et al. 2016): a) basepoint to basepoint approach within construction lines;
b) baseline to baseline within circles inside the area of dispute.
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some sides, the base point area at the bay location will not
be considered. Another approach that can be applied with
the equidistance principle is to consider it baseline to baseline, where this method employs a circle that can fill in the
blanks of each graphical side of the location to be delimited. The circle in this approach serves as a medium that
brings together two baselines in one circle segment (Figure 4b). The principle of equidistance in drawing maritime
boundaries does not always refer to the literal sense of fairness (Rais 2003), because fairness is actually the result of
mutual agreement over two or more disputed territories.

ate administrative uncertainty over marine space management. Figure 6c provides a visualization of the overlapping
claims that occurred between South Sumatra Province and
Bangka Belitung islands. The overlapping areas have a very
high potential to produce conflict, especially in the field of
marine and permit management in the area of the sea itself. Visualization was carried out with the aid of GIS-based
tools, to define the actual location of the earth’s surface in
the form of projections (Mercator). Distortion due to the
shape of the earth that is geoid and “forced” on a flat plane,
will still have an effect.

3. RESULTS
3.1 The urgency of redrawing sea boundaries in the
Bangka Strait
The coastline of the two regions (South Sumatra and the
Bangka Belitung Islands) when calculated using a GISbased device and taking into account the Mercator projection, and referring to the horizontal datum WGS-1984, has a
distance of less than 2 × 12 nautical miles (24 nautical miles)
for the location of waters inside the Bangka Strait. For example, at two peninsula points facing each other with the
farthest distance, the coordinates located in 2°17′ 35.094′′ S
and 104°54′ 44.962′′ E for a peninsula point in South Sumatra Province and 2°4′ 51.858′′ S and 105°9′ 52.108′′ E for the
point of the peninsula in Bangka Belitung Islands Province,
precisely on Bangka Island (Figure 5). These two points on
the canvas with the Mercator projection have a distance of
19.7 nautical miles, which means that if guided by Law No.
23 of 2014, there is a difference of 4.3 nautical miles from
the provisions that there should be 24 nautical miles.
The maximum line of claims is formed from the construction of a 12-nautical-mile distance drawn from the respective coastline to the center of the circle (Figure 6a),
and drawn on an ongoing basis. This line as a whole will
form a jurisdictional line that limits the rights and obligations of an area to its sea space. Figure 6b illustrates the
maximum claims that can be obtained by each province, in
accordance with applicable regulations. Claims of 12 nautical miles that can be claimed legally by each province are
obtained based on the drawing of a coastline of 12 nautical miles towards the waters of the islands. Claims are
obtained through a geospatial process known as the term
buffer. Areas that have sea space below 2 × 12 nautical
miles will cause double ownership of the sea space, which
is also referred to as overlapping claims. Such claims cre-

(a)

(b)

(c)

FIGURE 5. Two farthest points between the two provinces, revealing a
distance of less than 2 × 12 nautical miles.

54

FIGURE 6. Potential and optimum sea area claims that can be made by
each province. a) Center of circle concept to draw (International Hydrographic Organization et al. 2006); b) 12 nautical miles optimum claim from
coastline; c) potentially overlapping claim on the Bangka Strait.
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(a)

(b)

FIGURE 7. Redrawing of maritime boundaries of South Sumatra and Bangka Belitung Islands using the equidistance principle and basepoint to basepoint
approach with a coastline ratio of (a) 1.172:1 and (b) 1:1.

3.2 Redrawing of maritime boundaries using basepoint
to basepoint approach
Mathematically, the extent of overlapping sea areas, if referring to the claim of a maximum of 12 nautical miles for
each province, will encompass 3992.5 km2 . Looking at
the geographical conditions of the coastlines of the two
provinces, there is South Sumatra and Bangka Belitung
Islands, which have complicated and wavy coastline configurations, so that more peninsulas will affect the number of turning points that are formed. Redrawing the
median line using the basepoint to basepoint approach,
the first experiment used a coastline proportion of 1.172:1
(456.6km:389.6km) for South Sumatra and the Bangka Belitung Islands. This proportion was obtained by using the entire length of the coastline of South Sumatra Province from
the north (bordering Jambi Province) to the south (bordering Lampung Province), for the coastline of Bangka Belitung
Islands Province, with the coastline directly facing “head to
head” the coastline of South Sumatra Province. The coastline ratio of 1.172:1 results in the shape of a median line construction with 1,085 control points (figure 7a). The control
point is a turning point that forms a continuous line called
an equidistance line (pure median line). This pure median
line produced a median line section 391.1 km long. Then,
the pure median line needs to be adjusted to the overlapping area to produce a proportional median line.
To obtain a framework based on the same aspect ratio, delimitation was also performed using a coastline ratio of 1:1, resulting in 389.6:389.6 km for South Sumatra and
Bangka Belitung Islands, respectively. This was intended
to provide a fair view by considering the length of the relevant coastline. The results obtained did not show a significant difference, with the difference seen being the reduction in the number of control points or turning points, from
the original number of 1,085 to 1,055 control points. There
was a difference of 30 points, contributing to 67 km of a
line section being lost. Figure 7b visualizes the maritime
boundaries of the two provinces based on the basepoint to
basepoint approach with a 1:1 coastline ratio. Calculation
of the maritime boundary showed that the length of the
coastline will greatly affect the resulting maritime boundary components (median line, construction line, and control point). More coastline shapes have high variations, and
the shape and pattern of the median line will be more varied, due to the construction lines following the shape of the
ASEAN J SCI TECHNOL DEV 38(2): 51–58

coastline or baseline. Variations in the shape of the coastline will also affect the number of control points produced.
Generally, the control points represent curves or situations
that require the bending of a median line. All of the calculations on the delimitation process were performed using
the EqDistant Plugin in QGIS.

3.3 Redrawing of maritime boundaries using baseline
to baseline approach
Another method of maritime boundary delimitation using the equidistance principle, especially for regional sea
boundaries, is the baseline to baseline approach. This
method uses focuses on the construction of a circle that
fills the ocean space from the baseline of province x to the
base line of province y, so that the midpoint of the meeting
of the two baselines is a “balanced” point dividing the two
sea areas. In the baseline to baseline approach, there are
no control points, because the median line is formed by adjusting the midpoint of the circle, so it does not play a role
in turning the circle (Figure 8). The delimitation process
using the baseline to baseline approach does not use baseline ratios of the two provinces, because both will produce
the same results. This occurs because the constructed circle will not have changed. In this study, the delimitation
process was carried out using AutoCAD Map 3D.

FIGURE 8. This figure show the result of calculation of regional maritime
boundaries using equidistance principles within baseline to baseline approach.
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(a)

(b)

(c)

FIGURE 9. Small islands around of Bangka strait and potentially make an effect to pure median line was been calculated before: a. Maspari island, has
captured from google earth; b. Nangka besar, Pegadung island and Pelepasan island, has obtained from planet.com; c. position of small islands on the
map.

3.4 Small islands and their effects
There are at least four islands whose position can potentially affect the shape of the pure median line formed,
namely Maspari Island (South Sumatra), Pegadung Island,
Nangka Besar Island, and Pelepasan Island (Bangka Belitung), in addition to the position of both islands on the
Bangka Strait (Figure 9). In some cases, small islands are
usually combined with the coastline, so that they become in
unison with the coastline, even though the actual condition
is separate from the mainland. However, in this case, the
small islands were given their own effect because their locations were far from the mainland. This study used weights
for small islands to have their own maritime regimes, so
they could have an effect on the pure median line produced. The weight given to each island was not full (12
nautical miles), but rather only half of the total mainland
claim (6 nautical miles). The difference in weighting from
what should have been done by Arsana (2014) gave different
weights to the islands of the Republic of Palau in the waters
of the claim of Indonesia’s exclusive economic zone.
Figure 10 shows the pure median line that was modified by the effect given by an island near the median line.
Through the calculation of the sea area boundaries for the
provinces of South Sumatra and Bangka Belitung Islands,
the results obtained for the area of the same distance approach of baseline to baseline were 7426.25 km2 for South
Sumatra Province and 5973.42 km2 for Bangka Belitung Islands Province, therefore the ratio obtained for the area of
the two regions was 1.172:1. For the same distance method
in the basepoint to basepoint approach, the results of the

(a)

area were 7430.65 km2 for South Sumatra Province and an
area of 5956.14 km2 for Bangka Belitung Islands Province,
so that a ratio of 1.172:1 was obtained. This area is for the
claim of a sea area with a facing coastline “head to head,”
not including the entire sea area of South Sumatra Province
(the western part) and not including the entire Bangka Belitung Islands Province (there is an eastern segment bordering Riau Islands Province).

4. DISCUSSION
4.1 Geospatial aspect on the delimitation process and
its implications
The national regulations for delimiting marine management areas refer to Law No. 23 of 2014 concerning Regional
government. This law contains the theory, concept, and
principles; however, if viewed from the technical context,
Regulation of the Minister of Home Affairs No. 141 of 2017
concerning the Enforcement of Regional Borders provides
the legal guide. Geospatial and GIS tools in this context
have a position to translate the regulation to provide a spatial visualization. Maritime boundaries for delimiting the
marine management area are basically imaginary lines that
extend above the ocean, the agreed upon boundaries might
be different from the results obtained through technical
construction. When the dispute gets serious, they try to
settle it according to different methods of the settlement,
but in most of the cases, the parties of the dispute fail to
reach an agreement (Hasan et al. 2019). The boundary line

(b)

FIGURE 10. Effects of small islands on pure median line. a) Small island effect from the result of the median line of the baseline to baseline approach;
b) small island effect from the result of the median line of the basepoint to basepoint approach.
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can also be determined through a political approach, also
known as a “political line.” Looking at the geographical situation on the Bangka Strait, there will be areas that have
overlapping claims in the seas of the two provinces, as reflected in Figure 6. Unclear ownership claims will cause
various problems, including: 1) differences in claims over
land area that can lead to differences in data, 2) responsibility for management of unclear marine space, and 3) unclear
acceptance of the fisheries sector as data for calculating regional income. Unclear ownership of the sea area must be
resolved immediately to avoid horizontal conflicts.
The results of the regional maritime boundary calculations using both basepoint to basepoint and baseline to
baseline approaches revealed that the median line does not
differ greatly, suggesting that either approach can be applied in the research location. The results further showed
that marine space had a difference of 4.4 km2 for South
Sumatra’s marine management area and 17.28 km2 for that
of the Bangka Belitung Islands. Referring to what has been
done by Rais (2003), it can be concluded that the method
used in this study is the cartometric method using the bisector concept to obtain marine management area boundaries, then assisted by field surveys. Field surveys help to
increase the accuracy because it includes a process of determining the position using GPS. However, the aforementioned research uses a reference to regulations that have
been repealed by the Indonesian government, namely Law
No. 22 of 1999. Based on these regulations, the coastline
used in the study of Rais (2003) was the one at a condition of the lowest tides, whereas according to a more recent regulation (that is, Regulation of the Minister of Home
Affairs No. 141 of 2017), the coastline used in the drawing of
regional sea boundaries is the intersection of the highest
tide line with the land. Unfortunately, in this case, the base
map used for marine mapping is the national marine environment map, on which the coastline was drawn at lowest
tide. This map is still used for determining coastlines because the scale is on a small level (1:500,000), so that the
difference between high and low tide is not too different.
Another reason is the national marine environment map is
one of the base maps recognized by Indonesian law. Likewise, for the method used, the combination of the cartometric method with the bisector concept is a method with
good accuracy if it is supported by field surveys (Rais 2003),
but in a legal context, the method recognized is the equidistance principle (Ministry of Home Affairs of the Republic of
Indonesia 2017).
Drawing of maritime boundaries is very closely related
to mathematical concepts, so configuration of the coastline as input data plays a role in the resulting median line.
The more complicated the shape of the coastline configuration, the more complicated the resulting median line,
and vice versa. There is a great amount of variation in the
shape of the coastlines of South Sumatra and Bangka Belitung Islands Provinces. Geographical features that need to
be considered include the position of the small islands on
the Bangka Strait, which is far from the main island, making it unable to be drawn into a single coastline with the
mainland. The small islands can be given 50% of marine
space, although this can change in accordance with relevant circumstances (Arsana et al. 2010; Arsana 2014). The
effect of small islands on the resulting median line has not
yet been explained technically in the applicable regulations
in Indonesia. Furthermore, in an international context, the
International Court of Justice in the case of Qatar v. Bahrain
ASEAN J SCI TECHNOL DEV 38(2): 51–58

decided that small islands must be considered in terms of
being given proportional space in maritime delimitation,
and can’t have a “disproportionate effect” (Plant 2002). For
those reasons, the small islands in the Bangka strait (Maspari island in South Sumatra and Nangka Besar, Pegadung,
and Pelepasan islands in Bangka Belitung Islands) add six
nautical miles to the median line, as that is 50% from the
full effect of the coastline (see Figure 10).

5. CONCLUSIONS
The equidistance principle is a proportional method for obtaining boundaries between regional sea regions. The basepoint to basepoint approach is suitable for coastlines with
a greater variation in shapes; conversely, the baseline to
baseline approach is more suitable for areas with coastlines
that have homogeneous shapes. The equidistance principle method with these two approaches produces a proportional sea space in a “head to head” facing sea area, wherein
the two provinces have a ratio of no more than 1.172:1. This
research may serve as a reference for other studies discussing topics related to delimiting marine management areas, or maritime boundaries, generally, as long as a country
has an ocean, in which case it needs to be divided based on
its jurisdiction. Small islands have a large impact according
to this research, because each island affects the median line
by 50%.
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