GEOMATICS AND ENVIRONMENTAL ENGINEERING ¢ Volume 17 « Number 4 « 2023

https://doi.org/10.7494/geom.2023.17.4.19

Agung Kurniawan', Widodo Setiyo Pranowo? Karen Slamet Hardjo?,
Agus Iwan Santoso*, Nurul Khakhim?® Taufik Hery Purwanto®, Johar Setiyadi’

3D Marine Cadastral System

to Support Marine Spatial Planning Implementation
in Indonesia:

A Case Study of Penanjung Bay, Indonesia

Abstract: The ocean is a formation that has a volume and consists of a surface layer of
water, a column, and a bottom. Visualization of the sea on a digital map is
important to support the acceleration of marine spatial planning (MSP), which
is generally two-dimensional on a flat plane. A marine cadastre is defined as
an instrument used in managing spatial boundaries, which describes, visual-
izes, and realizes legally defined boundaries as well as rights, restrictions, and
responsibilities related to activities in the marine environment. Therefore, vis-
ualization in 3D will open a wider perspective than conventional maps. The
3D marine cadastral system was built using the Penanjung Bay pilot project
and the QGIS2Three]S plugin with JavaScript. The results obtained can pro-
vide a 3D visualization of the position and boundaries for each component of
the marine cadastre in Penanjung Bay with a broader picture of the sea spatial
layout in the region.
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1. Introduction

The management of marine space is positively related to the marine spatial
planning (MSP) system to produce spatial planning priorities in the ocean, which
are incorporated into national policy. The effectiveness of MSP facilitates the ad-
aptation of the national government in developing the spatial management of wa-
ters [1, 2]. MSP is also a practical way of managing the interaction between marine
space and its visual usage in maps. It helps to protect marine ecosystems in a relaxed
and planned manner [3]. However, it cannot be separated from the public process
of analyzing and allocating the distribution of activities in an integrated approach.
Spatial and temporal relationships between humans, the sea, and political activities
in general are involved in achieving this process [4].

For coastal countries, the sustainable management of marine resources is an
urgent task, including many cases of non-environmental violations due to the in-
efficiency of marine management mechanisms. The management of marine space
has previously been conducted on the basis of sectoral and fragmented interests,
which have failed to encourage the sustainable use of the marine environment. Con-
sequently, the cumulative impact on the ecosystem has been neglected because the
concentration is directed entirely toward industrial interests [5]. MSP was developed
as part of a neutral process through a transformative governance approach to funda-
mentally change how humans interact and regulate the seas [2]. The MSP in Indo-
nesia is officially regulated through Government Regulation number 32 of 2019 con-
cerning the marine spatial plan. The management of marine space, which includes
planning, utilization, supervision, and control, is carried out to protect resources
and the environment as well as to utilize the potential of resources or activities in
marine areas on a national and international scale. MSP is the jurisdiction of a coun-
try but in a global context, it can be observed through the IHO (International Hydro-
graphic Organization) S-100 project with more specific topics, namely S-122 marine
protected areas and S-126 physical environment.

Population growth with increasingly massive activities and urban development
in coastal areas [6], combined with depleting critical natural resources, exacerbate
marine environmental conflicts [7, 8]. The available natural resources are increasing-
ly scarce, and the target areas of human activities are becoming more concentrated.
Various stakeholders are involved in conflicts over issues related to conservation
and development, especially in marine areas [8-10]. In managing sustainable coastal
areas and resources, direct friction between interests and conflicts are usually com-
mon in the field due to increased population growth in coastal zones. Therefore,
conflict resolution techniques are needed to avoid latent conflicts that grow and are
resistant to management solutions [8].

Geographic information systems (GIS) and geospatial information are con-
sidered appropriate methods for dealing with conflicts in the management of
the MSP [6, 11]. GIS have ability with multiple criteria for decision-making (MCDM)
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and spatial decision support systems (SDSS), any potential conflicts can be identi-
fied and mapped by observing the landscape from various angles, as well as scanning
to find certain opportunities to optimize profits and simultaneously avoid conflict [8].

The application of GIS in the field of marine management, known in that field as
marine cadastre, is developed through a GIS system by considering aspects of data
standardization, interoperability between systems, and capabilities such as DSS (de-
cision support system) [7], including implementing spatial decision support systems.
Marine cadastre is relatively similar to land cadastre, with higher complexity, such as
the absence of physical boundaries, including markers, piles or fences [12]. A marine
cadastre is built by considering a country’s form and institutions. As an archipelagic
country, Indonesia cannot directly adopt concepts from other non-archipelagic coast-
al countries. The depiction of marine space in a system needs to consider whether
the sea in the context of the real world is an object that has a volume which cannot
be described perfectly through 2D (two-dimensional) printed and digital maps [13].

This study aims to describe the spatial sea space to achieve the MSP acceleration
with a 3D (three-dimensional) approach. A 3D marine cadastral map provides detailed
pictures of objects in a location and their important attributes in GIS [14]. Therefore, the
area and volume of legally recorded property can be visualized on each side [15]. Legal
aspects originating from government regulations and laws are described by consider-
ing the spatial dimensions of an area to depict the 3D spatial area of the legal volume.

The Indonesian Marine Cadastre Information System (IMCIS) has a visualiza-
tion base in 2D and 3D. It was developed by considering the shape of Indonesia as
a sovereign archipelagic state and providing a more significant appearance in delin-
eating the rights and boundaries of marine space management [13]. As an informa-
tion system, the marine cadastre is designed as a tool and mechanism for providing
data and information as a source for planning and decision-making processes, as
well as legal evidence of a particular sea, sea rights, and leases. Among the technical
aspects of marine cadastre, spatial data infrastructure plays a very important role [7].

2. Methods and Material

2.1. Methods - Key Features

This study analyzed the application of technology (GIS field) by considering
the applicable legal aspect or statute approach through government policy [13]. The
technology-based study has the characteristics to form structures and procedures
in building new systems whose main features can function well and are easy to un-
derstand. The outcome is a system that can use a visual technology approach to de-
scribe changes continuously, as well as objectify technology information into visual
instruments through structured governance [16]. Integrating technology with appli-
cable legal aspects can provide flexibility in understanding the context of a problem
from various perspectives [13].
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2.2. Study Site

This study site was in the Penanjung Bay area, located at the border of two
provinces, Central Java and West Java. Penanjung is a large bay with a configuration
of two small bays (Parigi and Citandui) as illustrated in Figure 1. Due to its location
on the boundary between two provinces, this study involved the zoning plan for
coastal areas in both regions.
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Fig. 1. Study site

Source: processed by the authors from [17]

2.3. Materials and Instruments

This study used GIS for marine applications, in the construction of the 3D ma-
rine cadastral system, study materials and instruments were divided into two cat-
egories, namely, legal and technical aspects. The legal aspect is a collection of laws
and regulations that have direct implications for the regulation of marine space
management.

The technical aspect category includes instruments used to build 3D marine ca-
dastral system. The instruments employed include 1) GIS-based software to manage
and process raster data into vectors, as well as 2) QGIS software and EqDistant and
QGIS2Three]S plugins.
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Table 1. Sources of data on legal aspects and information that can be obtained

No. Legal aspect Additional information
1 |Regional Regulation number 13 Zoning plan for coastal zone and small islands in
of 2018 Central Java Province 2018-2038

2 | Regional Regulation number 5 of 2019 | Zoning plan for coastal zone and small islands in
West Java Province for 2019-2039

3 | Government Regulation number 32 Marine spatial planning (the legal basis for managing
of 2019 marine space, especially using a spatial approach)
4 | Law number 23 of 2014 Local government (rights and obligations of

local governments in managing the sea, along with
their boundaries)

5 | Minister of Home Affairs Regulation | Regional boundary demarcation
number 141 of 2017

6 | Indonesian Nautical Chart number 69 | Spatial data source
Central Java

7 | BATNAS (National Bathymetry) Topography of waters

2.4. 3D Deep Sea Concept (Three-dimensional)

The 3D concept was built to answer the urgency of depicting the marine envi-
ronment as it is in the field. The vertical composition, which is not considered on
conventional maps, becomes the main component to provide an overview of the
water column elements in the case of 3D, including the structure of the layers be-
low. In 3D, depth is displayed with volume considerations for the methods and
parameters used [18]. Legally provided 3D information can accurately describe the
registered field on the surface or underneath. Stakeholders, directly or indirectly,
will benefit from understanding exploration rights and authorities in a 3D frame-
work and their impact on the environment or other management rights in the same
or adjacent fields [19]. It is common for rights and boundaries between two or more
properties to overlap. Another condition that might occur is two intersecting sea
rights under water, rather than at the surface in general, in the water column, or
even on the seabed. Therefore, in regulating marine space, the accurate visualization
of rights is necessary [20, 21].

2.5. Definition of Marine Cadastre

The marine cadastre is an instrument for managing spatial boundaries, which
describes, visualizes, and legally realizes boundaries along with rights, restrictions,
and responsibilities attached to activities in marine space for more effective manage-
ment, as illustrated in Figure 2. A marine cadastre gives users the ability to “describe,
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visualize, and realize” spatial information in the marine environment [12]. It includes
location and spatial information regarding the rights, boundaries, and responsibili-
ties of property in defined marine space, planning guidelines, and legal definitions.
Due to accurate and comprehensive digital spatial data instruments, the area of the
property in the form of “non-spatial” and its inherent legal aspects can be abso-
lutely described. The sea has physical characteristics, including topography, which
must be described properly with appropriate resolution. This physical realization
will assist in activities such as managing and creating newly designated fisheries or
aquaculture areas, monitoring, exploration, as well as laying cables and pipes. This
will facilitate integrated maritime territorial management [12].

Land Industry/activities
Tourism «———  Urban Development, etc.

Coastline

Marine
Protected Area

Aquaculture

Maritime
Boundary

Shipping
And Port

Pipeline

ine Cable Realise

Visualization
2D/3D

© » Describe

Fig. 2. Marine cadastral diagram concept

2.6. Marine Cadastre Components

An object above the sea requires a digital vehicle, especially a map, to find its
exact position. A specific location which can be referenced in the real world will
show the object’s position between the boundaries of the spatial zone for a particular
designation in the sea. Spatially delimited zones are referred to as marine cadastral
components. According to [13], the marine cadastral components are:

1. Sea boundaries

This component is the most crucial in dividing the sea area according to the
government that manages it administratively and in a tiered manner.

2. Tourism

This component is a strategic area to encourage the acceleration of develop-
ment and economy in coastal areas.
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3. Marine protection and conservation
Marine protection and conservation components are used to represent areas
protected by the government for ecosystem sustainability.

4. Shipping
This component involves all matters relating to shipping at sea.

5. Submarine cables and pipelines
The seabed surface is a location for humans to place various important in-
struments to support life, including cables and pipes for different purposes.

6. Aquaculture and fisheries
This component is closely related to fishery product commodities, captur-
ing fisheries and aquaculture. Therefore, the boundaries must be clearly de-
scribed spatially.

7. Energy and Minerals
Human life requires supporting resources, and one location containing hu-
man needs is the sea. The boundaries must be delineated on the energy and
mineral components.

8. Disposal of waste (dumping) and hazardous areas at sea
The sea is an area that cannot be physically marked and there are often un-
detected dangerous areas. Therefore, the boundaries must be delineated
through maps of the dumping component and hazardous areas in the sea.

3. System Development and 3D Visualization

This 3D system was built using the QGIS2Three]S plugin from QGIS, in general,
the development stage of the 3D marine cadastral system begins with the prepara-
tion stage, which includes regulatory studies and data collection, stages of data con-
version from textual regulations into graphics with geographic references, as well as
3D dissemination as depicted in Figure 3.

Government Regulation
—e

Regional Government

Regulation Collecting Data
Nautical Chart and

Supporting Data

Data Conversion GIS Software
QGIS and
QGIS2ThreeJS
3D System
+—— : Instruments/Material Development

Fig. 3. 3D development flowchart
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The QGIS2Three]S plugin provides facilities for visualizing DEM and vector
data in 3D in the browser as illustrated in Figure 4. Users can create various 3D ob-
jects with a simple settings panel and generate files for web publishing in a simple
procedure. In addition, it can save 3D models in gITF format for 3DCG or 3D print-
ing. The 3D model was built using the Java Script programming language as de-
picted in Figure 4 and automatically recorded along with the model design carried
out in QGIS. Meanwhile, the interface page was built using the HTML language
structure.
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Regional Shipping Passage
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Regional Shipping Passage

Fig. 4. 3D marine cadastral system development scheme
on the Indonesian Marine Cadastre Information System (IMCIS)

Source: [13]

4. Discussion

Penanjung Bay is strategically located between West Java and Central Java
provinces. Being in a location bordering the sea between two provinces, the sea area
boundary must clearly and accurately divide the two sea areas. The sea area bound-
aries for the two regions are obtained through calculations using the equidistant
method as shown in Figure 5, which can obtain the maritime boundaries of two ad-
joining regions. This refers to the Minister of Home Affairs Regulation number 141
of 2017 concerning the Determination and Affirmation of Regional Boundaries. Ac-
cording to the Minister of Home Affairs Regulation, the coastline used to draw the
boundaries of the regional sea is the coastline at the highest tide position. The ma-
rine map was chosen because it uses the Mean High Water Springs (MHWS) as the
shoreline position.
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between West Java and Central Java provinces

Source: processed by the authors from [22]

Reconstruction of marine boundaries was carried out using a plugin from QGIS,
namely the EqDistant plugin, which produced three outputs, including, 1) a con-
struction line culminating from geometric calculations to obtain the midpoint of
two shorelines, 2) the equidistant which is the meeting point between two construc-
tion lines, and 3) the median line which is the boundary line of the sea area and is
connected by equidistant points. The boundary line obtained is then adjusted to
an area of 12 nautical miles for the province, and 4 nautical miles for the Regency/
City appropriate to Law number 23 of 2014 concerning Regional Government. Fur-
thermore, the other marine cadastral components are derived from secondary data
obtained through laws and various maps of Sea Spatial Allocation Map of West Java
Province and Central Java Province, as well as Indonesian Marine Map number 69
as summarized in Table 2.

The marine cadastre components converted into vector data can become the
main input in constructing the 3D marine cadastral system in Penanjung Bay. Using
the QGIS software and the QGIS2Three]S plugin, the system was built using the
HTML and JavaScript programming languages.
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Table 2. Derivative information on the obtained marine cadastral component

Marine cadastre

Information

Marine cadastre

Information

components passed down components passed down
Sea boundaries Sea boundaries Submarine cables and Underwater pipe
pipelines
Tourism Tourism Aquaculture and fisheries | Capture fisheries zone,

aquaculture zone

Marine Protection
and Conservation

Turtle migration and
certain fish migration

Energy and minerals

Shipping

Port zones, fishing ports,
regional shipping lanes,
custom shipping lanes

Disposal of waste
(dumping) and
hazardous areas at sea

Mine area

Y previen

Fig. 6. 3D marine cadastral view of Penanjung Bay: a) from above; b) from the side
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Fig. 7. Describable components of the marine cadastre

The important point to consider is the depth data used to display the basic shape
of the waters. The volume of the sea must have the same reference in the use of
data. When there is a significant difference, this will lead to floating data, hence, the
displayed depth still contains elevation figures from the mainland. The 3D marine
cadastral system, especially for the Penanjung Bay pilot project, provides a broader
picture of understanding the marine spatial plan in the context of the sea as a 3D for-
mation. Meanwhile, the S-100 represents the depiction of the sea in the 3D realm by
international standards from the IHO (International Hydrographic Office) as part of
the Universal Hydrographic Data Model. Marine cadastre, in a broader perspective,
is directly related to marine spatial data infrastructure [22].
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5. Conclusion

The 3D marine cadastral system, built with the pilot project of Penanjung Bay,
can provide a broader picture of the sea in a 3D context. 3D models are built in the
flexible Javascript programming language and technically designed via QGIS. There
are seven components needed to build a 3D marine cadastral data model including,
sea boundaries, marine protection and conservation, shipping, submarine cables and
pipelines, aquaculture fisheries, energy and minerals, disposal of waste (dumping)
and hazardous areas at sea. In order to compile the seven marine cadastral compo-
nents into a 3D construction, conversion into vector data of the entire data is required.
To build a 3D model, apart from the seven marine cadastral components, depth data
is important, and all components are projected in the same type of projection system.
Based on the 3D marine cadastral data model with the Penanjung Bay pilot project,
a broader picture of the marine spatial plan in the bay can be produced, as well as
supporting the acceleration of the 5-100 Universal Hydrographic Data Model. The
model developed in Penanjung Bay can be a recommendation for the development
of 3D-based MSP in other regions and on an international scale. Since it is 3D-based,
this model has an absolute advantage in terms of clearer visualization to avoid over-
lapping interests. Therefore, information on the water surface, column, and bottom
can be distinguished. It can also help the territorial interpretation process to support
the acceleration of a more complex and comprehensive marine spatial plan. The issue
of marine spatial planning in Indonesia will continue to evolve in accordance with the
need for sustainability and conservation of aquatic resources. The 3D marine cadastre
system plays a role in providing a broader and clearer picture of the contents and com-
ponents of the marine space. Further research will be focused on standards and specifi-
cations that are able to provide the best 3D information based on the scale considered.
To date, data specification has been a considerable challenge in building 3D systems.
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