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Abstract

Integrating Rights, Restrictions, and Responsibilities (RRR) information within land ad-
ministration presents a significant challenge. Currently, land rights management and
spatial planning in Indonesia are handled by separate institutions within land adminis-
tration services, leading to fragmented information and potentially inconsistent decisions,
and the information about them is siloed. While land registration data typically provide
information regarding land rights, the restrictions and responsibilities are derived from
spatial planning data, primarily from Detailed Spatial Plans (RDTR). This fragmented data
landscape complicates landowners understanding of their rights and obligations, as well
as local government in issuing the development permits. This paper proposes a method
to integrate RRR elements by overlaying parcel data (representing Rights) with spatial
planning data from RDTR (representing Restrictions and Responsibilities). The analysis
reveals that challenges arise from discrepancies between parcel boundaries and spatial
plan delineations. To address these challenges, problem scenarios have been developed,
illustrating situations where a parcel may fall within a single sub-zone, multiple sub-zones,
partly outside sub-zone, and no planning zone. The integrated approach herein aims to
empower landowners, ease the issuing of development permits by local government, and
align with the government'’s digital transformation initiatives.

Keywords: land registration; land administration; land use plan; integration; problem
scenario development; ESL index; land value

1. Introduction

Between 2019 and 2024, the Government of Indonesia aimed to register all 126 million
land parcels nationwide [1]. By the third quarter of 2024, the total of registered and certified
land parcels reached 93 million [2], and 123.1 million land parcels by September 2025 [3].
The certificates contain details regarding landowners’ information, address and location,
area, type of land rights, and land use at the time of registration [1]. These land rights
pertain to private ownership [4], and land utilization by individuals or entities is associated
with economic factors, whereby landowners possess complete authority over the use and
development. However, the exercise of land rights must also consider social interests [5]
and be restricted by public interests [6].

Parallel with the effort to register lands nationwide, the Government of Indonesia has
also set a target of issuing 2036 the Detail Spatial Plan (known as RDTR) [2]. By the end
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of 2024, a total of 583 RDTRs were published in collaboration with regional governments.
As of 24 September 2025, the total of RDTR has been 646 RDTR [3]. The RDTR is a
detailed spatial planning document that operationalizes the Regency/Municipal Spatial
Plan (RTRW) by regulating spatial use plans (equivalent to land use plans for the spatial
plan in terms of land area), spatial structures, and zoning regulations. The Technical
Guidelines for the Preparation, Establishment, and Integration of the Regency/Municipal
Detailed Spatial Plan into the Online Single Submission System document states that
land use plans consist of zones and sub-zones allocated for conservation and cultivation
purposes. Spatial structures, which refer to the arrangement of key elements that shape
and support the integration of activities and mobility within a region, show designated
activity centers, transportation corridors, telecommunications systems, energy networks,
and other relevant structures. Zoning regulations define the activities that are allowed,
restricted, subject to specific conditions, or entirely prohibited within a particular zone [1].
Moreover, it contains mechanisms of restrictions and responsibilities. Restrictions aim to
control land use and spatial activities. At the same time, responsibilities determine the
obligations and conditions under which specific activities may be conducted, particularly in
relation to social aspects within communities and environmental sustainability efforts [4,7].
As a whole, land use plans, spatial structures, and zoning regulations support the effective
utilization of land and space for public benefit in terms of social function, environmental
protection, development control, and equitable land use distribution [8]. These three
components (land use plan, spatial structure, and zoning regulations) also help maintain a
balance between ownership rights or private interests and broader public interests [4,9].
As the major regulation of city government, the implementation of RDTR is frequently
evaluated and controlled. GIS analysis for urban disparity has been evaluated by some
researchers in the past, including Malaker and Meng [10].

Land registration and spatial planning run in parallel. The formulation of spatial
plans is handled separately from land registration activities. Land registration activities
are managed by the Ministry of Agrarian Affairs and Spatial Planning/National Land
Agency (ATR/BPN). At the same time, spatial planning including the preparation of RDTR
is mainly under the responsibility of local governments. This institutional separation has
led to fragmented databases and inconsistent spatial referencing systems [11,12], thereby
hindering the synchronization between cadastral and spatial planning datasets. On the
other hand, RDTR, as a spatial plan, needs geospatial information, because it is a kind of
making location-based decision about development of an area and its land use [13].

Spatial planning information is open to public. However, as the process of land
registration and spatial planning process is silo or not interoperability, the data of spatial
planning information are not included as data input in land registration process. The
disintegration of these data sources leads to discrepancies between land parcel boundaries
and RDTR zoning boundaries, contributing to uncertainty in land-related decision-making
processes, particularly in the issuance of development permits and ensuring tenure security.
Government Regulation No. 18 of 2021 on Management Rights, Land Rights, Strata Titles,
and Land Registration has introduced the stipulation of RRR in the land registration
process. Unfortunately, the elements of Restrictions and Responsibilities derived from
land use plans, spatial structures, and zoning regulations from RDTR are not included as
part of the information presented in land certificates [14,15]. Consequently, landowners
and relevant stakeholders do not have access to comprehensive information regarding
permissible, restricted, conditional, and prohibited activities on parcels. The absence of
such details hinders their ability to make informed decisions regarding land utilization
and development. It occurs mainly because the spatial planning process is conducted
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by different authorities. Between those authorities, there is no interoperability nor data
sharing. In some cases, there is lack of coordination.

Case studies further illustrate the implications of this disconnect. In East Java, for
instance, a landowner holding a Right to Cultivate (Hak Guna Usaha: HGU) title was unable
to conduct land right extension because part of the land had undergone a land use plan
change from agricultural to non-agricultural use. In a city in Banten Province, for example,
despite already obtaining a Right to Build (Hak Guna Bangunan) title, the owner could
not receive a building permit from the authorities due to a land use plan change from a
residential area to water bodies [2]. Therefore, considering these cases, which were also
denoted by Indrajit et al. [16], it is crucial to achieve a unified RRR information system by
integrating the data from land registration activities (Rights) and data from spatial planning
(Restrictions and Responsibilities).

Integrating restrictions and responsibilities from spatial plans into land parcels ad-
dresses the gap between land registration and spatial plan regulations. Efforts to unify
Rights, Restrictions, and Responsibilities (RRR) information into a single, integrated frame-
work in Indonesia continue to face significant technical and institutional challenges. This
effort is in line with the LADM II Part 5 which develops spatial planning information
as RRR to be registered [17]. This integration can be achieved through digital cadastral
systems and supported by legal frameworks. Learning from international best practices,
such as the Netherlands’ cadastral system, the Cadaster provides an advanced example
of integrating legal and spatial data [18]. The Cadaster not only records land tenure but
also public law restrictions and spatial plans, providing transparency and legal certainty.
In Sweden and Estonia, land administration information systems of the registered parcel
shows the spatial plan zone of parcel of interest, thus restrictions and responsibilities, is
registered as parcel information [19,20]. The Indonesian system must evolve to achieve
legal and technical synchronization. According to Alexander [21,22], land property mar-
kets are not standard markets and require spatial planning interventions to address the
unique characteristics of land as a resource. Spatial planning ensures that the use of land
contributes to desirable built and natural environments, supports public interests, and
facilitates coherent decision-making across multiple governance scales. Furthermore, spa-
tial planning involves a variety of actors, including public agencies, private firms, and
NGOs, operating at various scales of governance, which further highlights the need for
integrated frameworks. Through this integration, Indonesia can advance toward improved
land governance, increased legal certainty, and the realization of spatial justice.

The rapid digital transformation in land administration compounds this issue. Kusmi-
arto et al. [23] noted, in their digital readiness assessment for land services in Yogyakarta,
that although infrastructure for digital transformation is improving, interoperability and
harmonization of legal and spatial data remain inadequate. Huda et al. [24] further stressed
this gap by applying a PESTLE (Political, Economic, Social, Technological, Legal, and
Environmental) and SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis to
identify gradual strategies for enhancing data quality and institutional coordination. Both
studies emphasize the urgent need to integrate spatial planning data, including zoning
restrictions and responsibilities, into the national land registration framework to enhance
planning, governance, and service delivery.

Moreover, the implementation of electronic land certificates introduced by ATR/BPN
presents both opportunities and challenges. According to Adinegoro and Iswahyuni [25],
the success of these digital certificates depends heavily on the accuracy and completeness
of spatial and legal data, which currently lack the inclusion of spatial planning-derived
restrictions and responsibilities. As a result, even digital certificates fall short of providing
comprehensive RRR information to landowners and planning authorities.
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Spatial mismatches and non-conformity between actual land use and RDTR zoning
have also been observed in practice. Amrin et al. [26], in a study of the Bagendang Industrial
Area, found that numerous plots had land uses inconsistent with the RDTR designations.
This mismatch undermines the enforcement of zoning regulations and increases the risk
of legal disputes and investment uncertainties. Similarly, Amir et al. [27] noted that in the
Takalar District, such mismatches affect local livelihood systems, as residents are unaware
of spatial planning constraints that could affect their land rights or intended land uses.

Considering these challenges, the development of an integrated digital cadastral
system that incorporates zoning information, land use plans, and sub-zone restrictions
is essential. This paper presents our study on resolving RRR boundary conflicts for each
parcel, which can potentially lead to uncertainty and inconsistent decision-making in land
development and permit processes. The study utilized real datasets of the cadastral map
(a product of land registration) and a land use plan map (a product of spatial planning)
to derive Rights, Restrictions, and Responsibilities (RRR) information in Yogyakarta City,
Indonesia. Boundary conflicts arise because land registration and spatial planning products
resulted in different activities, and there is a lack of interoperability between data. This
situation creates a concerning situation, as many land parcel boundaries are not aligned
with land use plan zones; for example, they may not be accurately enclosed within a single
zone or sub-zone [16]. It can impact the ambiguity in issuing development permits by
local governments, whereas for landowners, it may cause them to utilize their own land
which contradicts zoning regulation. If it is found by the spatial controlling authority, the
penalty to the landowners can be issued. Determining the Restrictions and Responsibilities
information for a land parcel that overlaps multiple sub-zones is challenging, as a specific
sub-zone must be selected as the primary source of Restrictions and Responsibilities
information. The paper will focus on identifying boundary conflicts and developing a
mechanism to properly specify the Restrictions and Responsibilities for each parcel derived
from specific sub-zones of the land use plan within a parcel. The selection of a single sub-
zone as the reference for Restrictions and Responsibilities is conducted using the Problem
Scenario Development method and Zone Scoring Analysis. This approach aims to enable
the operational integration of spatial planning data into the cadastral framework, ultimately
supporting more coherent land governance. The RRR derived from this method is intended
not only for the transparent land information, but also to ease of issuing development
permits by local governments.

2. Literature Review

Land rights grant landowners the legal entitlement to derive benefits from and utilize
their land. However, governments also hold the authority to regulate land use to balance
private interests with public needs, thereby contributing to sustainable development [18,28].
To promote transparency and ensure land is used in alignment with public interests, the
concept of Rights, Restrictions, and Responsibilities (RRR) has been introduced into land
administration systems. Ideally, these elements should be formally recorded in land
certificates [18,28], either during first land registration or derivative land registration.

Recent international academic literature emphasizes the necessity of integrating RRR
into land governance systems. Serra [29], in his analysis of urban planning in Italy, high-
lights that zoning regulations define both the potential and constraints of land use by
transforming the balance between private rights and public needs into legally enforceable
instruments. In the Netherlands, van Dijk and van der Vlist [30] argue that aligning own-
ership records with zoning information improves coordination between land use rights
and spatial development priorities. Enemark et al. [6] further assert that integrating tenure
status, land valuation, and land use data is essential for achieving a balance between
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individual property rights and public regulatory obligations, particularly during periods of
systemic reform. Brown, Sanders, and Reed [31] stress the role of participatory mapping in
aligning community preferences with formal spatial policies, while Kuleyin [32] points out
the persistent tension between the dominance of private property rights and the imperative
of inclusive public participation in urban transformation processes.

Despite the global acknowledgment of the importance of RRR, its implementation
continues to face several challenges, particularly in terms of regulation, documentation,
and adherence to established standards [33]. To systematize and classify RRR, Bennett
proposed the property object concept, which organizes RRR based on attributes such as
objectives, regulated actions, spatial extent, duration, and affected stakeholders. Following
the adoption of the Land Administration Domain Model (LADM) as an international
standard (ISO 19152 [34]) in 2012, Paasch et al. [15] suggested incorporating a standardized
RRR model into LADM to cover both formal and customary land rights. Indrajit et al. [12]
similarly emphasized the need to integrate RRR information—derived from the alignment
of land administration with spatial planning—into the LADM framework. Furthering this
line of thought, Yilmaz et al. [35] stressed the importance of accommodating customary
land rights (Hak Adat) within LADM structures to reflect local legal realities more accurately.

Although progress has been made globally, many developing countries continue to
struggle with ambiguous RRR definitions in their cadastral systems. Manandhar et al. [36]
examined Nepal’s cadastral system and compared it with international standards, using
the LADM framework. Their findings revealed inconsistencies in right-of-way (ROW)
regulations between local and national planning authorities along the Araniko Highway.
Moreover, many landowners held certificates that did not reflect the actual legal restrictions
or responsibilities attached to their property. These gaps contribute to ownership disputes,
inaccurate land valuations, and obstacles to urban development. The lack of clearly defined
RRR components in cadastral records exacerbates these issues. The study concluded that
explicitly recording RRR elements in cadastral documents and land certificates would
improve transparency, reduce legal disputes, and promote more coherent and equitable
land development.

However, the challenges extend beyond the legal dimension of RRR. In Indonesia, de-
ficiencies in the quality of spatial cadastral data remain a critical issue, further exacerbating
the gap between rights, restrictions, and responsibilities. Numerous registered land parcels
suffer from gaps, overlaps, and inconsistencies between juridical records and spatial repre-
sentations. Such inaccuracies directly affect the enforceability of RRR, as imprecise spatial
boundaries undermine governments’ ability to enforce restrictions and responsibilities
fairly. Addressing this problem, research in Indonesia developed the Block Adjustment
method as an innovation to improve cadastral data quality [37]. This method employs
the principle of least squares adjustment to correct parcel boundary coordinates, eliminate
gaps and overlaps, and align cadastral data more closely with field measurements. Results
have demonstrated its effectiveness in producing accurate parcel maps without manual
digitization. This method shows potential for further research, particularly in its application
to cadastral and RDTR maps to better integrate legal and spatial planning information.

One prominent method for integrating legal and spatial planning information is the
geospatial overlay of cadastral parcel maps with zoning plan maps, such as Indonesia’s
RDTR. This method offers several advantages in producing integrated spatial information.
Overlay analysis enables the immediate identification of inconsistencies or overlaps be-
tween legal land ownership boundaries and regulatory land use zones, thereby facilitating
compliance enforcement and land use conflict resolution [38]. It also enhances decision-
making by linking cadastral units with spatial planning data in a manner that supports
urban growth management and environmental control [12,39]. However, significant lim-
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itations remain. Technical issues such as spatial inaccuracies, differences in scale, and
outdated data can lead to misalignment between datasets [40].

In the Indonesian context, land ownership is represented by a land certificate, and
on the other hand, the public interest, which includes restrictions and responsibilities, is
represented by spatial planning. Different spatial references are used in parallel activities
to generate land rights and public interest. Because of the lack of operability data between
those references, to address spatial boundary conflicts, the problem scenario development
approach offers a robust analytical framework. This method involves formulating alterna-
tive scenarios for conflict resolution, which are then evaluated through expert judgment
and multi-criteria scoring systems. Paasch et al. [15] advocate for using multi-criteria frame-
works to minimize disputes over land boundaries. As a spatial compromise, Liu et al. [41]
introduced the Urban Moderate Boundary (UMB) model, which supports equitable urban
planning. Scenario visualizations also act as boundary objects that facilitate stakeholder
engagement and interpretive validation [42,43]. In support of this process, spatial analysis
tools such as functional zoning [44,45] and Liu et al. [46] enhance decision-making and
collaborative planning.

Furthermore, zoning maps often do not have binding legal status, which complicates
the direct translation of zoning into legally enforceable RRR unless legislative instruments
exist to support them [47]. Overlay methods may also overlook complex customary
and informal tenure systems, particularly in peri-urban or indigenous territories, thereby
risking exclusion or misrepresentation [11]. Moreover, institutional fragmentation and lack
of interoperable data standards often hinder the practical implementation of overlay results,
particularly in developing country contexts [16]. Despite these challenges, the overlay
technique remains a practical and powerful approach for fostering spatial-legal integration
when supported by appropriate legal frameworks and geospatial infrastructure.

Integrating the RRR concept into modern land administration systems is fundamental
to achieving transparent, fair, and sustainable land governance. Recognizing individ-
ual property rights while delineating public responsibilities and legal limitations can be
achieved through the adoption of international standards such as LADM, which also allows
for the integration of local realities, including customary rights. For this instance, LADM
version Il part 5 introduces the urgency of the spatial plan as part of LADM [48]. The recent
release of ISO 19152-2:2025 [49], known as LADM version II, has introduced an enriched
framework that supports the semantic integration of legal, spatial, valuation, and planning
domains. This model is especially applicable in urban areas where digital spatial plans,
such as RDTR, are already available. As demonstrated by Sutanta and Ummah [11], cities
such as Yogyakarta, Surabaya, Semarang, and Bandung exhibit readiness for LADM-based
integration due to their availability of spatial datasets and zoning documents. The harmo-
nization of cadastral and zoning data, when modeled through LADM, allows for accurate
identification of mismatched geometries and overlaps in restrictions and responsibilities.
Similarly, Hamid [50] implemented LADM in the context of RDTR in Mbay, demonstrating
the feasibility of encoding zoning regulations as administrative sources within land parcels.
These implementations highlight that LADM can act as a formal mediator between different
spatial layers, aiding in the resolution of boundary conflicts and spatial discrepancies.

3. Methodology
3.1. Study Area

The area is located within the urban core of the Special Region of Yogyakarta, Indone-
sia, specifically focusing on Yogyakarta City and its administrative districts. As illustrated

in Figure 1, Yogyakarta City is geographically situated in the southern part of Java Island.
It is one of the five regencies/municipalities in the Special Region of Yogyakarta. It is
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bordered by Sleman Regency to the north and east, and by Bantul Regency to the west
and south. The urban area is administratively divided into 14 districts (locally known as
‘kemantren’) and 45 urban villages (locally known as ‘kalurahan’). The City of Yogyakarta
encompasses an area of 3281.91 hectares, representing 1.02% of the total area of the Special
Region of Yogyakarta Province. The city is characterized by relatively flat terrain with slope
gradients ranging from 0 to 2 percent, situated at an average elevation of 126 m above sea
level (masl). As of 2023, the population density in the City of Yogyakarta was recorded at
11,562.43 persons per km?2.
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Figure 1. Location of Yogyakarta City in the national and regional context. (Source map: Land and
Spatial Planning Office of Yogyakarta City, 2024).

3.2. Materials

Yogyakarta City, located in the Special Region of Yogyakarta, Indonesia, serves as a
critical urban hub characterized by high population density, rich cultural heritage, and
dynamic spatial development. The interplay between legal land tenure and regulatory land
use planning influences the complexity of urban land governance in this city.

Figure 2 presents the distribution and proportion of land tenure types based on
registered land parcels. The table illustrates that Ownership Right dominates the landscape,
covering 76.53% of parcels, followed by Empty parcels (11.49%), and Right to Build (9.26%).
This pattern reflects a predominantly private landholding structure, which significantly
influences land use flexibility, development potential, and resistance to land use regulation
changes. The spatial distribution map on the left shows that parcels with high tenurial
security are densely clustered in the central and southern parts of the city, aligning with
the historical core and urban expansion zones.
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Percentage
Types Numbers (©%)

l Right to Build (Hak Guna 9095 926
Bangunan)
Ownership Right (Hak Milik) 75,188 76.53
Right to Use (Hak Pakai) 2154 2.19
Management Right (Hak 1 0.00
Pengelolaan)
Waqaf Right (Hak Wakaf) 518 053
Physical Occupation (Penguasaan 1 0.00
Fisik)
Empty (Kosong) 11,292 11.49
Total 98,249 100.00

Bantul Regency

o 05 1 2 Kilometers

Figure 2. Spatial distribution and proportion of land tenure types in Yogyakarta City. (Source:
Yogyakarta City Land Office, 2024).

Complementing the tenure map, Figure 3 illustrates the official land use zoning
derived from RDTR. The dominant land use categories include Medium-Density Housing
(29.76%), Cultural Heritage Areas (18.91%), and High-Density Housing (15.97%), reflecting
Yogyakarta’s dual role as both a residential and heritage-based city. The spatial zoning
map also highlights key land uses such as City Parks, Public Facilities, Trade and Services,
and Green Corridors, distributed across the urban fabric. These designations reflect the
government’s attempt to regulate spatial function while preserving ecological balance and
cultural integrity.

Zone Sub-Zone Numbers (%)
» Water Bodics Water Bodies 380 0.12
& — TLocal .
\ V’§_ 7 3 P i Local Protection 1668 051
Sleman Regency City Park 33.55 1.02
3 Disctrict Park 68.61 209
T GreenOpen L Sub-District Park 19.67 0.60
§ s Neighborhood Park 7.93 024
Cemetry 35.63 1.09
Green Corridor 147 0.04
Sl Cultural Heritage 62061 1891
Road Arca Road Area 2243 678
High-Density Housing 977.68 29.79
Residential
Medium-Density Housing 52400 1597
[— City-Scale Trade and Services, 273.02 832
Service WP-Scale Trade and Services 170.60 520
. Offices Offices 6592 201
d N Non-Green Open Space 192 0.06
H i 8139 248
£ Public
S Facilities and District-Level Public Facilities 1181 036
Infras TCTovel Pablic
nfrastructure Sub-district-Level Publi o7 030
Facilities
Defence and =
N Secuiit Defence and Security 65.00 020
- N Bantul Regency Transportation Transportation 4149 126
High-Intensity Mixed-Use 599 183
s Mixed-Use Medium/Moderate-Intensity 570 B
0 05 1 2 Kilometers Mixed-Use ;
Total 328191 100.00

Figure 3. Spatial Distribution and Proportion of Land Use Functions in Yogyakarta City. (Source:
Yogyakarta City Land and Spatial Planning Office, 2024).

When both datasets are analyzed in conjunction, a complex spatial dynamic emerges.
Areas with registered private ownership rights are often overlain by zones with public
interest designations, such as green spaces, cultural protection, or transportation corridors,
leading to potential spatial conflicts. For example, several parcels registered as ownership
rights are situated within zones designated for public parks or cultural preservation,
resulting in misalignments between land tenure security and spatial function mandates.

Figure 4 illustrates the distribution of land value zones (ZNT) within an urban area
based on land price ranges per square meter in Indonesian Rupiah (IDR). The highest land
values are concentrated in the city center, indicated by dark red, reflecting areas with high
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accessibility and intense economic activity. Meanwhile, medium-to-low land value zones
are in the outer or peripheral areas, represented by orange, yellow, and green colors, which
signify regions with lower development intensity. However, the outer part of city may not
be covered by ZNT map. It is caused by the different base maps used to produce those
thematic maps.

Sleman Regency

Legend :
I <500,000

sl ] I 500,001 — 1,000,000
1,000,001 — 2,000,000

S ) 2,000,001 — 5,000,000
" 5 5,000,001 — 10,000,000
o I 10,000,001 — 20,000,000
o 05 1 2kiamess I >20,000,001

Figure 4. Land value zone map of Yogyakarta City (Source: Yogyakarta City Land Office, 2024).

This paper employs WorldView-3 satellite imagery acquired in 2019, which was also
utilized in the development of the RDTR of Yogyakarta City. The use of this very high
resolution (VHR) imagery (0.3 m panchromatic, 1.2 m multispectral) enhances spatial detail
and ensures consistency with official spatial planning datasets.

3.3. Methods and Analysis
3.3.1. Classification Through Problem-Scenario Development

Integrating Restrictions and Responsibilities information from the land use plan map
into the land registration map, this paper performed an overlay technique using GIS.
The use of spatial overlay methods—despite their technical and institutional limitations—
remains a practical approach to generating unified RRR information and promoting legal-
spatial alignment. Since there are discrepancies between the zone polygons in the land use
plan map and the land parcel boundary in the land registration map, multiple combinations
of polygon information may exist within a single land parcel. Depending on spatial use
zone information, a land parcel polygon can encompass one or more sub-zone polygons,
each representing a distinct situation that required a specific scenario in this paper. Previous
research has pointed out that this issue is a concern in the Classification of land use plan sub-
zones or land use. Some techniques have been developed to address this issue, such as the
classification methods [51], knowledge-based approaches [52], index-based methods [53],
and image recognition techniques [48].

To address this complexity, in this paper, a zone-based assessment framework is
developed by referencing existing classification approaches. The problem of unmatched
polygons can be decomposed into multiple scenarios, where each scenario is evaluated
individually before contributing to the overall assessment. The scenarios are essential
to systematically determine the most representative sub-zone for each land parcel, as
the source of Restrictions and Responsibilities information. The workflow for assessing
compatibility between land parcel maps and use plan maps is presented in Figure 5.
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Figure 5. Workflow for assessing compatibility between land registration maps and land use zone
plan maps.

The research developed an approach for integrating land registration maps and land
use zoning plan maps, with the condition that:

a. Ifasingle sub-zone encompasses a land parcel, the RRR elements are derived from
the zoning regulations of that sub-zone.

b. However, if two or more sub-zones cover a land parcel, an analysis is conducted to
determine whether these sub-zones belong to the same zone:

] If the sub-zones fall within the same zoning category, they are classified as
having high compatibility.

] If they belong to different zones, they are classified as having low compatibility.
For land parcels with low compatibility, a zone score analysis is conducted. The
sub-zone with the highest score is selected to represent the entire land parcel.

This approach is mainly intended to generalize those sub-zones into one selected
sub-zone.

3.3.2. Economics Social Environment (ESL) Index

Land holds strategic economic, social, and environmental values. Economically, land
can serve as a source of income for land rights holders, whether through transactions such
as buying and selling [54], which have been shown to stimulate activity in the land rental
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market [55], or as an asset used for collateral and inheritance purposes. The social value
of land refers to its vital role in facilitating social relationships and sustaining life. The
cultural value of land lies in its role as a medium for advancing creativity, aspirations,
craftsmanship, and shared experiences across generations [54]. In relation to optimizing
land use, spatial planning is often promoted to achieve various social, economic, and
environmental objectives [35,56]. It means that every zone and sub-zone expresses the
substances of these three factors: economic, social, and environmental considerations.

Recent studies reinforce the importance of this integrated perspective. Zou et al. [57]
investigate land use conflicts in Nan’an City and classify land units based on their ecologi-
cal, production, and living functional strength. Their findings suggest land use conflicts
keep arising not just from land scarcity or stakeholder disputes, but from conflicting spatial
functions assigned to the same land. Given increasing pressure from urbanization and
environmental needs, a multifunctional land use framework that aligns with sustainability
is essential. Likewise, Zhang et al. [58] evaluate the ecological and economic trade-offs
resulting from land consolidation activities in Guangxi, China, and propose actionable
zoning strategies based on each region’s environmental and economic condition. Gomes
et al. [59] further emphasize the objective of achieving diverse socio-economic and envi-
ronmental goals through spatial planning in balancing quality of life and natural resource
protection. Evaluating land use through the combined perspective of economic, social, and
environmental functions is feasible and essential to design sustainable land use strategies.
This study incorporates these three aspects into a composite ESL index, where each factor
is assigned a specific value to guide scoring.

ESL is derived from experts’ opinions, who had been asked to rate and give values
to every sub-zone, with scores ranging from very high (score 5), high (score 4), mod-
erate (score 3), low (score 2), to very low (score 1) for each of the three aspects. This
index is collected through questionnaires delivered to selected respondents with back-
grounds related to spatial planning expertise in the following four categories: regulators,
implementers, academics, and professional planners. The calculation of the ESL index is
presented in Equation (1), where I represents the index value and #n denotes the number of
selected respondents.

Y (Ei+Si+Li)/3
n

I =

)
where

e I =index of the aggregate economic, social, and environmental aspects of the sub-zone
e E =index of economic aspect

e S =index of social aspect

e L =index of environment aspect

e 1 =number of selected respondents

e i=number of sub-zones in the RDTR of Yogyakarta City

3.3.3. Zone Score Analysis (ZSA)

A land parcel polygon may encompass one or more land use plan sub-zone polygons.
The sub-zone polygon with low compatibility needs a Zone Score Analysis (ZSA) to be
implemented. ZSA is a method used to evaluate and determine the most representative
zoning category for a given land parcel, particularly when it falls within multiple overlap-
ping or conflicting zoning designations. ZSA in urban planning involves evaluating and
classifying urban areas based on various factors to inform decision-making and offers a
flexible zoning approach for consistent urban analysis across cities. For instance, Lovelace
et al. [60] developed a new standardized approach for dividing urban areas into zones
designed to be consistent across different cities for comparison.
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In this paper, the analysis involves assigning scores to different zoning categories in a
parcel based on ESL index (I): the index of economic, social, and environmental aspects of
the sub-zones covering land parcel. This ESL index is intended to balance the economic
value as a factor to select the sub-zone deriving the Restrictions and Responsibilities. The
economic value is calculated by multiplying the ESL index, the area of part of land parcel
(A), and land value (V) of part of land parcel. The area refers to the location of a parcel
enclosed by a sub-zone. The land value zones serve as the primary reference for conducting
activities that use land values as a basis, whether for buying and selling transactions,
compensation in land acquisition for public purposes, or investment. In spatial planning,
land value zones are used to allocate land use in accordance with the prevailing land values.
A land value zone represents areas with relatively similar land values from a group of
land parcels, delineated by polygons that may be either imaginary or based on actual land
use conditions.

n
Ny =1L x ) (A x V) )
i=1
where
e N =score of economic value of part of land parcel
e | =ESL index of part of land parcel
e A =area of part of a land parcel
e V =land value of part of the land parcel
e i=number of parts of the land value zone in the part of the land parcel
e x =number of parts of the land parcel

The formula used aggregates the contribution of each sub-zone to the land parcel
proportionally based on its area, land value, and ESL index. This process generates a total
score of economic value for each sub-zone. The sub-zone with the highest score is selected,
as it is considered to best represent the characteristics and potential of the land parcel based
on relevant spatial, socio-economic, and environmental parameters. This formula enables
the integration of spatial data and expert judgment to support objective and systematic
decision-making in land use allocation.

3.3.4. Image Interpretation

Image interpretation is necessary to identify areas of the city that are not covered by the
land use plan map. For this, the original imagery that was used to create the land use plan
map was used to interpret and classify the current land use characteristics of uncovered
areas. The expected result is the identification of land parcels that are not associated with
any designated land use plan, enabling further spatial analysis.

In this interpretation process, the use of visual interpretation keys is particularly cru-
cial, especially when employing high-resolution imagery such as WorldView-3, which is
applied in this paper. The primary visual elements used for urban land cover classification
include tone (color), texture, shape, shadow, and spatial patterns [61]. Tone allows differ-
entiation between roofing materials, while texture and shape help distinguish between
commercial buildings, residential areas, and vegetation. Shadows help estimate building
height, and the regularity of building and road patterns can be used to differentiate be-
tween formal and informal settlements. The integration of these visual criteria enables
accurate manual interpretation of urban features. In this paper, the interpretation method
is employed to deduce observable features and associate them with designated sub-zones
delineated in the RDTR.
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4. Results
4.1. Integration Results

The land registration map of Yogyakarta City encompasses 98,249 land parcels, with
86,956 parcels (88.51%) already certified, providing information on the type of rights
associated with each parcel. The land use plan map, as part of RDTR provided by City
Government, comprises 13 zones and 23 sub-zones. Linked to these zones and sub-zones are
the zoning regulations that outline restrictions and responsibilities for activities conducted
in each zone or sub-zone. An example of the overlay process of those two datasets can be
seen in Figure 6, which depicts the overlay from the Gondokusuman District.

Water Bodies
Road Area

Cultural Heritage
Cemetery

City-Scale Trade and Services

Local Protection

High-Density Housing
City-Level Public Fasilities

NN

Land Parcel Boundaries

Figure 6. A section of Solo Road in Gondokusuman District: illustration of the overlay result between
land parcels and zones/sub-zones. (Source: own study, 2025).

As shown in Figure 6, the overlay process demonstrated that sub-zone boundary
polygons largely do not coincide with land parcel polygons. Throughout Yogyakarta City,
our investigation found that from this misalignment, there are 28 coverage conditions of
land parcels by the land use plan sub-zones, including the situation that the parcels are
partially or entirely outside the sub-zone boundaries.

The variation in coverage conditions creates challenges in obtaining the Restric-
tions and Responsibilities elements from the RDTR land use plan and zoning regulations.
To address the polygon conflict issue using a problem scenario development technique
(Section 3.3.1), the results were classified into four classes, i.e., in total, Class 1 (a parcel
covered by one sub-zone), Class 2 (a parcel covered by multiple sub-zones), Class 3 (a
parcel covered by partially outside planning zone), and Class 4 (a parcel with no planning
zone). The distribution of land parcels across these four classes is presented in Table 1.
Class 1 comprises 66,498 parcels (67.68%), indicating that most land parcels in Yogyakarta
City are covered by a single sub-zone. Conversely, 26,732 parcels (27.20%) are covered
by two or more sub-zones (i.e., Class 2), highlighting a significant challenge in obtaining
the Restrictions and Responsibilities elements for these parcels. Parcels partially outside
sub-zones (Class 3) account for 4914 (5%), and parcels entirely outside sub-zones (Class 4)
contain 105 parcels (0.1%). Discrepancy found in Class 3 and Class 4 arises from the dif-
fering outer boundaries of the land registration map and the land use plan map. For the
portions of parcels outside the sub-zone boundaries, image interpretation was conducted
to determine the consistency of land cover with the land use plan map.

Table 1 presents the distribution of land parcel coverage conditions in relation to sub-
zones within the land use plan maps. A total of 67.68% of land parcels are fully covered by
a single sub-zone, indicating a high level of spatial alignment between cadastral boundaries
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and land use designations. This situation is critical in the context of land administration,
as it allows for the transparent and legally secure assignment of Rights, Restrictions, and
Responsibilities (RRR) to landowners.

Table 1. Four classes of coverage conditions.

Classes Coverage Conditions Number of Land Parcels Percentage (%)
1 A parcel covered by one sub-zone 66,498 67.68
2 A parcel covered by multiple sub-zones 26,732 27.21
3 A parcel covered by partially outside planning zone 4914 5.00
4 A parcel with no planning zone 105 0.11
Total 98,249 100.00

Source: own analysis, 2025.

However, 27.20% of parcels are intersected by two or more sub-zones, implying
potential overlaps in land use permissions and inconsistencies in how land use is recorded
in certificates or legal land documents. This situation can complicate licensing procedures,
spatial enforcement, and legal certainty over land rights. Additionally, 5.00% of land
parcels are not only intersected by multiple sub-zones but are also partially located outside
the designated urban planning zone. This condition reflects a gap in the integration
between spatial planning systems and land information systems, which may lead to spatial
conflicts and legal ambiguity regarding land status. More critically, 0.10% of land parcels
are not covered by any sub-zone. These parcels may hinder the permitting process of
land utilization.

4.2. RRR Information for Class 1

The most land parcels in the study area, i.e., 66,498 land parcels, or 67.68% of the total,
are fully covered by a single sub-zone within the land use plan map. This high percentage
reflects a relatively strong alignment between the cadastral map and the regulatory land
use zoning, which is a desirable condition in the context of land administration and spatial
planning. Such alignment ensures that each land parcel has a clear, singular land use
designation, facilitating the accurate and efficient assignment of RRR in land records and
legal titles. Figure 7 shows the condition of Class 1 as explained above.

- Road Area
- Cultural Heritage

- City-Scale Trade and Services

High-Density Housing

B civ-Level Public Fasilities
- District Park
D Land Parcel Boundaries

Figure 7. Illustration of Class 1 land parcel. (Source: own study, 2025).

When a parcel falls entirely within one sub-zone, it minimizes interpretive ambiguity,
simplifies the issuance of land use permits, and reduces the potential for administrative
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conflict between overlapping land use regulations. Some of the results of this class, as Class
1, are shown by parcel A.1, A.2 and A.3 as presented in Table 2.

Table 2. RRR information of the parcels covered by a single sub-zone (Class 1).

° No increase in the scale of activities.
Must not interfere with cultural

from residents.
e  The activity must adhere to the principles

Parcel Sub-Zone RRR Elements
No Rights Restrictions Responsibilities
The activity refers to the Mayor’s Regulation, The act1v1.ty refers to th.e Mayor S .Regulatlon on
. - L. RDTR, with the following conditions:
with the following restrictions: o ] )
o Maximum building height: 16 m . The activity m.ust not interfere with the
8 ¥ . . . primary function of the sub-zone.
= 3 e  Maximum Building Coverage Ratio - .
E) ot (KDB): 70 . The activity must serve as a supporting
Al = b2 Maximum Floor Area Ratio (KLB): 3.2 facility an(?l be equipped with t}.u? .
S < . necessary infrastructure and utilities.
= 2 Development must comply with the e  The activity must obtain approval
:5) & Mayor’s Regulation on RDTR from resi dt}e]nts PP
e  Must not interfere with cultural . ) .
: . e  The activity must adhere to the principles
heritage sites .
of sustainable development.
k) The activity refers to the Mayor’s Regulation on
= The activity refers to the Mayor’s Regulation, ~ RDTR, with the following conditions:
Q . . o g
S with the following restrictions: e  The activity must not have the potential to
g s Maximum building height: 16 m negatively impact the value or reduce the
g 5 e  Maximum Building Coverage Ratio area of Cultural Heritage sites.
o “g (KDB): 70% ° Land and buildings that have been
A2 = = ° Maximum Floor Area Ratio (KLB): 3.2 registered as Cultural Heritage Buildings
E ’Eo Development must comply with the must not be renovated or have their
2 ~ Mayor’s Regulation on RDTR architectural form altered.
c% e  Must not interfere with cultural e  The activity must serve as a supporting
L heritage sites facility and be equipped with the
5 necessary infrastructure and utilities.
® o , . The activity refers to the Mayor’s Regulation on
.QLJ) Tl}e activity ref?rs to the. Mayor s Regulation, RDTR, with the following conditions:
> with the following restrictions: . . .
% 7 . e  The activity must not interfere with the
< e . Mu.st ma.untam a safe distance from primary function of the sub-zone.
g ,:E’ re51d.entlal are.as.. o ° The activity must serve as a supporting
A3 3 i} Maxymum bu{ld{ng height: 20 m. i facility and be equipped with the
£ =] ¢ Max1rr.1un3 Building Coverage Ratio necessary infrastructure and utilities.
i) E (KDB): 60%. ° The activity must obtain approval
3
B
5

heritage sites. of sustainable development.

Source: own analysis, 2025.

4.3. RRR Information for Class 2

Approximately 26,732 land parcels, representing 27.20% of the total, are intersected
by two or more sub-zones within land use plan maps. This condition reflects a spatial
mismatch between cadastral parcel boundaries and regulatory zoning layers, which can in-
troduce legal uncertainty and administrative ambiguity in land administration and spatial
planning processes. When a single land parcel overlaps with multiple land use sub-zones,
several challenges may arise. First, multiple and potentially conflicting land use desig-
nations may apply to the same parcel, making it difficult to determine which regulations
should prevail for land use permitting or land valuation. Second, this spatial fragmentation
complicates the straightforward assignment of Rights, Restrictions, and Responsibilities
(RRR) in the land information system. As a result, these conditions potentially lead to
delays in issuing building permits or disputes between landowners and authorities due to
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unclear zoning jurisdiction over the parcel [9,15]. From a spatial governance perspective,
the existence of these overlapping sub-zones indicates a lack of alignment between the
legal Cadaster and the planning database, a problem frequently observed in transitional or
developing land administration systems. This misalignment may occur because zoning
boundaries were digitized or delineated independently of parcel geometry and thus lack
sufficient spatial validation. It is as crucial implication of siloed process between land
registration and spatial planning.

Further analysis in this study classifies these overlaps into two categories of zoning
compatibility. When the intersecting sub-zones belong to the same primary zone cate-
gory, the condition is identified as “high compatibility,” suggesting that while spatial
fragmentation exists, the functional intent of the zone remains consistent. Conversely,
when the sub-zones belong to different zone categories (e.g., residential and commercial),
the condition is labeled as “low compatibility.” This latter scenario presents more serious
implications for land governance, as it may involve contradictory land use permissions
and increased potential for regulatory conflict.

a.  High compatibility (Class 2.1)

In conditions of high compatibility, the Restrictions and Responsibilities information is
extracted from the zoning regulations of the overlapping sub-zones (Class 2.1). The result
of this condition is depicted in Figure 8.

J

- Road Area

- City-Scale Trade and Services
- WP-Scale Trade and Services

High-Density Housing
D Land Parcel Boundaries

Figure 8. Illustration of Class 2 land parcel with high compatibility conditions. (Source: own
study, 2025).

Figure 8 provides a spatial depiction of selected land parcels located within multi-
ple trade and service sub-zones, specifically illustrated by parcels B.1, B.2, and B.3. To
provide clarity on the regulatory framework that governs these parcels, Table 3 outlines
the associated Rights, Restrictions, and Responsibilities (RRR) elements. The parcels are
granted the right to build, but are subject to several spatial and functional limitations,
including restrictions on building height, maximum coverage ratio (KDB), and obligations
to preserve distance from residential zones. These controls are established to ensure that the
activities within these parcels do not disrupt the urban balance or interfere with culturally
significant areas.
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Table 3. RRR information of the parcels covered by multiple sub-zones from the same zone (Class 2.1).

RRR Elements
Parcel No Sub-Zone Zone
Rights Restrictions Responsibilities
The activity refers to the Mayor’s Regulation on RDTR,
. . . ith the followi ditions:
City-Scale Trade and Services g The activity refers to the Mayor’s Regulation, with the wi eto (.)V\.Ill’lg condi 1o.ns ) ]
s e following restrictions: e  The activity must not interfere with the primary
3 5 L . . . function of the sub-zone.
5 A e  Must maintain a safe distance from residential areas. .. . e
B.1 e ° o Maximum buildine height: 20 m . The activity must serve as a supporting fac1hty and
8 - . L Ing ACIEht " 5 be equipped with the necessary infrastructure
) S e  Maximum Building Coverage Ratio (KDB): 60%. and utilities
. ke & e  No increase in the scale of activities. . . .
WP-Scale Trade and Services &= . . : . The activity must receive approval from residents.
e  Must not interfere with cultural heritage sites. . .
The activity must adhere to the principles of
sustainable development.
The activity refers to the Mayor’s Regulation on RDTR,
) ) with the following conditions:
City-Scale Trade and Services ) The activity refers to the Mayor’s Regulation, with the . . . .
Rl = followi e e  The activity must not interfere with the primary
S = ollowing restrictions: .
5 5 o ) ] ] function of the sub-zone.
B % r:g ° MusF mamtalr.l a'safe d%stance from residential areas. o  The activity must serve as a supporting facility and
= = *  Maximum building height: 20 m. be equipped with the necessary infrastructure
o io ° Ma>.<1mum B}nldmg Coverage. R.a.tlo (KDB): 60%. and utilities.
WP-Scale Trade and Services s ~ e No Increase in the sc.ale of activities. ) The activity must receive approval from residents.
= e  Must not interfere with cultural heritage sites. The activity must adhere to the principles of
sustainable development.
The activity refers to the Mayor’s Regulation on RDTR,
. . . . . with the following conditions:
City-Scale Trade and Services 5 The activity refers to the Mayor’s Regulation, with the o . . .
2 e following restrictions: e  The activity must not interfere with the primary
g k= o . . . function of the sub-zone.
B3 % tg ° MuSF mamtalr‘lla'safehd?st;\r.lce from residential areas. The activity must serve as a supporting facility and
2 ::: . MaX}mum bul. dl.ng eight: 20 m. ) . be equipped with the necessary infrastructure
° 5 . 11\\I/Ia>.<1mum B}nltdﬁng Clcwefrags R.?.tlo (KDB): 60%. and utilities.
- i i P ° 0 Increase in the sca’e ol activities. The activity must receive approval from residents.
WP-Scale Trade and Services = e  Must not interfere with cultural heritage sites. Y PP

The activity must adhere to the principles of
sustainable development.

Source: own analysis, 2025.
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Moreover, the responsibilities defined in the table emphasize the need for compliance
with the Mayor’s Regulation on RDTR. This requirement includes obligations such as
obtaining approval from residents, integrating infrastructure support, and aligning de-
velopment with sustainability principles. The combined spatial and regulatory insights
underscore the importance of carefully managing land parcels that intersect with multiple
sub-zones, especially in areas of high commercial and civic significance.

b.  Low compatibility (Class 2.2)

In situations of low compatibility, we need to conduct additional analysis to select
which sub-zone to extract information from. Every sub-zone covering a portion of the land
parcel is evaluated using a scoring technique (Zone Score Analysis—ZSA), which involves
area calculation, land value, and ESL index as previously described in the Methods section
(Section 3.3.1). Meanwhile, the ESL index is derived from expert judgment provided by
90 domain experts. They consist of 16 central government officers, 34 regional and local
government officers, 38 professionals, and 2 academicians. The final index was calculated
based on the formula in Equation (1). Table 4 shows the result of the ESL judgment.

Table 4. The result of the ESL index from expert judgment.

Aspects
No Zones Sub-Zones I
E S L

1 Water Bodies Water Bodies 321 351 461 3.78

2 Local Protection Local Protection 277 338 462 359

3 @ City Park 324 4.20 437 394
- ]

4 é District Park 291 401 418 3.70

5 o] Sub-District Park 276 4.02 420 3.66
—— &  Green Open Space

6 2 Neighborhood Park 272 386 397 351
— ©

7 & Cemetery 407 383 320 3.70

8 Green Corridor 263 332 462 353

9 Cultural Heritage Cultural Heritage 314 401 378 3.64

10 Road Area Road Area 438 3.83 327 3.83

11 Residential High-Density Housing 417 428 353 399

12 Medium-Density Housing 378 411 347 379

13 City-Scale Trade and Services 477 400 332 403
—_— Trade and Service -

14 WP-Scale Trade and Services 456 397 331 394
E— )

15 §  Offices Offices 407 383 320 3.70
—— N

16 g Non-Green Open Space Non-Green Open Space 321 387 344 351

17 '*§ City-Level Public Facilities 394 424 342 3.87

18 % Public Facilities and Infrastructure  District-Level Public Facilities 353 412 330 3.65

19 © Sub-district-Level Public Facilities 334 394 320 3.50

20 Defense and Security Defense and Security 246 316 3.09 290

21 Transportation Transportation 451 403 339 398

22 High-Intensity Mixed-Use 456 4.09 343 4.03

Mixed-Use . 3
23 Mfedlum- /Moderate-Intensity 497 388 331 3.8
Mixed-Use

Source: own study, 2025.
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Table 4 shows expert-based evaluations of each sub-zone within the planning area.
The index is constructed through a quantitative scoring process that considers economic,
social, and environmental aspects. Based on the figure, the sub-zones with the highest
ESE (Environmental Suitability Level) scores are High Intensity Mixed Use and City Scale
Trade and Services, each scoring 4.03, followed by Transportation (4.00) and High-Density
Housing (3.99). In contrast, the Defense and Security zone recorded the lowest ESL score
of 2.90, followed by Cemetery (3.34), and several neighborhood-scale Green Open Space
sub-zones, which scored between 3.51 and 3.53.

Figure 9 illustrates Class 2 land parcels that demonstrate low compatibility due to
overlapping sub-zone functions, often leading to conflicting land use characteristics. This
condition is illustrated by parcel B.4, B.5 and B.6. To elaborate on the regulatory implications
of such overlaps, Table 5 presents the applicable RRR framework, outlining the legal Rights,
Restrictions, and Responsibilities imposed to mitigate potential land use conflicts and
ensure functional coherence within these complex parcels.

Table 5 presents information on land parcels that fall within two or more sub-zones as
defined by the RDTR. The analysis is conducted using a quantitative approach based on
the formula provided in Section 2, which integrates three key aspects: ESL index (economic,
social, and environmental), the area of each sub-zone within the land parcel, and the land
value per square meter. The selected sub-zone for each parcel is the one that yields the
highest combined value. For Land parcel B4, which includes two sub-zones, i.e., WP Scale
Trade and Service (408 m?, ESL index 3.94) and High-Density Housing (12 m?, ESL index
3.97), the highest combined value is derived from the WP Scale Trade and Service sub-zone.
In Land parcel B5, which comprises High-Density Housing (1042 m?, ESL index 3.97) and
WP Scale Trade and Service (447 m?, ESL index 3.94), the dominant value comes from the
High-Density Housing sub-zone. Meanwhile, land parcel B6 consists of Cultural Heritage
(1112 m?, ESL index 3.64) and High-Density Housing (50 m?, ESL index 3.64), and the
Cultural Heritage sub-zone generates the highest combined value due to its significantly
larger area. Therefore, the selection of the dominant sub-zone in each land parcel is based
on a quantitative evaluation that considers both the ESL index and spatial characteristics.

Road Area
Cemetery
WP-Scale Trade and Services

High-Density Housing

City-Level Public Fasilities

Land Parcel Boundaries

Figure 9. Illustration of Class 2 land parcel with low compatibility conditions. (Source: own
study, 2025).
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Table 5. RRR information of the parcels covered by multiple sub-zones from the different zones (Class 2.2).

Parcel Sub-Zone Area Land ESL Designated RRR Element
No (m?) Value Index Sub-Zone Rights Restrictions Responsibilities
Th ivi f h ’s Regulati
g The activity refers to the Mayor’s Regulation, RDeT?{CtIV#y refers to t ' Mayor.s. egf‘ ation on
S . . - , with the following conditions:
WP-Scale Trade g o with the following restrictions:
and Service 408 8,651,000 3.94 B 2 s . e  The activity must not interfere with the
e 3 ° Must maintain a safe distance from . .
2 & . . primary function of the sub-zone.
© g residential areas. e  The activity must serve as a supporting facility
B4 < 2 Maximum building height: 20 m. . . PP &
& o . o . and be equipped with the necessary
= = Maximum Building Coverage Ratio - e
= o infrastructure and utilities.
. . ) = (KDB): 60%. . .
High-Density = oy . , L e  The activity must obtain approval
. 12 8 651,000 3.97 S M No increase in the scale of activities. .
Housing o0 ) ~ . . from residents.
o, Must not interfere with cultural . . .
. . e  The activity must adhere to the principles of
= heritage sites. .
sustainable development.
The activi.ty refers to th? Mayor.’s .Regulation on  The activity refers to the Mayor’s Regulation on
High-Density 50 RDTR, with the following restrictions: RDTR, with the following conditions:
Housing 1042 9,257,000 3.97 £ E* . Mu.st ma.lintain a safe distance from e  The activity must not interfere with the
é g residential areas. primary function of the sub-zone.
g Maximum building height: 20 m. e  The activity must serve as a supporting facility
B . o .
B5 E % Maximum Building Coverage Ratio and be equipped with the necessary
g B (KDB): 70%. infrastructure and utilities
job] .
WP-Scale Trade 2 < e  Development mgst comply with the e  The activity must obtain approval
and Service 447 9,257,000 3.94 = = Mayor’s Regulatlon on RDTR. from residents.
T . Mu§t not 1.nterfere with cultural e  The activity must adhere to the principles of
heritage sites. sustainable development.
The activity refers to the Mayor’s Regulation, The activi.ty refers to th.e Mayor.’s. Regulation on
Cultural with the following restrictions: RDTR, with the following conditions:
a, .. . .
Heritage 1112 3,222,000 3.64 o = Maximum building height: 16 m e The activity must not interfere with the
R & Maximum Building Coverage primary function of the sub-zone.
B6 5] § Ratio (KDB): 70% e  The activity must have supporting
(E“ S Maximum Floor Area Ratio (KLB): 3.2 infrastr.uc.ture and faci}ities.
) ) 5 ° Development must comply with the e The aCtlYltY must receive approval
ngh—D?nsﬂy 50 3922000 397 = = Mayor’s Regulation on RDTR from residents.
Housing [t : O ~ e  Must not interfere with cultural e  The activity must adhere to the principles of

heritage sites.

sustainable development.

Source: own analysis, 2025.
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0.04

4.4. RRR Information for Class 3

For the portions of land parcels not covered by any sub-zone as depicted in Figure 10,
image interpretation was performed to obtain the existing use. The results of this inter-
pretation were synchronized with the sub-zones in the land use plan map that contain
similar existing land uses. The result of image interpretation shows that the areas not
covered by land use plan maps are residential. This makes a dummy of those parcels to
be fully covered by certain sub-zones. The acquisition of Restrictions and Responsibilities
information is conducted similarly to that of Classes 1 and 2. Table 5 shows the examples
of the RRR information obtained from Class 3.

LY

Road Area

City-Scale Trade and Services
High-Density Housing
District-Level Public Fasilities

ers
Land Parcel Boundaries

LRCHE

Figure 10. Illustration of Class 3 land parcel. (Source: own study, 2025).

Figure 10 depicts the spatial configuration of Class 3 land parcels, which are partially
regulated by formal sub-zoning and exhibit heterogeneous land use patterns. In reference to
this visualization, Table 6 provides a concise overview of the applicable Rights, Restrictions,
and Responsibilities (RRR), offering insight into the regulatory mechanisms that guide
land use decisions within these partially governed areas. Parcel C.1, C.2 and C.3 shows the
condition of Class 3.

Table 6 presents RRR information for land parcels classified as Class 3, which are only
partially covered by designated RDTR sub-zones, while other portions remain outside any
formal zoning designation. To address this condition, the paper adopts a dual method
approach: (1) a quantitative formula to calculate the composite zoning value (as explained
in Section 2), and (2) visual interpretation using high-resolution satellite imagery (World-
View 3) to determine the appropriate sub-zones for portions that are not covered by RDTR.
Visual interpretation is essential in this context, as it enables the identification of actual
land characteristics that can be aligned with relevant RDTR sub-zones. This process relies
on key visual elements as detailed in Section 3.3.4.
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Table 6. RRR information of the parcels covered by partially outside planning zone (Class 3).

Parcel Sub-Zone Land ESL Designated RRR Element
N (Interpretation) Area Val Ind Sub-Z . A ities
o p alue ndex ub-Zone Rights Restrictions Responsibilities
Th tivit fers to the M s R lati
The activity refers to the Mayor’s Regulation, RDeT‘;C “’?tﬁ I;E e1f‘s HO © ayo;.ts. eg“ atonon
High-Density 74 7 ® o, with the following restrictions: W ¢ fotlowing conditions:
Housing 8 5,076,000 @ c s . e  The activity must not interfere with the
3 @ e  Must maintain a safe distance from primary function of the sub-zone
] H : .
C1 3.94 = g res1d.ent1a1 areas. . e  The activity must serve as a supporting facility
2 S Maximum building height: 20 m
B S . L cing Aeight: " and be equipped with the necessary
= ) Maximum Building Coverage Ratio inf d utiliti
Empty 8 = (KDB): 60%. FIIEL rastr'uc'ture an %tl 1'tles. |
(High-Density 321 5,076,000 4 Ly No increase in the scale of activities. S oactyly mustobtain approva
Housing) o Must not interfere with cultural Th . ) dh he principles of
heritage sites [ e actnglty Crlnus’lc adhere to the principles o
' sustainable development.
@ The activity refers to the Mayor’s Regulation on  The activity refers to the Mayor’s Regulation on
City-Scale Trade ' RDTR, with the following restrictions: RDTR, with the following conditions:
g o - . .
and Service 198 31,091,000 o 2 e  Must maintain a safe distance from e  The activity must not interfere with the
2 ﬁ residential areas. primary function of the sub-zone.
c2 3.94 b § Maximum building height: 20 m. e  The activity must serve as a supporting facility
g o Maximum Building Coverage Ratio and be equipped with the necessary
Empty [:"J‘ S (KDB): 70%. infrastructure and utilities.
- = . .. .
(City-Scale Trade ” 31,091,000 5 5 . Develolpment must comply with the e The activity must obtain approval
and Service) s R~ Mayor’s Regulation on RDTR. from residents.
2 e  Must not interfere with cultural e  The activity must adhere to the principles of
o heritage sites. sustainable development.
The activi.ty refers to thg Mayor.'s .Regulation O The activity refers to the Mayor’s Regulation on
High-Density %‘3 o RDTR, with the following restrictions: RDTR, with the following conditions:
Housing 133 5,575,000 g = e  Must maintain a safe distance from e The activity must not interfere with the
= 9 residential areas. . primary function of the sub-zone.
C3 3.79 2 2 MaX}mum bu1.1d1.ng height: 20 m. . e  The activity must have supporting
2 “‘g Maxm?unl Building Coverage Ratio infrastructure and facilities.
Empty 6 = gDBl)’ 70%. Iy with th e  The activity must receive approval
(High-Density 162 5,575,000 %o &b ° eve o’pment mt.lst comply with the from residents.
Housing) T = Mayor’s Regulation on RDTR. e  The activity must adhere to the principles of

° Must not interfere with cultural
heritage sites.

sustainable development.

Source: own analysis, 2025.



Land 2025, 14, 2084

23 of 30

For instance, land parcel C.1, which includes a formally designated High-Density
Housing area (748 m?) and a portion not covered by zoning (321 m?), was interpreted
entirely as residential. The residential area was then classified as a High-Density Housing
sub-zone. The consistent building layout and patterns across the parcel supported this
classification. Similarly, land parcel C.2, which contains a City-Scale Trade and Service
zone (198 m?) alongside a small, uncovered portion (7 m?), showed strong visual evidence
of commercial land use and was therefore designated as part of the City-Scale Trade and
Service sub-zone. In the case of land parcel C.3, although the parcel is smaller and partially
outside formal zoning, visual interpretation revealed characteristics consistent with High-
Density Residential development, leading to its classification as part of the High-Density
Residential sub-zone.

By combining quantitative analysis and spatial interpretation, this approach enables
accurate and logical classification of parcels that fall only partially within established
zoning boundaries. While visual interpretation helps reveal the actual land use on the
ground, the quantitative method provides a structured way to assess planning priorities
and enforce spatial regulations.

4.5. RRR Information for Class 4

For land parcels that are not entirely covered by any sub-zone as depicted by Figure 11,
image interpretation was performed. The results of this interpretation were then synchro-
nized with the sub-zone depicted on the land use plan map of the RDTR for Yogyakarta City,
so that the land parcel appears fully enclosed by a sub-zone. The derivation of information
regarding the Restrictions and Responsibilities components follows the same approach as
applied in Class 1 and Class 3. Examples of the RRR information obtained from Class 4 are
shown by parcel D.1, D.2 and D.3 as presented in Table 7.

- Road Area

High-Density Housing

| I Land Parcel Boundaries

Figure 11. Illustration of Class 4 land parcel. (Source: own study, 2025).

Figure 11 presents a spatial illustration of Class 4 land parcels that fall outside des-
ignated sub-zones, highlighting areas allocated for High-Density Residential use and
City-Scale commercial services. To complement this spatial delineation, Table 6 outlines
the corresponding Rights, Restrictions, and Responsibilities (RRR) framework applicable
to these parcels, as stipulated by the Mayor’s Regulation on Spatial Planning (RDTR),
emphasizing regulatory limitations and obligations.
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Table 7. RRR Information of the parcels with no planning zone (Class 4).

Parcel Sub-Zone Intepretation Designated RRR Elements
No Sub-Zone Rights Restrictions Responsibilities
The activity refers to the Mayor’s Ehe alct;.\nty reflils_;;the.tl\ﬁizor s
D.1 38 Regulation on RDTR, with the h eﬁgu ation Ond't' ’ wi €
g w0 50 following restrictions: oliowing COI.l ~1 1ons: ‘
g g % E" . Must maintain a safe distance T}}e activity must not 1r}terfere
5 = 3 2 from residential areas. with the primary function of the
o 3 T g : a3 : sub-zone.
0 o = § Maximum building height: 20 m. The activit th
D2 = B G ) e  Maximum Building Coverage vity must have
E‘ g g ‘*é Ratio (KDB): 70%. su(p;pfor%pg infrastructure
;"‘ E ?.: % o Development must comply with _T,r}ll a? 1.tt1es. " .
I ~ 80 & the Mayor’s Regulation eac l‘ilfy must recerve
& T on RDTR. approval from residents.
D.3 8 . Must not interfere with cultural ¢ The activity must adhere

to the principles of

heritage sites.
8 sustainable development.

Source: own analysis, 2025.

RRR information pertains to land parcels not directly included within designated
sub-zones of the RDTR, classified as Class 4. These parcels are located outside the formal
spatial planning boundaries and thus require sub-zone designation based on spatial inter-
pretation methods. In such cases, interpretation becomes critically important to ensure that
these parcels remain within the framework of spatial regulation and that their associated
restrictions and responsibilities can be accurately defined.

The designation of sub-zones for these parcels heavily relies on visual interpretation
keys, particularly using high-resolution satellite imagery such as WorldView-3, as applied
in this paper. Table 7 presents that land parcels D.1 through D.3 are located outside
formal planning boundaries but were visually interpreted as residential buildings. This
process involved the analysis of key visual elements, including tone (to differentiate roofing
materials), texture and shape (to identify residential building patterns), shadow (to estimate
building height), and spatial patterns of buildings and roads (to distinguish formal from
informal settlements). These indicators provided a strong basis for identifying the areas as
part of a formal residential zone.

Following this interpretation, land parcels D.1 through D.3 were classified under the
High-Density Housing sub-zone. This classification served as the basis for applying RRR
elements as regulated in the RDTR. In terms of rights, the parcels were designated as
privately owned. The restrictions for these parcels align with the mayoral regulation on
RDTR, which includes a maximum building height of 20 m, a maximum building coverage
ratio (KDB) of 70%, a safe distance from adjacent residential buildings, and a prohibition on
interfering with cultural heritage sites. Additionally, the responsibilities of activities within
these parcels include ensuring that there is no disruption to the primary function of the
sub-zone, providing adequate supporting infrastructure and facilities, obtaining approval
from residents, and adhering to principles of sustainable development.

5. Discussion

Land tenure encompasses not only rights but also restrictions and responsibili-
ties [18,33]. Consequently, it is essential to record RRR information in land certificates [12].
By doing so, the government can develop a more effective land administration system
characterized by transparent information [36]. In this study, the RRR elements were de-
rived from the integration of land registration maps with RDTR land use plan maps and
zoning regulations.



Land 2025, 14, 2084

25 of 30

The findings of this paper show that, despite the presence of overlay conflicts between
parcel and sub-zone polygons, including parcels with no sub-zone coverage, a represen-
tative sub-zone can still be assigned to each parcel. Approximately 32.32% of all land
parcels in Yogyakarta City were identified as having potential conflicts in Restrictions and
Responsibilities. In addition, 5% of all land parcels are partially covered by a sub-zone, and
105 parcels are entirely not covered by any sub-zone. The latter could create challenges in
issuing development permits. To address the conflicts, the Problem Scenario Development
and Zone Scoring Analysis (ZSA) method was employed.

The method was chosen because it provides a policy-driven, transparent, and contex-
tual framework for resolving conflicts. Rather than relying on static rules like a dominant
area or the highest economic growth potential, this approach allows a clear definition of
restrictions and responsibilities in land certificates to be achieved without compromis-
ing other potential values within a region. The ZSA method evaluates each overlapping
sub-zone on a conflicted parcel against the economic, social, and environmental potential.
A sub-zone that aligns better with the scenario’s optimal objectives, such as promoting
economic activity while preserving ecological functions, receives a higher score. The selec-
tion of the sub-zone with the highest score shifts the decision from an arbitrary geometric
exercise into a direct reflection of the city’s strategic vision.

Resolving the ambiguity caused by multiple overlapping sub-zones on a single parcel
is essential because such overlaps undermine the purpose of land registration, which is
to minimize uncertainty, as previously stated by Zevenbergen [57]. The derived RRR may
be written in land certificates during the derivative land registration services, such as
subdivision or consolidation, ownership transfer, mortgage registration, and others. This
additional recorded information transforms a simple proof of ownership document into an
authoritative document that provides complete legal certainty and transparency. As a result,
landowners, investors, buyers, and creditors can make informed decisions without having
to consult multiple government offices. For a land certificate to be effective for transactions
and as collateral, it must clearly define its rights, restrictions, and responsibilities.

Furthermore, the inclusion of restrictions information ensures that the spatial plan is
legally binding at the parcel level. This addition helps to bridge the gap between spatial
planning and the actual implementation of spatial utilization. Ultimately, integrating RRR
provides a systematic framework managing land and property rights, restrictions, and
responsibilities. Land administration systems were originally designed to provide informa-
tion related to land. Over time, evolving needs have transformed their role into enabling
infrastructures that facilitate the execution of land policies and management strategies
aimed at promoting sustainable development [62]. A key element in achieving this goal is
the effective management of land and property rights, restrictions, and responsibilities.

Deriving RRR as an integrated land information in each land parcel is also essential for
local governments in Indonesia in issuing development permits. Based on the Government
Regulation number 28 of the year 2025 [63], all business activities have to comply with the
spatial plan, including the RDTR. As long as the RDTR has connected to the Online Single
Submission (OSS), the development permit is issued automatically by OSS machine. It
will be a problem if one parcel has multiple sub-zones having contradicted restrictions and
responsibilities. The findings of this research are intended to solve this problem.

Additionally, this paper also highlights a critical issue related to spatial misalignment
among the following three primary layers of land data: cadastral parcel maps, RDTR
zoning maps, and Land Value Zones (ZNT). Discrepancies in boundary delineations and
spatial reference systems between these datasets can compromise the accuracy of Rights,
Restrictions, and Responsibilities (RRR) attribution. This confusion can hinder the iden-
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tification of the correct zoning or land value designation for individual parcels, delaying
permit issuance and undermining the legal authority of zoning regulations.

Several scholars have highlighted the importance of spatial data harmonization to
facilitate effective land management. For example, Bircher [64] notes that inconsistencies
between cadastral boundaries, land use zones, and value zoning can disrupt land gover-
nance and complicate risk assessments or long-term land use policy decisions. Similarly,
Subedi [65] finds that spatial overlaps between land use maps and cadastral data impede
the effective implementation of zoning plans. Kalogianni et al. [66] recommend the ap-
plication of spatial interoperability standards such as the Land Administration Domain
Model (LADM) to mitigate such discrepancies, enhance integration between systems, and
uphold legal transparency and efficiency. These spatial misalignments are not merely
technical in nature; they have legal and administrative implications that demand attention.
In this context, the integration of RDTR data with LADM version II, as demonstrated in
recent Indonesian case studies, offers promising solutions. It supports improved system
interoperability, addresses mismatches in urban boundaries, and ensures that land rights
and spatial constraints are recorded and maintained transparently across jurisdictions.

Based on these findings, integrating Rights, Restrictions, and Responsibilities (RRR)
information into land administration systems is a strategic move toward achieving more
responsive, equitable, and transparent spatial governance. Methods such as ZSA and
spatial integration not only resolve zoning conflicts and spatial irregularities but also rein-
force the legal alignment between land tenure and spatial planning. However, successful
implementation will require high-quality spatial data, harmonized system, and governance
frameworks that are founded on the principles of sustainability and spatial justice. Future
research should explore the applicability of this framework in rural contexts and refine the
spatial interoperability mechanisms, particularly considering protected zone complexities
and local socio-economic dynamics.

The method and analysis in this paper still have several limitations. These limitations
are as follows. Firstly, they have not yet been tested in non-urban areas with large land
parcels. Additionally, the scoring method for sub-zones overlooks the urgency of the
protective zone function, which in some cases is absolutely due to its role in environmental
preservation. Moreover, the process of the criteria in Zone Scoring Analysis is inherently
a political process. While this allows for tailoring outcomes to local development or
conservation priorities, it requires a transparent and well-governed process to prevent
potential bias.

On the other hand, to avoid the problem found in this research, the process of land
registration and spatial planning should be inclusive. It can be an interoperability process
or can implement data sharing. The parcel boundary has to be mandatory to delineate
the zoning in spatial planning process and the information of restrictions and responsi-
bilities have to be as input data in land registration process. Moreover, the implantation
LADM II Part 5 concerning spatial planning information as registered RRR should be
seriously considered.

6. Conclusions

Landownership is not limited to the right to own alone but also the right to use the land
according to the owner’s interests. On the other hand, the government has the authority to
regulate land use for public interests by imposing restrictions and responsibilities on land
use activities through spatial planning regulations. To strike a balance between private and
public interests, it is essential for landowners and other stakeholders to have transparent
access to information regarding the RRR associated with activities conducted on specific
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land parcels. Moreover, the RRR on each parcel is essential for local government to ease in
issuing the development permits.

This paper demonstrated that RRR elements can be derived by integrating data from
the Land Registration Map with the Land Use Plan map and its associated zoning regu-
lations of RDTR. Using Yogyakarta City data as the case study, the land registration map
serves as a source of Rights data, while the Land Use map and its associated zoning regula-
tions in RDTR provide data on Restrictions and Responsibilities. Since land registration
activities and the RDTR design process are carried out separately, without data interoper-
ability between these processes, overlaying the two maps may result in conflicts between
the sub-zone land use plan boundaries and land parcel boundaries. This situation leads to
some land parcels being covered by multiple sub-zones, while some land parcels are not
covered by sub-zones, resulting in inconsistent zoning regulations within a single parcel.

To resolve data integration issues, the study applied the Problem Scenario Devel-
opment method and Zone Scoring Analysis to derive a representative set of Restrictions
and Responsibilities for each land parcel. These were then integrated with the Rights
information, which is inherently available in each certified land parcel. As a result, RRR
information can be made accessible in a single unified document. The application of this
method is a key finding of the research and a challenge for the future research in terms
of automatization.
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