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Abstract: Rapid urbanization has led vertical infrastructural growth in different countries with
differing economic development levels and social systems. The two cities, Prague and Delhi, are
the capital cities of their respective countries and have significant vertical developments. However,
the two cities represent the urban areas from countries having different economic development
levels. The land agencies need to keep monitoring and managing the developments in a city.
The paper proposes a conceptual 3D spatial database enabled IT framework for land agencies. A
monostrand multiple case study approach reviews the current practices, existing spatial data systems
and programmes with 3D components, initiatives taken to create digital spatial database and potential
for 3D spatial database in the two cities. The policy drivers for creation and use of 3D spatial database
for land agencies are presented. The current legal and planning landscape and the institutional
arrangements related to land and property development have been studied considering the scope for
the development of 3D data. Further, a conceptual 3D spatial database enabled IT framework for
better land administration, planning, development and management functioning is proposed. The
proposed framework can make a difference providing interconnectivity, ease of access and usage,
time and cost efficiency, enhanced organizational coordination and spatial data information-based
decision-making process.

Keywords: 3D; spatial database; IT; conceptual framework; land administration; land management

1. Introduction

Rapid urbanization is a global phenomenon spreading out in the developing world.
Several countries in Asia and Africa are examples of it such as Kigali in Rwanda [1],
Accra in Ghana [2], Bengaluru in India [3] and Shenjiang in China [4]. The expansion in
densely populated cities with demand for space is not only horizontal but also vertical,
increasing the infrastructural complexity [5,6]. This vertical growth of infrastructure and
its densification are consuming space both above and below the ground in the form of
multi-storey or high-rise buildings and laying down of underground or elevated utility
networks in the form of pipelines, elevated roads, flyovers, metro tunnels, electricity wires,
optical fibres etc.

The rapid growth of cities in developing countries may find the land planning, de-
velopment and management agencies often unprepared for assessing, preparing for and
meeting the demands of rapid urbanization. This unpreparedness could be in the form
of information required about different types of land tenure, property valuation and tax-
ation, possibilities of physical extensions, etc. [7]. The traditional form of 2D-based land
cadastre might not be sufficient to provide the required clarity about Rights, Restrictions
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and Responsibilities (RRRs) into multi-storey or high-rise buildings [8,9]. This type of
buildings could have individual condominiums and common space with exclusive rights
and common rights [10]. To provide the required clarity about the physical and legal
aspects for the users as owners, valuators, insurers and investors, it is important to have
a 3D information enabled representation of physical and legal aspects of exclusive and
common ownership areas [11-13].

The modern city planning for urban development requires mass scale 3D spatial data
enabled models for planning and changes in city landscape [14] for ensuring the required
transparency through participation of various stakeholders. The planned development of
cities requires 3D digital designing of multi-storey and high-rise buildings construction.
Modern complex structures require Building Information Management (BIM) to enhance
efficiency in designing and construction works [15,16]. After development of an urban
extension or settlement, land and property management of the newly developed area is
required. Monitoring of the new properties for extensions and encroachments is required
to maintain the planned and unplanned landscape of the city. Regular and transparent
updates of land records and the successive transactions in a secure and transparent manner
is required for this purpose. The updated data of legally valid and approved structural
changes as building plan approvals and extension approvals is required.

The paper proposes a conceptual 3D spatial database enabled IT framework for
land agencies. The two cities, Delhi in India and Prague in Czech Republic, are taken
as case study examples because of the existing similarities and differences between the
two. Both are the capital cities of their respective countries and have significant vertical
developments. However, the two cities represent the urban areas from countries having
different economic development levels. Delhi is a metropolitan city of India, a rapidly
growing developing economy and with a huge population, estimated to be more than
20 million. However, India’s per capita income is approximately 2100 USD per annum,
while the per capita income of Czech Republic is approximately 24,000 USD per annum [17].
Infrastructure requirements in India are huge, and, currently, Prague is a metropolitan city
of Czech Republic, a developed economy and a part of European Union. The two cities
are located in different continents of the earth. Indian real GDP growth was reduced to
4.2 in financial year 19/20 caused by the long-standing structural rigidities in key input
markets, continuing balance sheet stress in the banking and corporate sector. This has been
enhanced by the stress in the non-banking segment of the financial sector, increased risk
aversion among banks and corporates and a decline in rural demand [18]. In the case of
Prague, the economy performed strongly in the pre-covid crisis period which led to the
convergence in incomes and living standards [19].

This study explores the answer to these questions: (1) what are the current practices,
data systems and policy drivers for the land agencies related to the 3D information in
Delhi and Prague? (2) what kind of current legal, planning and organizational provisions
related to 3D concepts exist in Delhi and Prague for land agencies? (3) what kind of
3D spatial database enabled IT framework could be adopted to enhance effectiveness
of land administration, planning, development and management for cities with similar
characteristics?

2. Materials and Methods

The paper explores the opportunities that can be provided by 3D spatial database for
enhancing the effectiveness of land administration, planning, development and manage-
ment in urban areas. It explores, as shown in the Figure 1, the current practices, existing
data systems based state-of-the-art and potential for 3D spatial database. A monostrand
multiple case study approach has been applied, which allows performing qualitative analy-
sis in depth of legal, policy, institutional and technological aspects. It uses the local key land
agencies in Delhi and Prague as well as of national level for the unit analysis, selected due
to their role in the land governance, administration, planning and management, building
development, construction and monitoring of the respective cities. The data is collected
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Figure 1. Methodology overview.

The current legal and planning landscape related to land and property development
has been studied in context of 3D aspects. The institutional arrangements have been studied
considering the scope for the development of 3D data. The international works [20-22],
which are about the current practices related to 3D are used to provide information for
this scope. The existing spatial data systems, models or programmes with 3D components
are presented and reviewed for Delhi and Prague cities. The 3D spatial information
components of the domain models and standards about land and buildings as Land
Administration Domain Model (LADM) and BIM have been considered for technological
assessment. The initiatives taken to create digital spatial database in Delhi and Prague are
reviewed. The policy drivers provide argument to have 3D spatial database for the land
agencies. The drivers” arguments are based on technical, financial and planning aspects
mainly. Further, a conceptual framework is proposed which shows the utilization of 3D
spatial database enabled IT system for better land administration, planning, development
and management functioning.

3. Current Practices and State of the Art
3.1. Current 3D Practices of Land Agencies in Delhi

The content on current 3D practices has been referenced for Delhi [13]. Van Oosterom’s
research [20] has been re-used to provide an analytical framework which examines usage
of 3D information and its uptake within the land agencies. Table 1, taking the case of
Delhi, shows that the processes of land acquisition and zonal level planning, performed
at the initial stages, does not adopt 3D representation practice. The 2D and 3D graphic
representations are generated and utilized during the design phase for the new spatial
objects. Registration of spatial objects as individual units or condominiums textually
mentions the usage purpose of basements or floor units, but 3D graphic representations
are not practiced. Use permits do not consider 3D aspects and are given in text although
bye-laws and permissions define 3D rights and restrictions in textual format. Data recorded
under engineering surveys, using total stations, is currently stored and analysed in 2D.
3D positions are usually marked as annotations on 2D CAD (Computer Aided Design)
drawings. Checks and validations are performed on the spatial unit data submitted,
including third dimension mentioned in text format. Information dissemination about
spatial units is usually in 2D but if required, then it is disseminated in 3D. In general,
adoption of 3D representation practice in the case of Delhi land agencies, is used less in
terms of graphics. These current practices show that designated land use rights in 3D for
built-up properties are part of property registration process although these rights are not
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defined graphically. Checks and validation process is performed for the submitted layout
plans where 3D is mentioned in text form, but rights associated with the spatial unit are
not considered in 3D. Building bye-laws for Delhi textually mention restrictions in 3D as
definitions provided for the height of each individual floor, shared walls, ceiling and floor
among the individual units in a building. These definitions provide the legal extent of rights
in 3D. Acquiring appropriate land or space through purchase or acquisition under the
designated land acquisition law is not considered in 3D for a new property development
or extension. So, the status of associated rights, restrictions and responsibilities are vague.
Acquiring space in 3D is different from 3D surveying process which helps to demarcate the
physical boundaries in 3D.

Table 1. Current practices for 3D by land agencies in Delhi, India; Source: [13].

Develop and register zoning
plans in 3D.
Register (public law)
restrictions in 3D

Design new spatial
units/objects in 3D

Acquire appropriate
land/space in 3D

Request and provide (after
check) permits in 3D

Survey and measure spatial
units/objects (before or after
construction) in 3D

Submit associated rights
(RR)/parties and their
spatial units in 3D
Validate and check
submitted data (and register
if accepted) in 3D

Store and analyse the spatial
units in 3D

Disseminate, visualize and
use the spatial units
information in 3D

No No No No
It exists in bye-laws text
No but not in 3D Graphics No No
Mostly 2D designs
Yes excePt.when No Not in dra.wmg
submitting to a layout but in text
particular agency
No No No No
Registries of flats
Not done in DDA . . textually mention the Unknown but will
Permits are given . e
and Other . usage purpose of allot individual flats
in text . 1 1s
Departments basements or in buildings
floor units
Survey drawings mark
Total Station Surveys 3D positions and Total Station Surveys
. . . . . Unknown
now in Practice record elevation now in Practice
contours in 2D
No N/A Only 2D la}{outs with Unknown
flat area in texts
No B s uhveilfiond o) Unknown Unknown
text form
Unavailable special 3D is mentioned in
tools and trained annotation form in 2D No No
manpower in DDA Cad files
Dissemination of the
No but may be in spatial units’
future information in 3D N N

as required.

3.2. Current 3D Practices of Land Agencies in Prague

Table 2, taking the case of Prague, shows that the process of planning, performed
at the initial stages, does partially adopt 3D representation practice. The 3D graphic
representations are generated and utilized during the design phase for the new spatial
objects, typically high-rise buildings. Checks and validations are performed in 3D in the
case of the new buildings. The building permits are considered with a height limit using
the 3D model of Prague (more information about this 3D model is in Section 3.3). Data
recorded under existing 2D digital cadastral map contains only the building outline and
no spatial information about the apartments is displayed. 3D drawings are not part of 2D
cadastral maps. Information dissemination about spatial units is usually in 2D, but Prague
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Institute of Planning and Development also disseminates in 3D. In general, adoption of
3D representation practice in the case of land agencies of Prague, is quite moderate in
graphical form.

Table 2. Current practices for 3D by land agencies in Prague, Czech Republic.

Develop and register zoning
plans in 3D.

Register (public law)
restrictions in 3D

Design new spatial
units/objects in 3D

Acquire appropriate
land/space in 3D
Request and provide (after
check) permits in 3D

Survey and measure spatial
units/objects (before or after
construction) in 3D

Submit associated rights
(RR)/parties and their spatial
units in 3D
Validate and check submitted
data (and register if accepted)
in 3D
Store and analyse the spatial
units in 3D
Disseminate, visualize and
use the spatial units
information in 3D

No.

No
In the case of utility constructions,
the easement is used with 2D
scope graphically displayed in the
digital cadastral map.
Underground constructions with
separate special-purpose use (e.g.,
metro, collectors, wine cellars . . . )
are considered as real estates else
they are a part of the land, even if
it affects (lays below) the
other land.

No.

No.

The break points constituting a
boundary of parcel are measured
in 3D. However, parcel as a piece

of land is projected onto 2D
cadastral map.

The existing 2D digital cadastral
map contains only the building
outline and no spatial information
about the apartments
is displayed.

No.

No.

Producing Digital
Terrain Model 5th
generation (DMR 5G)
to analyse terrain
situation at local scale
and character, e.g., for
land adaptations
projecting,

No.
maintenance of digital
database of geodetic
point fields including
vertical and
gravitational
point fields.

No.

Yes. (Prague Building
Regulations, 2015)

The metropolitan plan contains
the building height limits across
Prague to help maintain the city’s
character. The height limits are
derived from the digital 3D model
of Prague.

Digital map of surface situation
and networks of technical
infrastructure with 3D
coordinates.
Additionally, the 3D spatial data
of metro tunnels are registered by
Prague Institute of Planning and
Development.
Furthermore, the 3D model of
Prague (containing the buildings,
bridges, vegetation and digital
terrain model), which is online
and was also printed out in 3D.

No.

Yes.

Yes.
Digital thematic map of surface
situation and networks of
technical infrastructure.

Yes.
Yes.

Yes.
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3.3. The 3D Model of Prague

Prague has a detailed digital 3D model of all its buildings, terrain and green spaces.
The 3D model is an important resource when planning construction, height regulations
and land use rulings [23]. The model was created using photogrammetric assessment of
aerial photographs taken from 2000 to 2008. The most recent update of development data
took place in 2016, and terrain data in 2018. The development model is accurate to at least
0.5 m, and the terrain model to at least 1 m. Currently, most of the Prague’s spatial data is
stored in geodatabase. Regarding the 3D model of Prague, the data are stored in shapefiles.
However, the intention is to update the storage and store the 3D model of Prague in spatial
database based on 3DCityDB [24]. The initial transformation of 3D model of Prague into
CityGML and its storage in 3DCityDB was explored in [25]. Figure 2 shows the digital
technical map with 3D coordinates of features constituting a thematical map of surface
situation (UMPS) and networks of technical infrastructure. The Figure 3 shows the 3D
model of Prague and 3D networks of technical infrastructure.
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of traffic ﬂ E

| | — L
/ \__ Server 4 J
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Figure 2. Technological solution of digital technical map of Prague [26].

Figure 3. The 3D model of Prague and 3D networks of technical infrastructure; Source: [26].
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3.4. Delhi Geospatial System for Land and Infrastructure

A project for “CREATION OF DELHI STATE SPATIAL DATA INFRASTRUCUTRE
(DSSDI) FOR GNCTD” was initiated by Survey of India (SOI) as a 3D geographical infor-
mation system (GIS) solution including generation of large-scale base map from the aerial
photographs obtained in 2007 to cover the state of National Capital Territory of Delhi in an
area of about 1500 sq kms. A public sector company “Geospatial Delhi Limited” (GSDL)
has been created under DSSDI project, a Geo-Knowledge enterprise of Government of
National Capital Territory of Delhi. GSDL offers a geoportal as a free centralized single
window web application enabling standard access to the selected geoinformation to the
public. It also includes land records of Delhi as 2D GIS dataset. It has GIS applications
for city governance including forest, water board, education, health, municipal and de-
velopment authority services, disaster management authority resources. The geospatial
data creation for the land records of Delhi has been performed in a two-dimensional GIS
environment, accessible through a GIS enabled portal as shown in Figure 4. The similar
type of data is shared with Delhi Development Authority and Municipal Corporations as
per their requirement [27].
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Figure 4. Geographical information system (GIS) enabled portal for revenue purposes in Delhi; (Source: [27]).

Thus, current practices and existing data-based initiatives in GIS format for land,
infrastructure and terrain can be justified under the “Smart City Mission” of India and
a lot of redevelopment and relocating processes are happening. Backed by a 3D spatial
database, these redevelopment and relocation processes can become sustainable with
3D representation [28].

4. Vertical Growth and Legal, Planning and Organizational Provisions of the
Two Cities

4.1. Vertical Growth in Delhi

With the growth of Delhi, land use change has happened substantially. Traditionally,
Delhi has preserved its skyline, but the land use change in Delhi has resulted in the increase
in infrastructural density and demand for different uses of land competes for the available
space [29,30]. The competition is not limited only to horizontal but also to the vertical
dimension. Delhi has now multi-storey and high-rise residential buildings in the entire
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city. The redevelopment is happening in some pockets of Delhi with multi-dimensional
growth of infrastructure in the city. Urban extension areas planned under Master Plan of
Delhi 2021 involve construction of high-rise buildings for residential purposes. In Delhi,
2D data is commonly used by land agencies. The policies regarding 3D land information
are, in general, not present.

4.2. Vertical Growth in Prague

In Prague, it was decided to focus more on the further development of the city centre
than to support the new constructions around the city and, therefore, less number of new
high-rise buildings are coming up in Prague. However, Prague has a substantial number of
existing multi-storey and high-rise buildings.

In Prague, in the case of a new construction, the 3D panoramic drawing has to be
delivered. This drawing is done in digital form and has to use the existing 3D digital model
of Prague. The created panoramic drawing is then submitted to the Prague Institute of
Planning and Development for its evaluation.

4.3. Legal, Planning and Organizational Provisions

Legal basis is required for formulation and adoption of any policy change. Creation of
a favourable policy for 3D spatial data capturing would require legal support. In Delhi,
legal provisions exist regulating the land planning and development. The Registration Act
1908 of India, is the legal instrument controlling land tenure through registration of land or
property. The property can be individual units in a multi-storey or high-rise building. The
registry details include the 3D components description of the property unit. Master plan of
Delhi (MPD2021) acts as the guiding framework to be followed for the land use planning.
The different recommendations of the MPD2021 indicate the 3D information advantages as
it emphasizes the vertical growth of space, promoting group housing for land optimization
and enhancement of ground coverage. It also specifies height limits for all categories
of residential plots. It provides for mixed land use to meet the demand for commercial
space along with new parking policies including multi-level and underground parking.
Redevelopment with higher density is recommended, and areas for tall buildings are to
be identified in cases of urban extension [31]. The Real Estate Regulatory Authority Act
2016 (RERA) [32] and Unified Building Bye-Laws (UBBL) [33] for Delhi comprehensively
provide definitions related to building, high rise buildings, building height, room height,
floors, individual flat units, common spaces, basement, obligations of promoters, allottees
and authorities. Moreover, UBBL, 2016 makes it mandatory that the section in a building
plan must indicate the total height of buildings, rooms and the height of the parapet.
Parapet is a low protective wall along the edge of a roof, bridge or balcony. Service plans
for utility networks such as water, sewage and gas are to be shown. Details are to be
shown for all elevations. This includes fagades with total height of buildings, permissible
projections beyond the permissible building line, location of doors, windows and other
openings, including ventilators, with size in a textual schedule form. In fact, the RERA Act
2016 includes enclosed spaces in its definition of the self-contained part of an immovable
property. This analysis strongly indicates the readiness of legal and policy provisions in
Delhi for creating a 3D spatial database to be adopted by its land administration and land
management systems. Beyond the State level UBBL and RERA, the National Building
Code [34] of India acts as the Pan-India guideline for building construction activities.

The different characteristics of these legal and planning provisions could collectively
use a 3D spatial database with relevant attributes, geometrical and topological requirements.
Table 3 summarizes the legal and planning provisions in Delhi and Prague pertaining to
land and buildings with a description of linkages with 3D aspects.
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Table 3. Legal and planning aspects related to 3D in Delhi and Prague.

Link with 3D aspects in the form of total height of buildings, rooms and
Unified Building Byelaws Delhi 2016 and Prague the height of the parapet; usage of floor plans including components
Building Regulations vertically connecting two or more floors in a building such as stairs,
lifts, ramps or utility networks.
Link with 3D aspects in the form of provisions for metro ways
National Building Code 2016, India and Building Act including case of “public benefit purpose underground constructions”;

(Act No. 183/2006 Coll.), Prague fire safety for complex and high-rise buildings, design and construction
codes.
Link with 3D aspects in the form of emphasis on mixed land use plan
Delhi Master Plan 2021, Prague Strategic Plan and which will increase the density and thus prompts vertical growth;
Prague’s New Metropolitan Plan redevelopment with higher density; identifying areas for tall buildings

in urban extension areas.

Link with 3D aspects in the form of definitions provided for building,
its individual units, common areas as well as scope for enclosed spaces.
The right of ownership of a parcel relates to the 3D space, is not solely
limited to the flat parcel defined in 2D absent height or depth and can

therefore be used by the owner. In the case of flats, only a schematic
Cadastral Act (Act No. 256/2013 Coll.), Czech Republic ~ drawing illustrating the floor plans and textual description of flats is

required. Furthermore, there are 3D objects not registered in the
cadastre but schematically displayed on the 2D cadastral map like
selected hydraulic structures.

Considers the 3D space both above and below the parcel as a part of the
land without any limitation on the maximal height or depth
above/below the land. Owner cannot object to activities performed by
a third party at a height or depth without justification for preventing
such use. The size of the share is determined by the size of the building
unit in relation to the total area of all the units. If an underground
structure is not an immovable thing, it is a component part of the tract
of land even if it extends under another tract of land.

Real Estate Regulatory Authority 2016, India

Civil Code (Act No. 89/2012 Coll.), Czech Republic

Land administration and land management involves an array of functions to be
performed. The land agencies in India and Czech Republic along with the respective
functions are shown in Table 4.

Table 4. Functions of land administration and land management arrangements in India (Delhi) and Czech Republic (Prague).

Department of Land Resources, Ministry

of Rural Development; Ministry of Czech Office for Surveying, mapping

Land and Property/Housing

related Policy Housing and Urban Affairs and cadastre.
. Delhi Development Authority, Prague Institute of Planning
Planning and Development Govt. of India and Development.

Land Survey Office, Czech Office for
Surveying, mapping and cadastre,
Private sector (licensed surveyors).

Registrar Office, Department of Revenue, Czech Office for Surveying, Mapping

Survey of India, Govt. of India; Private

S i .
urveyms sector (licensed surveyors)

Land and Built-up Property Registration

Govt. of Delhi and Cadastre.
- Municipal Corporation of Delhi, Prague Institute of Planning
Management and Monitoring Govt. of India and Development.

Geospatial Delhi Limited, Govt. of Delhi;
Department of Land Resources under
Ministry of Rural Development,
Govt. of India.

Czech Office for Surveying, mapping and
cadastre; Prague Institute of Planning
and Development.

Digitalized records (Spatial and Textual)

4.4. Land Agencies in Delhi, India and Their Functions

The Land is a State subject in India and policy matters related to land and property
in India are primarily handled by the States. Department of Land Resources (DoLR) of
Ministry of Rural Development under Government of India, guide and facilitate States to
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modernize land record management and build up a land information system. The functions
include matters related to land reforms, land tenure, land records and consolidation
of holdings. The DoLR has a Digital India Land Records Modernization Programme
(DILRMP). The DILRMP has three major components—(a) computerization of land record,
(b) survey /re-survey and (c) computerization of registration. The digital land records are
maintained in 2D format. It is not known the survey/re-survey includes any kind of 3D
information such as terrain variations [35].

The Ministry of Housing and Urban Affairs, Government of India [36] as the na-
tional scale apex authority involves in formulating policies, sponsoring and supporting
programme, coordinating the activities of various central ministries, state governments
and other nodal authorities and monitoring the programmes concerning all the issues of
housing and urban affairs in the country.

The surveying in India is performed by Survey of India on behalf of Government of
India. In addition to infrastructure, natural features above the surface, it surveys the terrain
elevation variation information as contours. The contours contain the elevation height
information for 3D mapping. There are also private licensed surveyors in India using latest
surveying equipment with laser or GPS-based technologies. These technologies can record
the surroundings as well as the terrain in the form of three-dimensional information.

The registration of land or property in the city of Delhi is performed by Registrar Office,
Department of Revenue, Government of Delhi [37]. The registry is also performed for the
multi-storey properties and individual flat units. Planning and Development function for
city of Delhi is primarily performed by Delhi Development Authority promoting vertical
development in urban extensions [38]. Management of different types of land and property
management is primarily the responsibility of Municipal Corporation of Delhi (MCD) for
most part of the city. After the de-notification of an area by DDA, MCD takes control of
building activities and applies provisions of the Municipal Corporation Acts for the land
and infrastructure management. The slums (referred to as “JJ] Clusters” in Delhi) are mostly
under the mandate of the Delhi Urban Shelter Improvement Board (DUSIB) [39], and some
of them are managed by DDA. Many of the slums have multi-storey structures. The DUSIB
and DDA organizes slum residents into resettlement colonies and will soon be provided
individual housing units into multi-storey buildings.

Digital land and infrastructure records for Delhi city are created and maintained by a
public sector company under Government of Delhi known as “Geospatial Delhi Limited,
Government of Delhi”. The digital records for multi-storey and high-rise buildings are
maintained in a GIS environment with “Height” stored as an attribute. GIS files are
maintained for utility networks with information about the height and depth they are
located at.

4.5. Land Agencies in Prague, Czech Republic and Their Functions

In the case of Czech Republic, Czech Office for Surveying, mapping and cadastre is
responsible for land and property related policy matters. The existing digital land records
are maintained in 2D format. The National Set of Spatial Objects (NSSO) Programme of
Czech Republic is defined as the source of guaranteed and reference geographic data at the
highest possible level of detail for selected objects of the real world, covering the whole
territory of the Czech Republic [40]. The data is going to be created as 3D.

The Czech Republic has a Czech Office for Surveying, Mapping and Cadastre, Land
Survey Office as well as private licensed surveyors. A crucial role in measuring a terrain
in surveying, and mapping applications play the geodetic point fields. Due to the rapid
development in the domain of information technologies, it makes sense to consider using
the 3D spatial database to manage the information about the geodetic point fields including
trigonometric and densification points (horizontal point field), the levelling points (vertical
point field) and gravity point (gravitational point field). Janec¢ka [41] proposed the creation
of a 3D spatial database which integrates the information about the various kinds of
established geodetic point fields with the aim of enabling their effective management.
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To enable analyses of 3D terrain situation, the Land Survey Office further produced the
Digital Terrain Model 5th generation for the whole Czech Republic. Considering the NSSO
programme, the methodologies and policies describing the surveying of objects in 3D
have to be created. Currently, the survey information, especially from the private licensed
surveyors, includes also the Z (height) information. However, this is not used for cadastral
nor planning information.

The authority responsible for the registration of land and property (including multi-
storey properties and individual flat units) in Prague and also in the whole Czech Republic,
is the Czech Office for Surveying, Mapping and Cadastre. In Prague, city planning and
development is performed by the Prague Institute of Planning and Development.

In the case of Prague, the Prague Institute of Planning and Development performs
Planning and Development function for city. In the Prague city, creation of digital land and
infrastructure records is executed by the Prague Institute of Planning and Development,
which is arranging the current basic geographical data for all urban governance activities.
The Digital Map of Public Administration of Prague includes the Technical map (with 3D
coordinates and containing also networks of technical infrastructure), orthophoto maps, 3D
model of Prague and a basic map of Prague at a scale of 1:25,000. The 3D model application
of Prague, which is available to both experts and general public, provides a wide range of
detailed information about every building, e.g., a number of floors and the owner.

5. Policy Drivers for 3D Spatial Database-Based IT Framework

With this background, the specific policy drivers are revealed for the creation of
3D spatial database enabled IT framework for land administration and land manage-
ment activities.

First, Architects and engineers usually try to find ways to save design cost of property
unit under development. They require more certainty in efficiency of designing process
to make it robust, reliable and cost worthy. In Delhi and Prague cities, architects and
engineers have gradually adopted BIM as part of the building development process. BIM
allows handling of 3D aspects of a building design. A 3D spatial database getting inputs
and providing query-based outputs would enable geometrical and topological consistency
check of floors in a building layout submitted as per the rules in the case of multi-storey
or high-rise buildings. This can help in 3D capturing, storage, visualization and analysis
of boundaries, volumes and spaces to enhance construction engineering works accuracy
whether they are new developments, repair and regular maintenance by development
authorities and municipal corporations.

Second, the development of high-rise buildings and complex structures increase the
risk of construction errors and resource inefficiency. A proper 3D spatial database with
attributes, geometric and topological characteristics of building components, provides
opportunities for more efficient planning and designing of infrastructure. Planning could
be performed using the data for individual floors and the inter-connectors which could
help to avoid costly mistakes while doing construction as part of land development. Delhi
and Prague both have witnessed the continued growth of high-rise buildings for residential
and commercial purposes as well as complex structures with mixed land use providing
commercial and office space. The complexities of design, common space division and
interconnecting space require a 3D data management approach to bring efficiency during
the development for efficient space usage, navigation network development, vertical and
horizontal connectivity and timely and appropriate response for resource requirement
on different stages of development. Land agencies in Delhi and Prague can utilize this
information in 3D for further developments and learn to use resources more efficiently.

Third, the data interoperability is important for coordination among the land agencies.
A 3D spatial database enabled IT framework representing land and building components
and compatible with international standards of land, building or infrastructure will enable
land administration and management officials to maintain records in a synchronized
and holistic manner. Multiple agencies are involved in land administration and land
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management in Delhi and Prague. The agencies are not only connected on the local level
but also have vertical linkages with national level agencies. However, a good level of
coordination is required for the proper functioning of land agencies. This is only possible
when the information flow between the agencies on local and national level happens in a
smooth manner. Considering the vertical developments in Delhi and Prague, it is necessary
to have similar data standards followed by the agencies in 3D also. These data standards
will allow interoperability to fetch 3D data also for the ownership and leasehold rights for
registration, validation and monitoring.

Fourth, 3D spatial database representing land and building components will allow
clear demarcation of 3D spaces and claims over separate holdings in high-rises and multi-
stories. Thus, legal and physical spaces can be earmarked and defined in 3D. This can be
beneficial to any city like Delhi and Prague as 3D demarcations of space can avoid social
conflicts due to property disputes. Often such disputes arise from different perceptions
of boundaries. Clear demarcation in 3D can remove the vagueness about the boundaries
in 3D.

Fifth, vertical growth of infrastructure in dense urban areas, generate physical space.
The large complexes with physical spaces under common and exclusive ownerships can
generate substantial revenue with financial transactions in the form of sale-purchase, rental
and property taxation activities. 3D spatial database with various attributes capturing
physical and legal aspects of land and building components bring clarity in tenure claims
for both exclusive and common areas. This increases accuracy and certainty in the tax
collections and property transfers or leasehold agreements. Delhi and Prague, both are the
capital cities of their respective countries. Like any other metro city providing economic
leverages, these cities attract high prices for space based on the high demand. Higher
demand for space brings increased frequency of property transactions. Higher prices of
space attract higher rates of taxes. These activities in metro cities like Delhi and Prague
generate need for increased accuracy in the boundary’s determination and certainty in
tenure claims. A 3D spatial database can help in achieving the desired level of accuracy
by considering volume spaces and relevant attributes of the properties. This generates
potential for more revenue.

Sixth, the insurance premiums and property valuations depend on the accuracy
of physical space measurements, extents of legal space, type of material, exclusive and
common facilities available, etc. This becomes important in the case of housing societies
with common rights and responsibilities. The property insurers and economic valuators
can benefit in performing the respective assessments or valuations, from the attributes and
geometries stored in a 3D spatial database capturing various aspects of an individual unit
physical and legal space. The space comes at a premium price in much sought locations of
Delhi and Prague. The higher valuation of a property could directly affect the premium
for property insurance. Delhi and Prague could have many such properties which use
valuation services to generate mortgage against those properties. Similarly, high-rise and
multi-storeys have individual properties which must be insured at a relevantly high level
of premium. The role of 3D spatial database could be influential in getting more credit
against the mortgaged property because of higher level of accuracy of space volume for
the property [42,43]. The 3D spatial database can also raise the premium for higher volume
of space. The data in 3D could provide significant evidence in hands of valuators and
property insurers for decision making.

Seventh, land administration and management agencies are in general concerned
with land related aspects of disaster management. 3D spatial database can help in land
aspects of disaster management with creation and maintenance of 3D aspects of cadastre
for verification of land tenure to settle claims for ownership and compensation and 3D
visualization and simulation of land-based response and recovery planning. Informal
and squatter settlements in Delhi may have the problem of overlapping claims with each
party claiming the ownership of the property unit especially the common shared areas.
Considering the high-rise buildings for residential purposes in Prague, the Civil Code
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considers the building unit as a separate piece of real estate and does not constitute a
part of the land [44]. There is descriptive information about the owner of each building
unit in the information system of cadastre of real estates, but no 3D graphical information
describing the corresponding 3D spatial unit (building unit) is available. The ownership
verification for compensation can be performed with more confidence using a 3D cadastre.
The 3D spatial database can deal with the data storage, retrieval and editing requirements
of a 3D cadastre.

Finally, 3D visualization using 3D spatial database in the backend could be used for
promoting online participatory planning practices by land agencies. Metro cities like Delhi
and Prague have to be transformed as smart cities to meet the demands of its residents in
the future. A part of Delhi is already selected under “Smart City Mission” of India and a lot
of redevelopment and relocating processes are happening. Backed by a 3D spatial database,
these redevelopment and relocation processes can become sustainable with a participatory
planning initiative. In the case of Prague, a 3D planning practice also starts to incorporate
the 3D outputs from the BIM, especially the 3D models of the buildings (see the Figure 5).
Using 3D visualization to display a digital twin of the city, online participatory planning
could be a successful and fruitful exercise.

7 e | B
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Figure 5. The combination of building information management (BIM) (the buildings in the middle)
and GIS (the buildings from the 3Dmodel of Prague) [45].

6. 3D Spatial Database Enabled IT Framework for Land Agencies

The above qualitative analysis of current practices and data systems in Delhi and
Prague, the policy drivers, legal, planning and organizational provisions reveals that
cities in the two different type of economies are having vertical growth, but the land
administration and management agencies yet have to fully understand and exploit the
resources for creating and using a 3D spatial database enabled IT framework.

The described current practices for 3D adoption by land agencies reveal the gap which
needs to be filled up beyond planning and designing. The lack of proper 3D information
components, for land or property registry, building permits, dissemination, etc., provides
the opportunity space.

Before moving forward to develop a framework, A review of international tools and
standards for land, infrastructure and spatial data is presented. This sub-section describes
the potential for upscaling or downscaling of database for 3D components in acceptable
standards. This revelation can be generalized for cities in other countries with similar traits
as rapid urbanization, vertical growth of infrastructure in cities, developing or developed
economy, presence of digital spatial initiatives of land agencies and existing legal and
planning provisions to support 3D concept.
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6.1. International Tools and Standards for Land and Infrastructure and Other Spatial Data

Land and infrastructure domain has combinedly gained interest in recent years re-
sulting in the development of tools and standards as LADM, CityGML, BIM, LandInfra,
IndoorGML. One of the reasons behind this interest could be the growing urbanization
leading to the vertical growth. The land agencies need to capture this vertical growth
properly for the purposes of tenure security, taxation, valuation, insurance premiums,
etc. A 3D spatial database enriched with the attributes and geometrical and topological
consistencies in cohesion with these standards can be useful for the land agencies. Cities
like Delhi and Prague with vertical growth can benefit from such a database.

The LADM, ISO 19,152 as a conceptual model includes elements above and below the
surface of the earth. It provides for 3D aspects as spatial units in the form of “Apartment
Units” and space defined in 3D [46]. These concepts can be used by the cities like Delhi
and Prague to define the rights, restrictions and responsibilities for individual apartments
and commonly owned undivided shared space and facilities in multi-storey and high-rise
buildings. The concepts can be the foundation for further development of relevant laws
and policies. The need to translate the 3D concepts of LADM in a 3D data modelling
component, can be fulfilled by using CityGML, an open standard data model and exchange
format data standard. CityGML can be used by the land administration and management
agencies for digitally storing city level infrastructure and landscapes [47]. This model
includes descriptions of feature in a city, such as buildings, roads, their relationships in
different levels of detail as required by planners, designers, modelers and developers. The
model could enable storage of the specific 3D relationships between objects such as an
underground Delhi metro station, connecting to its surface level vehicle parking. The rich
repository of different road furniture and building details can help to capture the building
and other infrastructure models in detail, including 3D aspects in a standard manner. Thus,
cities can have an internationally accepted standard format of infrastructure landscape in
their digital twins. LandInfra is a model, using concepts from LADM, focused on division
of land not only based on administrative jurisdictions, but also the property units as built-
up infrastructure. It also defines the individual units in a building as “condominium units”
and details out the various components. This model can act as an intermediate-model,
with physical and legal elements it provide for information modelling [48].

Once the city landscape is captured as different features on the desired level of detail, a
3D information model for individual buildings can be detailed using the Building Informa-
tion Management. BIM is a relatively new concept to modern building development and
management requirements [49,50]. BIM is a standard approach now for modern buildings
in the cities but still needs to be used on a mass scale for buildings with multi-storeys and
multi-owners of individual units. The inside information of a building can be extended
from the indoor models like IndoorGML model which can detail out the multi-layered
space as indoor-outdoor connection [51].

OracleSpatial and PostGIS are the database models which can be used to design and
structure a 3D spatial database as per data modelling rules. They provide several 3D
spatial functions as 3D spatial indexing, 3D visualization, 3D data queries and topology
checks. These 3D spatial functions could be useful for designing an IT framework for
decision making. To gain from the combined advantages of different standards for specific
applications, some researches have shown the possibility of integration. For example,
IndoorGML and LADM integration can provide more accurate geometries for strata (in
LADM) and also to be able to provide constraints (from RRR) for access of spaces and thus,
enrich IndoorGML (which largely supports navigation) [52,53].

6.2. The Conceptual Framework

According to International Federation of Surveyors (FIG) [54], there seems to be no
problem for most of the buildings, even complex, in the case of aboveground objects, if 3D
information is available (3D models, height information, descriptive 3D data, etc.) but in
metro cities with underground utility networks such as different modes of transport, water,
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sewage, electricity and parking, the problem arise in defining, establishing, registering
and managing stratified real property for integration. This fact can be true in the case of
modern metro cities where vertical layers of infrastructure require integration due to their
interconnectivity and interdependency.

A 3D spatial database, comprehensively addressing the gaps while learning from
the relevant international tools and standards created with specific objectives, can help
to support an information technology framework for land and infrastructure planning,
development and management in urban areas.

The current functions of land agencies in a modern city, as shown in Figure 6, include
land planning, surveying, development, tenure administration, management and moni-
toring and digitalized records. These functions are performed on existing features or to
generate new features. Proposed activities with 3D aspects show that how 3D capabilities
can be used for performing the relevant functions on the features in a digital spatial envi-
ronment. Planning of cities or settlements may require 3D visualization and simulations.
Surveying of topographic features, existing infrastructure and 3D land parcels is to be
performed to capture data on terrain elevation and existing infrastructure measurements.
Design and construction of infrastructure for the development of new built-up properties
can be performed easily, rapidly and more accurately with 3D spatial designs. 3D reg-
istration of property including 3D aspects of built-up properties and 3D land parcels is
executed as part of land tenure administration. Management and monitoring is required
for approvals of vertical and horizontal building extensions, encroachments checks in 3D
land parcels, repairs of building and utility infrastructure and tenure records updating.
The functions also include creation and maintenance of digitalized records for spatial
boundaries demarcation, text and numeric attributes data attachment, 3D queries and
analysis of built-up property and 3D land parcels. Relevant tools and standards with 3D
aspects can help to standardize the approaches to perform functions in a digital spatial
environment. For example, 3D design and construction can be standardized using BIM
while CityGML level of details (LoDs) can be used as a 3D data standard for building
visualization on different scales. LADM concepts of 3D spatial unit and RRRs can be used
for standardizing the details to be entered for 3D property registration.

Functions of Features Proposed Activities with Relevant Tools and
Land Agencies 3D Aspects Standards with 3D Aspects
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Figure 6. The proposed activities with 3D aspects for a land administration system in a modern city.



Land 2021, 10, 248

16 of 21

Figure 7 shows an overview of information technology framework for 3D land plan-
ning and development requirements. It has three main components which are presented in
a sequential order to understand the flow of the process. The first component on proposed
activities with 3D aspects involves the 3D aspects of basic level to visualize a dataset with
Z heights but also the surveying, designing, registration, mutation and analysis of the
property. The second component on technical capabilities required to handle activities with
3D aspects also vary accordingly. Some of them are meant for visualization of 3D data only
while others are focused on handling the geometrical and topological aspects of the 3D
data. 3D data storage, animation, indexing, processing and query syntax are other aspects
mentioned as well.

Technical Capabilities required to
handle:

v 4

3D Visualization & Simulations

Terrain Elevation & Existing Infrastructure
Measure ments

Design & Construction of Infrast ructure
3D Property Registration L8 3D Attributes
3D Space Calculations Algorithms
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3D Data Storage
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3D Animation
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3D Topology
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3D Spatial Data Enabled IT System ]
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¥

WebServer 3D Viewer/Animator
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Model (BIM), Topographic & Built
Environment (CityGML) & Legal Spatial Units
{LADM). Operational datasets.

GIS Interface

Figure 7. Overview of information technology framework for 3D land planning and development

requirements.

The final component of 3D spatial database enabled IT system can have server-based
technologies (database, web, GIS) along with 3D viewer and 3D animator to perform the
desired functions. A 3D spatial database could provide support for 3D data storage, 3D
view, 3D animation, 3D geometry, 3D spatial indexing, 3D topology, 3D attributes, 3D space
calculation algorithms and conditional analysis syntax for 3D features and raster layer
extraction/calculation. A 3D spatial database enabled geospatial system, as part of a larger
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IT framework, could use these functionalities as a kind of spatial decision support system
(SDSS) for land agencies. A knowledge-based element of this component involves 3D
elements inspired from Building Design Model (BIM), Topographic and Built Environment
(CityGML) and Legal Spatial Units (LADM). This could be helpful in providing essential
tools for supporting various activities with 3D aspects in a standardized way. The standard
definitions accepted internationally will help to design the tools which can overcome
the limitation found in one standard, by using the related definition in other standards.
This will give flexibility to fulfil the functional requirements of various land and built-
up properties.

The Figure 8 shows different modules which can be the function-based core of the
3D spatial data enabled IT system. These modules represent the core functions of land
agencies as shown in Figure 8. The functions are generalized based on the understanding
derived from the literature review and the organizational arrangement for case study cities
of Delhi and Prague. These are the most common and prominent functions of land agencies
which need to be performed for the strategic and operational management of land and
built-up properties in the city. A digital platform in the form of 3D spatial data enabled
IT system with interconnectivity between these modules will provide easy access and
usage capability to different land agencies for the execution of various responsibilities as
3D visualization for participatory planning, 3D scenario generation and simulations for
understanding the potential future development alternatives and 3D survey data spatial
indexing for quick retrieval of data against a 3D query. Considering the role of data in each
module and also that the IT framework is mainly about information handling, it is decided
to have a dedicated database management module, which can handle 3D spatial as well as
non-spatial data. It could be the efficient data storage, optimum utilization of space and
processing capacity for data retrieval through a query, data indexing including 3D spatial
data indexing.

Modules in 3D Spatial Data Enabled IT Syslcml

¥
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Figure 8. Proposed 3D enabled modules of IT framework for spatially informed decision making.
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7. Discussion

Vertical growth of cities such as Delhi and Prague create a complex infrastructure
environment which requires 3D information to be generated and analysed for urban land
planning, development and management agencies. The current practices of using 3D
information by land agencies in Prague and Delhi cities are to a limited or moderate
extent. However, the city of Prague and the city of Delhi both have the existing dedi-
cated programme or public sector organization with 3D spatial information of city level.
This includes buildings, terrain and other infrastructure. The 3D model is an important
resource when planning construction, height regulations and land use rulings (refer to
Figures 3 and 4). It is important to understand that the two cities are the capital cities of
their respective countries, so it is natural to receive migrants from other cities for the pur-
pose of settling there. However, the land administration and management arrangements
could be considered inspired from two different origins. While Delhi, or India as a whole,
land system is adopted and influenced from the British colonial setup, the land system in
Czech Republic is influenced from its communist history which disregarded the individual
ownership of land. India is based in Asia, where most of the countries remained under
colonial rules for almost half decades of the previous centuries. The urbanism spread quite
late once India adopted liberalized economy to open its market for international players.
Czech Republic in Europe has seen, very closely, the destruction of political systems and
economy setups due to World War II and the communist era that followed. The end of
communist regime changed the land system also towards more individual land ownerships.
It has also got benefitted from the formation of European Union and being a part of it.

Policy drivers for creation and use of 3D spatial database for land agencies provide the
favourable arguments for efficient visualization, designing and construction with higher
accuracy, compatibility with 3D components of international information standards on land
and infrastructure, higher accuracy in assessment of insurance premiums and property
valuations, easy verification of land tenure to settle claims for ownership and compensation
and promoting online participatory planning practices. Laws, rules and plans in Delhi
and Prague are inclusive of 3D aspects related to definition of building components,
buildings, mixed land use and registration of 3D space ownership. Multiple organizations
are involved in creating land and housing related policies, create development plans,
survey the areas, registration of properties and management as well as monitoring of
developed properties. These functions have 3D aspects which can be efficiently dealt
with by using 3D spatial database enabled IT framework. The existing international
information standards and operational databases with 3D capabilities of land agencies
could provide an approach where a 3D enabled framework will be a comprehensive
solution for most of the land agencies functions. The proposed framework can make a
difference providing interconnectivity, ease of access and usage, time and cost efficiency,
enhanced organizational coordination and spatial data information-based decision-making
process. A higher level of activity, quality with minimization of human errors, transparency
as part of e-governance will be profitable in social and economic terms both for the country.

8. Conclusions

The rapid urbanization leading to vertical growth is a challenge faced by the land
agencies due to the new ways of urban settlements. The land planning, development and
monitoring require new approaches in alignment with the advancements in informational
technology and geospatial technologies. 3D spatial data enable IT framework is proposed
for the various functions of land agencies as 3D land tenure registration to monitoring of
properties in multi-storey and high-rise buildings. It is recommended to have specialized
modules under this framework supported with spatial technologies for digitally executing
various functions of the land agencies. A 3D spatially enabled IT framework will help
in enhanced transparency in governance, administration and management related to
land and property matters with increased participation of the stakeholders including
the community. The adoption of this framework can prepare the land agencies for their
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futuristic role when there will be increased demand for 3D related aspects of land and
property is expected. The dedicated modules for the core functions with the capability
to handle 3D spatial can increase the specialization or skills of the employees. This can
save the time and operating cost which can help to serve more people by the land agencies.
The transparency of the decision-making system can be enhanced with such framework
for the community due to a visual interface providing access to the input processes and
outputs used by the land agencies to reach a planning, development and monitoring
decision. It can also help to involve people through participation in simulation exercises
for new development plans to reach a consensus together. The planning and further
implementation will be more sustainable due to this practice. Standard procedures can be
established with enhanced technical accuracy, social acceptance and commercial feasibility.
On the other hand, updating the skills and the datasets to handle the 3D aspects could
be a challenging task. Human resources need to be trained for handling the increased
complexity of the data handling processes and to interpret correctly the meaning of 3D
processing outputs. The training can be a costly affair for an agency. The cost to transform
the mostly available 2D datasets into 3D datasets could also be challenging financially and
needs to be checked for its commercial feasibility. The process of enhanced community
participation could have a sustainable impact on the decisions implemented but they could
also delay the process of decision making for developmental plans. This can defer the
development process required for upgrading a city or a settlement. It can also substantially
increase the financial cost.
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