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a: Road Passing under the
older Bridge; Source: Around
the Red Fort, 2011

C ities in developing countries are
expanding rapidly and consuming
every possible space available. The growth
is not only in their physical expansion
but also the increased urban population.
The space consumption is again not only
horizontal but also vertically underground
and upwards covering the skyline of

the city (Godard, 2004). Delhi, being a
metro city and also the capital of India,

is not an exception to this phenomenon.

Property information systems based on 2D
maps have served land administration and
property management well for hundreds
of years. However, most of the developed
world (including Australia) and many
developing countries now give ownership
titles in buildings in three dimensions
(3D) using the same 2D maps developed
for traditional broad acre development

on vacant land (CSDILA, 2012).

The paper aims to study the multi-
stakeholding urban area locations where 3D
(infrastructural) developments are creating
more and more complex land management
situations for the authorities involved. We are
presenting some cases in brief to highlight

b: Railway line on the bridge built
by colonial British rulers; Source: An
Alternate View-Red Fort, Delhi, 2012

Figure 1: 3D space usage at bridges connecting Red fort and Salimgarh Fort

the different aspects of complexities while
focusing on a particular case study of multi-
infrastructure (utility) networks in one single
area, where we have tried to understand

the current administrative situation as well
as spatial dimensions involved from Land
Administration Domain Model context.

Land management and
cadastral arrangements

Cadastral systems in India were designed
initially to earn revenue through collection
of taxes on property. The cadastral systems
support the legal ownership of the land,
depiction of legal and topographical aspects
including area and parcel boundaries. In
India, the basic unit of the cadastral record is
the land parcel, which is known as plot. The
plots are registered in the name of the owner
defining plot boundaries. Maintenance of
land records with ownership; assessment

of tax on the property and tax collection

is the responsibility of district authorities.
Each state is adopting their own methods
of cadastral surveys, and emphasis is

given to the legal aspects which are
connected with rights. There is no concept
of licensing and registration of cadastral
surveyors in India. In fact, the government
surveyors of state/center are carrying out

all the cadastral surveys. Private sectors

are now being involved for generating

GIS and LIS for better management of

land resources (Country Report, 2003).

For several decades after Independence,
Delhi has three municipalities: New

Delhi Municipal Council (NDMC), Delhi
Cantonment Board (DCB) and Municipal
Corporation of Delhi (MCD) having their
separate jurisdictions in Delhi. Recently in
2011-12, the Municipal Corporation of Delhi
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was divided into three parts: North, South
and East Delhi Corporations (MCD Online,
2013; Directorate General Defence Estates,
2013; New Delhi Municipal Council,
2013). Municipal organizations including
MCD, NDMC and DCB are executing
agencies which provide basic civic
amenities to the city like roads and waste
management. These organizations have
different jurisdictions covering the entire
city. Only the Delhi Development Authority
(DDA) is a land development authority.

DDA takes the land from the Delhi
Revenue Department or private parties
whenever any land has to be developed
or upgraded like a settlement. DDA has

a role of planning (master plans, zonal
plans) and initial development agency

for the new areas while these executing
agencies maintain these developed areas.
There is no central registry of land in
Delhi. Agricultural holdings are recorded,
but urbanized land is not subject to any
central registration system. In general,
records of land held by governmental
agencies are maintained by each
individual agency, Delhi does have a long-
standing system of deed registration. In
accordance with the Registration Act,
1908 (Department of Land Records,
2013), the Delhi Government’s Registrar
of Assurances is required to register most
types of property transactions, although
there are some exceptions. One important
exemption is that changes of ownership
through simple inheritance, and equitable
mortgages need not be registered. Sale by
power of attorney allows sales without
registration, incentives to avoid fees and
taxes (USAID, 2007; Rabenhorst, 2008).

Current Tenure Characteristics in

Delhi are (Rabenhorst, 2008):

B Frechold land (Old Delhi; pre-
1947 titles; more recent colonies;
leasehold conversions)

B [ caschold land (owned by
development authorities)

B Apartment — sale deed and use rights;
chain of title remains with developer
(it should be noted that these use rights
related to an apartment units imply
3D spaces, but these are currently
not explicitly represented in 3D)

B [nformal settlements — 10m+
people, over 70%
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= Types: squatters, relocation
settlements, unauthorized colonies,
rural and urban villages

= All income levels

= No title requested or obtained

= No building permit
requested or obtained

= Risk of demolition

= Nature of tenure constrains water
and electricity supply and service

Delhi - A capital city always

It has a long history of being the centre
of political activities even before the 15%
century. When Muslim invaders settled
down in India after permanent invasion
in early 15% century, they gradually
settled down in Delhi (Krishna, V. B.,
1980). At that time, the city was mostly
limited to the northern part of Delhi

on the banks of the river Yamuna.

This part of today’s Delhi is called
‘Shahjahanabad’ or now popularly known
as old city or the walled city. Some 3D
usage examples from Mughal era and
British times in the old Delhi city parts are
still functional. One classic example is the
Salimgarh Fort Bridge. Mughal Emperor
Shahjahan built the Red fort in 1639 AD

in Old Delhi. Close to this fort along the
north-eastern part, there was an old fort
called Salimgarh, built by Islam Shah Suri
in 1546 AD. The river Yamuna once flowed
between these two forts. The two forts are
connected to each other by two masonry
bridges (Comprehensive Conservation
Management Plan, 2009). Today, the river
does not flow here anymore. Now a road
(Delhi Ring Road) passes under it with
traffic in both directions. The second bridge
was built by colonial British rulers on
which they constructed a railway line from
old Delhi railway station going towards the
other side of Yamuna river (Figure 1). It is
still functional and all types of trains pass
through it (Around the Red Fort, 2011; An
Alternate View-Red Fort, Delhi, 2012).

After gaining independence in 1947, Delhi
rapidly began taking shape of a metro city
with many urban developments, including
3D spatial aspects in design, such as large

multi-storey academic and office buildings
(sometimes parlay above the road or other

public spaces) and offices (Architecture of
Delhi, 2013). In 1991, the Indian government
adopted the liberalization concept for the
nation’s economy (Panagariya, A., 2001;
UNCTAD, 2012). Delhi still remained a
union territory that was governed by the
central government. All the civic bodies were
functioning under the central government.
By mid-1990s, it was decided to conduct
elections for constituting a state-level
government. However, certain important
land management related bodies remained
outside the scope of the Delhi government.
This included Municipal Corporation of
Delhi (MCD), New Delhi Municipal Council
(NDMC), Delhi Cantonment Board (DCB)
and Delhi Development Authority (DDA).

By the start of the 21st century, Delhi

had started growing rapidly in terms of
population and infrastructure development
and the amount of 3D solutions continuously
increased. A big urban area/sub-city started
taking shape in west Delhi just behind the
international airport. This was targeted

to provide housing to approximately 1
million middle class families (DDA, 2013;
Architecture of Delhi, 2013). The Metro
rail started operating in this decade and
changed the entire landscape of Delhi by
providing a mass transport system with
high quality service. Its tracks were laid
down on surface, above surface on the
pillars and under surface through tunnels.

A remarkable change in early 2000 was
the fact that most of the plot-owning
landlords started making basements

while initiating constructions on the

plot. The immediate satellite towns of
Gurgaon, which because of Information
Technology companies’ dominance is
called cyber city, and Noida started feeling
the pressure of demand for residential
apartments and offices (Figure 2, Figure 5).
Agricultural lands have been acquired by
neighbouring provincial governments and
sold to private developers. The builders
have created or dug out the base for new
high rise buildings in several hectares.

Figure 2 shows Delhi with its utility
networks of roads along with green
spaces, natural drainages and settlement
pockets. Metro train routes are also
reaching satellite towns of Gurgaon in
south, Noida and Ghaziabad in the east.
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This rapid expansion in Delhi and
immediate neighbouring cities of Noida
and Gurgaon came as a life-style changing
shock to the traditionally agricultural
communities of these cities. It was also a
shock for the land administration of these
cities that were not ready to deal with this
rapidly changing land market and especially
the 3D aspects hereof. The major player
in the case of Gurgaon is Haryana Urban
Development Authority (HUDA). The
bureaucratic setup in the authority was
still riddled with the inefficiency of paper
work. Even after 20 years of this change,
civic amenities are not up to the mark

of a high value urban area. In Noida, the
inefficiency of the authority together with
political motives led to a large scale riot
in 2009-2010-2011 when the government
was accused of bias in following the land
acquisition procedures (India Today,
2011; Indian Express, October 2009;
Headlines India,2011; Indian Express,
December 2009), The Hindu, 2009).

Multi-stakeholding
developments in urban scenario

The 3D urban (infrastructure) development
has affected many aspects of an average
Delhi resident’s life. It has changed the
way they travel to their office, the access

to cooking gas, the water they receive in
the flat, telephone and internet access.

To provide these amenities, multiple
government and private agencies have
consumed the space of Delhi in different
layers, above and below the Earth surface.
The result is a situation in which the space
(related to the same unit of surface land)

is under control of different agencies with
their user rights. In other words, many
stakeholders in the form of civic amenity
providing agencies become involved in the
same place. This requires organizational
level of coordination on a much higher
scale than ever before because of the
complexities of land management to lay
down the service networks. Utility networks
for different facilities are competing for
the vertical and horizontal space. Different
laws and directives need to be in place to
ensure proper planning and construction of
these networks without interfering with the
operational functionality of other networks.
To have proper laws and directives,
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there is a need to understand the spatial
topology of these networks, their relation to
surrounding land use and the mandates of
the agencies responsible for them. Spatial
dimensions involve understanding the
space requirements in three dimensions
and how the interaction of the networks
takes place in the defined space.

Land administration
domain model

Land administration is a large field; the
LADM international standard (ISO, 2012)
is concerned with the representation of
parties (natural and non-natural persons),
spatial units (including survey and
geometrical/ topological representations)
and their relationships via RRRs; rights,
restrictions and responsibilities (and

the grouping into basic administrative
units). In LADM, the basic administrative
unit class serves the purpose of defining
the bundle of RRR that apply to a

given spatial unit, or a group of spatial
units (Hespanha, 2012). In countries
following the British common law
tradition, this usually translates for the
registration of a freehold right, together
with optional appurtenances (minor
rights) or encumbrances (restrictions).

The LADM is capable of handling
more than one type of registry, besides
the commonly referred Land Registry
(essentially registering private property
RRR’s), for instance a Spatial Planning
Government Portal, storing several
types of public regulations and their
associated spatial units. The LADM
provides a reference model which will
serve at least two important goals:
(1) Avoiding reinventing, and re-
implementing the same functionality,
over and over again,

parties, both within one country,
and between different countries,
to communicate, based on the
shared vocabulary (that is, an
ontology), implied by the model.

Within the LADM, classical cadastral
concepts as ‘parcel’ and ‘boundary’
(Lemmen et al, 2010; Thompson and van
Oosterom, 2012) have been extended to
be able to include spatial representations
of overlapping tenures or claims and

also multi-dimensional objects (3D

and 2D/3D, combined with temporal
dimensions). The spatial units may have
a 3D representation, and a provision is
made for a mixture of 2D and 3D spatial
units to co-exist. A level is a collection of
spatial units with a geometric or thematic
coherence. The concept of level is related
to the notion of ‘legal independence’
from Cadastre 2014. This allows for

the flexible introduction of spatial data
from different sources and accuracies,
including utility networks, buildings and
other 3D spatial units, such as mining
claims, or construction works. The LADM
introduces concepts such as ‘boundary
face string’ (LA_BoundaryFaceString)
and ‘boundary face’ (LA_BoundaryFace)
and partially unbounded primitives.
Spatial profiles and the different

spatial representations are used to
demonstrate the flexibility of spatial
representations of this domain model.

Three dimensional complexities
in urban space - Case studies
from Delhi and neighbourhood

To show the various kinds of land
complexities which involve different
spatial dimensions, some cases from Delhi
and its surroundings will be presented.

but providing an
extensible basis for
the development,

and refinement of
efficient, and effective
land administration
system development,
based on a Model
Driven Architecture
(MDA), and

(2) Enabling involved

Figure 2: Delhi map with Satellite towns; Source: Google Maps




Case 1: Basement Coverage
and Adjoining Property

Due to building collapse incidents in
congested areas of Chandni Mahal, Old
Delhi and Uttam Nagar, West Delhi in
2011, the Municipal Corporation of Delhi
(MCD) came up with a new regulation
that makes it mandatory for builders
constructing a basement to leave a buffer
zone of 2 meter on all sides of the building
being constructed. This has been done to
make sure the adjoining buildings remain
safe. According to MCD officials, the new
rule is in accordance with Master Plan
2001(Page 159, Table 8 [4], Control for
Building/Building within use premises-
specific premises residential plot-plotted
housing, Foot Note No. IV) in which there
is a clause that reads, “Basement up to
ground floor level is required to leave 2
meter distance from adjoining property and
is not counted towards Floor Area Ratio.”

Spatial Dimensions

2D surface plot with rights granted to
build underground basement structure
which implies the 3rd dimension. The
term “basement up to ground floor level”
indicates a 3D space from the floor of the
basement up to its ceiling which could be
the ground floor level. Two meter distance
to be left considers the geometrical
connectivity of 2D surface plot to
adjoining plots in 3rd spatial dimension
also (complete vertical columns).

LADM spatial unit context

The upper face boundary is defined by
ground floor coverage and the lower
face boundary defined by the basement
floor. The term “basement up to ground
floor level” includes vertical boundary—
faces to catch the 3rd dimension in its
entirety. This case can also be modelled
in its spatial and temporal dimensions
considering a succession of different
spatial units combining 2D and 3D
geometric primitives. In a first instant,

it defined a buffer zone as a building
restriction, using an internal (closed)
boundary face string, which lies 2 meter
inside the property boundary face string.
These are both implemented through
2D primitives, but represent unbounded

vertical faces, forming
thus an unbounded Viesikeat anit:
(above and below) ring
around a space where y
building can occur.
When construction vertex
is about to begin (in

which new Legal Space

Boundary Face Siring

Basement Noor

Spatial Lmits Colours:

Propenty parcel (LA_Parcel)
Buffer zone (LA_SpatialUnit)
Basement volume
(LA_LegalSpaceBuildinglnit)

r 1

Solid lines represent the
intersection of the boundary |
| Face strings 1o the ground
level.

| The basement is the only 3D [
| Spatial Unit in the diagram

‘| is formed by vertical and
horizontal Faces,

Building Units, LA
LegalSpaceBuildingUnit
in LADM terminology,
will be created), the
basement volume can be defined by
setting two horizontal boundary faces
for the basement floor and the ground
floor/basement ceiling. These two faces
are 3D primitives which will touch the
building outline boundary face string, thus
forming liminal space (at the opposite
side of the face string). When referring
to the building outline, it must be kept
in mind that the spatial unit delimits
the legal space of the building and not
necessarily its physical boundaries.
Applying the operation as defined in
ISO 19152 IS Annex B (ISO, 2012) will
generate the vertical boundary faces
required to close the volume representing
the basement legal space (Figure 3). In
the end, there are thus three spatial units:
A. Property Parcel (2D representation,
implying a 3D column);
B. Buffer zone restriction (2D
representation, implying a 3D column);
C. Basement volume (3D representation).

Case 2: high rise apartments
made on stilt basis for cooperative
group housing societies

The following text is based on an actual
conveyance deed of a flat owner in a
stilt basis society building (Figure 4).
The Registry/ Conveyance Deed of
individual owner of a building unit (in
a flat /apartment complex on stilts) with
Delhi Development Authority (DDA)
states that the vendor (DDA) accepts
and reserves unto himself all mines and
minerals of whatever nature lying in

or under the said property. It gives full
liberty together at all times for the vendor,
its agents and workmen to enter upon
all or any part of the property to search
for, win, make merchantable and carry
away the said mines and minerals. The

Figure 3: A basement coverage and adjoining property;
schematic geometry of corresponding LADM objects.

mentioned elements could be under or
upon the said property or any adjoining
land of the vendor. The vendor can lay
down the surface of all or any part of the
said property and any buildings under or
hereafter to be erected thereon making
fair compensation to the purchaser for
damage done unto him thereby, subject
to the payment of land revenue or

other imposition payable or which may
become lawfully payable in respect

of the said property and to all public
rights or easement affecting the same.

Spatial dimensions

The authority gives the rights to the
individual flat owner, under the deed

for which the owner pays registration
fees, for the 2D surface or on the unit in
a multi-floor residential building to live
without paying rent for the property to
the authority. This means the individual
flat owner is allowed to hold the right

to live and to own the unit in 3rd spatial
dimension towards upwards. However,
the owner needs to keep paying annual
property tax to the municipal corporation.
On the other hand, the Delhi Development
Authority is making clear its rights on
the mineral resources present in 3rd
spatial dimension under the surface.
Interestingly, it doesn’t mention anything
about groundwater resource present in
the same spatial dimension. In practice,
the Cooperative Group Housing Society
managements are allowed to do boring
for groundwater extraction to provide
drinking water to society residents.

LADM spatial unit context

If the mineral resources are at ground
level, its exploration, together with the
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Figure 4: Stilt Based Multi-Floor
Society Apartments in Delhi

required easements, could mean that
any building would be at stake, and the
required space returns to the state through
an expropriation. This should be avoided
by a (cheaper) surface geological mapping
to clarify matters beforehand. If the mineral
resources are below ground, the best course
of action would be defining a 3D Parcel
belonging to the State (which can then
make a lease or concession). Apart from
this 3D Parcel, there should be a 3D Parcel
representing the upper unbounded space of
the Housing Society. Also in this case there
are at least three spatial units, as follows:
A. Housing Society Property Parcel

(3D upper half of infinite column);
B. Individual building units (3D within

Housing Society Property);

A0y B

Figure 5: Satellite Towns — Noida (between two rivers) and

Gurgaon (No surface water source visible); Source: Google Earth
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C. Mining Property (3D lower
half of infinite column).

In addition, there should be some topologic
constraints, in that the mining easements
should intersect both the property parcel
boundary and the mineral deposit.

Case 3: High groundwater disposal
from the large construction
sites (including basement)

Knowing the subsurface components
like soil composition in different vertical
profiles, groundwater flows and volume
or other minerals is important before
initiating the construction. This can

help to avoid the unforeseen problems
in completing the construction process.
As per Times of India, February 19,
2012, in a bid to conserve groundwater,
the Noida Authority decided to initiate
legal action against private developers
wasting the precious resource during
construction work. From now on,
developers will have to submit affidavits
assuring that they will minimize

the wastage of groundwater before
seeking permission for construction.

The decision came after a meeting of
Noida Authority, State Pollution Control
Board and Environment Pollution Control
Authority (EPCA). Taking cognizance of

a recent incident whereby a
private developer had been
blatantly wasting groundwater
resources by pumping it out
in a sewage drain for almost

saAny wpng

a year while digging for the
construction of a mall in
Sector 18 to make the terrain
dry and suitable to construct
the basement, Chairperson,
EPCA directed the Authority
to ensure that the work is
halted. The Authority was
also told to take appropriate
action against the builder.

The Authority has now served
notices to all developers

who have been carrying out
massive construction work,
directing them to submit
affidavits and details of
reusing the groundwater.

While individuals who construct a floor

or two for residential use can be spared,
builders constructing high-rises must submit
the affidavits. All cases of violations have
been submitted to the Central Ground Water
Commission. A related situation exists in
case of cyber city Gurgaon, adjacent to
Delhi, in the state of Haryana, where the
Urban Development Authority cannot give
license for construction to builders and
developers until they submit an building/
construction request in which it becomes
clear that they will not use the groundwater
for construction work. As per July 16, 2012
Hindustan Times, the High court of Punjab
and Haryana state had given this order
while listening to the petition submitted by
the Resident Welfare Associations of the
neighbourhood. The associations had written
in the petition that some big builders, while
digging foundations for the large sites, were
using the groundwater from the foundation
for the construction and some were selling
this groundwater through tankers to urban
settlements in Delhi. On the other hand, due
to falling groundwater levels, the borewell
works done by resident societies in the
neighbourhood were not getting any water.

It is worth noting to consider the natural
water availability in the cases of Noida and
Gurgaon (Figure 5). The Noida extension
construction areas fall between two
rivers namely, Yamuna and Hindon. This
means plenty of groundwater available at
relatively low depth at least for the near
future. This also means that developers
in Noida can get easy water supply at
cheap rates even in case of groundwater
usage ban which keeps the construction
costs lower. On the other hand, Gurgaon
which is 15-20 km away from Yamuna
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Figure 6: Groundwater Spatial Unit within
the area of a large construction site
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Table 1: Utility Networks at Dhaula Kuan

S.No.

10

has almost no surface water supply. About
80% water supply for different purposes

is coming from groundwater extraction.
Rainfall is less than 600 mm annually. This

Utility Network

Sewerage Line

Drinking
Water Line

Internet Optical
Fiber Line/
Telephone Lines

Electricity Lines

Cooking Gas
Pipe Line

Surface Road

City Train Track

Vehicle Flyover

Airport Express
Metro Track
on Pillars

Delhi Metro Track

Spatial
Dimensions in Z

Below Drinking Water

Line at Subsurface
Level (.... meters
in depth) -z

Subsurface Level
(-1.35 meters
in depth) —z

Subsurface Level (....
meters in depth) —z

Subsurface Level

(-1.1,-0.6, -0.56, -0.45

meters in depth) —z

Subsurface Level (....
meters in depth) —z

Surface Level (0
meters in depth) z

Surface Level (0
meters in depth) z

Above Surface Level
(Approx. 5.5 -6
meters in height) +z

Above Surface Level
(Approx. 12-15
meters in height) +z

Above Surface
Level (Approx. 15+
meters in height) +z

means developers find it economically

attractive to use any groundwater they

get while digging the foundation. Any

kind of ban on groundwater usage is

now going to increase the construction
cost, although this will help to keep the
groundwater stable in the shared aquifers.

Spatial dimensions

2D surface plot with rights granted to
build underground basement structure
which implies the 3rd spatial dimension.
The groundwater occurrence and related
regulations increases the complexity

of 3rd spatial dimension lateral extent.
The geometrical connectivity of 2D
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Operating Agency

Delhi Jal Board (Water Board)
under Delhi State govt.

Delhi Jal Board (Water Board)
under Delhi State govt.

Reliance (Private Concessionaire)
& Mahanagar Telephone

Nigam Ltd. (Government of
India Telephone agency)

BSES, (Private Concessionaire)

Indraprastha Gas Ltd., (Company
promoted by public sector gas
and petroleum agencies)

Public Works Department,
National Highway Authority
India, NDMC, DCB, North
Delhi Municipal Corporation

Ministry of Railways

Public Works Department

Reliance Pvt. Ltd, (Private
Concessionaire)

Delhi Metro Rail Corporation
(company with equal participation
of Government of India and
Government of National

Capital Territory of Delhi).

surface plot in 3rd spatial dimension to
adjoining and non-adjoining plots in the
context of groundwater as a dynamic
resource type needs to be considered.

LADM Spatial Unit Context:

In this case, a simple face boundary derived
from boundary face strings (2D primitives)

would not be sufficient. Boundaries in
all spatial dimensions need to be made

up of 3D primitives, which will help to

build the adjoining boundary faces with

3D geometry and topology maintained

as in geological models (Ghawana et

al., 2010, 2012). The 3D geometry and
topology will ensure correct volume
calculations of groundwater for each
stakeholder in case of a shared aquifer.
Based on these 3D primitives, Upper face
boundary can be defined by ground floor

coverage. Lower face boundary defined
by foundation floor. Vertical boundary—
faces with their 3D geometry will help to
catch the 3rd dimension in its entirety.

In the case of groundwater, one important
topological requirement would be the
maintenance of surface (not horizontal,
but along the flow) connectivity, especially
if there is a groundwater stream flowing
under the property ground surface. There
could be defined a building restriction
area at the surface for areas with high
recharge potential, or a limitation in depth
for the basement, due to a valuable deep
aquifer which can still be recharged by
sub-horizontal flows. This last restriction
can be a simple 3D boundary face, which
generates a layered representation within
the property boundary face strings.

The example in Figure 6 shows a private
property spatial unit (the large construction
site), represented by the set of boundary

face strings named ‘VerticalFacel’ to 3.

The groundwater spatial unit is derived then
through the definition of top and bottom face
strings (3D primitives), together with the set
of vertical face strings (also 3D primitives)
determined by the ‘as Polyhedron’ operation
as presented in (Lemmen et. al, 2010).

Case 4: Dhaula Kuan -
Multiple (utility) networks
and vertical space claims

Dhaula Kuan is an interesting location

from the perspective of land management
complexities involved in actual situations.

It is a major traffic intersection receiving
traffic from all directions of Delhi. From
land use point of view, it is interesting to see
that it has a golf course for army personnel
in Delhi Cantonment, a forest area called
central ridge area, and it has two biggest five
star hotels. Multiple (transport) networks are
passing through this area: Surface Roads,
vehicle flyover and loops, city train track
and Airport Express Metro Link in addition
to the utility networks for sewer, drinking
water, electricity, etc. The situation is going
to be more complex when the ordinary
metro track construction will begin soon. It
is not clear whether it will be above surface
on pillars, on surface or underground, but
under the third phase of Delhi Metro, a
corridor will cross this path (Figure 7 and 8).
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Figure 7: Dhaula Kuan infrastructural changes over the years; Source: Google Earth
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Figure 8: 3D view of Dhuala Kuan surface and above surface utility networks

Administrative aspects

At Dhaula Kuan, we find various agencies at
work including NDMC towards Hotel Area.
After MCD division, the area towards north
side with the central ridge forest comes under
the jurisdiction of North Delhi Municipal

Corporation. Delhi Cantonment Board
(DCB) takes care of the area inside Delhi
Cantonment and that includes the golf course
next to Dhaula Kuan Point. All the forest
area, called Central Ridge, around this point
comes under the forest department of Delhi
government. There are many other executing

agencies like Public Works Department
(PWD), Delhi Metro Rail Corporation
(DMRC), Land and Development Office of
Indian government and Revenue Department
of Delhi Government. PWD maintains

the road infrastructure (surface road and
flyover) up to the flyover end points on
both sides and the loops. After the end of
the flyover towards the western side, there
is a traffic light which has one road going
straight to the west (National Highway 8)
and one taking a right turn, goes inside the
Delhi Cantonment Area (General Carriappa
Road). National Highway 8 after this traffic
light comes under the National Highway
Authority of India (NHAI) while the General
Carriappa Road, after this traffic light, is
maintained by DCB. On the eastern side

of the flyover, after it ends, the roads are
maintained by the NDMC. North Delhi
Municipal Corporation is responsible for
the maintenance of the ridge road going
through the central ridge forest towards

the north-eastern side. Under the Airport
Metro express pillars, the ownership of

the buffer zone of approximately 2 meter
remains with governmental company
DMRC. DMRC need not to take any
permission for any kind of infrastructure
work in this buffer zone from other
executing agencies (Figure 7 and 8).

Spatial dimensions

The complexity of spatial dimensions for
different utility networks at Dhaula Kuan
point is significant from the perspective of
coordination between the various agencies
involved. This coordination is important for
the maintenance and thus for the smooth
functioning of these networks. Table 1 lists
the various utility networks which claims
spatial space share in vertical dimensions
also. It also mentions their approximate
depth/height as well as the operating
agencies which could be governmental,
semi-autonomous governmental or private
concessionaire agencies. Figure 9 shows
the agencies having ownership/responsible
for the maintenance of the utility networks
which are on surface/above surface.

LADM Spatial Unit Context
The situation depicted in this case is

obviously complex and involves a
substantial number of different types of
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Figure 9: Dhaula Kuan Surface & Above
Surface Utility Networks and Maintenance
Agencies; Source: Google Earth; Note: These
areas (with specific RRRs) overlap the other
areas (with other RRRs) as depicted in Fig.
8, so really a complex 3D situation

spatial units, which combine 2D, 3D and
liminal representations. For the sake of
simplicity, the following description is
omitting the administrative subdivisions
within the area, although LADM can be
used for this purpose as well (Figure 10).

A first level of analysis concerns the
delimitation of spatial units belonging to
two basic forms of property: Public Domain
and Private Property. This should form

the basic partition of (2D) space, leaving

no gaps or overlaps at this level, and is
naturally best represented by boundary

face strings following a 2D Topologic
spatial profile (ISO TC211, 2011, Annex

E). As already seen, these spatial units are
in fact representing an unbounded vertical
space, both above and below ground. In

a second level of analysis, there should
come all the spatial units which consider
administrative servitudes and easements
(also with 3D descriptions), whenever the
ownership (public or private) differs from
the one in the first level (the basic partition).
This is the case with all the referred utility
networks, where a specialized type of spatial
units (LA_LegalSpaceUltilityNetwork)
shall be considered. These should be
represented by 3D spatial units, defining
elongated prisms which carve out parts
from the unbounded space defined by

the spatial units in the basic level.
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Giving the traditional mandate of
Land Registries, the situation should
be carefully examined to see which
spatial units are currently being
registered, so as to consider possible
modifications to the legal framework.
This should consider particularly
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the spatial relationships between
units in the public and private
domains. The above description,
considering just two levels of
analysis, can be in fact more complex
in reality, through the consideration
of true 3D parcels representing a
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different ownership from the basic
level (2D) parcels. In this case, it
would be possible to consider a
different level of easements (or
administrative servitudes) which would
be contained within these 3D parcels.

As an example for the specific case

above, the situation of a vehicle
flyover forming a 3D Parcel (owned
by a Public Party) could be considered
where an easement for a Gas Pipe
is included and is registered with a
different owner. This would form a 3D
spatial unit that should be contained
within the volume of the 3D Parcel.

In this example, it should also be considered
administrative servitudes imposed in any
basic level public property parcel (2D)
which is crossed by the vehicle flyover.

Conclusion and
recommendations

Dense urban spaces in developing

countries are facing new challenges of land
management on technical and institutional
coordination level. Delhi and its immediate
neighbourhood cities are going through

a transformation process for land
administration and their cadastral systems.
There is an imperative need on land
management related organisations and other
stakeholders level to understand this rapidly
changing scenario of land as a valuable
commodity and also as a scarce resource.
Cadastral systems need to be designed

and supported from three dimensional
spatial perspective and contributing for a
continuously updated registration system(s).

Figure 10: Spatial partition and above ground

properties at Dhaula Kuan intersection; schematic

geometry of corresponding LADM objects.

It is important to focus on determining
the right type of data primitives so that

to generate meaningful information in
LADM Context or other generic spatial
perspectives. As seen in these cases,
underground and above ground structures
need to keep a topological relationship
with earth surface in between. In this
paper, the focus has been kept on the
support which the Spatial Unit package of
LADM and its related modelling patterns
can provide, in the context of particularly
complex land administration cases in

and around Delhi metropolis. A logical
follow up, concerning a possible prototype
implementation of a 3D cadastral system,
should study the implications brought

by considering the remaining packages
of LADM (Legal and Administrative).

A first version of such a system

could be built upon the data already
gathered for Case 4 at Dhaula Kuan.

Future work also includes implementing the
Spatial Unit model. For this an integrated
TIN/TEN model is proposed, which
represents the surface (2D) objects in a
TIN and volumetric objects (3D) as TENS,
which will be placed on top or below the
TIN. It is also presumed that all 3D features
are connected to the earth surface (Peninga,
2008). Such an integrated model can easily
handle large data sets while maintaining

2D and 3D topological relationships.

The complete paper with detailed
references can be accessed at
www.mycoordinates.org I\
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