
 URBAN PLANNING

C
ities in developing countries are 

maps have served land administration and 

developing countries now give ownership 

titles in buildings in three dimensions 

for traditional broad acre development 

stakeholding urban area locations where 3D 

(infrastructural) developments are creating 

more and more complex land management 

presenting some cases in brief to highlight 

3D Cadastral complexities 
in dense urban areas 
The current paper aims to study the multi-stakeholding urban area locations in Delhi and around where 

(infrastructural) changes are creating the complex land management situations for the authorities involved
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the different aspects of complexities while 

area, where we have tried to understand 

the current administrative situation as well 

as spatial dimensions involved from Land 

Land management and 
cadastral arrangements 

support the legal ownership of the land, 

depiction of legal and topographical aspects 

India, the basic unit of the cadastral record is 

plots are registered in the name of the owner 

land records with ownership; assessment 

Each state is adopting their own methods 

given to the legal aspects which are 

of licensing and registration of cadastral 

are now being involved for generating 

Delhi has three municipalities: New 

Delhi Municipal Council (NDMC), Delhi 

Cantonment Board (DCB) and Municipal 

Corporation of Delhi (MCD) having their 

a: Road Passing under the 
older Bridge; Source: Around 

the Red Fort, 2011 

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 
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and East Delhi Corporations (MCD Online, 

MCD, NDMC and DCB are executing 

agencies which provide basic civic 

DDA takes the land from the Delhi 

Revenue Department or private parties 

a role of planning (master plans, zonal 

for the new areas while these executing 

deed

accordance with the Registration Act, 

exemption is that changes of ownership 

registration, incentives to avoid fees and 

Current Tenure Characteristics in 

leasehold conversions) 

development authorities) 

chain of title remains with developer 

(it should be noted that these use rights 

people, over 70% 

settlements, unauthorized colonies, 

rural and urban villages 

All income levels 

No building permit 

Risk of demolition 

Nature of tenure constrains water 

Delhi - A capital city always 

of political activities even before the 15th

down in India after permanent invasion 
th

limited to the northern part of Delhi 

usage examples from Mughal era and 

north-eastern part, there was an old fort 

bridges (Comprehensive Conservation 

)

(Delhi Ring Road) passes under it with 

3D spatial aspects in design, such as large 

adopted the liberalization concept for the 

elections for constituting a state-level 

land management related bodies remained 

This included Municipal Corporation of 

Delhi (MCD), New Delhi Municipal Council 

(NDMC), Delhi Cantonment Board (DCB) 

population and infrastructure development 

rail started operating in this decade and 

down on surface, above surface on the 

the fact that most of the plot-owning 

landlords started making basements 

while initiating constructions on the 

Gurgaon, which because of Information 

the pressure of demand for residential 

neighbouring provincial governments and 

have created or dug out the base for new 

networks of roads along with green 

spaces, natural drainages and settlement 

reaching satellite towns of Gurgaon in 
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This rapid expansion in Delhi and 

immediate neighbouring cities of Noida 

shock for the land administration of these 

civic amenities are not up to the mark 

political motives led to a large scale riot 

was accused of bias in following the land 

Multi-stakeholding 
developments in urban scenario 

The 3D urban (infrastructure) development 

To provide these amenities, multiple 

government and private agencies have 

consumed the space of Delhi in different 

The result is a situation in which the space 

(related to the same unit of surface land) 

is under control of different agencies with 

providing agencies become involved in the 

level of coordination on a much higher 

scale than ever before because of the 

for different facilities are competing for 

laws and directives need to be in place to 

ensure proper planning and construction of 

these networks without interfering with the 

To have proper laws and directives, 

there is a need to understand the spatial 

surrounding land use and the mandates of 

dimensions involve understanding the 

and how the interaction of the networks 

Land administration 
domain model 

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)

given spatial unit, or a group of spatial 

following the British common law 

registration of a freehold right, together 

with optional appurtenances (minor 

The LADM is capable of handling 

Government Portal, storing several 

provides a reference model which will 

serve at least two important goals: 

(1) Avoiding reinventing, and re-

over and over again, 

but providing an 

extensible basis for 

the development, 

land administration 

based on a Model 

Driven Architecture 

(MDA), and 

and between different countries, 

to communicate, based on the 

ontology

Within the LADM, classical cadastral 

be able to include spatial representations 

of overlapping tenures or claims and 

a 3D representation, and a provision is 

spatial units with a geometric or thematic 

from different sources and accuracies, 

other 3D spatial units, such as mining 

spatial representations are used to 

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 

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

(MCD) came up with a new regulation 

constructing a basement to leave a buffer 

rule is in accordance with Master Plan 

Building/Building within use premises-

Spatial Dimensions

build underground basement structure 

basement up to its ceiling which could be 

to be left considers the geometrical 

LADM spatial unit context

faces to catch the 3rd dimension in its 

in its spatial and temporal dimensions 

considering a succession of different 

restriction, using an internal (closed) 

These are both implemented through 

vertical faces, forming 

thus an unbounded 

(above and below) ring 

around a space where 

When construction 

is about to begin (in 

Building Units, LA_ 

will be created), the 

are 3D primitives which will touch the 

forming liminal space (at the opposite 

to the building outline, it must be kept 

in mind that the spatial unit delimits 

the legal space of the building and not 

the end, there are thus three spatial units: 

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

The following text is based on an actual 

individual owner of a building unit (in 

states that the vendor (DDA) accepts 

and reserves unto himself all mines and 

its agents and workmen to enter upon 

mentioned elements could be under or 

hereafter to be erected thereon making 

fair compensation to the purchaser for 

Spatial dimensions 

to live and to own the unit in 3rd spatial 

On the other hand, the Delhi Development 

the mineral resources present in 3rd 

about groundwater resource present in 

managements are allowed to do boring 

for groundwater extraction to provide 

LADM spatial unit context 

If the mineral resources are at ground 

level, its exploration, together with the 

Figure 3: A basement coverage and adjoining property; 

schematic geometry of corresponding LADM objects.
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resources are below ground, the best course 

this 3D Parcel, there should be a 3D Parcel 

representing the upper unbounded space of 

are at least three spatial units, as follows: 

In addition, there should be some topologic 

constraints, in that the mining easements 

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

Knowing the subsurface components 

like soil composition in different vertical 

or other minerals is important before 

help to avoid the unforeseen problems 

legal action against private developers 

wasting the precious resource during 

the wastage of groundwater before 

The decision came after a meeting of 

Board and Environment Pollution Control 

private developer had been 

in a sewage drain for almost 

construction of a mall in 

the basement, Chairperson, 

to ensure that the work is 

also told to take appropriate 

notices to all developers 

massive construction work, 

directing them to submit 

or two for residential use can be spared, 

builders constructing high-rises must submit 

been submitted to the Central Ground Water 

license for construction to builders and 

the Resident Welfare Associations of the 

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 

to falling groundwater levels, the borewell 

It is worth noting to consider the natural 

construction areas fall between two 

cheap rates even in case of groundwater 

usage ban which keeps the construction 

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

Gurgaon (No surface water source visible); Source: Google Earth

Figure 6: Groundwater Spatial Unit within 

the area of a large construction site

Figure 4: Stilt Based Multi-Floor 

Society Apartments in Delhi
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kind of ban on groundwater usage is 

now going to increase the construction 

cost, although this will help to keep the 

Spatial dimensions

build underground basement structure 

The groundwater occurrence and related 

surface plot in 3rd spatial dimension to 

LADM Spatial Unit Context:

all spatial dimensions need to be made 

up of 3D primitives, which will help to 

as in geological models (Ghawana et 

calculations of groundwater for each 

Based on these 3D primitives, Upper face 

In the case of groundwater, one important 

maintenance of surface (not horizontal, 

area at the surface for areas with high 

recharge potential, or a limitation in depth 

for the basement, due to a valuable deep 

The groundwater spatial unit is derived then 

strings (3D primitives), together with the set 

of vertical face strings (also 3D primitives) 

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

Dhaula Kuan is an interesting location 

from the perspective of land management 

land use point of view, it is interesting to see 

in Delhi Cantonment, a forest area called 

and Airport Express Metro Link in addition 

is not clear whether it will be above surface 

on pillars, on surface or underground, but 

under the third phase of Delhi Metro, a 

S.No. Utility Network 
Spatial

Dimensions in Z 
Operating Agency 

1

Below Drinking Water 

in depth) -z 

Delhi Jal Board (Water Board) 

Drinking
Water Line 

Delhi Jal Board (Water Board) 

3
Internet Optical 

Telephone Lines 

Reliance (Private Concessionaire) 

5
Cooking Gas 
Pipe Line 

and petroleum agencies) 

6
meters in depth) z 

Public Works Department, 

India, NDMC, DCB, North 
Delhi Municipal Corporation 

7
meters in depth) z 

meters in height) +z 
Public Works Department 

9
Airport Express 
Metro Track 
on Pillars meters in height) +z 

Concessionaire)

10 Delhi Metro Track 
meters in height) +z 

Delhi Metro Rail Corporation 

of Government of India and 
Government of National 

Table 1: Utility Networks at Dhaula Kuan
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Administrative aspects 

After MCD division, the area towards north 

side with the central ridge forest comes under 

(DCB) takes care of the area inside Delhi 

Cantonment and that includes the golf course 

area, called Central Ridge, around this point 

comes under the forest department of Delhi 

agencies like Public Works Department 

(PWD), Delhi Metro Rail Corporation 

Indian government and Revenue Department 

the road infrastructure (surface road and 

and one taking a right turn, goes inside the 

Delhi Cantonment Area (General Carriappa 

Municipal Corporation is responsible for 

the maintenance of the ridge road going 

through the central ridge forest towards 

Metro express pillars, the ownership of 

work in this buffer zone from other 

Spatial dimensions 

coordination between the various agencies 

the maintenance and thus for the smooth 

spatial space share in vertical dimensions 

depth/height as well as the operating 

agencies which could be governmental, 

semi-autonomous governmental or private 

the agencies having ownership/responsible 

LADM Spatial Unit Context

The situation depicted in this case is 

(a)Year 2000 – A simple roundabout

(c) Year 2008- All the road loops completed

(e) Year 2010 – Airport Express Metro Track Completed

(b)Year 2004 – A flyover for vehicles constructed

(d)Year 2009 – Work begin for Airport Metro Express 
line under PPP model, concessionaire: Reliance Pvt. Ltd.

Figure 7: Dhaula Kuan infrastructural changes over the years; Source: Google Earth

Figure 8: 3D view of Dhuala Kuan surface and above surface utility networks
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omitting the administrative subdivisions 

within the area, although LADM can be 

delimitation of spatial units belonging to 

no gaps or overlaps at this level, and is 

in fact representing an unbounded vertical 

come all the spatial units which consider 

administrative servitudes and easements 

(also with 3D descriptions), whenever the 

ownership (public or private) differs from 

elongated prisms which carve out parts 

Giving the traditional mandate of 

Land Registries, the situation should 

registered, so as to consider possible 

the spatial relationships between 

units in the public and private 

of true 3D parcels representing a 

different ownership from the basic 

would be possible to consider a 

different level of easements (or 

administrative servitudes) which would 

above, the situation of a vehicle 

where an easement for a Gas Pipe 

is included and is registered with a 

spatial unit that should be contained 

In this example, it should also be considered 

Conclusion and 
recommendations 

Dense urban spaces in developing 

countries are facing new challenges of land 

management on technical and institutional 

neighbourhood cities are going through 

a transformation process for land 

There is an imperative need on land 

management related organisations and other 

changing scenario of land as a valuable 

and supported from three dimensional 

spatial perspective and contributing for a 

It is important to focus on determining 

to generate meaningful information in 

LADM Context or other generic spatial 

underground and above ground structures 

need to keep a topological relationship 

paper, the focus has been kept on the 

LADM and its related modelling patterns 

complex land administration cases in 

TIN/TEN model is proposed, which 

which will be placed on top or below the 

are connected to the earth surface (Peninga, 

handle large data sets while maintaining 

The complete paper with detailed 

references can be accessed at 

www.mycoordinates.org 

Figure 10: Spatial partition and above ground 

properties at Dhaula Kuan intersection; schematic 

geometry of corresponding LADM objects.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
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