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Business Model for Real Estate industry using Geogphic
Information systems

*Apoorv Bapat, *Nilesh Deshpande
*Civil Engineering Group, BITS Pilani

Abstract:

The Real Estate field is currently a ‘high risk, high returns’ sectoxitvian benefits for Long term
investments are obtained from investments in developing areas. Devel@z@ages defined as areas
where the land purchase cost is relatively cheap compared to theeeity lant their prices are expected
to soar in the near future. It is always beneficial to find such areasandirg cities (which generally
promote industries). As of now, the evaluation of these “developing assbaseéd mostly on
‘speculation’ of the Real Estate Agent combined with his ‘experiences. bthod of operation thereby
increases the risks and also limits the geographic scope of inves{anhvestor is unlikely to have
experience outside his Native city). Many people believe that the foftueal estate industry is in the
application of GIS. This paper aims to develop a business model for new adgesiéalindustry using
GIS and IP. Firstly by identifying developing cities; and then by identifyirgdeveloping areas’ in
these cities by doing a temporal analysis of Urban Land use Change cogsitieing factors (which
influence land rates) like planned or existing road network, proximity framk&is and Industrial area,
water and electricity supply and Physical barriers (no expansion iblgoéshe land is near a physical
barrier like mountain or river). The payoffs for these factors willbéeided based on a supervised survey.
The output of these operations will be used to make investments in identféesd &econdly, the
database will be linked to a user-friendly search interface. It ispllaly the relative payoffs for each of
the factors considered by people for purchase of new property. This infummaltibe displayed on a
comprehensive map of the city and it will also facilitate customizedtség the clients. The clients can
be Real estate agents as well as end use customers. Also the besnetit @model will be its global
applicability. The model can be directly used in finding out investment éosain any city in and in any
part of the world with few supervised surveys.

Keywords: Real Estate, Geographic Information System, business modeprpdizion, valuation,
urban land use, property etc.



1 Introduction

1.1 Current Trends

Information Technology has not yet penetrated in the Indian staleemarket. The only
evident use of technology is through computers for house-keeping and awgouatks.
Investments in major projects are done via personal judgment antdeexgee The sale of all
the real estate is done via advertisements in mass media or personal .contacts

Land is purchased for the development of a project or for immeuliditg. The concept of
purchasing land as an investment method is not persistent amoigpeeseThe developers
select land according to personal judgment and by consulting eapers the judicial and
technical issues. Use of simulations, prediction models and decision tsapgtems is not
evident.

The developed land is marketed via various channels like print meéedroaic media,
banners, estate agents, brokers, etc. Internet based advertisem@rsome internet portals
which is redirected to the developer’s site or at a propetiBc website. These portals offer
limited customization based on very basic parameters like area,of apartment, budget,
etc. As such there is no decision support system for the dadalddse search result is a
uncategorized listing of all the available properties within the seleated ar

The end customer uses personal contacts and real estate agewsdwing down on the
property. This safeguards him from unwanted scandals and legal i$svesyer the
downside is the limited choices he is offered. Also the decisitargsly based on personal
opinion and choice rather than on any scientific technique.

1.2Need for prediction models

The purchase of property based on ‘Prediction Models’ is anegffizvay to reduce the risks
in investments. Considering the high risk, high investment nature bfland purchase, it is
always better to base the decision on some simulations than udgesrent. Although not
fool proof such ‘Prediction models’ reduce the risks in investmentdiddoe models work

on temporal inputs and can consider several factors like avaylaijiroads, slope, previous
landuse, etc. while simulating, thereby making the simulation more reliable.

1.3Need for User Friendly interface

The current web portals are mere ‘User friendly’ databasedamida Decision Support
System (DSS). Moreover all the portals offer a ‘listed’ viefvthe available properties
without graphical representations (like map projections). There ssape for customization
in such portals beyond the primary elimination. Thus a need aosesstientific method to
select property than mere judgment. A friendly user interfateavDSS seems to be an apt
substitute for the current portals.



2 Methodology:

2.1 Data Collection

Huge data sets are required for both, predictive modeling as wakaisng a DSS. These data
sets are available from various sources. The section is divided parts based on its use. To
get an overall insight in the Real estate industry, we int@adesome leading Architects and
Developers in Pune.

2.1.1 Predictive modeling:

Satellite Imagery: Landsat imagery is freely availabledownload and can be used for creating
Landuse. SRTM data can be freely downloaded for obtaining DEM. DEMbeaised to create
Hillshade and Slope layers.

Land Rates: The government provides a ‘Ready Reckoner CD, whhdigital copy of the
Government approved Land-rates for the particular year. Achieveeabps CDs are available
at Administrative Office of the municipal corporation.

Development Plan: A development plan is available for Purchase @bt Planning Office.
The Development plan includes current land use, road networks, taibrke, water bodies,
contours, village boundaries, survey numbers, proposed development sites,that. garticular
city.

2.1.2 User interface:

Google earth: Google earth provides an easy graphic interfasolprovides basic layers like
roads, important locations, public utilities, etc. Google earth canb@sused to overlay other
layer files over the existing ones.

Databases of Public amenities: Databases of public statistics andgubhdies are required by
the DSS. These databases can be obtained from the municipal torparad need to be
digitized. These databases include layers for schools, indust@s, avards, regions, roads,
property rates, population, population density, etc.

Databases of Properties and Facilities: Georeferenced pragdertg with basic information
about the property (i.e. facilities provided by the developer) shouldph®aded by private
players on a voluntary basis.

2.2 Data Processing

The technical details of the methods used for processing the above mentioned datatiared

in this section. The section is divided in two parts based on the theitigrent components

they serve.

2.2.1 Predictive modeling:

The Landsat images were imported, stacked and ‘subset’ed in ERDagine. The Imagery

was classified in ERDAS Imangine using unsupervised cleas8dn. The output was a binary
image depicting ‘urban’ area. This process was repeateidhfgeries of three different years
namely 1999, 2007, 2009. This classified image was exported to IDRISI AsrdBsocessing.

‘GeoMod’ tool was used for predicting the future changes (for 2009hanatea based on



previous landuse (for 1999 and 2007). A region depicting local areas &dlathan and
Kothrud was ‘Window'ed from the predicted image. The predicted imége009 were
compared with the original binary images for 2009 for the seleated af Bavdhan and
Kothrud.

2.3 User Interface:

User interface flow chart
We have tried to keep the user interface as simple as possitdeilttate use of the online
model. On entry to the website, user can either choose the amntare$t manually with help of
the options available or choose to apply our area selection tool. réhesalection tool is
specially designed to help the user to finalize the most conveariemt To use this tool, user has
to insert tolerance amount for his preferences. Now the toohdietss the most convenient area
for the user with help of these user inputs and G.I.S. & displaykétnext step for the user is to
fill out his preferences for the particular property for exantpke mandatory as well as other
amenities required by the user. After processing the infosmabtained in above steps and also
from the database, properties satisfying the user’s preferanité® displayed with payoffs of
the preferences and summary of the details. Whereas the infamrikéi complete list & details
of amenities and photos of the property etc. will be just a chelyafrom the user. This
information will also be available graphically so that user cae laabetter understanding of the



region and options available to him with proper analysis of thenr#ton. Users can also use
this model to plan their investment in real estate.

3 Discussions

3.1 Prediction of Price booms using Land Use change modelers

The aim of prediction modeling here is to find places where laed eae expected to boom and
thus give good returns on investments. The End-Users of this methochaamby people
interested in purchasing Land as a mode of investment. Such ptacgsnerally the expanding
Urban areas, a new found tourist place or a place where a huget pvijestart (Like a new
Airport) The central idea is to exploit the current cheap prices and makeéeshorhvestments.

3.1.1 Factors:

Some factors have an unquestionable role in hiking or slashingniiedtes. These factors are
considered in brief. Throughout the study, we have assumed that develdgadsnto increase
in land rates.

Transportation: Amount of road coverage (length and area) positiffestsathe Land price.
Presence of a Railway station has a positive effect butl éinaiwithout a station has no or
negative impact. In a country like India, easy access to puhtisptoat is a prime necessity. The
frequency of these public transport along with nearness to it is essential.

Water and other resources: Growth and thus land rates depend on abundance of wates.resource
Proximity: Proximity to an Industrial area or a crowded Residentialiaralso a positive factor.

Social Parameters: Crime rate deters people from investigparticular area. Although an
above normal crime rate might not have a negative impact,eannatorious for its high crime
rates might scare off investors. Income level of people regidinthe place also decides the
future land rates. Generally people with high income prefescality with similar average
income.

Population Density and Land rates: High population density and lagsl as¢ negative factors.
They stop the growth of an area.

Pollution: End users prefer pollution free localities for purcha&ang houses. Tourist places
also develop at pollution free sights.

Scenic beauty: Although scenic beauty is hard to remote seisedatermined by processing
databases, they are an assured place of Land rate boom. Such @dagesesally found near
water bodies.

3.1.2Models:

a. SLEUTH (cellular automata): SLEUTH implements Cellukantomata algorithm. It
determines the new state of each cell in terms of the cistatet of the cell and the states of the
cells in its neighborhood. SLEUTH requires inputs of slope, landus&yseon, urban extent,
transportation and hillshade. These images can be created fratatéhacquired. SLEUTH is
available for free download.



b. CA_Markov: It implements Cellular Automata along with markov h&d predict change in
landuse. It can process images depicting more than one Land use.

c. GeoMod: GeoMod is the most basic prediction model. It is a gsdedland-use and land-
cover change model, which simulates the spatial pattern of land changed®orvaackwards in
time.

d. Agent Based modeling: The ultimate aim of prediction modeliig @eate an agent based
model for land change prediction. Although it is necessary toidemthe monetary returns it
offers due to the high cost and time required to create an agent based model.

3.1.4 Determination of the property based highest positive change in rates:

To predict the location of area with highest positive changatesy we will consider different
factors affecting the price movements of property. Rates & valutbe factors corresponding to
each area for previous years can be recorded with help of the data avaitabldataset for each
area can be modeled so as to predict the land rate of thataaedesired time in the future.
Simplest way to achieve this is forming a mean curve withe@sto each factor v/s time and a
second mean curve with respect to each factor v/s rates. Byfation of these two curves we
will get relation between land rates & time with respeceach factor. We can integrate these
values for all the factors getting a final result as land aatdesired time in the future. Another
method to achieve a similar result is through neural networks.

3.2 Processing for User support system:

In this section we deal with the processing of information wtakbs place during the time user
logs on to the website and is satisfied with his search sediiis process involves various steps
as:

Determination of suitable area

Finalizing the list of properties satisfying the location preferences

Preparing the list of properties satisfying specific preferences

Calculating the payoffs of the selected properties

Display of the properties, payoffs etc.

arwnE

3.2.1 Determination of suitable area:
The user will have two options of for this purpose,

a. Manual determination: This option is useful for the user havingtacplar area in mind
for selection of property. The chosen area will be extracted the main map in form of
a shape file which can be used for further processing.

b. Area selection tool: In this particular tool, initially usetlwiput the city/town where he
wants to buy the property. User will also have to mentionoouged tolerance level of
proximity to each field like working place, school, market, digalar locality. In this
process we will be taking into consideration the location of thecpkat field as per
inserted by the user and the tolerance level as the maximum distance, fiooatioe of
centre of the area to the specific service, that can be tdeffadr example for a specific
user, maximum distance of the working place which can be tolerated can be 10 km.



At this stage, the data inserted by the user as well asldted data (like land use maps,
roads network, price range etc.) acquired from the huge databhdbe used to form a
separate buffer representing each field. After taking thesextéon of all the buffers we
get the most suitable area. In a certain case when theettterscreates an empty map,
tolerance level will automatically be enhanced such thatttargappropriate map & user
will be notified of the same.

At completion of this step, we will have a separate shapeifitethe area most suitable to the
user displayed on it. This will also be displayed to the user aadwige he will be prompted
for the preferences for the amenities as per his requiremebtuffdr is created around the
available suitable area so that the user can get a wider view.

3.2.2 Finalizing the list of properties satisfying the location preferense

This step is particularly useful for us as it cuts down huge nuwofbenrelated properties and
gives us relevant ones. To achieve this, we extract the rele\aparfies by intersection of the
properties layer with the layer of wider suitable area.

3.2.3Preparing the list of properties satisfying specific preferences

Depending on the preference of the user for the mandatory ammekitiange of land rates,
properties satisfying these conditions will be extracted from the éplaped in the previous step.
Now we have all the properties most relevant to the usezfengnces & our model is ready to
calculate the payoffs.

3.2.4 Calculating the payoffs of the selected properties:

In this process, payoffs of different factors like transportatioatewand other resources,
proximity to industrial area, population density, pollution, safetylJeweasures for disaster
management and scenic beauty are calculated with respectpmfiegties. For each factor the
range of its values is converted into interval from O to 1 e value of each factor at the
location of the property is determined proportionately. Multi critewaluation methods are
methods in which the final decision is calculated with help of valfitise different criteria and
their respective weights & using processes like binarygat#ion, weighted linear combination
& ordered weighted average. Weights required for this process wiiliche determined with
help of a survey. The final decision will be calculated based on finedetermined weights and
these weights will also be displayed with it. The user wdbaave the freedom to choose
weights of his choice. Now using the multi criteria evaluatiorthoe the properties are
numbered sequentially, starting from the best available pick.

3.2.5 Display of the properties, payoffs:

After calculating payoffs in the previous process, they belldisplayed along with their rates,
location & contact information of the owner/developer. We will shovsdhselected properties
on a map with a color scheme depending on their rank in the sequence.wilhée a link,
Show Details, provided along with each property. The link will navitjsgeuser to a new page
containing detailed information about facilities provided by the oldegeloper and photos of
the property.



Table 1: Example of Display of Selected properties and their payoffs

Property Transportation water safety  decision rates

Propertyl
Show Details
Property2
Show Details

4 Results

4.1 Bavdhan case study

The GeoMod model was used for prediction of a newly developing urban area or Bawdten, P
The area is very strategically placed for the case sBaydhan area lies in close geographic
proximity to the previously world fastest growing area of Kothifitlte area is well connected to
Kothrud through a newly developed Bavdhan Road. The road also connectsBav@ashan
area, thus completing a link between Kothrud and Pashan which aratedgdar a hillock. Also

it is bounded by the national highway on the west which providesdasectivity to Industrial
area of Hinjevadi. The growth in the area began when the red¢ estrket at Kothrud became
saturated due to rising population and and sky-high land rates.

Courtesy: Google
Figure 1: Google map image of Bavdhan and neighbouring areas.



Figure 2: FCC image of Bavdhan and neighbouring areas from Landsat (2009)




The input images for 1999 as the base image and 2007 as the seagrdTime images were
classified in ERDAS imagine using ‘Unsupervised classificatiThey were then exported to
IDRISI. GeoMod was run with these images as input and the expecitput for 2009. The
Predicted image was subtracted from the 2007 base image. Thanesals intersected with the
image depicting actually developed areas. The Area of theentassms divided by Area of the
image depicting developed areas. The resultant image showed an accé&@iy of

Unsupervised images had to be used because of lack of availabilapd use maps at the
municipal corporation. Manual Land use classification was not posbitause of time

constraints. Thus keeping the constraints in mind, we can say thataracy of 69% if fairly

satisfactory. The result is promising enough for further studiethig regard. Supervised
classification coupled with Cost surfaces and other driving parasnagik certainly increase the
accuracy of the model.

5 Conclusions

There are certain criteria to be looked into seriously beforea¢cheal implementation of this
model in business.

The Economics behind hosting such high processing servers along haitquick
response time needs to be looked into. The payoff from a partiCity should be high
enough to make profits. Generation of income is the key for this kincereics;
otherwise it will bear the same fate as that of the millions of other nevuptaites.

The models need to be rigorously tested before actual investarenttone. The actual
investments can be done in areas that are unanimously predictédh®/raodels. The
ultimate aim for the technical side will be to build customireadels for Real Estate
prediction which can integrate all the factors that affect land prices.

Certain other criteria which are beyond the scope of a modiemew projects which
negatively inhibit growth) will always persist as risks and inaccuracigge model.

The user interface is an innovative initiative but is constrained bged for immediate
responses. (For installation of high speed servers, creation of dggicting amenities,
Programming). A tweak for this is to upload a results pagevienyequery and notify the
user with a mail or SMS after the processing is done.

The projects of such magnitude require significant amount of time investments.
Collection of data is a major problem in a country like India wiieeebureaucracy holds
all the databases but is notorious for its inefficiency.

This paper tries to outline a method for integration of Geogrdpfacmation Systems into Real
Estate. The paper is not an end in itself but a beginning. The way is long but cer@amising.
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