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Abstract

Location convenience is an important factor when customers select a financial institution.
To stay competitive, banks usually attempt to increase convenience (be as close as possible
to customers) by expanding their branch or ATM networks. Using GIS in the arena of
finance can be very supportive and cost effective to facilitate location based decisions for
financial institutions. For business expansion planning, banks need location-relevant data,
and cost effective site analysis to select a new bank branch or ATM location confidently
and reliably in a shorten-time cycle. When banks plan to open new branches, they need to
consider the data such as the concentration of commercial areas, traffic patterns,
workplaces or living places of customers whose demographics and purchase behavior
match banks’ target customer profiles. In this research, GIS-based approach has been
developed to identify suitable location for an ATM network in Perspective of Bangladesh.
The newly established banks those have not set up ATM network yet or have very small
scale ATM services network can expand their banking services through acquiring partners
from existing ATM network of other Banks and simultaneously can construct new ATMs
in the most suitable unserved areas. This is how these banks can expand their ATM
network more rapidly with a less establishment cost. Also banks, those have large ATM
network with some unserved areas, can expand their existing network by reaching to the
customers’ convenience locations. The paper recommends that the analysis using GIS to
find most suitable locations for ATM is better applicable for other cities and towns.

Introduction

Location convenience is an important factor when customers select a financial institution
(Mylonakis, et al. 1998; Driscoll 1999). A customer may find a bank convenient, if it has a
branch or an Automated Teller Machine (ATM) near his / her residence or workplace. To
stay competitive, banks usually attempt to increase convenience (be as close as possible
to customers) by expanding their bank and / or ATM networks. Basically, such
expansions could be done in at least two ways (Birkin, et al. 2002): by building branches/
installing ATMs in new locations or by acquiring an existing (e.g. competitor, partner,
etc.) network. The former option is likely to be expensive and time consuming, so many
banks resort to acquiring or partnering already established ATM and / or branch
networks (Farhan, 2007).

Geographic Information System (GIS) is widely used and very helpful tool for decision
making. In particular, if it involves making a decision related to “location”, it requires
GIS. GIS makes locational analysis very easy. It makes the analysis simple and precise if
the inputs are correct (Khan, 2013). Using GIS in the arena of finance can be very
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supportive and cost effective to facilitate location based decisions for financial
institutions.

Objectives and Methodology

The main objective of this research is to determine the existing location of ATM services
of all banks and find out the service area of ATMs using GIS analysis.

It is necessary to understand the concepts of GIS, Banking Services, ATM Service, and
Location Analysis. Different text and document related to GIS and banking issue help to
develop the idea of it. An elaborate literature survey was carried out to have a basic
understanding on the relation between the uses of GIS technology and Banking service
sector issue. This includes thesis papers, related books, seminar papers, articles, and
journals as the important sources of literature review. A selected portion of Old Dhaka
City Corporation (21 full wards and 1 partial ward) area has been selected to carry out
this research.

A significant portion of greater DMDP area within the study area has already developed
with significant number of ATM booths of different banks at different locations. In this
research, an extensive GIS database of the selected area has been used to identify existing
physical features pattern and land uses of the area. GIS database, which has been used in
this research, was prepared by RAJUK under Detail Area Plan (DAP) for DMDP area
(590 square miles). Identification of existing locations of all ATMs services can be done by
using GPS and by using high regulation satellite image. In this research, satellite based
image has used to identify the location of all ATMs within the study area due to lack of
time and financial constrain. Questioner survey has been conducted to identify the most
preferable service area of an ATM. For questionnaire survey, sample has been collected
through random sampling method. And total 30 samples have been collected from ATM
users within the study area to satisfy the central limit theorem (CLT). The collected data
from questionnaire survey has been analyzed to explore most preferable service area of
an ATM. Statistical software (SPSS and MS Excel) have been used to make quantitative
analysis on collected data form questionnaire survey. Different Spatial data, like vector
data and raster data have been analyzed through developing a GIS Model. Finally, some
practical implications have been shown.

Application of GIS in Bank Industry

There have been so many ways to define GIS. An earlier definition of GIS is "a special
case of information systems where the database consists of observations on spatially
distributed features, activities, or events, which are definable in space as points, lines or
areas. A GIS manipulates data about these points, lines, and areas to retrieve data for in
particular queries and analyses" (Dueker, 1979). GIS provides acuminous insight of
financial services business to know customers’ purchasing habits and demands, so that it
fixes on the target customers, the target market and the distribution of advertising
resources, afterward provides customers with value-added products and services.
Geographic models integrate with banking models can offer tangible benefits to the
banking sector. Adding spatial locations to bank’s customer database via geographical
tools can obtain answers to compete effectively. Thus GIS is becoming a critical tool in
today’s banking environment (Fu, 2007). The importance of location cannot be ignored as
argued:
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"You can be the best retailer in the world, but if you set up your shop in the wrong place, you will
never do much business. If you operate from the wrong properties, you start with your hands tied
behind your back?-you should always go where your customer is" By George Davies (Davies,
1991).

GIS can help to understand how a potential new branch should be performed. Much
information for bank seeking location are needed, for example land costs, building
availability and suitability, construction costs, local and state taxes, local and state
development incentives, availability and cost of energy, transportation costs to
customers, the location and market areas of competitors, and the availability of other
infrastructure such as telecommunications, sewer, and water, even the quality of life
(Jafrullah, et al. 2003). Using GIS, this various information can be identified and
integrated easily. In addition, this information can also be displayed in map formats to
demonstrate that the sites meet specified criteria.

For providing an ATM machine to an area, banks need to think different spatial issues.
For example, if establishing an ATM in a residential area, then the density of
demography should be taken into account; or establishing an ATM in a commercial area,
then the concentration of commercial land use should be considered. Also banks have to
attach importance to concentration of debit/credit card holders of an area, route for
taking money to the ATM etc. These all can be done with GIS without doubt.

According to Thulasi (2007), banks should take into account different spatial components
to establish a new bank branch, for example

o Land value, or socio-economic condition to make a general idea of the area for
establishing branch.

o The commercial land use of the area.
o Locations of the residential area and business area.
o The road network.

Banks can analyze the performance by using GIS. Spatial components can offer greater
advantages for monitoring the branches performance. The spatial distribution of the
customers can help bank to draw potential customer zones. GIS may help banks to
monitor branches in defining a trade area around the branch, measuring the market
potential within the trade area, and finding out the nearby competitors (Jafrullah, et al.
2003).

One of the major services in banking system is to provide loan service to the customers,
especially in real estate loan. Banks have to take into account credit risks for making
decision regarding if they provide real estate loan to the customers or not. Banks make
sanction of loans by evaluating the value of the land, plot, or house. In doing this activity,
banks have to analyze the property or plot like current land valuation, the size of the
house and so on (Fu, 2007).

After providing a loan, it is better if bank can locate the account holders or loan takers in
order to offer other services in the future. Bank is now spending a lot of money on this
task (DelFin Analytics, 2005). GIS can make this job easily by profiling and finding
customers. Banks need to produce a list of account holders or loan takers, and each in the
list should have an address. Here GIS play a role for assigning a spatial identifier to each
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account holder or loan takers record such as a postal code, address or census tract and so
on, then account holders or loan takers can be identified in the map. Also GIS can help to
calculate the distance and present the route from bank or branch to the client’s address.
This process is known as geo-coding. But for this, the database has to be updated
regularly (Fu, 2007).

Experiences of Using GIS in Banks: Global Perspective

The usage of GIS in business areas has been increased in the western countries in recent
years (Grimshaw, 1994 and Longley at el, 1995). Banks in Canada use GIS in many kinds
of applications. They use GIS to select new branch sites, identify risks for closing a
branch, perform targeted marketing campaigns, navigate customers toward their spatial
locations, gain better understanding into markets served (Hugh, 2001).

According to Hugh (2001), in 1998, Canadian evaluates the country’s largest banking
institutions mergers by using GIS. His paper focuses on the ways that GIS based
methodologies are applied in the merger evaluation process, particularly in defining
market process and estimate market share. The research testifies how GIS can be used for
helping a financial plan for competitions related to merger attempts. His research
indicates that it is possible to use GIS to define markets through a combination of
popular GIS and database software. For example, inspections of branch locations and
municipality locations can be converted into a computer program executed in a couple a
minutes (Hugh, 2001).

Panigrahi et al. (2003) reports on how to use GIS tools for simplifying the collection
management system in banks and financial service organizations. Their paper proposes
that an integrated GIS approach enables banks to locate current defaulters, identify the
best location for collection boxes and ATMs in various zones, and identify potential
defaulters from existing customers who have availed loans and so on. The steps in the
methodologies followed in this report are:

o First prepare the city map and road map of the city,
o Then use GPS to locate ATM centers,

o Locate customers using Geo-coding which is a module developed by using Map
Objects and VB, subsequently they classify defaulters based on types of credit cards,
housing loans and personal loans and so on,

Finally, they analyze the defaulters to find the location of the defaulters and learn
information from the defaulters, for instance, methods of collecting money to choose
location of the ATM. In the analysis of the defaulters, for example the concentration areas
of a particular type of customer can be identified using GIS easily. Also GIS can help to
select different types of defaulters depending on the distance from an ATM.

Finally, they conclude GIS is "an effective tool in any discipline with relevance to space, it
can be used to identify the location of ATM centers, location of customers, classification
of defaulters, and so on" (Panigrahi, et al. 2003). The banks who don’t want to lose money
from payments of defaulters should have proper strategic planning and good operation
managements that the collection management system follows through the latest
technology like GIS for revolution of collection process (Panigrahi, et al. 2003).
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Finding Suitable Locations for New ATMs
Location of the Study Area

A selected portion of Old Dhaka City Corporation area has been selected to carry out this
research. A significant portion of greater DMDP area under the study area is developed
with significant number of ATM booths of different banks. The selected wards of old
Dhaka City Corporation are ward number 32, 36, 39,40 (Partial), 49, 50, 51, 52, 53, 54, 56,
57, 59, 61, 62, 63, 64, 67, 68, 69, 70 and 71 (Total 22 wards). Total size of the study area is
about 10,002.10 square meters or about 100 square kilometer.

Spatial Data Collection

For building a GIS application system, there, first need to have a GIS based database
system. This database system includes basic spatial database and integrated database of
all kinds of bank network & services. To implement data collection processes, generally a
bank should follow following digital survey methods:

o Physical feature survey to collect detail physical feature data like- structure,
o Land use survey to collect land use data of the study area,
o A topographic survey to collect land elevation data (if needed),

Along with digital survey, database can also be prepared from any secondary source,
through:

o Scan of the had map document (Must have a spatial reference system for the data),
o Digitize of the map document & creating attribute data,
o GPS Survey to take ground control point (GCP) for making spatial correction.

In this research, spatial database have been collected from DAP (Detail Area Plan) project
of RAJUK. Under this project, extensive and detail GIS database has been prepared for
greater DMDP area including Dhaka City. Also spatial data for existing ATMs location of
the study area have been processed! form satellite image. For having limitations in term
of time and financial support, Google Earth’s data has been used instead of doing GPS
survey to collect location data of every ATM within the study area.

Spatial Sketch of the Study Area

The selected study area is the one of the compact and busiest portion of the Dhaka City.
Total area of the study area is about 10002.10 square meters. The predominant pattern of
land use within the study area is education and research use (about 25 % of total land
use), and the second and third focus land use patter are Circulation Network (22.90 %)
and Mixed use (19.56 %) constitutively. Land use pattern of the study area is shown in
Figure 1.

1 After collecting .kmz file from Google Earth, Data for all ATMs location has been converted to shapefile by
using ArcGIS 10 software.
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Figure 1: Existing Land use Pattern of the Study Area
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Figure 2: Convenient and Rational Distance for ATM Service.
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Existing ATMs Location and Their Service Area within the Study Area

It has mentioned earlier that location data for all existing ATM has been collected
through using satellite image available in Google Earth. There are a total of 176 ATM
booths covering the study area. The highest numbers of ATM booth are under Dutch
Bangla Bank Limited to ensure sound financial service and broad network connection. In
term of ATM service providing strength, within the study area there are no other bank
can develop as like as DBBL except BRAC Bank Limited.

After deriving data form satellite image in .kmz format, these data has been converted
into point file (shape file) with detail attribute data for each and every ATM booth. To
find the most preferable distance or the service area of ATM, a questionnaire survey was
done among 30 respondents. Form the survey; it has been found that (see figure 12), the
most preferable distance for the availability of an ATM booth is within 200 meter (72% of
the respondents) form their existing standing. The second most preferred distance is 100
meter (20% of the respondents). Existing location and the service area (200 meter and 100
meter buffer) of all ATM are shown in Figure 3.

‘ Existing Location & Service Area of all ATM Booth within the Study Area
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Figure 3: Existing Location and Service Area of all ATMs within the Study Area.
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Finding New Location for ATM Services within the Study Area

The brief workflow of this GIS analysis is Step 1: Input Datasets, Step 2: Derive Datasets,
Step 3: Reclassify Datasets and Step 4: Weight and Combine Datasets. The inputs in this
datasets are Land use, Road Network and Existing ATMs. Then, there need to derive
Land use in raster dataset, Distance to existing ATMs and distance to roads, then
reclassify these derived datasets to a common scale 1-10. Finally, weight them according
to a percentage influence and combine them to produce a map displaying suitable
locations for new ATM. Figure 4 shows the GIS analysis process at a glance.
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Source: Developed by Author, 2014
Figure 4: GIS Working Process to Find Suitable Locations for New ATM.

Deriving Dataset for Analysis

Deriving data from the input datasets is the next step in the suitability model. Here need
to derive the following:

o Converting Land use Vector Data to Raster Data,
o Distance from Existing ATMs, and
o Distance form Road Network (3m. to 30m.).
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Converting Land Use Vector Data to Raster Data

As here, need to make operations with all raster datasets for the suitability analysis, first
of all, land use database of the study area should be converted into raster format from
vector format (polygon). By using Conversion Tool (Polygon to Raster) form Arc Toolbox
of ArcGIS 10, the land use polygon has been converted to raster (Figure 5).

[ S — T —T
$- iR SR EEEED Ry s

.
EERTE
e
0 ansms
I P 400 5ot 30

1 a0 e 1m0
duipe

Py
s i el=]
mt

=
et Pt ot

© s i Dmro s e O o g oy
okt e betonat

[y

Fvorey e ol
o

e ot

o =

& o + /B 15 1B e ]
Source: Developed by Author, 2014

Figure 5: Polygon to Raster Conversion of Land use.
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Figure 6: Deriving Distance Data from Existing ATMs.
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Deriving Distance from Exiting ATMs

It is preferable to locate the new ATM away from existing ATMs. So, here need to derive
a dataset of distance from existing ATMs. Spatial Analyst tool is an ideal tool for
calculating Euclidean Distance form an input feature (Point data existing ATMs). Figure
7 is showing the input and output dataset for Euclidean Distance analysis of existing
ATMS.
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Figure 7: Multiple Ring Buffer Analysis and Converting into Raster.

Deriving Distance from Road Network

One of most suitable and preferable site for location ATM is site closeness to road access.
In this regard, Land parcel (within 3-30 meter form road) is considered for locational
model. By using Multiple Ring Buffer analysis tool for Arc GIS, the area within 3 meter to
30 meter form the road has been derived. And later on, the Multiple Ring Buffer
(Ranging- 3 meter to 30 meter form the edge of road) is converted into raster format to
derive desired data of distance (Figure 8).

Reclassification of Datasets

By Deriving dataset, here all required datasets are available to run further analysis for
suitability model. The next step is to combine them to find out where the potential
locations can be found. In order to combine the datasets, they must first be set to a
common scale. That common scale will show how suitable a particular location (each
cell) is for establishing a new ATM. Here need to reclassify each data set to a common
scale, within the range 1-10.
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Figure 8: Reclassification Analysis for Desired Data Using Arc GIS 10.

The reclassification parameters for land use, distance form ATMs and distance form
roads has been shown in Table 1 and Figure 8. Analysis has been done by using the
Spatial Analyst Tool of Arc GIS where the value has been classified according to unique
value (for land use and road) and equal interval (for existing ATMs). In the Land use
reclassification, the incompatible land uses (like water body, vacant land, circulation
network and restricted use) are exclude form the analysis by giving “no data” value.

Table 1: Reclassification Parameter of Land use, Distance form ATMs and Distance form
Roads.
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Weighting and Combining Datasets and Finding New Suitable Location

After applying a common scale to the datasets, where higher valued are given to those
attributes that are considered more suitable within each datasets, now datasets are ready
to combine to find the most suitable locations. This is most preferable to locate a new
ATM away from the existing one. This is also noticeable that the need of financial
transaction is mostly affected by the land use pattern of that area, as we have seen most
financial service points and institutions are agglomerate within commercial area rather
that others land uses like residential use. Also good accessibility is required for the
convenience of customs of commercial and service organizations. Considering all these
factors, the influence pattern is given to each layer (Table 2).

Table 2: Influence Pattern of Each Layer for Weighting and Combining,.

Layer Influence Pattern*
Reclass of Distance ATMs 0.5 (50%)

Reclass of Distance Roads 0.1 (10 %)

Reclass of Land use 0.4 (40%)

Total 1 (100%)

*Each Percentage is Divided by 100 to nominalize the values

Source: Developed by Author, 2014

The weighting and combining analysis of spatial datasets are done with the Raster
Calculator tools form Spatial Analyst (Figure 9). After doing analysis with Raster
Calculator, it creates a new raster map having cell value of 1-8, where value 8 donates
most preferable location to value 1 for least preferable location to establish new ATMs
within the study Area.

Source: Developed by Author, 2014
Figure 9: Performing Weighting and Combining Analysis with Raster Calculator.
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Figure 10 shows the suitable locations for new ATMs after running location model. By
considering the most suitable location (Red Cell) and second most suitable location (Blue
Cell), there still 36 new ATM Booths can be installed to cover the unserved area. The new
locations for ATMs are proposed by considering structural density and use within the
study area which is also shown in Figure 10.
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Figure 10: Most Suitable Locations for New ATMs within the Study Area.

Implication of Location Suitability Analysis for ATM Services

Banks expand their ATM networks basically to keep existing customers or acquire new
ones. Expanding an ATM network can be done essentially in two ways: building new
locations (organic growth) or by partnering with a retailer. The first option is likely to be
costly and can take a long time, so the latter may be a better option. Choosing the “right”
partner is not an easy decision to make (Farhan, 2007). Form the findings of the
suitability model, there are two important implications for ATM network development.
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o For newly establish bank like Bangladesh Development Bank Ltd., Union Bank Ltd.,
NRB Commercial Bank Ltd.,, NRB Bank Ltd., Modhumoti Bank Ltd. and all other
banks those have not establish ATM network yet or have very small scale ATM
services, they can expand their banking services through acquiring partners from
existing ATM network developed by other banks and simultaneously can construct
new ATMs in the most suitable unserved area. By this way, these banks can expand
their ATM network more rapidly with less establishment cost.

o Those banks, which have already large ATM network with some unserved area, can
strengthening their existing network by reaching to the customer’s convenience
location. These type of analysis for finding most suitable locations for ATM is more
applicable for other divisional towns, district towns or municipal towns, like
Chittagong, Khulna, Rajshahi, Barisal ect.

Conclusion

GIS was instrumental throughout this research. As it is shown in this paper, GIS was
used for presenting spatial data, processing spatial data (e.g. performing spatial queries
and buffers to determine unserved areas), preparing the data for the spatial optimization
model and finally showing the solutions of the optimization model on the map to assure
that the model is applied properly, especially for display purposes (i.e. mapping).

For banks, who want to be successful in retail banking business in Bangladeshi
competitive environment, it is crucial to make the rational distribution of bank branches
or ATM networks according to different customers’ attributes and demands. This type of
suitability model also can be designed for all other urban areas of Bangladesh to disperse
ATM services all over the country. A Strategic Plan can be prepared for all urban areas if
possible for the whole country by giving priority in several phases (like 1st Phase ATM
development, 2" Phase Development) for constructing new ATMs. Besides finding
location for ATMs, Also suitable locations for bank branch establishment or Mobile
Banking Agent/ Point establishment can be found by developing GIS based model. This
research has several limitations regarding time and data availability, but this type of
modeling can give more realistic results, if we can incorporate density data and income
data of any locality in raster format.
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