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Abstract: Geographic Information Systems (GIS), which are maer-based systems
that allow decision makers to incorporate geograplily based data into their analyses,
are widespread and powerful tools in many busiressscientific settings today. In this
paper, we present a tutorial discussing ways incWwhiGIS functionality can be
implemented within the spreadsheet environment.sAM®v the straightforward and
natural analogy between several GIS functions sjireadsheet functions, particularly
for raster based data. We present two realisticneples meshing OR/MS methods with
GIS methods --- an integration which is greatly @mted by the “remarkable
development platform” provided by spreadsheets. diSeuss the many benefits of the
spreadsheet enabled seamless integration of gebgrapdata, analysis, and display.
1. INTRODUCTION

Geographic Information Systems (GIS), which are potar-based systems that
allow decision makers to incorporate geographichliged data into their analyses, are
widespread and powerful tools in many business angkntific settings today.
Geographic information systems --- broadly defimesdsystems that can store, retrieve,
map, and analyze geographic data --- have growmatreally in the past decade, helped
in large part by the advent of affordable applmasi for the desktop. The field has also
benefited from the increased availability of freeddow cost data distributed easily on
the internet. GIS have spread from their traditiod@mains of military applications,
utility management, environmental and resource mament to fields such as marketing
(SohovicH, 2002), insurance and real estate assessmentdsgéey & Clarké, 1995),
PDA applications for fieldwork, and even human tigiork (O’ Sullivari). Many, if not
most, U.S. and Canadian government agencies assvethtes in the U.S. now have GIS
departments and publicly available GIS data onatek. Organizations are making use of

exciting new interactive web-based packages thavdbr easy deployment of maps and

spatial data. However, there is still a need toaexipthe use of GIS within organizations,



particularly corporations, and to allow for mordeiraction between GIS experts and
other departments.

The idea that will be explored in this paper ig GB# analyses, particularly those
based on raster data, can --- in fact --- be dangpreadsheets. This tutorial will then
investigate what GIS applications can be done wilpreadsheets, why one might use
the spreadsheet platform for GIS functionality, &oav to do it. The applications in this
paper are developed with Excel 2003, althoughdkas should be easily implemented in
any spreadsheet program. We note that Microsadtadhmapping program, MapPoint,
which can be linked to Excel. However, we are gstjgg a different kind of interaction,
where raster data is analyzed and displayed ispheadsheet itself, providing seamless
integration of geographical data, analysis, angdldyis

Exactly as the call for papers for this issue sapseadsheets, because of their
ubiquity, power for rapid development, and transpay to non-technical managers who
might be the ultimate users, are remarkable dewstop platforms for MS/OR
applications”. Having GIS in the spreadsheet madebolkit will:

increase the functionality of spreadsheet baseesgs

extend the reach of possible applications for sjsleeet prototyping,

allow creative merging of OR/MS and GIS methods &atinologies, and
enhance the ability of non-technical spreadsheétusers to understand and
accept analytical work and results involving gepgiieal data.

Seamlessly integrating GIS into spreadsheets isvatetl by several strengths of
the most common spreadsheet, Microsoft Excel. ERasla very large user base --- in

the hundreds of millions compared to around ondionilusers for a widely used GIS



product suite (Caravaltp2002). The Excel user base extends deeply withihbroadly
across organizations, and there are many “powers’Usdble to conduct sophisticated
analyses or develop sophisticated applications. é&figal models for DSS are easily
developed within Excel. Furthermore, becausesdfitge commercial use, Microsoft has
invested in developing a large number of featurggsrting quantitative analysis and
information project management for use with Excel.

Of course, this idea is only attractive if it ca@ implemented. In this paper we
will describe a number of challenges we foreseedisclss possible solutions. We also
identify limits to the functionality of Excel, inrder to better define the appropriate
relationship between the spreadsheet and the GIS.

2. TIES TO PREVIOUS WORK (*“WHAT”)

GIS initially developed as an interdisciplinarylfieombining elements from the
field of computer science with geography and mapntak The use of computers for
mapping applications was initially developed durthg 1960’s for a survey of land use
and planning in Canada in an effort headed by Ragenlinson (sometimes called the
“Father of GIS”) a geographer in an aerial survesnpany who had dabbled with the use
of computers for mapping (see GeoWorld, 20fd4 an interesting interview with Roger
Tomlinson). GIS has now become its own specialtifh numerous stand-alone GIS
departments and programs. Resources providirayearview of the field of GIS and its
capabilities include a nice layperson introductiorGIS by the U.S. Geological Senvice
and numerous GIS textbooks, for example Lo and ¥e(@006) and Longléy et. al.

(2005).



GIS data itself has become an area of interestsoown. GIS data is now stored
in a number of standard data formats or protoentduding those for the systems from
ESRI (shapefiles), and GRASS (run-length encodimg fasters). GIS systems
increasingly read, store and create standardizethdat and make these data files
available and accessible over the web to the gepetdic. Many GIS systems use a
database such as Oracle to store enterprise-wat@lsattribute data. A DBMS, such as
ESRI's SDE, allows for full integration of data amép elements.

There are also existing books exploring areas mhatge business and public
sector applications, including OR/MS techniqueshw®1S. Longley and ClarRg1995)
provide an overview of GIS concepts and technolémy business practitioners and
academics and a discussion of a number of GIS agi@ns in business, including a
number of case studies. Malczew8k{1999) explores GIS applications for Multi-
attribute Decision Analysis, which includes disdéossof a number of applications that
link GIS systems with software for multi-attribudecision analysis, linear programming,
interactive programming, and even mentions linkidi$ systems to spreadsheet based
optimization. Although never quite using mapsr se Klostermar, et. al. (1993)
developed a number of spreadsheet models for ualbanregional analysis some of
which include demographic, economic, and other giaigcally based data sets.

Journal articles reporting on applications incogtimg OR/MS models with GIS
models (usually by linking two or more disparatenpoiter systems) are also quite
numerous. Frornterfaces alone, in the decade (or so):

Blakely®, et. al. (2003) developed a GIS linked to OR medelschedule
preventative maintenance for Schindler ElevatompGor

Weigel and Cal (1999) linked GIS and vehicle routing algorithnes t
help Sears with their technician dispatching anahdalelivery routing,



Fletcher and Aldeft (1999) used GIS, a database resource capability
model, a policy-alternative model, and linear pesgming for long-term
forest ecosystem planning at Pacific Lumber,

Begur>, et. al. (1997) combined a PC-based GIS with saiiregl
databases and heuristics for scheduling and rouimge health care
nurses,

Bucciarelli and Browff (1995) developed a desktop decision support
system combining GIS and traveling salesman héesisd support the
U.S. Coast Guard buoy tending operations, and

Kuby'’ at. al. developed a mixed integer programming ritilieed to a
GIS to assist with planning China’s coal and eleityr delivery system.

There have been a few previous discussions intdrature specifically exploring
the concept of implementing GIS in spreadsheetsthé early 1990's, Raubilet al.
(1997) demonstrated the concept of importing GEeradata into Excel as a pedagogical
device, and their students were able to developetsodith it, although it was not
intended as an actual application. Charles Ehdsgfet® developed an application
involving a promising method of piping linear pragiming functionality from
Mathematica, an Excel Plug-in, into a GIS.

Cole®® (1998) wrote a helpful paper focusing on the tézdinaspects of using
spreadsheets to produce maps “from scratch” inegudrawing map objects and coloring
them so as to display spatial data. Supportingtieeall theme of this paper, Cole writes
that spreadsheets:

“Can be used to prepare acceptable maps rather lquiand gives more direct

links between data, analysis, and mapping, enablingre effective GIA

(geographic information analysis), and can be uded quite large-scale

applications.”

Later in his paper Cole concludes:
“Spreadsheets provide a tool to explore ideas fovel interfaces or operations,

and avoiding some of the continuing frustrationsr@instream GIS, but which
might subsequently be implemented within GIS asgfastudents’ own research



or professional kit bag. Important here is theedir link to the other facilities of
spreadsheets for data processing and model corgiru¢

Although it didn’t use spreadsheets, we also nofeeaision Support System
(DSS) involving OR/MS techniques used on geographiata by Keisler & Sundéfl
(1997). It was the recognition that the abilityojgerate on GIS data directly from Excel
was possible and would have greatly simplifieddbeelopment of the Keisler & Sundell
DSS that provided the impetus for this paper. lat tapplication several additional
features could have been incorporated had we bgemating in the faster DSS
prototyping environment provided by Excel.

The contribution of this paper then is to extendsth previous concepts into
realistic GIS-all-within-a-spreadsheet applicatidogprovide the seamless integration of
geographic data, OR/MS analysis, and mapping tdogpo Our applications
demonstrate how to tie the analytical power of agsheets to geographically defined
data. Our examples that will illustrate the “whaill discuss the details of “how” and
we hope will motivate the “why”.

3. IMPLEMENTATION OF SPREADSHEET BASED GIS (“HOW”)

In this section we will describe the technical dstaf how several basic GIS
functions can be implemented in spreadsheets anddmcorporate common GIS based
data types into spreadsheets. These technicas idilabe the building blocks used to
develop the Section 4 applications incorporatingséh GIS functions into OR/MS
analyses.

3.1 Basic Mapping Functions
One of the basic GIS data types for storing mappmigrmation is known as

raster data involving square or rectangulaixels (also even in the GIS world called



cell arranged in rows and columns where the logicaditipm in the data array
corresponds to a physical position. In raster datmats, each cell contains a single
value. Often this value is a color, but it carodbe a numerical value indicating values
such as land use or elevation above sea level.undisg the pixels contain colors, a
raster display will the produce what we would reuag as anap

The analogy between a raster display and a spreadghthen straightforward.
By treating each cell of the spreadsheet as a,psxahg the cells as squares or small
rectangles, and using the cell contents to speciéplor property (or other appearance),
spreadsheets can be used to produce maps. Thedsipeet function otonditional
formattingof cells, which changes the appearance of a cpkmding on its contents, is a
critical capability for this application. With cditional formatting (available from
“Format” on Excel’s toolbar) it is possible to clygnthe color of the background, the
border, and the font and color of cell values sholwnour purposes, we simply change
the background color and make the cell border indsby having it appear in the same
color. Conditional formatting is limited to threegsible different conditions per cell
(plus a default format) --- although different setlan use different conditional formats.
Figure 1 shows a spreadsheet based representattomap of the U.S., the map on the
left is filled with random integers (using the etjoa “=INT(RAND()*12)+2Y"), between
2 and 13, and the cells representing border ofeéggeon contain a value of 1. The cells
are sized to a height and width of 8 pixels, aralftrmat applied makes a cell blue if it
contains a 1, yellow if its value is in the rangenfi 4 to 8, red if its value is in the range

from 9 to 12, and white otherwise (i.e., if itswalis 2 or 3).



Figure 1. Conditional formatting allows spreadshetcells to function as GIS cells,
with original map (filled with random integers) on left and smoothed version
on right.

RRIGING - iosof et Explcer



In the GIS world, the standard approach is to stiféerent elements of
geographical information in layers; example layetght be elevations, town borders,
roads, and population. Again, there is a naturalagy between raster layers and
spreadsheet worksheets.

In Microsoft Excel, each worksheet can be up to 26mns and 65536 rows.
For most applications 256 columns would be inadeguar professional quality
graphics, but certainly detailed enough for somg@ses. .Other spreadsheet products
such as Borland’s Quattro Pro and Lotus 1-2-3 ¢orit6556 columns and 16556 rows
per worksheet, allowing higher resolutions. Wittmg additional ingenuity, such as
treating each worksheet as a vertical strip of p arad then piecing them together, larger
maps could be produced. Alternatively cells cdutdsized to be horizontal rectangles,
so that maps would have less horizontal definitltan the maximum allowable vertical
definition.

Another basic mapping function is known in the ®I&rld asmap algebraand
again there is a natural analogy with spreadshebtfenctions. Spreadsheet cell
formulas provide considerable flexibility in defing new map layers. With a few
keystrokes users can create a new worksheet (layirformulasinvolving values from
cells of other worksheets (layers). Using formudash as AVERAGE or SUM allows
map smoothing and aggregation. For example, inrEid in the screen on the right, we
applied a map layer that smoothes out the pattethe first sheet by summing values
over small regions. Cell AE9 on Sheet2 contains thrmula

“=SUM(Sheetl!AD8:AF10) and this cell was copied to all cells up to EB0O1The



conditional formatting applied makes the cell gréeis value is less than 50, orange if
its value is between 50 and 75 and red if its vadwsbove 75.

Additionally, IF statements can be used for filbgrimap layers. For example, if
Sheetl contains buildings and Sheet2 contains roadscan calculate the places
available for building (not on top of buildings ovads) in Sheet3 with the formula
=IF(Sheetl!al=0,IF(Sheet2!al1=0,1,0),0).

Thus the combination of using spreadsheet cellsxads, conditional formatting
to modify cell appearance, worksheets as datadayerd cell formulas as map algebra
already gives considerable GIS functionality toesisheet models. Cole (1998) used
some similar ideas for using spreadsheets to peothaps, and invoked the metaphor of
spreadsheet mapping as “word processing in colors”.

It is important to note that due to the large sstdypical GIS raster displays,
efficient calculation strategies within the sprdegtt become increasingly important.
Depending on the size of the spreadsheet and tlaenpéers of the hardware on which it
is running, some of the approaches described harlel ¢ead to slow calculations. The
main factor driving calculation speed is the langenber formulas that must be computed
for each cell. Simple formulas, such as the comliti formatting take only a few seconds
for a large area. Complex formulas, as would bel uisdayers of maps, will take longer.
To facilitate efficient calculation it is possibte keep an equation in one cell and use
Excel's copy-paste-values command to freeze theirgng values when they are not in
use. This also reduces memory requirements. Anethgrto speed calculation is to shift

the spreadsheet to manual calculation mode, acdlaté one sheet at a time. Of course,



smaller raster displays will use less memory anchpde faster; if a grid of 100x100
suffices for a particular application the smallediser representation should be used.
3.2 Incorporating Existing GIS Data Sets into GIS Spsteeets

In this internet age, there is a wealth of existmgl publicly available GIS data
out there. Merely brushing the surface, governmagencies such as the U.S. Geological
Survey (USGS) and the Canadian Geospatial Datadmércture (CGDI) have extensive
sets of geographic information and analyses of then countries and the world. There
are also major GIS open source and user groupd @EGRASS), and GIS companies
(such as ESRI) which create and make availablesixte libraries of GIS data. With a
search engine and an internet connection, there'go@ chance the geographic
information needed for pretty much any OR/MS agtlan is available. The issue,
however, is how to get it into a spreadsheet.

The technique we develop in this paper, which iy one of several that could be
used, is based on the fact that bitmap images aderaf pixels. Thus any map display
can be imported, pixel by pixel into a spreadsieaply by “picking up” the color of the
pixel as a cell value. The source map can themepeoduced within a worksheet.
Appendix | provides the VBA code for this procebisking to a user-specified bitmap
file (*.omp) and reproducing the map within a wdrkst. For the examples later in this
paper, this VBA subroutine was used to import ocampus map (from our campus
website) and a population density map of the eagiertion of Massachusetts (from the
U.S. Census website).

This “bitmap conversion” procedure has limitationewever. The first, as

mentioned before as an issue with spreadsheet 6ziSeds dimensionality. The Excel



2003 limit of 256 columns (resulting in a width 866 pixels) limits the size and
resolution of data that can be imported (in onewf applications, for example, the text
for building names on the campus map is pretty hardead). This method can also
make building layers a bit difficult, as the pixelading process just takes what it sees,
and so for example doesn’t differentiate betwegixal containing a population density
value from a pixel that’s black indicating a roa¢h{ch we’d prefer on a different layer).
Also, the pixel by pixel method can make it hardalign data layers (e.g. from different
sources). However this alignment issue can beivented in some cases. For example
the census site allows a user to set up a pantioud@ and then display various values on
it (population density, % of different races, inemiata) which, if brought in with this
method, would already be aligned.

A deeper issue is that as well as raster basedhgsspGIS data often comes as
vector data which defines objects using variousrdioate schemes. The population
density in the census data set is, in fact, vezaged data. Population in the census is not
counted per square mile (which would be a rastpresentation) but by irregularly-
shaped census blocks (a vector representationg pbpulation density map is then a
rasterized display of vector data, and is then amlyapproximation. In general though,
since vector data sets all refer back to some kihdjrid-based coordinate system,
converting vector based data sets to raster disglaguld be possible.

There are numerous existing standat® data formatge.g. a specific protocol or
procedure used to store and manage data (G&)lelShese data formats include ESRI
shapefiles, Arcinfo coverages, Mapinfo files, GEHTERASS run-length encoding for

rasters, various digital elevation formats (DEM®)TS, etc), and various GRID and



image formats. Some of these are binary rasterdtsnm which data items accompany
the image data, which can solve some of the alighnssues noted above. Although
beyond the scope of this paper, it would certaindy quite possible to develop VBA
macros to import data from common schemes for raastel even vector based
geographic data.
3.3  Additional Spreadsheet Based GIS Functionality

Within the raster displaytegions (sets of cells) can be created, named, and
referred to in formulas. The region is selectechblding the control key while dragging
the mouse over cells or clicking on cells, and whie@ region is selected, the user
chooses Insert -- Name -- Define from Excel’'s mdectangular regions can be defined
by dragging the mouse, and can include border liaeg are named the same way. This
feature could be useful for customizing maps -ef@ample, it would be possible to select
a region (using the “go to” command) and then assaiglifferent conditional formatting
scheme to that region. It is also possible to cdnparametrically defined shapes into
raster representations, for example, after defimimgctangular area in terms of its upper
left corner (xorigin, yorigin), length and width,eancould populate the cells within the
rectangle with 1's by using the formula:

=IF(AND(row()>y,row()<y-+length,column()>x,column(x<width),1,0)
We could define other shapes similarly, e.g., escl

Regions could also be the basis for an implemamtatif vector based data
Assuming the boundary issues can be worked outexample, a data layer could be
produced which gives the town, or census blockpther vector based identification of

each pixel. Such a data layer would then allowsaterations otopology namely



determining relationships of how different vect@i® contiguous or connected, since
adjacent vector blocks could be determined by logKor a difference in value between
adjacent cells. Another idea is that shapes stasedector data could be converted to a
pixel representation using a map layer that usgebraic formulas to define vector
objects For example, a circle is defined by a center anthdius, and the formula
identifies a point as being in the circle if its@ince from the center is less than or equal
to the radius. In additioBxcel drawing objectbave associated parameters that may be
manipulated and converted to parameters for gangrpixel shapes using VBA. Objects
themselves may be stretched or moved by hand agUgBA, although it would be
inelegant.

Another common GIS functiortrtansformationsbetween coordinate systems and
projectionsby rotating and stretching map regions is alsaigiitforward to implement in
a spreadsheet. The row and column numbers areedrest Cartesian coordinates. To
transform the coordinates, we select the apprapdells in a source worksheet using the
offset function. Rotation is achieved using sind ansine of coordinates rounded to the
nearest integer to generate the new coordinatgsird-i2 illustrates this concept. In
figure 2 a segment of the “filter” sheet descrilzdmbve has been rotated by 70 degrees
and transformed using this technique. Here, wedfithe cells in the top row of a sheet
with the numbers 1, 2, 3... and also filled the fastumn of the sheet with the numbers
1, 2, 3... Then in the cell B2, we entered the foanul

=OFFSET(Filter!Al,xfactor*B$1,yfactor*$A2), wherefactor is the sine of the

angle and yfactor is the cosine of the angle.



Figure 2: Sines and cosines are used as argumentsaa offset function, to rotate a
display.

Cell B2: =OFFSET
(Filter'B2,Cos(Rotation)*Zoom_Ratio*Column_Index,
Sin(Rotation)*Zoom_Ratio*Row_Index)



Again the limited dimensionality of spreadsheet®dimits the application of this
particular technique; rotated maps are going t& pgte “unsmooth”. Spreadsheets also
seem ill suited to global projections (e.g. mappenglobe or sphere onto a rectangle);
although with a macro it would certainly be possilib generate a new map by
transforming addresses cell by cell. A simple waystretch or compress a map is to
select all cells and modify the cell height and twido the desired number of pixels.
Stretching or compressing could also be done uingulas; the technique would be
similar to that for rotation, though simpler. A taegular range of cells can be transposed
by 90 degrees simply using Excel’s Copy -- Pas@anspose command.

3.4  Spreadsheet GIS for Communication Support

For GIS to be used effectively within organizatiopsirticularly corporations,
there needs to be easy interactions between Gl8rtsxpnd other departments. We
believe that spreadsheet based GIS systems, esteasjtthink pieces” or prototypes, are
exactly the solution to the organizational challeig maximizing the sharing and use of
GIS data and information throughout an agency.ddistlly, GIS has been separated
from the rest of the organization because of imlexity and its special technology
needs (large workstations, plotters, etc.). Manyehdescribed GIS as a “back-office”
technology (e.g., Casfie 2002, Smurfft*, 1995). We propose that spreadsheet based
GIS may provide exactly the means to bring GIS R/IMS analysts, financial analysts,
data mining experts, project managers, and evercdineer office. The language of
spreadsheets facilitates cross-functional commtinitand sharing of expertise. Broader
acceptance could then increase overall understgndinthe benefits available from

analyzing spatial data.



There are a number of spreadsheet functions tlwatdlsupport GIS integration
and communication. For example:
Exporting graphics: A screen can be converted to a bitmap image ugieg t
Control-Shift-PrintScreen keys to copy the scremage and then paste it into
Powerpoint, Paint, or other compatible graphicsgpmms (including Microsoft
Word as was used in this paper).
Web-publishing: Spreadsheets may be saved as web pages that céeweel
using Microsoft Internet Explorer. When the spréegs is saved, the user can
specify the level of access (values, formulas, fedale formulas) available to
viewers. Similarly, it is easy to embed web linkghm a spreadsheet.
Use of real time data:Excel supports live web queries, and in Office X0
provides rich support for the use of real-time datahe world-wide web. Earlier
versions of Excel connect to real-time financialadaOne illustrative possibility
would be applying real-time regional weather infation to a map stored within
the spreadsheet, by incorporating weather paramitéhe cell formulas.
Collaboration: Excel has reasonable functionality supporting islgarand
distributing of workbooks. These allow multiple tséo access and modify the
same sheet. The versioning support is built in,ass personalized views,
annotation and access rights. Security featurels ascprotection and hiding of
sheets are also available. Auditing tools helpviadial or multiple users trace a
model’s logic, which can aid in debugging.
Security functions: Within a spreadsheet, individual cells, rangesvorksheets

can be protected. This could be useful if certiata is not to be modified by



some operation (e.g., only edges are affectedwedk as for public data and

collaboration (if different people are allowed toodify different data or

scenarios). Similarly, specified cells, ranges,uouls, and rows or whole
worksheets can be hidden (and locked). Notes atht¢b cells may also be
hidden along with the indicator showing the pregeota note, which could be
useful for private annotation of sensitive inforroat

4, APPLICATIONS (HOW AND WHY)

This section provides two examples of how spreastshean be used to integrate
analytical calculations and GIS data. Each of thekert examples demonstrates
techniques discussed above. Both are based ontingar raster image into Excel, and
then applying various worksheets as layers ontd thgported image. Both use
combinations of Excel functions such as ROW, COLUMNd INDIRECT to access and
manipulate data from that image. Other than theA\d@broutine which imports the
image, neither example is dependent upon any additmacros.

4.1 Parking Lot Analysis

The first example is intended to present a GIS dag@weadsheet designed to
facilitate easy data input and analysis. This gdammwas motivated by an issue faced by
many organizations, namely how to cope with dem#&odparking. In our university, the
primary parking facility was a 1,500 space parkig@rage which was found to be
structurally unsound and therefore closed, putiirrgemendous premium on parking on
our campus. Our parking squeeze, while exacerbhted unique situation, is not

especially unique among colleges and universities.



This example presents a rapid prototype of a toddsist facilities and similar
managers to size and place new parking facilitidgsgure 3 shows the raster data
representing a map of the campus that was impanteca worksheet. Although the 256
pixel width limitation renders the names buildirgjfficult to read, the overall map and
building locations are clear. On a separate wordsfigéigure 4), the user enters a value
for the size of a parking space (usually a valugdathan the square feet covered by a
parked car to allow for lot circulation), the celte (based on the scale of the map), and a
location for the campus “center”. The user thetergcts “live” with the map by
constructing shapes directly on the worksheet sgmmng existing and proposed parking
facilities, either by directly shading parking asda a specified color, or by inserting a
predefined value which conditional formatting theses to set the background shade of
cells to that same color.

Figure 3: A bitmap file of campus map can be impaed as a raster display.




Showing the advantage of using a spreadsheet dohsté a paper map and a
pencil), useful characteristics of a given parkiognfiguration are then easily and
dynamically calculated and displayed. Our examkeractively calculates and displays
(see Figure 4) total parking coverage, expectekipgispots, and average distance to the
center of campus for any given configuration ofkpay areas. We envision this
application enabling “charrette” type sessions, iehgroups of people participate in a
meeting where various alternative parking schemesliacussed and refined.

Figure 4: Based on user inputs and parking areagecified, information about a
given parking configuration is interactively calculated.

Technically, each of the shaded cells (pixels)esents a specific square footage
for parking based on the scale of the imported &thand therefore a portion of a single
parking space. A second worksheet uses the map tecaélculate the distance from each

cell to the cell represented the center of campnd,a third worksheet has a formula for



each cell which produces a O if the cell is nott mdrparking space, or 1 if it is. The
average distance to the center of campus is threrefoportional to the average value of
product of the cells in the second and third woelesh. The total number of parking
spaces, total parking square feet, and parkingde¢rage is based on the sum of the cells
in the third worksheet.

To demonstrate how this prototype could be easilgreled, we introduced some
additional factors into this example. Instead d€alating a single average distance to the
center of campus, we calculated the distance th éadding on campus (shown in
Figure 4). To accomplish this task, an additionadrtay worksheet for each building was
created. We then added parameters which were éstinmd the percentage of traffic
going to each building.

These parameters were used to calculate a valuetidanfor a proposed
configuration of parking spaces, instead of an ayerdistance to a single point. This
value function, whose calculations were storedriatlaer overlay worksheet, presumed
the value of each parking space to be inverselpgtmnal to the weighted distances
from destination buildings, and was of the form:

V= i/ d)

where:

V is the value of a parking space,

piis the proportion of traffic going to building i,

d is the distance from the parking space to buildjragd
| is a weighting exponent for distance.

The value fol was entered as a parameter and for the examplsedea value of 2.



The addition of this value function enabled us $& wonditional formatting to
produce a contour map of the potential parking eadtieach location on campus. We
could then compare the original imported bitmaphef campus map with the plot of the
value of having parking in each location. We terrtigd the “sweet spot analysis”, and a
sample is shown as Figure 5.

Figure 5: GIS based spreadsheet enables the anatysf “sweet spots” for campus
parking.

Finally we added a cost function intended to offdet value function, again
represented in an overlay worksheet. This costtioimavas a straightforward calculation
based on parameters for cost per square foot &ingaspaces, the number of square feet
in a parking space and pixel, and the total numifeparking spaces for a given
configuration.

4.2 Retail Store Location



This second example was motivated by the problerdetérmining retail store
locations, which one of the authors has previousigfronted for several retail chains.
The scenario represented in this example is that“dig box” retailer seeking to locate
two stores in the Boston area where we postulateah@etitor had already located one
store.

Huff's?> model (1964) defined estimations of trading afeased on distances to
stores and completeness of merchandise selectidmany variations of his model have
been used over the years for many retail site sefeanalyses. (For example, see Stanley
and Sewaff (1976) and GautscHi (1981)). In common to these models is a
determination of retail potential as an inversection of distance, with an underlying
assumption that the attraction of a retail storaiishes with distance. In our example,
we used a logit-demand model which estimated tlogpgtion of potential customers
who will consider shopping at a retail store tadlated to distance from that store as:

p=1/(1+d),
and the total proportion of potential customerspging at the store as:
Xj=p/ Ip
where:
pi is the probability a customer will shop at retdre i,
d; is the distance to retail store i,
| is an empirically determined constant. There Haaen previous
attempts to estimate this constant; for our exanypéechose a
value forl of 1.5, and

J is the set of store locations



Using this model, a share is calculated for eatdlrstore, including competitive
stores, and for a presumed store at a fixed dist&noen all customers. The distance of
the presumed store is set at a figure somewhatnietfee expected trading areas of an
actual store and its demand represents customerdimhall of the stores too far away,
and either turn to other channels such as mailrpateconstitute unfulfilled demand.

In order to apply this model, we needed to haveufajon data. The most
suitable population data we could find was fromth8. Census Bure&, which was for
population counts by 5-digit zip code for the y2800. We downloaded a graphic of this
for the Boston area and imported it into our spseaét; the result is shown as Figure 6.
At the time this graphic was imported, a populati@nsity value was attached to each
cell based on the image’s legend. This was somewfreaimanual effort, and an example
of a difficulty that could be overcome through ueé the binary raster format.
Unfortunately, we could find no readily accessigtaphics for population in this format.

Figure 6: U.S. Census information, in this case palation density, can be imported
as a raster display




The overlay sheets for the store analysis incluntesl for each retail store which
contained a calculation of the distance from eawmhtn the imported map to that store,
and one for the competitor's store location. Anotlowerlay sheet represented the
probabilities of customers shopping at each stocation (including the competitor’s)
and one was used to determine the proportion okehahare that would accrue to the
two stores in the configuration. The sum of thetiparof market share for the two stores,
from the last overlay sheet, was taken as an etiofaotal sales. The input parameters
and sample output of the potential sales estinrateliaplayed in Figure 7.

Figure 7: User- defined inputs enable interactivealculation of logit based sales
potential

Working with these parameters, the user could &adores in any cells and
determine an estimate of total sales. This inter@atature can be highly effective in
practice, as often the user wishes to include demations that are not likely to be part of
a model, but still wishes to see the impact of aagilocation scenarios on the model’s
output. Using conditional formatting, the salesineate was displayed on an overlay

sheet that could be compared to the original ingabmaster image. Figure 8 shows



sample results, in which the candidate store lonatiwere north and south of the center,
and the competitor’s location was west of the aeritkis figure shows the trading areas
around each of the candidate locations, and dematesthow the strength of those
trading areas diminishes with distance, and algb prioximity to the competitor’s outlet
located to the left of center in the map.

Figure 8: Spreadsheet GIS enables display of geogpiaical sales potential

Reasonable extensions to this example would hage tieuse Solver iteratively
find the store locations with global maximum pragetsales, write a VBA macro to find
the best locations through exhaustive enumeratioimplement a different technique for
finding the best set of locations such as a gemdgiarithm.

5. CONCLUSION AND DISCUSSION

We are certainly not claiming that spreadsheet ®d&3kS implementations are
going to replace the entire industry (proprietangd apen-source) that currently exists for
GIS technology. The dimensionality limits of spieheets, the relatively slow
calculation rate for applications involving largember of cells, and the issue of forcing
a general purpose tool (spreadsheets) to do a smayific purpose (GIS) will make

spreadsheet based GIS systems useful only in c@itaumstances.



However, to the non GIS expert, existing GIS tetbgy is complex and
daunting. Interacting with GIS systems implemenigithin spreadsheets opens up GIS
functionality quickly and intuitively to the milliess of business and other spreadsheet
users across the globe. We also note the poteuitithis integrated application for
classroom purposes; in our experience these visplays are engaging to students and
really help them grasp the importance of the uytegl OR/MS models.

In this paper, we've shown the straightforward aratural analogy between
several GIS functions with spreadsheet functiorestiqularly for raster based data.
We've discussed ways in which this GIS functioryatiin be implemented within the
spreadsheet environment. The examples we’'ve peadabow the useful synergy that
comes from meshing OR/MS methods with GIS methedsn integration which is
greatly enhanced by the “remarkable developmerttopia” provided by spreadsheets.

Future work will focus on meshing advanced OR/Mé&hieques with GIS data.
We’'ve mentioned the possibility of using optimizatitechniques for the store location
problem. Another intriguing possibility is to ugbe random number generation
functions in Excel to set up geographically bagedtastic simulations.

Perhaps the most promising aspect of the use dalEscgeographical analysis is
its modeling capabilities, particularly dynamic arstochastic modeling. We see
applications for time series modeling and for scenanalysis in the use of Excel in
conjunction with data that has been processed fraditional GIS environment. The
opportunity for a larger population of modelers develop shared spreadsheet-based
geographic decision support tools is wide open.\ee this dynamic will draw more

people to think of GIS and quantitative analysggetber.
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