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SUMMARY

This paper, presents the use of Geographical Irdbom Systems (GIS) in
developing real estate management models for shgppialls and leisure centers.
GIS applications in real estate management are eseasively by decision-makers
and managers of real estate enterprises in thieisslection for projects. Economists,
geographers, surveyors, and developers recognigeptiwerful tool, which GIS
offers in effective hypermarket management. It ptes a means of managing land
and property information digitally and in a geodragal context, and allows for rapid
access to information and a means of analyzingittiatmation in a geographical
context.

In this paper, geographic analysis, thematic gagjohy, real estate management and
GIS are used in a proper and efficient way in otdedevelop a prototype model for
the real estate management of shopping malls.mbdel combines a method of asset
valuation, the discounted cash flow (or DCF) analysvith the International
Financial Reporting Standards (IFRS). Especialig,discounted cash flow approach,
which is used to estimate the value of shoppindana the Internal Rate of Return
(IRR), a discount rate that generates a zero esiept value for a series of future cash
flows. This essentially means that IRR is the m@fteeturn that makes the sum of
present value of future cash flows and the finatketavalue of the investment (of the
shopping mall) equal to its current market valueordbver, the International
Financial Reporting Standard, which is used, is #h® 40 Investment Property,
which is widely used in investment real estateghsas shopping malls that are
acquired via property or financing hire aimingla¢ income of rents or the realization
of capitalized surplus values. Furthermore, thithad of valuation in order to be
applied for estimating the value of leisure centerguires all the necessary financial
and statistical data of commercial agreements dhatdeveloped in the commercial
centers.The value of shopping malls is estimated with the af selected model. The
application of the evaluation method takes pladelly at each shop of the shopping
center, then at the area of use in which it belpafferwards at level, and finally,
globally, the estimate of the total value of thenooercial shop. Therefore analytic
tables are presented and reference is made to catiweadata, which concern the
economic and commercial agreements, which are deeélin the commercial shop,
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concerning the area of use that each lessee belormgs how this influences the rent
that it overlaps, depending on the extent of tleaawhich is leased.

Taking the advantage of information technology, ggaphic information systems
(GIS) enable the handling of both spatial and neatial data for constructing
thematic maps depicting a variety of demographicrination relating to population,
housing, and economic activities. Its application the technical area in the
construction industry is evident, while its usekds to the non-technical area (e.g.,
business, economics) is being explored. In vievihef potentiality of the GIS, this
model presents its utility for shopping mall locatiselection, which is one of the core
business activities of developers for long-term iteéhpinvestment. A GIS-based
system uses electronic mapping technology in prioguateractive multi-layer maps
so that queries are set to find optimal solutiarsproblems. It combines spatial and
non-spatial data to construct visualized infornratibat can be easily analyzed by
decision makers and that cannot be achieved ire tabllist forms. In the current
paper, a project is demonstrated to create Geamksgabthat include in detail,
descriptive data for each commercial shop, whiehuseful and quite significant for
the developers and managers of the commercialrsgeimethe frames of management
features associated with household incomes, demamds, etc. Queries are then
created leading to the production of thematic miapdinding solutions for several
location problems such as: minimum distance, marimdemands coverage,
maximum incomes coverage, and optimal center. Mpeifically, thematic maps
can be used by the managers of shopping malls totonsales and the income rates
as well as define which shops have a high yieldwahith a low yield according to
the demographic basis of the sales.

This GIS approach to shopping mall real estate gemant was applied in
“Mediterranean Cosmos”, the first and largest Shagppand Leisure Centre in
Northern Greece, as well as one of the largesbuttSEastern Europe.

In conclusion, this new real estate management haddgopping malls with the use
of GIS, proved that GIS, used appropriately, cdudan important aid and a very
valuable analytical tool opening new prospects laorizons for its future. GIS in real
estate management can help managers or leasingspimials understand a center
more completely and formulate a more accurate pactf the expenses for the
exploitation of a particular property of the shapgpimall as well as detect the sales
prices of the properties by analyzing the develapnpéans and posing the priorities
for development in the future, which constitutdsr@damental and vital factor for the
successful operation of a shopping mall.
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1. INTRODUCTION

The basic aim of this paper is the design of a gmuigcal system that provides all the benefits of
geoinformatics on issues and projects relativeyfrehmarket valuation and management as shown on
Figure 1.

VALUATION
TECHNIQUES

HYPERMARKET
MANAGEMENT &
VALLUATION

Figure 1: The basic aim of the project.

Geographic thinking and a geo-cartographic appraaehthe basic tools of the methodology on
valuation and management of shopping malls.

PROCEDURE

PROMOTION

Figure 2: Advantages of the methodology
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The main advantages of the GIS-Valuation procedarebe found on a design of a tool of
management, promotion and accurate valuation bbpging mall.

2. GIS FOR REAL ESTATE

For real estatdpcation is one land characteristic of high importance foor@mic
analysis. As a matter of fact, location is the @uspatial attribute on which
estimation and analysis of land value can be toansfd and create different types of
study. Prior to GIS period, the location determinampact on land values was
difficult to be succeeded due to the existing aacurlevels on positioning.
Nowadays, GIS offers techniques in tens to fatditde analytic spatial reasoning
(Arbia, 1989; Tomlin, 1990; Huxhold, 1991; Star dastes, 1990). Today also, the
cost of a GIS system, the revolution on computehrielogy, the availability of
digital maps and geographic data on internet, th&ness applications promotion
through GIS (Fryrear et al, 2001) are the critfeattors for the increased use of GIS
in real estate market. Location is a parameter igh importance even when the
economic analysis involves the location of a hymekat and even more when the
discussion is the location in a hypermarket.

GIS can also play an important role in real estesearch (Rodriguez et al, 1994). For
instance, in the areas of spatial interaction no¢ldaynes and Fotheringham, 1984)
and spatial diffusion models (Morrill, Gaile and rah, 1988), GIS is of great
importance for formulating accurate spatial mod8|zatial interaction models, which
can also referred to as gravity models, forecafficrmodels, investment analysis and
shopping centre revenue and should be used toifideptimal site locations. Clapp
and Rodriguez (1995) also show the importance amdavement of the real estate
market analysis using GIS.

Thrall in his works (Thrall, 1984-1988), containamy relevant works that bridge the
gap between geography, real estate and urban etowulsuiplines. Other literature

covers such topics as central place theory (Ki®&4), point pattern analysis (Boots
and Getas, 1988), and spatial autocorrelation (@kl4988). Point pattern analysis is
of interest in that most real estate research doesequire the specification of precise
boundaries surrounding a parcel. As such, the swetbcation of a parcel is

represented by only a single point contained someesvivithin the boundaries of that
parcel of land. Nevertheless, given that each iocabn the surface of the earth is
influenced by other locations, econometric analysist be concerned not only with
the possible errors introduced by the problem mietiautocorrelation but must also
address the errors that can be introduced by tbklgm of spatial autocorrelation.
The real estate literature has not yet dealt adetyunaith these issues.

2.1. THE IMPORTANCE OF GIS

All geographers take into consideration a numbebpasic views when they perform

spatial analysis. The lack of geographic thinkiag tead to problems when analysis
is taking place. Many non-geographers, who wonkeal estate market, are capable of
avoiding mistakes by taking into consideration soneeessary geographic tools.
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Geographic scale, absolute and relative locatigdspcoding, characteristics of
continuous and non-continuous space, spatial awaton, geographic
accessibility, proportional and absolute geographeasurements, geographic
surveying are some of the tools that real estadéysis must always consider.

For instance, geographic scale can be a commom errdata analysis. There is
always a basic consideration that GIS produce sségenew datasets if data are
collected in high resolution. For example, stataticensus collections are able to
provide data for households’ income by census thachuse the information exists
due to households. When real estate analysts atengawvith data and creating new
datasets (Shilton and Stanley, 1995; Bible and hjsi®96) sometimes they confuse
geographic scale of the existing data and at theedane are proposing solutions on
higher resolution even though initial data areexikd in lower resolution levels. The
analysis on geographic scale and geographic postiows up a dependency, which
is known as the “modifiable area data problem” (Ari1989).

Is space continuous for all geographic phenomen#tégh in physical geography
many phenomena are considered and treated aswmminfor example elevation is a
continuous phenomenon which alters from place tacelin smaller or bigger
changes- the situation is slightly more problematien it comes to land values. All
locations do not have land values. Even though rdoco program in GIS maps
surfaces giving a value everywhere, apparentlyeti@mnot good accuracy in such a
mapping. On the contrary when contours of land eslare illustrated, this does not
mean that land value is a continuous phenomenannbtance, there are no values in
the centre of a lake or along a river. Althoughoallhms creating surfaces are mainly
based on mapping surfaces from spatially continuneasurements, common real
estate characteristics are discrete phenomena. &gk analysts can make use of
software to create maps of land values but theyt mlusys consider how results can
be interpreted and used.

Another fundamental problem is spatial autocori@tatin this case, values of 2006,
for instance, must occur before values of 2007 he televant used model and
therefore the neighborhoods are expected to havwe similar values than distant
estates. Spatial autocorrelation is a well-recagmizoroblem by geographers
(Norcliffe, 1977; Silk, 1979; Cliffe and Ord, 198Goodchild, 1986; Odland, 1988;
Anselin, 1988; Cressi, 1991). A few methods areabégp of detecting spatial
autocorrelation as well as other procedures aré toseorrect spatial autocorrelation.

Measuring externality in real estate analysis ffiadilt. For instance, migration in
western Thessaloniki, Greece gave increase on Vahges during the last years.
Suspend of migration and arrival of new habitats &laeady stopped the increase of
values and at the same time reduced the demaniefrhouses. General theory of
land values and uses would suggest that the gemnajedtory of land values would be
downward in areas impacted by negative external(fiéarall, 1982, 1988).

One of the most common errors in real estate amsalgsdistance measurement
between two points of interest. The distance measur many GIS programs is the
so called as the crow flies method of measurenierig.a straight line between two

points in the map. This can be a mistake in reatesnalysis where accessibility is a
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basic analysis factor in many cases. Geocodingpmagerful tool, which can properly
assist the real estate analysts and valuatorsed@iolh of real estate data can be of
great accuracy, in a really fast way, with the os&eocoding tools.

The phenomenon of “ground truth” is a critical desh for real estate analysts. It is
never obsolete to visit locations and study the vy model in paper describes
reality in space. The data analysis must alwaygrbend truth.

3. VALUATION OF A HYPER MARKET

In real estate society it is widely acceptable that selection of a valuation method
depends on two things, both of which are equallgartant. The first is the analytical
review of valuation models, exploring the relatioips between them and exposing
what each of them makes. The second is to evalatgata (economic, demographic,
statistic) that are available for use in the vabratmodel. Moreover, there is a
significant relationship between the choice of #aduation model and the available
data.

Considering that the valuation object of the papex hypermarkets, there is a
number of standard approaches to valuing such entest of which are based on
turnover and location. The shopping mall is an &asshkich represents a stream of
future cash flows to its owners, and the reliapitf these cash flows determines the
ultimate value of the centre. Thinking that a shogpmall is an income producing
and investmentproperty, it is easily understandable that the lalde data for
valuation are economic (monthly leasing) and diatisshich concern the commercial
deals and tenancy which are developed in the comah@enter between the tenants
and the management of the commercial center. Tty dpp available data correctly,
the discounted cash flow (or DCF) analysis anditbernational Financial Reporting
Standards (IFRS) was applied.

Especially, this real estate management model auesla method of asset valuation
of cash flow (or DCF) analysis, the Internal RateReturn (IRR) and the IAS 40
Investment Property of the International FinanBiaporting Standards (IFRS).

In general, Internal Rate of Return (IRR) is a distt rate that generates a zero net
present value for a series of future cash flowss Essentially means that IRR is the
rate of return that makes the sum of present valuature cash flows and the final
market value of the investment (of the shoppinglyredual to its current market
value. In simple words, the Internal rate of reteaiculates the rate at which the
investment made will generate cash flows. Giverolection of pairs (time, cash
flows) involved in a project, the internal rate return follows from the net present
value as a function of the rate of return. A rétesturn for which this function is zero
is an internal rate of return.

Thus, in the case of cash flows at whole numbesgeafs, to find the internal rate of
return, find the value(s) afthat satisfies the following equation:

Apostolos Arvanitis, Stefanos Giannoulakis and Nisdaranikolas
A GIS approach to shopping mall’s real estate mamesmt

International Workshop on Spatial Information fars&inable Management of Urban Areas
FIG Commission 3 Workshop 2009
Mainz, Germany, 2 — 4 February 2009



C==—"— ot
1+1) | 1+ (1+71)
C: The initial expense or the capitattis required for the realization
Ay Ay ..., An: Cash flows, that is earnings after tasad repayments are

calculated, which are expected to come from thestment in
the years 1, 2, ...n which is their life expectancy.

r: (internal rate of return), that is thgufre which equates the cash flows which
are expected to come from the investment with #sh@xpenses which are required
for the realization of the investment.

n: The expected financial life of the intreent of the shopping mall

Furthermore, the IAS 40 Investment Property is gahe used to prescribe the
accounting treatment for investment property arndted disclosure requirements.
According to this Standard, the current DCF model fair value model, under which
an investment property such as shopping malls esared, after initial measurement,
at fair value with changes in fair value recognizegrofit or loss. More specifically,
the fair value of investment property is the pratewhich the property could be
exchanged between knowledgeable, willing partieanimrm’s length transaction.

To determine the influence of key variables on ginag centre value, as measured by
IRR, this prototype model was applied, in “Meditgrean Cosmos”, the first and
largest Shopping and Leisure Centre in NortherreGreas well as one of the largest
in South Eastern Europe. This provides a base soeagainst which comparisons
can be made. The IRR is determined using a disqatmbf 8% for future cash flows,
which is a rate considered appropriate for shoppmals (Kiochos 2006). Also
annual turnover fee is assumed to increase at 8w .DICF model takes into account
rental income, building operating costs and vacaeegls over a 6-year holding
period (2006-2012). Annual income from each tenafmy the year 2006 was
obtained from the respective tenancy schedules 3% ®ecember for each of these
years. The anchor tenant pays a base rental glascantage rental based on turnover.
The specialty store leases are generally eithéeewed to market or CPI over varying
time periods. Initially, the DCF model evaluates tbtal fair value of each shop of
commercial center. In order to accomplish that, dach commercial shop of the
shopping mall, the DCF model, estimates the redsenaice of the yearly tenancy
(€ / nf), and some other economic data, which concern gade deal such as the
surface that is leased, the re- establishment rttiexpre-payment index and the exit
performance. Then, the application of the evaluatieethod takes place at each shop
of the shopping center, then at the area of uséhinh it belongs, afterwards at level,
and finally, globally, the total fair value of tkemmercial shop is being evaluated.

More specifically, for every shop there is a cafdhe evaluation of the total value,
which includes all the data that concern the trdelal, which is made between the
administration of the commercial center and thamé¢im question. Therefore analytic
tables are presented and reference is made to catiwpadata, that concern the
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economic and commercial agreements, which are deeélin the commercial shop,
concerning the area of use that each lessee beioraggl how this influences the rent
that it overlaps, depending on the extent of tleaavhich is leased. With this model
the future earnings for every tenant- commerciatereare estimated and at the same
time the total reasonable value and the tenanayev@@ / ni) are calculated through
the DCF model. Simultaneously, the value of eveygezof use of the commercial
center, the value for every level of the commerceiter and its total value are also
calculated.

4. THE REAL ESTATE MANAGEMENT MODEL

Applying the DCF model successfully for the estimatof the value of commercial
centers, there is a whole infrastructure availdbtethe correct construction of the
GIS system of the administration and managemeshapping malls.

The current GIS-based system uses electronic mgpigichnology in producing
interactive multi-layer maps so that queries areteefind optimal solutions for
problems It also improves the performance of mall managenaea calculates the
performance capability of the shopping center matiaber of spatial scales. This type
of management system is developed thanks to tlee@nhspatial dynamics of GIS. It
combines spatial and non-spatial data that conteenshopping mall so as to
construct visual information that can be easilylyred by decision makers and that
cannot be achieved in table or list forms. Furtreem this particular system of
administration of commercial centers requires theation of “Geodatabases” in
order to estimate the competitive edge of the oaak within the retail environment.
More specifically, in addition, these spatiallygefnced data bases include in detail,
descriptive data for each commercial shop, whiehuseful and quite significant for
the developers and managers of the commercial rsgnia the frames of
management features associated with household esaemand points, etc.

Using the querying capabilities of GIS, queries #men created leading to the
production of thematic maps for finding solutios §everal location problems such
as: minimum distance, maximum demands coverageinmuax income coverage, and
optimal center. The spatial variations in tenam¢sare being studied and evaluated.
More specifically, thematic maps can be used byntaaagers of shopping malls to
monitor sales and the income rates as well as elefimch shops have a high yield
and which a low yield according to the demogradasis of the sales. The investors
and the managers of shopping malls should be abfellbow quickly the economic
performance of the trade deals, which are develogred the thematic maps offer the
means to achieve this easily. The current GIS-basaldestate management model
helps the investors and the managers of the shgpppails to define the geographical
reasons why some properties- shops may perforrarlmtivorse than expected. Here,
the analysis concentrates on the sensitivity oarersales performance as regards
their distance from mall promotions and tenantes@xpansion. For example, a shop
may present declining financial rates becausel@dated in a position in the shopping
mall, which is not easily accessible by the consgmalternatively, the decline in the
available empty spaces in one zone of the shopmigy may lead to the increase in
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the income of a property that belongs to anotheezdhe maps of the specific GIS
model allow the manager of the commercial centredbne and to discover these
income relationships from a distance. Least butlast, the system examines the
influence of various mall management “controllables individual tenant sales.
Activities such as mall promotions, architecturabdifications, and the locational
impact of tenant changes on the performance atibeping center will be included.

Code 1.168

Address Mediterranean Cosmos
Plot 250.000 sg.m.
Cover 46.350 sq.m.

spare areas rent areas area
GOODYS RESTAURANTS 0,00 236,30 236,30 110.588,40
sum 0,00 236,30 236,30 110.588,40
GOODYS 1 31/12/2006
Area sq. meters 236,30
Reasonable Rent Value € / sq.m. 39,00
1 Rate of Adjustment 4,8%
Discounting rate 8,0%
Efficiency Exit 8,0%
A/A Period Months of Rent Monthly Sum of Years of Reasonable
Start End Rent (€) rents for Rent Value
period (€)
1 1.1.2006 | 31.12.2006 12,00 9.215,70 110.588,40 1,00 102.396,67
2 1.1.2007 | 31.12.2007 12,00 9.658,05 115.896,64 2,00 99.362,69
3 1.1.2008 | 31.12.2008 12,00 10.121,64 121.459,68 3,00 96.418,61
4 1.1.2009 | 31.12.2009 12,00 10.607,48 127.289,75 4,00 93.561,76
5 1.1.2010 | 31.12.2010 12,00 11.116,64 133.399,65 5,00 90.789,56
6 1.1.2011 | 31.12.2011 12,00 11.650,24 139.802,84 6,00 88.099,50
7 End of period - 139.802,84 1.189.343,28
| SUM 1.759.972,08
Market Value 1.760.000,00

Table 1: Example of the valuation of a retail space.

Also, knowing that the internationally acceptabkrnt developer means every
individual or legal entity, which aims at any fowhdevelopment of any category of
property, is easily conceivable why the specifiaRgestate Management Model can
turn out to be a very useful tool for the develgpet shopping malls. It is generally
accepted that in the real estate market the desedogarn money-buying properties,
which are devalued, they exploit them at a readenabst and they sell them at
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market prices or above. Most developers find suopgrties on an independent basis.

01

Market Value (€/m2)

\ [ ]1.092,13€-2.00000€

\ [ 2.000,01 € - 5.000,00 €

) I 5.000,01 € - 10.000,00 €

I 10.000,01 € - 15.000,00 €

Il 15.000,01 € - 20.000,00 €
Retails 1st floor (anual rent)

° 10.000

@ 00000

. 500.000
‘1 .000.000

1:1000

07515 30 45 60 75
O e Vieters

Retailers
on first
floor

DATAd SOURCE
Lambert Smith Hampion

VALUATION AND MANAGEMENT
A HYPERMARKET
WITH THE USE OF GIS

PARKING

Map 1: Analysis of 1st floor.

But the current GIS - based management model camowae the range and the

adequacy of the research procedure. The themaps mifathe particular model can

help developers understand better where and whg feean increase in the demand
rate of the consumers of a commercial center. &peeanalysis, if there is available
information on the recent commercial deals, théesyf management can contribute
to the definition of the zones of use where thepprty is devalued or overvalued.

Moreover, the GIS maps, which are relevant to threeg of a commercial center, can
help developers form a more specific picture ofékpenses for the exploitation of a
particular property. In addition, the developersommercial centers can through this
original model of administration use the GIS totdsdetect the sale prices of the
properties, to analyze development plans and tripzie growth goals for the future.

5. CONCLUSIONS

The GIS methodology introduces innovative elementg)ich mainly make
management of shopping malls easier and the priotguate more constructive. GIS
systems are unchangeable while at the same timéecatlynamic. This option gives
the opportunity to change the shell and adaptrttezface in actual user needs.

Furthermore, all GIS functionalities, like for iasice, valuation, analysis etc. can help
for a most accurate decision.
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In conclusion, one question is posed. Until nowth@ shopping center industry, GIS
has been applied mainly to understanding and prgftrade areas and to connecting
market coverage to mall advertising and promot@an now, this prototype system
of real estate management with GIS be establismedhe administration of
commercial centers as an original way? The futuile tell. One thing is certain,
though. It has all the prerequisites as it presesftectiveness, speed, direct
communication and a friendly environment betweerhedeveloper and owner of the
commercial center.
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