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Revisiting Non-Normal Real Estate Return Distributions by
Property Type in the U.S.

Abstract In this updatedempirical analysis,investmentrisk modelswith infinite varianceare
moredescriptiveof distributionsof individual propertyreturnsin the NCREIF databas@verthe
period 1980 to 2003 than Normally distributedrisk models.Real estateinvestmentrisk is

heteroskedastidyut the Characteristi€xponenof theinvestmentisk functionis nearlyconstant
acrosstime although differencesamong property types are evident. Accordingly, asset
diversificationis far lesseffective at reducingthe impactof non-systematiénvestmentrisk on

real estateportfolios thanin the caseof assetswvith Normally distributedinvestmentrisk. The
patternsfound in the U.S. are the samein Australia and the United Kingdom, and the
Characteristic Exponents are virtually identical across all three countries.

The dataand analysisof this note extendthe researchpresentedby Young and Graff (1995) with
correcteddatafrom the 1980to 1992period;newdatafrom the 1993to 2003 period;comparisongmong
U.S.,U.K., andAustralianreturndistributions;andmorediscussiorof implicationsof the findings. That
earlierwork presentedin empiricalanalysisof the distributionalcharacteristicef cross-sectionannual
returnsof individual assetcontainedwithin the NCREIF Propertylndexfrom 1980through1992,in the
aggregateanddisaggregately propertytype. The authorsfoundthatcross-sectionannualreturnswere
not Normally distributedduring any calendaryear studied.Additionally, the authorsfound that both
skewness and the magnitude of real estate risk changed over time, i.e., was heteroskedastic.

Now, with the passag®f time acrossa wider rangeof macroeconomiconditions,this work canbe
extendedo 2003.For consistencyand comparability,the methodologyof this paperis identicalto the
1995 study. Also, the identical methodologyhas beenappliedto Australian and United Kingdom
institutional propertiesin Graff, Harrington,and Young (1997) and Young, Lee, and Devaney(2006)
respectively.Thus, similaritiesin real estatereturndistributionscan be assessedcrossthree English-
speaking countries.

As institutionalreal estateinvestorssearctthe globefor investmenbpportunitiesjt canbe helpful to
understandhe behavioralcharacteristicof assetshat might be addedto portfolios. If performance
characteristicsrary amongreal estateassetsin different countries,thesedifferencesmight lead to
differencesin portfolio strategiesfor the global investor. However,if there are similarities among
performanceharacteristicgheninvestorsmay realizeefficienciesby extendingeffectivestrategiegrom
the home country to foreign soil.

To repeatthis papertestsempirically whetherpropertyreturndistributionshavefinite varianceand
are Gaussian Normal. The short answer is that they still are not.



Data Description

Individual propertyreturnsof institutional-gradéJ.S. commerciakeal estateareavailablefrom NCREIF.
Furthermorethe NCREIF Propertylndex hasvarioussub-indicescompiledalong major geographical
region, property type, and combined region and property type dimensions.

Reportedreturnsarebasedon incomeandassetvalue changegqi.e., capitalgains)asdeterminedoy
periodicvaluationby investmenimanagersr third-partyappraisersBoth quarterlyandannualreturnsare
available,but we useonly the annualtotal returnsprovidedby NCREIF for the calendaryears1980to
2003 disaggregatethy three propertytypes: Office, Retail, and Industrial. By usingannualreturnswe
avoidthe potentialcriticism thatthe quarterlyreturnsareautocorrelatedr thatvaluationsare stalein the
sense that valuations are not conducted quarterly on each prbperty.

Over the last several years, NCREIF has made a concertedeffort to correct errors and
misspecificationsn the historic databaseAlthoughthe specificchangesrenot availableto the public, a
comparisorof the returndistributionsreportedin the 1995studywith the currentonerevealthatchanges
affectedshapestatisticsin particularyearsin the aggregateand acrosspropertytypes,but the overall
averagechangedor the 1980to 1992 periodarerelatively small. Exhibit 3 showsthe differencesn the
yearly estimates of the characteristic exponent between the 1995 study and the current study.

Real Estate Return Model

A comparisorof thedatain the NCREIF PropertyType sub-indicegevealssignificantdifferencesamong
their annualreturns.Thus, our real estatemodel presumeshat expectedvariationsin annualproperty
returns due to differences in property type account for all of the differences in returns on préperties.

In modelterms,the observedannualtotal returnon eachcommercialpropertyp during the calendar
yeart is of the following form:

R.(p) = (n(p)) +/ . (p) (1)

where h() is the propertytype (office, retail, or industrial), 1 () is the expectedotal returnduring yeart
as a function of propertytype, and !t(p) is a stable(possibly,infinite-variance)randomvariable.In
addition, the model presumeshat, for each#!1980, the /() areindependentdentically distributed
randomvariableswith Characteristi&xponent! ; >1.0 andzeromean,andthat €t1(n) and !tz(pj) are
independent for alt, ! t, and alli and;.3

Undertheseassumptionsl;herandomvariable!t(p) correspondso the asset-specifimvestmentisk
of propertyp during periodz, while the systematicand marketsectorreal estaterisk is describedoy the
function 4 (h( )).

1 Before beginningthe dataanalysis,eachdiscreteannualsamplereturnr, in the NCREIF databasdasbeen
replacedwith its continuouslycompoundediogarithmicequivalentOnly propertieshavingfour quartersof datain a
given calendar year have been included.

2 Alternatively, we could havedisaggregatedeturnsby major geographiaegion. However,propertytype is

probablythe superiorcut, becausét is morelikely thatinvestmentharacteristicef commercialpropertydiffer for

propertieswith different drivers of economicperformancethan for propertieswith the sameeconomicand
functionalattributessituatedin different partsof the country. The free flow of institutionalreal estateinvestment
capital acrossthe U.S. over the past thirty yearstendsto homogenizetransientdifferencesin investment
characteristics across geographical regions for property of the same type.

8 The assumption that , >1.0 guarantees that the mean’@( p) exists.
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Tests and Results

Exhibit 1ashowsthe distributionsof continuouslycompoundednnualtotal returnsfor the years1980to
2003in the aggregateSuperimposedponthe samplehistogramis the Normal densityfunction with the
identicalmeanandstandarddeviation# The distributiontakeson a shapethatis virtually identicalacross
all propertytypesandindeedvirtually identical acrossnationalbordersaswill be discussedater. In
particular,the sampledensityfunction is more peakednearthe meanthan the correspondingNormal
density, hasweakershouldersand fatter tails (i.e., is leptokurtotic),andis negativelyskewed.These
distinctionsaremoreapparentn the graphof the differencesdetweernthe sampledensityandthe Normal
density in Exhibit 1b.

McCulloch0$1986) quantilemethodologythat employsa seriesof tablesthat mustbe interpolated
doubly to determineparametefestimatesvas usedto fit a stabledistributionto eachset of residuals
orderedby calendaryearand propertytype® To testwhetherthe parametersaried during the sample
period, stableparametersvere estimatedor setscomposedf the residualsaggregatedcrossall years
and propertytypes.Theseresultsaretabulatedin Exhibit 2 andaredisplayedgraphicallytogetherwith
oneandtwo standarddeviationerrorbandsin Exhibits 4 to 6 for the stabledistributionparameters, ",
and# ($ is irrelevantbecausehe LocationParameteis an estimatorfor the meanandthe analysisadjusts
for the effect of varying means).

In the caseof CharacteristiExponentd ; estimatedy calendaryearandpropertytype, 94% (68 of
72) were distinct statisticallyfrom 2.0bbth&€haracteristicExponentof the Normal distributionBbwith
95% confidenceand82% (59 of 72) weredistinctfrom 2.0 with 99% confidenceln the caseof residuals
aggregatedacrosspropertytype (the first panelof Exhibit 2), all twenty-four sampleCharacteristic
Exponentd , were distinct from 2.0 with 99% confidente.

In the caseof the Skewnes®arametet, for all residualsaggregate@crosgpropertytype, 79% (19 of
24) were statisticallysignificant (i.e., non-zero)with 99% confidence and oneremainingsamplevalue
was significant with 95% confidence.Furthermore,negativeskewnessresults outnumberpositive
skewness results 17 to 7 times.

Exhibit 4 displaysthe sampleCharacteristidcexponentd ; of both the aggregatedand individual
property type residuals.lt appearsthat! ; could be time-invariant. However, Exhibit 6 that shows
graphicalrepresentationsf thesedata,suggestshat! , likely variesacrosgpropertytype.From Exhibit 2,
for the entire 1980to 2003 sampleperiod, estimatesof CharacteristidExponentstogetherwith their

4 Thereare51 Obins the histogramthatspanthe rangefrom minusto plusfive standardieviations Because

somesamplesextendbeyondthis range all the sampleseyondplus or minusfive standarddeviationsareincluded
in the two extreme bins.

5 Sincepublicationof McCullochOgechnique maximumlikelihood estimation(MLE) hasgainedfavor for
parameteestimation.In atestof MLE versusMcCullochonthe aggregattNCREIF dataset,the MLE resultsfrom
the Mathematicamodelingsoftwarewerevirtually identicalto thoseproducedby interpolation,solittle morethan
speedof computationwas gainedusingMLE. Thus,this note usesthe McCulloch techniquefor consistencyand
comparability with prior work.

6 Of thefour parametershatdescribethe stabledistribution,the Characteistic Exponentis consideredhe most
helpful for expressinghe shapeof the distribution. The CharacteristiExponent liesin the half-openinterval (0,2]

and measuredhe rate at which the tails of the density function declineto zero. The larger the value of the
CharacteristiExponent , the fasterthetails shrinktowardzero.When! =2.0,thedistributionis Normal. While the

means(first moments)of stabledistributionswith CharacteristicExponents! >1.0 do exist, variances(second
moments) do not existbbi.e., are infiniteBbfor those distributions with Characteristic Expghénts
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standarderrors are 1.434 £0.011 for all three property types combined,1.487 +0.021 for Office
properties, 1.33#0.022 for Retail properties, and 1.468.017 for Industrial properties.

By contrast,Exhibit 5 showsclearly that ", is not time-invariant.Indeed," ; for all properties
displayeda roughly cyclic patternthroughoutthe testperiod(the resultsareindeterminatdor individual
propertytypesdueto the largewidths of the error bands) but seemto track one anotherespeciallythe
Office and Industrial results.

Exhibit 6 showsclearly thatthe ScaleParamete# is not time-invarianteitherin the aggregater by
propertytype. The generaltime-seriegatterns however,are quite similar with roughly the samepeaks
andvalleys. Since# is the stableinfinite-variancemeasureof risk, this meansthat asset-specificisk is
heteroskedastic.

The three graphsof Exhibit 7 show the CharacteristicExponent,the Skewnessand the Scale
Parametefor eachpropertytype andthe aggregateverthefull 1980to 2003time periodalongwith the
one-andtwo-sigmaerror bands.In the caseof the CharacteristicExponent,Office and Industrial are
statisticallyindistinguishableand Retail is the outlier. For the Skewnesgesults,Retail and Industrial
propertytypesarestatisticallyindistinguishableand Office andRetail showmarginaloverlap.Iln termsof
Scale Parameter, all three property type results differ statistically from one another.

The above analysisimplies that (1) real estateinvestmentrisk during the sampleperiod was
heteroskedasticf2) during virtually all samplesubperiodsand acrosspropertytype, stableinfinite-
varianceskewedasset-specificisk functionswith a CharacteristicExponent! of approximatelyl.434
modeledthe observedistributionsof returnresidualsbetterthan Normally distributedrisk candidates;
and(3) propertytype differencedn the CharacteristiExponentacrosgropertytypesarelikely, certainly
Retail propertiesshowednotabledifferencesrom Office andIndustrialoverthefull 1980to 2003sample
period.

Comparisons Among U.S., U.K., and Australian Property Returns

Following publicationof the Youngand Graff (1995)study,the authorsconducteda studyof Australian
propertyreturndistributionsusingthe samemethodology Graff, Harrington,and Young (1997).Despite
the muchsmallersamplesizein the Australiandataset(4,593versus33,745in the currentU.S. set),the
statistical findings were statistically indistinguishablefrom the U.S. findings. Comparing the
Characteristiexponentresultsof the earlier Australianstudywith the currentupdatedU.S. study, the
statisticalestimateof Characteristiexponentof U.S. returnstogetherwith a 95% confidenceinterval
aroundthe valueis 1.434 + 0.022 versusthe estimateof Australianreturnsof 1.588+ 0.068, not
statisticallyidentical as reportedearlier when the U.S. estimatewas somewhathigher with greater
standard error.

Young, Lee,andDevaney(2006)examinedJ.K. propertyreturnsin the IPD databas@verthe 1981
to 2003 period, againusing the samemethodologyas Young and Graff (1995). The 269,853-property
samplesizeof the U.K. datasetdwarfsboththe U.S. andAustraliansamplesThe statisticalequivalence
of the CharacteristiExponentbetweenthe currentU.S. studyandthe U.K. studyis evident.The U.K.
estimatewith a 95% confidenceintervalis 1.448+ 0.008versusthe U.S. estimateof 1.434+ 0.022.By
propertytype, the Office andIndustrialpropertiesn the U.S. andU.K. samplesare statisticallyidentical
at 95% confidencewith respecto Characteristi€xponentRetail propertieshowever,showa somewhat
contraryresultrelative to the CharacteristicExponentof the country aggregatesthe Characteristic
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Exponentof Retail propertiesin the U.S. sampleis 1.337+ 0.043versus1.471+ 0.012in the U.K.
sample.

The stabledistributionparameterandsamplesizesof the currentU.S., U.K., and Australianstudies
are shown in Exhibit 8.

Implications for Portfolio Management

To examinetheimpacton portfolio risk reductionin light of the distinctly non-normaldistributionof real
estatereturns,the risk reductionformula for the Scale Parameterf a portfolio with Characteristic
Exponeniz and number of asseisvould be:

" o= n(]/#)$1,.f )

Foranygiven! >1.0,thereductionin asset-specificisk increasesvith increasing:. As! diminishes
to 1.0from its upperlimit of 2.0, thereductionin asset-specificisk likewise diminishesfor any givenn>
1. The degreeto which asset-specificisk canbe reduceds tied directly to the shapeof the distribution.
Portfolioswhosereturn distributionshave positive or negativetails fatter than portfolios whosereturn
distributionsare GaussiarNormal requiremoreassetdo producethe samerisk-reductionwhich is why
significantdeparturegrom Normality shouldmatterto thosewho assemblgortfolios with the expressed
intent to reduceasset-specificisk. For the actualNCREIF dataof this study, the asset-specifigisk
reductionpotentialof portfolios canbe comparedo the theoreticalportfolio with Normally distributed
returns in two ways.

The samplevalue! =1.434from the precedingsectionprovidesa practicalestimatefor the effect of
portfolio diversification on asset-specific risk reduction:

" . # n$0.303 n ; (26)

Forexampleatypical U.S. closed-endeal estatefund or client separat@ccountmight havel0to 20
propertiesandlargeopen-endeal estatefundsmight haveabout100 properties With theseassumptions,
the magnitudeof combinedasset-specificisk for sucha closed-endund or client separateaccountis
between0% and50% of the magnitudeof asset-specificisk for a singlepropertyportfolio. However,if
the asset-specificisk wereNormally distributed the combinedasset-specificisk would be betweer22%
and 32% of the magnitude of asset-specific risk for a single property portfolio.

Similarly, the magnitudeof combinedasset-specificisk for an open-endund of 100 propertiesis
25% of the magnitudeof asset-specificisk for a single propertyportfolio. However,if the asset-specific
risk were Normally distributed,the combinedasset-specificisk would be just 10% of the magnitudeof
asset-specific risk for a single property portfolio.

Alternatively,if the questionof risk reductionis rephrasedo askthe numberof assets, neededn a
portfolio to achievea reductionof asset-specificisk by a specifiedfactor of &, thenthe answeris: n, is
the smallest integer at least as largé assed to the power 1/0.303. In mathematical notation,

n.=k ) +1$K3%0+1 3

This impliesthatthe numberof propertiesn a portfolio neededo achievea four-fold reductionin the
magnitudeof combinedasset-specificisk is 98bBbcomparedith only 16 propertiesf asset-specificisk
wereNormally distributed.Similarly, the numberof propertiesin a portfolio neededo achievea ten-fold
reductionin combinedasset-specificisk is 1,996Bbcomparedth 100 propertiesif asset-specificisk
wereNormally distributed.In otherwords,equallyweightedinvestmentsn nearlyhalf of the properties
currentlyin the NCREIF databasevould be neededo achievea ten-fold reductionin the magnitudeof
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combinedasset-specificisk. Quite obviously, no institutionalinvestorhasenoughassetsavailablefor
real estate to approach this amount of allocation.

Conclusions

The analysisin this study supportsthe conclusionthat individual (continuouslycompoundedpannual
propertyreturnsin the NCREIF databasere not Normally distributedfor calendaryears1980to 2003,
with only two annual exceptions each for Office and Retail properties.

It alsosupportghe conclusionthat,for eachcalendatyear: in thatinterval, thereis a stableinfinite-
variancedistributionwith Characteristi&Exponent! ; suchthatthe annualreturnon eachpropertycanbe
representedsthe averageeturnfor thatyearon propertiesof the sametype plus a randomsamplefrom
the stabledistribution for that year, and furthermorethat thesesamplesare independenfor distinct
propertiesor calendaryears.Thesestabledistributionscanbe consideredo representeal estateasset-
specific risk.

The dataanalysisstronglyimplies that both the skewness&ndmagnitudeof real estateasset-specific
risk changeovertime, i.e., real estaterisk is heteroskedastiwith respecto both the amountof risk and
the shape of the risk distribution.

However, the analysisalso supportsthe conclusionthat there is not a single value for the
CharacteristicExponentof asset-specifigisk acrossboth calendaryear and property type. For the
aggregatef NCREIF Office, Retail,andIndustrialpropertyreturns however a statisticalestimatefor the
Characteristicexponent! togetherwith a 95% confidenceinterval aroundthis valueis 1.434+0.022,
basedon a sampledistributionof 33,745annualpropertyreturnsoverthe twenty-four-yeaisampleperiod.
This interval is so far removedfrom 2.0bbthealue for a Normal distributionbbthat has profound
implicationsfor real estateportfolio managemenand negatesisk modelsbuilt on the presumptionof
Normality.

The low observedvalue for the CharacteristicExponentimplies that reductionof asset-specific
investmentrisk to levelsreadily achievablan the stock marketthroughassetdiversificationrequiresa
portfolio of far morereal estateassetshanwould be neededor the caseof Normally distributedrisk. In
institutional-gradeeal estateportfolios, the appropriatadegreeof risk reduction,say90%, acrosanultiple
risk factors(location,economic,etc.) could only be achievedby purchasingmostof the institutional-
gradepropertiesn the U.S.Bbanbviouspracticalimpossibility. This implies thatinstitutionalreal estate
portfolio managemenmust be concernedwith the asset-specifiadisk componentof eachproperty
includedin the portfolio with perhapdesserconsideratiorgivento market/systematiandmarket-sector
risk componentsin otherwords, individual assetor propertymanagemeninay be more importantfor
successfutommercialreal estatanvestmenthanportfolio assemblyFurthermorethe stationarityof the
CharacteristiExponentfor investmentisk acrosgime within propertytypeis independentf whetheror
not regionalgroupings for instance providea meaningfuladditionalrisk dimensionassomeresearchers
have suggested.

The fact that real estateinvestmentrisk hasinfinite variance,i.e., the return distributionsare
statisticallydistinctfrom the Normaldistributionthatis the only stabledistributionwith finite varianceor
standarddeviation, also implies that thereis no way to measurecodependencamongproperty risk
functionswith the statisticaltools currentlyavailable.Samplecorrelationsusedin multi-factor MPT real
estaterisk modelsdo not measurdrue risk codependenc&.heimplication or embeddegresumptiorof
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thesemulti-factor MPT modelsthata finite second-momerexistsis soundlyrefutedby empiricaltestsof
the NCREIF data.

A final observatiorconcernghe accuracyof appraisal-baseceturnsdatarelativeto transaction-based
data.The fact thatthousand®f appraisalgor valuations)by real estateprofessionalsacrosshe country
over a twenty-four-yearperiod form sampledistributionswith nearly indistinguishableCharacteristic
Exponentsacrosscalendaryearsby propertytypessuggeststronglythatthe real estatecommunityhasa
commonperceptionof assetvalue and the sourcesof that value that have remainedconstantacross
changingmarketregimesof liquidity, tax benefits,credit accessand supply and demandof product.
Nonethelessthe existenceof outliersfor yearsin which the commercialreal estatemarketscameclosest
to total gridlockbb199hnd 1992bbalsindicatesthat real estateprofessionalsequire someactual
transactions to provide a benchmark for their common estimates of value.

Jumpsor discontinuitiesin reportedreturnsmay accountfor the existenceof more high and low
valuesthana Normally distributedsetwould indicate.Certainly,abruptchangesn rentor occupancyfor
example,cananddo occur. As sizeableas theseunanticipatedqumps canbe, it is unlikely that these
jumps persistfor morethana yearor two for any single asset.For example,Graff and Young (1999)
examined747 paired appraisalsconductedsimultaneouslyby an investmentmanagerand third-party
appraiserandfound that occasionallythe two partieshavesubstantiablisagreementaboutthe value of
anassebccasionedy extremevacancy.Thatoneor the otherparty wasprovencorrectin a subsequent
period tended to reduce persistence of high or low returns.

Likewise, the clustering of returnsaboutthe meanreturn for a particular year has a simple
explanation.The lease-by-leasdiscountedcashflow (DCF) techniquethat hasbeenvirtually universal
amongbuyers sellers,andappraiser®f commercialpropertysincethe early 1980screatesa conformity
or consensusaround some particular return that is well known amongall industry participants.
Interestingly,the consensugstimatesarerelatively shortlived. One calendaryearis quite enoughtime
for industryparticipanto cometo someotheropinion of the appropriatdevelsof returnsthatwill clear
the market.

The way thesenew opinionsaretranslatednto new estimatef value appearto jump aboutmore
than one would expectby the slow paceof changesn marketopinion. Onceagainthereis a simple
explanationandthe samesuspectgent,namelythe DCF valuationmethodologyIn short,the DCFis a
non-linearfunctionin which smallchangesn expectationgroducelargechangesn valuationbasedon
the new evidence It doesnot take muchto createjumps. Variableslike discountrates,growth rates,
marketrentassumptionsand occupancyratescanall producesubstantiacthangesn valuationfrom the
DCF model.

7 In the lastdecadeor more, the conformity hasbecomeevenmore pronouncedn the U.S. wherealmostall
market participants use exactly the same analytical software, ARGUS.
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Exhibit 1a
Distribution of Log Annual Total Return Residuals
NCREIF, All Properties, 1980 to 2003

Solid line represents a normal distribution
having the same mean and standard
deviation as the plotted residuals.

Exhibit 1b
Difference in Frequency, Log Annual Total Return Residuals to Normal Distribution
NCREIF, All Properties, 1980 to 2003

Samples greater than or less than 5 standard
deviations from the mean have been placed in
the extreme bins.

g e
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Exhibit 2
Stable Distribution Parameters for NCREIF Property Database
Log Annual Total Return Residuals & Mean Returns & Number of Properties

All Properties Combined:

Year or Mean  Number of
Period ! " # Return  Properties
2003 1.428** -0.292** 0.054 0.072 2,644
2002 1.422** -0.660** 0.050 0.051 2,383
2001 1.297** -0.364** 0.041 0.066 2,076
2000 1.269** 0.231** 0.039 0.112 1,802
1999 1.325** 0.076 0.037 0.109 1,632
1998 1.466** 0.513** 0.051 0.148 1,549
1997 1.432** 0.361** 0.055 0.143 1,548
1996 1.361** -0.007 0.048 0.104 1,655
1995 1.372** -0.298** 0.050 0.084 1,454
1994 1.263** -0.349** 0.052 0.064 1,455
1993 1.485** -1.000** 0.069 0.002 1,601
1992 1.594** -1.000** 0.088 -0.051 1,697
1991 1.616** -1.000** 0.088 -0.066 1,641
1990 1.351** -0.828** 0.060 -0.012 1,451
1989 1.332** -0.529** 0.060 0.035 1,299
1988 1.449** -0.491** 0.063 0.052 1,246
1987 1.419** -0.586** 0.072 0.038 1,158
1986 1.452** -0.480** 0.057 0.061 1,099
1985 1.452** -0.233** 0.051 0.100 971
1984 1.325** 0.060 0.047 0.117 903
1983 1.327** -0.158 * 0.053 0.103 889
1982 1.358** -0.045 0.051 0.087 692
1981 1.318** 0.672** 0.060 0.160 507
1980 1.486** 1.000** 0.054 0.155 393
1980-03 1.434** -0.292** 0.059 0.065 33,745
std. dev. 0.011 0.018 0.000
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Exhibit 2 (continued)
Stable Distribution Parameters for NCREIF Property Database
Log Annual Total Return Residuals & Mean Returns & Number of Properties

Office Properties:

Year or Mean  Number of
Period ! " # Return Properties
2003 1.412** -0.728** 0.059 0.035 1,006
2002 1.509** -1.000** 0.063 0.012 928
2001 1.443** -0.550** 0.052 0.047 835
2000 1.265** 0.316** 0.043 0.119 682
1999 1.495** 0.207 * 0.043 0.113 604
1998 1.717* 1.000 * 0.066 0.174 522
1997 1.754 * 1.000 * 0.075 0.183 430
1996 1.595** 0.276 * 0.063 0.129 458
1995 1.367** -0.178 * 0.066 0.071 394
1994 1.422** -0.434** 0.081 0.049 427
1993 1.468** -1.000** 0.087 -0.031 481
1992 1.551** -1.000** 0.103 -0.115 454
1991 2.000 -1.000** 0.138 -0.153 457
1990 1.459** -1.000** 0.084 -0.076 420
1989 1.479** -1.000** 0.081 -0.022 399
1988 1.544** -1.000** 0.082 -0.002 376
1987 1.304** -1.000** 0.081 -0.026 358
1986 1.413** -0.888** 0.066 0.019 345
1985 1.471** -0.302 * 0.059 0.070 294
1984 1.334** -0.082 0.050 0.101 252
1983 1.288** -0.283 * 0.053 0.100 237
1982 1.683 * 0.943 * 0.059 0.102 174
1981 1.520 * 0.722 * 0.063 0.173 92
1980 2.000 1.000 0.063 0.153 65
1980-03 1.487** -0.405** 0.072 0.041 10,690
std. dev. 0.021 0.031 0.003
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Exhibit 2 (continued)
Stable Distribution Parameters for NCREIF Property Database
Log Annual Total Return Residuals & Mean Returns & Number of Properties

Retail Properties:

Year or Mean  Number of
Period ! " # Return  Properties
2003 1.363** -0.111 0.044 0.135 448
2002 1.262** -0.090 0.034 0.106 454
2001 1.162** -0.437** 0.030 0.072 458
2000 1.258** -0.098 0.033 0.086 454
1999 1.346** 0.064 0.035 0.107 425
1998 1.248** -0.180 * 0.038 0.118 432
1997 1.167** 0.028 0.037 0.096 470
1996 1.113** -0.348** 0.039 0.059 528
1995 1.317** -0.720** 0.045 0.041 390
1994 1.065** -0.402** 0.035 0.059 379
1993 1.335** -0.618** 0.051 0.034 417
1992 2.000 -1.000 * 0.077 -0.006 386
1991 1.690 * -1.000 * 0.070 -0.022 380
1990 1.341* -0.613** 0.035 0.049 283
1989 1.120** -0.227 * 0.035 0.073 221
1988 1.551** 0.041 0.057 0.105 206
1987 1.361** -0.185 0.048 0.099 196
1986 1.434** 0.225 0.042 0.111 187
1985 1.268** 0.012 0.037 0.117 172
1984 1.771 1.000 0.044 0.130 166
1983 1.374** -0.077 0.044 0.115 162
1982 1.247** -0.112 0.044 0.081 119
1981 1.687 * -0.768 0.055 0.090 98
1980 1.608 * 0.627 0.044 0.128 74
1980-03 1.337* -0.293** 0.044 0.077 7,505
std. dev. 0.022 0.033 0.001
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Exhibit 2 (continued)
Stable Distribution Parameters for NCREIF Property Database
Log Annual Total Return Residuals & Mean Returns & Number of Properties

Industrial Properties:

Year or Mean  Number of
Period ! " # Return Properties
2003 1.387** -0.359** 0.050 0.081 1,190
2002 1.339** -0.634** 0.042 0.064 1,001
2001 1.257** -0.258** 0.035 0.082 783
2000 1.209** 0.317* 0.034 0.124 666
1999 1.132** 0.060 0.030 0.108 603
1998 1.456** 0.571* 0.045 0.146 595
1997 1.506** 0.834** 0.053 0.150 648
1996 1.349** 0.415* 0.040 0.122 669
1995 1.410** 0.001 0.043 0.116 670
1994 1.414** -0.279** 0.049 0.077 649
1993 1.784 * -1.000 * 0.079 0.006 703
1992 1.807 * -1.000** 0.096 -0.037 857
1991 1.787** -1.000** 0.088 -0.038 804
1990 1.431** -1.000** 0.060 0.002 748
1989 1.333** -0.422** 0.053 0.056 679
1988 1.377* -0.360** 0.058 0.067 664
1987 1.476** -0.596** 0.070 0.056 604
1986 1.411* -0.374** 0.052 0.071 567
1985 1.533** -0.143 0.049 0.112 505
1984 1.252** 0.083 0.045 0.120 485
1982 1.285** -0.162 * 0.049 0.082 399
1981 1.095** 0.695* 0.053 0.178 317
1980 1.414** 1.000** 0.053 0.164 254
1980-03 1.466** -0.279** 0.057 0.075 15,550
std. dev. 0.017 0.025 0.001

Statistically significant confidence of non-Normality' 2.0 ) or skewness'(" 0 ):
** = 99% confidence
* = 95% confidence

I is the Characteristic Exponent, and only equals 2.0 for the Normal distribution
" is theSkewness Parameter in the range -1.0 to +1.0
#is the (positive) Scale Parameter which measures the spread of the distributidh about

Note: The means are shown in Exhibit 2 for purposes of completeness, but will not be needed for
discussion or analysis in the body of this article.
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Exhibit 3
Comparison of the Characteristic Exponent for NCREIF Property Database
Between Prior 1995 Study and the Current Study

All Properties Combined:

Year or Prior Current
Period ! ! Current - Prior
1992 1.526 1.594 0.068
1991 1.631 1.616 -0.015
1990 1.348 1.351 0.003
1989 1.329 1.332 0.003
1988 1.489 1.449 -0.040
1987 1.405 1.419 0.014
1986 1.462 1.452 -0.010
1985 1.425 1.452 0.027
1984 1.374 1.325 -0.049
1983 1.376 1.327 -0.049
1982 1.371 1.358 -0.013
1981 1.233 1.318 0.085
1980 1.472 1.486 0.014
averages 1980-92 1.419 1.421 0.003
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Exhibit 4
Characteristic Exponent "Alpha™ of Distributions of Log Annual Total Keturn Residuals
NCREIF 1980 to 2003

{bands indicate plus and minus one and two standard deviations)

All Propertics

Retail Properties Industrial Properties
T T TR
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Exhibit 3
Skewness Parameter "Beta™ of Distributions of Log Annual Total Femrn Residuals
MCREIF 1980 to 2003

{bands indicate plus and minus one and two standard deviations)

All Properties
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Exhibit &
Scale Parameter "Gamma” of Distributions of Log Annual Total Retun Residuals
NCREIF 1980 to 2003

{bands indicate plus and minus one and two standard deviations)

All Properties
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Exhibit 7

Three Parameters of Distributions of Log Annual Total Return Residuals by Property Type

MCREIF 1980 to 20403

{bands indicate plus and minus one and two standard deviations)
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Exhibit 8

Comparison of Stable Distribution Parameters in U.S., U.K., and Australian Studies

(standard errors in parentheses)

U.S., NCREIF U.K., IPD Australia, PCA
Characteristic Exponerit,
All Properties 1.434 ** 1.448 ** 1.588 **
(0.011) (0.004) (0.035)
Office 1.487 ** 1.431 ** 1.649 **
(0.021) (0.007) (0.050)
Retall 1.337 ** 1.471 ** 1.554 **
(0.022) (0.006) (0.072)
Industrial 1.466 ** 1.425 ** 1.635 **
(0.017) (0.009) (0.074)
Skewness;
All Properties -0.292 ** 0.136 ** -0.242 **
(0.018) (0.006)
Office -0.405 ** 0.053 ** -0.279 *
(0.031) (0.012)
Retail -0.293 ** 0.257 ** -0.186
(0.033) (0.008)
Industrial -0.279 ** -0.025 * 0.037
(0.025) (0.015)
Scale Parametet,
All Properties 0.059 0.066 0.089
(0.000) (0.000)
Office 0.072 0.072 0.099
(0.003) (0.000)
Retall 0.044 0.066 0.060
(0.001) (0.000)
Industrial 0.057 0.056 0.069
(0.01) (0.000)
Sample Size, Number of Properties
All Properties 33,745 269,853 4,593
Office 10,690 81,121 2,591
Retail 7,505 138,993 1,023
Industrial 15,550 49,739 979

Statistically significant confidence of non-Normality' 2.0 ) or skewness'(" 0 ):

** = 99% confidence
* = 95% confidence

U.S. data from NCREIF, 1980 to 2003
U.K. data from IPD, 1981 to 2003
Australia data from Property Council of Australia, 1985 to 1996
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