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1. Introduction

In this report, the peformance of red edate in the UK will be consdered. Data on the
performance of property held by inditutiond investors will be compared to the public red edae
market (in the form of property company shares) and to other invesment assets. In addition, the
behaviour of the “industry benchmak” red edate peaformance messure — the Invesment
Property Databank indices — will be compared to the indices published by other providers. These
other indices gengdly rdy on smdler samples of propeaty. The private market indices are
typicaly, based on actud propeties with capitd goprecidion edimaed by apprasds
(vauations) rather than by use of actud transactiors.

The report begins with a brief introduction to the property market indices avalable in the UK.
We then condder, in turn, monthly, quarterly and annua performance. The monthly and quarterly
andyss is over the period 1987-1999: monthly information becoming publidy avaladle from
January 1987. A longer time period is avalable for the annud andyss — 1971-1999. However,
data in the early years of this time sries are conddered somewha unrdiable. Basc time series
datistics are decribed and the inter-reationships between varigbles discussed. Findly, sector
differences are dso highlighted, using monthly and quarterly deta.

2. UK Property Market I ndices

One of the endemic problems in assessing the peformance of an investment asset is the search
for a suitable benchmark to represent the returns that could reasonably have been expected from
equivdent invetment decisons. In the sock market, it is common to use a broad-based index
compiled from a large sample of docks trading in the same marke but in red edae, it is much
more difficult because there is no dear ddfinition of the condituents of the market, there is a
complete lack of bid-offer quotations from market makers or deders as wdl as information on
market transactions. Thus invegors trying to create an index for red edae have had to create
various quas-indices based on the kind of information to which they have access. In the UK,
there have been numerous atempts a producing representetive red edate indices but the
successul examples, which continue to be widdy drculaied, have come from two man sources,
individud firms of agentsbrokers which are dose to the transaction data on the properties thet



ae offe;led for sde and an independent organisation set up by a group of agents and inditutiond
investors'.

The longest-established form of the first type of index is that of Jones Lang LaSdle?. The index
has been congdructed for the period from mid-year 1967 on an ahnud bass and on a quarterly
bass from 1977. It is @ndructed by vauing individud propeties and then esimaing the capitd,
income and totd returns from the portfolio (subjectively weighted based on assumed market
proportions). Returns are reported for the man inditutiond property sectors (Indudrid, Retal
and Offices).

Because the index is basad on an actud portfolio, the condituents change as a result of
invesment and management decisons. Since the portfalio increases in vaue eech time a property
is bought, the convention is adopted that the property bought will not be induded in the index
until the following quater and its incoming vadue will be st equd to the vaudion of the
propeaty as a the fira quarter date following acquistion. This convention implies that the vaue
of the portfalio & the beginning of one quarter will not necessarily accord with the vadue of the
portfolio a the end of the previous quarter even after the purchase cogts of new properties are
taken into account. The chief virtue of the JLL indices is that they cover a longer period than
other indices but the amdl sze and vdue of the condituent properties of the portfolios the and
the proprietorid origin have dways mitigated agang thelr widespread adoption as industry
dandards. At the end of December, the quarterly gppraised portfolio consisted of 179 properties
with an esimated capita vaue of £560m ($840m).

An dternative agent-produced index comes from Richard Ellis and was launched in 1978 as an
annud index and from December 1986 on a monthly bass (monthly data exiss from 1979). Like
the AL indices the Richard Hllis indices reports returns for individud sectors (shops, offices and
indudrids) and are based on actud properties which are vdued a the requidte interva. Morrdl
et. d.(1994) edimaed that, in vdue terms, the Richard Ellis index was (as @ December 1992)
about 50% larger than the LW/JLL portfolio but less than 30% of the vadue of the IPD monthly
index (see below). At the end of 1999, the index was based on 331 properties with a cgpitd vaue
of £25bn ($3.75bn) implying that it is four times as large as the AL index by vaue but only
30% of the vdue of the IPD monthly index.

Like dl proprigtorid indices, the Richard Ellis suffers from management decisons and
consequentid bias. For example, a tendency for Richard Ellis or L investors to hold on to
properties tha were peforming badly whilst sdling properties that were doing well would tend
to bias downwards the performance of the red edtate market as reported by ther indices
Correspondingly, a policy of rebdancing portfolios to hold a congant proportion of properties of
different types (or sector) would tend to bias downwards the reported performance of the red
edate market as reflected in the indices if the &tud red estate market trended (either upwards or
downwards) over time. A further objection to the indices provided by individud firms is that they

! Thereisalso athird source of real estateindices. Actuarial consultants such as WM, Watson-Wyatt and CAPS
construct indices based on datafrom institutional investment clients. These are mainly confined to annual indices
athough thereisa CAPS quarterly index.

2 The index was constructed by Jones, Lang Wootton from the properties they managed on behalf of clients.



are subject to ‘house-qyle goprasd bias An individud firm may teke a view on the current dae
of the market which could conceivable color the vauations provided by its Saff.

The second type of index is from IPD — a firm that was set up with the sponsorship of surveying
firmgagents (who continue to hold a minority stake in the company). IPD collects data directly
from inditutiond investors, including property companies and openrended invesment funds, and
produce independent indices for monthly and annud performance. When it was edtablished in
1985, IPD amed to reflect the whole inditutiond market in the UK. As additiond information
has been acquired from new inditutiond subscribers, its asset base has increased and it has
revised the recorded (published) performance of its indices for as far back as the new subscribers
have been dble to supply information. This policy, which has had the consequence that the
reported performance for any historicd period, reflected by the indices, has changed sgnificantly
between the contemporaneous report and later revised reports, has not had the universal gpprova
of its man dients. From the researchers point of view, however, it has ensured that the latest
edition of the indices have reported the performance has a least minimised “new dient bias’ that
might otherwise have digorted the higtorica record of market performance. Only in 1999 was it
decided to publish future indices on a ‘frozen’ bass in which higoricad peformance of the
indices would not be revised smply because of the availahility of new dient informatior?.

The IPD monthly indices were origindly derived from openrended invesment trusts which
goecidisad in red edae UK regulaion permits the sdttingup of “unauthorised property  unit
trugs’ tha were gppropriate invesment vehides for predominady inditutiond investor dients
(these ae dmilar in dructure, but pre-date, CREFs, which were moddled on PUTs). The
property unit trusts are required to supply independent monthly vauations of ther portfolios and
these vauations, together with vauaions supplied by insurance based red edtate funds and some
pooled penson funds, have proved successful sources of short-intervd information from which
IPD has congtructed monthly indices.

Unfortunaiely, the condituents of the monthly indices have, like the proprigtorid agents’ indices,
reflected higorica biases and policies of a rdaivdy smdl group of investors Consequently, the
representetion of different sectors of the red edate market in the monthly indices hes differed
from the weaghting in the larger and more comprehendve annud IPD indices This has proved to
be a ggnificat isue in redricting the usfulness of the monthly indices Snce over any annud
period, the performance of the monthly and annud indices can be seen to be inconsgen.
Furthermore, the trudts, by virtue of ther Sze, face market entry barriers in ceartain sub-markets
(such as AAA City of London offices or mgor regiond shopping mdls). The average vaue of
properties in the monthly database, a £3.3m ($5m) is hdf that of properties in the aggregate IPD
database (£6.5m, $9.75m)*. This disparity contributes to the tracking error. Neverthdess, the
vaue of assts induded in the IPD monthly indices are estimated to account for something in the
region of 10% of the inditutiond red edate market. At the end of 1999, the IPD monthly

% Revised indices which reflect historical performance including new client assets will continue to be made available
to clients even though the headline indices will only be revised to reflect additional contemporaneous information.

“ It is interesting to note that the average value of properties on the Richard Ellis Monthly Index is reported to be
£7.5m ($11.2m). In December 1994, when there were 274 properties, the average value of properties was £4.38m.
Applying the Richard Ellis capital value index to this gives an estimated capital value per property of £4.78m. This
implies that the individual value of properties added over the five year period has been considerably higher and,
thus, that there has been a change in composition over the period.



database consded of just over 2,500 properties from 50 portfolios with a totd capitd vaue of
around £8.5bn ($2.75bn).

The annud indices of the IPD have a much dronger dam to reflect the peformance of the
inditutiond red edtae invetment market. It has been edimaed by IPD that the coverage of the
IPD annud indices represented (as a the end of 1999) more than 75% of the inditutiond redl
edate investment maket and amounted in vaue to approximately £87bn ($130bn) and over
13,000 properties from 230 portfolios.

Because of the sze of the condituent portfolio, IPD can produce more sub-indices than the
proprigtoridd  agents  indices Hence, IPD publishes peaformance indicators for different
geogrgphic regions building vadues and key sub-sectors. For example, IPD in its Property
Investors Digest supplies performance messures of Retall (Sandard units, parades and arcades),
Shopping centres, Retall Warehouses, Depatment Stores, Offices and Office Parks, Industrig-
Warehouse centres, Indudtrid Parks and other Industrid properties. In a policy desgned to
reduce firmvduaion biss and confidentidity agreements with its subscribers IPD will only
produce indices that represent vauations from a leest four differet firms and this dearly
provides greater authority for its cdlam to represent a market view of the current date of the
inditutiond redl estate market than the smaller proprietorid indices

3. Analysis of Monthly Performance Statistics.
3.1 Introduction

In this section, we examine the peformance of various equity and red edaie messures on a
monthly bass The full period for andyss is 1987-1999. The main private market indicator of
red edae peformance, the Investment Property Databank monthly index was edablished a the
dart of 1986, determining the sart point. We andyse the following series:

IPD Monthly Index — Returns (IPDMINR)

IPD Monthly Index — Prices (Capitd Vaues) (IPDMINP)

IPD Annud Index, Interpolated Monthly Returns (IPDAGHLR)

Richard Ellis Monthly Index, Returns (REMINR)

Richard Ellis Monthly Index, Prices (REMINP)

Fnandd Times-Stock Exchange Red Edtate Sector Returns (FTRENR)
FHnandd Times- Stock Exchange Red Estate Sector, Prices (FTRENP)
Fnandd Times—Stock Exchange All Share Index, Returns (FTALLNR)
Finandd Times—Stock Exchanges All Share Index, Prices (FTALLNP)

CoNOUOR~WNE

We thus have return and price (capitd vaue) series for private red edate (based on gppraised
vaues), public, securitised red edae and an overdl sock maket indicator. All series ae
andysd as the log difference in index vaues, egquivdent to the monthly percentage change in
vdue The IPDAGHIR szries has been crested by taking the annud log difference and
digributing it evenly throughout the year — equivdent to assuming a congant compound growth
rae over the year. This will enable compaisons with the published monthly series highlighting
any lagged or seasond effects The nine series have dso been deflated using the UK Retal Price



Index (equivdent to the US CH) to produce red price and return series removing common
inflationary influences

3.2 Trends and Time Series Descriptives

Figures 3.1, 32 and 3.3 show, respectivdy, the nomind returns of the gpprasd-based private
red edate indices the nomind returns of the al share index and the red edtate sector index and,
findly, cgpitd vaue indices for both private and securitised indices. Comparing Fgures 3.1 and
3.2, the greater volatility of the stock market indices is dear to see, even discounting the sharp
downward spike that is “Black Monday”, the globd stock market fals of October 1987. In figure
3.1, the Richard Ellis Monthly index gppears to exhibit grester voldility then the IPD Monthly
index (an impression confirmed by the descriptive datistics discussed below) but generdly tracks
the larger sample market benchmark.

The capitd vaue indices shown in Fgure 3.3 show that the FTSE All Share index has grown & a
feder rate then dl the red edate indices, securitised or unsecuritised. The extent of the gap is
somewha exaggerated by the compounding effect. Figure 34 shows the same indices on a
logarithmic scade. Up to 1990, the price indices seem to track each other broadly. Theresfter, the
red estate and overall sock market series diverge. Property companies gppear to perform worse
than private red edate in the depths of the market dump in the early 1990s (one should recal
that he IPD and Richard Ellis indices are gpprasa based and may, thus underdate the fdl in
cgpitd vaues) but, theresfter, dl three property indices seem to move together in the longer term
despite short-run periods of divergence.
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Fgure 3.2
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Fgure 3.3
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Figure 34

Capital Vaue Indices- Log Scae
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The nomind mean return for the IPD Monthly Index over the full andyss period was 0.84% per
month — equivdent to 10.6% per annum. The Richard Ellis Monthly Index and Interpolated 1PD
Annud Series exhibit a very amilar level of return. The overal sock market produced, as might
be expected, a higher average return, of around 15.6% on an annudised bass. The FT Red Edate
series produced a lower return than both the sock market and the private market a just 7.3% p.a
This lower return is, in part due to the poor performance of property companies in the red edate
recesson of the early 1990s, and partly to the switch away from vaue stocks to growth, high tech
and dot.com equities in the late 1990s (see Fgure 3.5). Inflation over the full andyds period ran
a around 4% pea anum. A greater share of the equity indices returns can be attributed to price /
capita vaue growth, private property vaues growing a around 3% per annum.



Figure 3.5
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Given that the red estate indices are based on gppraised vaues, one would expect them to exhibit
lower volatility then the transaction-based stock indices. This is confirmed in the data The FTSE
All Share index hes a dandard deviation some Sx times higher then that of the IPD Monthly
Index — on an annualised basis, around 17.2% compared to 3.0%. Removing appraisd smoothing
usng sandard methods would increese the volatility of red edate returns but not to sock leves
The securitised red edate index is dill more volaile than the All Share Index. The Richard Ellis
Monthly Index is more voldile than the IPD Monthly index (with an annudissd standard
deviaion of aound 3.7%), presumably reflecting the smdler sample sze and, hence, grester
gpecific risk. Further descriptive datistics are s&t out in Figure 3.6 and 3.7. It is worth noting thet
the didgributions of the securitised indices are drongly negatively skewed (reflecting sharp
downward corrections) while the red edate indices, with the exception of the interpolated series,
show wesk podtive skewness. Fdls in returns are damped by the contractuad nature of leases
(limiting fdls in income), while it may be that gopraisers ae more rductant to lower vaues than
to increase them!



Figure 3.6 Decriptive Statigtics, Nomina Returns, 1987-1999
T RPI_IPDMINR FTRENR FTALLNR REMINR TPDMINP FTRENP FTALLNP REMINP TPDAGHIR

Mean 0.0033 0.0084 0.0059 0.0121 00086 0.0024 0.0027 0.0087 0.0025  0.0085
Median 0.0035 0.0081 00105 0.0154 00077 0.0014 0.0045 0.0109 0.0012  0.0094
StandardDev’'n 0.0047 0.0088 00646 0.0498 00108 0.0092 0.0646 0.0499 0.0111  0.0082
Sample Variance 0.0000 0.0001 0.0042 00025 0.0001 0.0001 00042 0.0025 0.0001 0.0001

Kurtosis 6.6367 03991 6.6354 102352 08749 01986 64534 9.8400 05581 -0.7220
Skewness 14081 02698 -14635 -1.8335 0.2459 04030 -14607 -1.7919 03349 -0.3543
Range 0.0394 0.0534 05348 0438 00693 0.0522 05280 04390 0.0682  0.0290
Minimum -0.0094 -0.0178 -0.3693 -0.3080 -0.0238 -0.0226 -0.3710 -0.3092 -0.0293 -0.0073
Maximum 0.0300 0.0356 0165 01306 0.0465 0.029%6 0.1570 01298 0.0389  0.0217
Count 156 156 156 156 156 156 156 156 156 156

Figure3.7 Descrl ptive Statlstlcs, Red Returns, 1987-1999

Mean 0.0051 0.0026 0.0087 0.0053  0.0051 0.0010 -0.0007 0.0054  -0.0008
Median 0.0057 0.0070 0.0122 0.0056  0.0070 0.0005 00033 0.0084  -0.0004
StandardDev’'n 0.0100 0.0651 0.0505 0.0120  0.0088 0.0103 0.0652 0.0507 0.0122
SampleV'nce 0.0001 0.0042 0.0026 0.0001 0.0001 0.0001 0.0043 0.0026 0.0001

Kurtosis 12625 65014 98182 15241 -0.1363 08579 6.3202  9.4066 1.1545
Skewness -0.3436 -14318 -1.8406 -0.1115 -0.7744 01730 -14281 -1.7958  -0.0064
Range 00642 05397 04372 00800  0.0309 0.0618 05329 0.4376 0.0789
Minimum -0.03807 -0.3741 -0.3129 -0.0331 -0.0147 0.0355 -0.3759 -0.3142 -0.0386
Maximum 00334 01656 01243 0.0470 0.0162 00264 01570 0.1234 0.0403
Count 156 156 156 156 156 156 156 156 156

Satidicd evidence for goprasd smoothing effects may be found by examining the sarid
corrdaion in returns. A priori, one would expect to see little autocorreation in the public, stock
market series, but condgderable autocorrdation in the vauation-based private red edtae indices
These expectaions ae confirmed. The figures bdow shows autocorrdation figures for 13 lags
for the red vaueprice returns for the FTSE All Share, FTSE Red Edate, IPD Monthly and
Richard Ellis Monthly indices As can reedily be seen, the sock series reved very little serid
corrdlaion (conforming to wesk form market efficdency) while the two gpprais based indices
show vey dgrong, ddidicdly dgnificant and persgent autocorrdation, the coefficients
remaning aove 05 for 9x months in both cases. FUll deals of autocorrdations and partid
autocorrelations are tabulated in Appendix A3.

Conventiond tests of seasondity were applied to the appraisal-based property returns in nomind
and red forms. Census X11 procedures faled to detect evidence of seasondity, whilgt difference
from moving average procedures produce indgnificant scding factors. If vauations are bunched
in paticular months but podtive and negaive changes tend to cance eech other out over the
andyss period, seasondity might be missed. To test for this, we generated new series with the
absolute change (thet is a rise or a fdl of 2% are trested equdly). Once again, dandard tests
faled to find any evidence of seesondity in the data This finding goes agand anecdotd
evidence that, for monthly properties, “full” vauaions are bunched in mid-year and end of year,
asociated with finencid reporting with desk-top vaudtions teking place in the intervening



months. However, the corrdogram of the IPD red price series shows a sharp jump in the partid
autocorrdation coefficdent (PAC) & a lag of 12 months which would be conggent with
seasondity or bunching of “true¢’ or full goprasas (the coefficient reflecting annud firg order
serid corrdation). As expected, the PAC coefficient reverses a 13 lags. However, there is less
evidence of such an effect in the Richard Ellis red capitd growth series. Although the PAC rises
alag 12, itisnot gatigicdly sgnificant.

Additiond evidence can be found by regressng the red IPD capitd growth series on vaues
lagged one month and twelve months. Figure 3.8 shows the results of such a regresson. The lag
12 codffident is datidicdly dgnificant a the 005 levd, dthough the amount of additiond
explanation over asmple AR(1) representation is not gredt.

Figure 3.8 Red IPD Prices AR(1), AR(12) modd.
Dependent Variable: RIPDMIP

Method: Least Squares

Sample(adjudted): 1988:01 1999:12

Included observations. 144 after adjusting endpoints
Convergence achieved after 3 iterations

Vaiadle Coefficient Sd. Error  t-Sttidtic Prob.
C -0.002091 0.00379%6 -0.550868 0.5826
AR(1) 0747309 0.052641 14.19641 0.0000
AR(12) 0111970 0.052192 2145348 0.0336
R-squared 0.623030  Mean dependent var -0.001479

Adjusted Rsquared 0617683  S.D. dependent var 0.010325
S.E. of regression 0.006384  Akakeinfo criterion -7.249303

Sum squared resid 0.005747  Schwarz criterion -7.187431
Log likelihood 524.9498 Fgatidtic 116.5177
DurbinrWatsonstat 2135600  Prob(F-tetistic) 0.000000
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Figure 3.9: Autocorrdations, Securitised and Unsecuritised Redl Price/Vaue Series
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3.3 Interrdationships between varigbles

This section explores the linkages between the various indices Initidly, we examine
contemporaneous corrdaions between the return series, concentrating on the red returns to
remove the common impact of inflationary increases. Later, we examine any leads and lags in the
relaionships between variables. Prior ressarch has suggested that the securitised, public, red
edate market leads the private market: we will invedtigate this hypothess and see whether any of
the private market indices lead the others. In paticular, if the series interpolated from the 1PD
annud retuns can be shown to lead the IPD monthly index, his may suggest thet a proportion of
the propeties in the monthly index samples are not being “effectively” gppraised each month,
cregting alagging effect.

Figure 3.10 shows contemporaneous corrdations for the red, deflated series for the whole of the
andyss period. The private market indices dl exhibit drong podtive corrdaion. Both the IPD

11



Monthly and Richard Ellis Monthly Returns and Cgpitd Vdue indices have drongly pogtive
091 corrdaions. This implies thet over 80% of variaion in reuns is common to both series
However, the interpolated series basad in the IPD annud index has a dightly lower, if ill highly
dgnificant, corrdation with the two monthly indices, around 0.75 with IPDMI and 0.71 with
REMI.

The FTSE Red Edae saies (in totd return and price formats) shows only low corrdation with
the direct market index, confirming prior research. The highest corrddions are with the
interpolated 1PD annud series (0.226 with price, 0.216 with return). The FTSE Red Edate retum
sies corrdations with the IPD monthly index are indiginguishable from zero. By contrad, the
FTSE Red Edae totd return and price series both have 0.77 corrdations with their FTSE All
Share equivdent series. Thus, on a month to month basis, securitised red edtate gppears to
behave more like the sock market than the underlying (appraisal measured) red etate market, as
found in other published research.

Figure 3.10 Contemporaneous Correlations— Redl Returns 1987-1999

RFTALLP]RFTALLR] RFTREP [ RFTRER [RIPDAGEL TTRTPDMTP[RIPDMIR] RREMTP] RREMTR
RFTALLP 1.000
RFTALLR 0.999 1.000
RFTREP 0.771 0.772 1.000
RFTRER 0.768 0.769 0.998 1.000
RIPDAGELT| 0.081 0071 0.228 0.219 1.000
RIPDMIP 0.056 0.045 0.105 0.097 0.755 1.000
RIPDMIR 0.029 0.017 0075 0.067 0./51 0.983 1.000
RREMIP 0.087 0.076 0170 0.164 0.708 0.906 0.906 1.000
RREMIR 0.092 0.081 0176 0172 0.708 0.899 0.907 0.99%6 1.000

To test for dability in these corrdaions, figure 3.11 sets out corrdaions for the period 1993
1999 — tha is dter the boom-bust cycle of the late 1980s and early 1990s. The correations
between the appraisa-based red edate indices reman high, close to or aove 0.90. The
interpolated IPD annud index exhibits lower correetion with the private market series (ranging
from 042 to 048) perhgos suggesting greter voldility in the monthly ddidics. Corrdaions
between the appraisa-based indices and securitised red edtate are dose to zero. The mogt griking
change is tre fal in the corrdaion between propety company shares and the overdl stock
market, which drops from nearly 0.8 to just over 0.5 suggesting a decoupling of the securitised
property and generd stock markets. In the period 1989-1992, the correlation between securitised
redl estate indices and the whole stock market was around 0.86.
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Figure 3.11 Contemporaneous Corrdations— Red Returns 1993-1999

RFTALLP [RFTALLR [RFTREP [JRFTRER [RIPDAGELT[RIPDMIP|RIPDMIRIRREMIP [RREMIR
RFTALLP 1.000
RFTALLR 0.99 1.000
RFTREP 0524 0.526 1.000
RFTRER 0.520 0522 0.998 1.000
RIPDAGELT| 0.064 0.057 0.273 0.269 1.000
RIPDMIP 0.046 0.051 -0.054 -0.060 0.420 1.000
RIPDMIR 0.017 0.002 -0.065 -0071 0441 0.987 1.000
RREMIP 0.0/ 0.062 0.051 0.050 0467 0.887 0.904 1.000
RREMIR 0.087 0.070 0.072 0.072 0476 0.876 0.897 0.998 1.000

This decoupling of property stocks with the overdl equity market (dso observed in US markets
with REITS) has been atributed to the shift away from vaue stocks to growth and high tech
offerings. Figure 3.12 plots rolling three year corrdaions of the FTSE red edate sector (totd
returns) with the FTSE All Share index from 1987 to 1999. Also plotted are the ralling
corrdations for the automobile and generd retaling sectors illudrating that this is not dmply a
red edate phenomenon. This decoupling has not resulted in higher corrdaions with the
underlying private market, at least as reported by the gppraisa based indices.

Fgure 3.12 Equity Returns and the Stock Market
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Further evidence of this decoupling can be seen in the decline of explanatory power from
regressng returns from the FTSE Red Edate sector on the FTSE All Share returns in a single
index framework. Figure 13.13 sts out estimated intercepts and betas for a series of five year
window regressions. The adjusted R falls from 73% 1987-1991 to just 15% (1995-1999). Over

the same span, the beta shifts from afigure satisticaly indistinguishable from oneto close to 0.5.
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Figure 3.13 Five Y ear Regressons, Redl Estate on Stock Market

Period Ttercept ESimaed Bea | Adused R
FUTSange  -001(-1.75) | 0.99 (14.69) 0.581
1087-1991  -001(-1.37) | 104 (12.8)) 0.734
1088-1992  -002(-3.06) | 1.02(10.47) 0.648
1980-1993  -001(-2.11) | 1.06 (10.00) 0.627
1990-1994  -001(-1.72) | 1.09(967) 0.611
1901-199%  -001(-1998) | 112(853 0549
1992-1996  -001(-1.03) | 1.24(9.43) 0.598
1993-1997 __+0.00(0.79) | 0.94 (6.85) 0.410
1994-1998  -001(-113) | 0.73(5.17) 0.304
1995-1999  -000)-0.12) | 053 (342 0.153

Note, figures in parentheses are t-statistics

Prior research has shown tha the securitised red edate tends to lead gpprasd-based private
market indicators. There is some evidence for such an effect in the data In nomind terms, the
contemporaneous corrdation between the FTSE Red Edate price series and the IPD Capitd
Vdue szries over the whole andyss period is jus 0.04. As the FTSE Red EdSate price index
returns are lagged, S0 the corrdation increases, pesking a 0.27 after saven months. Correlations
exceed 0.25 from a lag of three months to a lag of seven months before declining back to below
0.2. In red terms, corrdations rise from 0.10 contemporaneous to 0.33 with the securitised series
lagged Sx months,

Unsurprisingly, then, Granger causdity tests suggest that the securitised series leads the diredt,
gopraisa based series. This has been taken as evidence of support for price discovery between the
public and private markets Some caution should, however, be expressed. To some extent the
results may be an artefact of the high levels of autocorrdation in the goprasa-based data, despite

the condruction of the Granger test. For example, regressng the red returns of the IPD Monthly
cgpitd vaue sies on lagged vaues of the FTSE Red Edate price series produces estimated
coeffidents for lags from one month to nine months tha are dl datidicdly dSgnificantly different
from zero a the 0.05 leve except lags four and five (ggnificant & 10%). However, introdudng a
lagged vdue of the IPD saries on the right hand dde suggests that only the axth lag of the
securitised series is dgnificant: and that, too, could be removed according to AIC or Schwartz
criteria Hence, dthough there is information contained in the equity market series that arives,
with alag, in the private market, its degree of explanatory power may below.

Figure 3.14 Granger Causdlity Tests Securitised and Private Red Edtate
Pairwise Granger Causdlity Tests

Sample 1987:01 1999:12
Lags 13
Null Hypothess: Obs F-Saidic  Probability
RIPDMIP does not Granger Cause RFTREP 143 0.72882 0.73167
RFTREP does not Granger Cause RIPDMIP 1.83762 0.04509
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Pairwise Granger Causdlity Tests

Sample: 1987:01 1999:12

Lags 13
Null Hypothesis: Obs F-Stetisic ~ Probability
IPDMINP does not Granger Cause FTRENP 143 0.68067 0.77857
FTRENP does not Granger Cause IPDMINP 249615 0.00482

There seams little to suggest that the IPD Monthly index leads the Richard Ellis index, or vice
versa. Nomind IPD capitd vaue growth may leed REMI; in red terms the Richard Ellis series
may lead: but the evidence is flimsy and it would be sofer to assume two-way causdity.
However, Granger causdity tests do drongly suggest that the monthly intepolated 1PD annud
index leads the IPD monthly index, in both nomind and red representations. One possble
interpretetion of this is tha changes in vadues reported in desk-based monthly apprasds
underdate actud changes, which only gopear when there is a full goprasd. Since the
interpolation process assumes a condant growth rae, this would produce the lead-lag
relationship. However, there is no definitive evidence to support such an interpretation and other
explandions are posshle. For example, the result observed may smply result from the fact thet
price “shocks’ later in the year are moved forward in the interpolated series by the averaging
process’. The cross-corrdogram of the two series shows the corrdation dedining smoothly when
the intapolated series is lagged, but sudaning & high levds when the IPD Monthly Index is
lagged, pesking with a three month lag. By condruction, the interpolated series has very high
degree of serid corrdation: this might produce the crosscorreogram results, but cannot explain
the relationship revedled by the Granger causdlity tedts.

Fgure 3.14 Granger Causdity Test, IPD Annud Interpolated vs. Monthly Series

Pairwise Granger Causality Tests

Sample: 1987:01 1999:12

Lags 13

Null Hypothesis: Obs F-Statistic Probability
IPDMINR does not Granger Cause IPDAGELTR 143 120330 0.28568
IPDAGEL TR does not Granger Cause IPDMINR 6.89176 11E-09

Pairwise Granger Causality Tests

Sample 1987:01 1999:12

Lags 13

Null Hypothesis: Obs F-Statistic Probability
RIPDMIR does not Granger Cause RIPDAGELT 143 1.10666 0.36045
RIPDAGELT does not Granger Cause RIPDMIR 343537 0.00017

® On the other hand, early year shocks would be moved backwards by the interpolation, which would cancel out such
an effect.
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34 Summary

Ovedl returns for public-traded red edtate (property company shares) in the period 1987-
1999 are lower then those measured by private-market goprasad indices and those of the
agoregate sock market;

Appraisa-based red edate indices exhibit lower goparent voldility than indices based on
market-traded equities,

There is evidence of drong podtive serid corrdation in the gopraisd based indices, with
autocorrdation coefficients remaining aove 0.5 for lags of up to Ix months. As expected, the
equity market indices exhibit little autocorrdaion;

The IPD and Richad Ellis goprasd-based indices have strong podtive contemporaneous
corrdations. The FTSE Red Edate public-traded red edae index has a low corrdaion with
the appraisa based indices and a high correlation with the overal sock market.

The corrdaion between property company share performance and the aggregete stock market
fdls from nearly 0.9 in the fird haf of the time series to just over 04 in the second hdf. This
provides some evidence of the decoupling of propety company peformance from that of
other equities. It does not result in a higher corrdation between appraisa based and market
traded indices.

There is no condudve evidence of aty bunching of gpprasas in paticular months, nor of
any seasond effects in the gppraisa based data, dthough there are indications of a rdaionship
between today’ s vaue and that twelve month’'s previous,.

The monthly index lags an interpolated series based on the IPD annud index. This provides

tentative evidence supporting the idea that full gppraisas are caried out less frequently then
monthly;

The FTSE Red Edae index agopears to lead the goprasd based indices indicaing the
posshility of price discovery between public and privaie markets. Although the reaionship
is datidicaly dgnificant, the degree of variability explaned by the prior information may be
amdl.

4. Analysisof Quarterly Performance

4.1 Introduction

In this section, we examine capital gppreciation and totd return series on a quaterly bass The
andyds period is, once agan 1987 to 1999. An additiona series has been utilised — the Jones
Land Ladle (formerly Jones Lang Wootton) quarterly price index. Prior expectaions are that
this amdl sample appraisd based index will broadly track the other private market indices but
will exhibit more voiility, due to additiond, undiversfied, spedific risk. The JL series is
andysed with the IPD and Richard Ellis monthly series (converted to a quarterly series by taking
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the March, June, September and December index vadues), and compared to the FTSE Red Edae
sector equity market performance and to the FTSE All Share index. Snce much of the andyss
would amply replicate that for the monthly analyss this section will be shorter and focuses on
any different results that emerge (further results are shown in Appendix A4). Some random noise
from the monthly series may be diminated, enabling rdaionships between variades to emerge
more clearly. The results found, however, largdy confirm those reported above.

The seriesavallable for andyss are

1. FTALLNP FTSE All Share, Nomina Price Changes

2. FTALLNR FTSE All Share, Nomind Totd Returns

3. FTRedNP FTSE Red Edtate Sector, Nomina Price Changes

4. FTRENR FTSE Red Edate Sector, Nomind Totd Returns

5. IPDGEtNR Interpolated Nomina Returns Series Based on IPD Annud Index
6. IPDMINP IPD Monthly (quarterly representation), Nominal Capital Apprecigtion
7. IPDMINR IPD Monthly (quarterly representation), Nomina Tota Returns

8. JLNP Jones Lang LaSdle, Nomind Price Changes

9. REMINP Richard EllisMonthly Index (quarterly), Nomina Cap.Appreciation
10. REMINR Richard Ellis Monthly (quarterly), Nomind Totd Returns

11. RFTALLR FTSE All Share, Red Price Changes

12. RFTAP FTSE All Share, Red Totd Returns

13. RFTSERedP  FTSE Red Edate Sector Red Price Changes

14. RFTRER FTSE Red Edate Sector, Red Totd Returns

15. RIPDGItR Interpolated Redl Returns Series Based on IPD Annua Index

16. RIPDMIP IPD Monthly (quarterly representation), Real Capitad Appreciation
17. RIPDMIR IPD Monthly (quarterly representation), Red Tota Returns

18. RLLP Jones Lang LaSdlle, Red Price Changes

19. RA Retail Price Index as Proxy for Inflation

20. RREMIP Richard Ellis Monthly (quarterly), Redl Cap.Appreciation

21. RREMIR Richard Ellis Monthly (quarterly), Nomind Tota Returns

4.2 Basic Time Series Analysis

Figure 4.1 shows the movement of the cgpitd appreciaion indices over the full andyss period.
As with the monthly indices the FTSE All Share index has outperformed dl the red edae
indices (the compounding effect exaggerating the out-performance in the laier years — dthough
even with a logarithmic representation it is dear that eguities have generated more growth then
red edate). The Jones Lang LaSdle index tracks the IPD and Richard Ellis indices. This can be
seen more dearly in Figure 4.2 which isolates the three appraisal based indices.
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Figure 4.1 Quarterly Price Indices 1987-1999

Quarterly Price Indices, Nominal
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Figure 4.2 Quarterly Appraisal Based Red Edtate Indices 1987-1999
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Examining descriptive time datidics perhgps the mogt driking festure is the poor performance
of the public red edtate sector, both in ration to the rest of the sock market and in relation to
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risk-adjusted messures of private market performance. Figure 4.3 shows the mean and dandard
devition for the five capita gppreciation series over the full andyss period. Property companies
offer bardy more capitd growth than the agpprasd-based indices but exhibit greater voldility
than the fag-growing generd stock market. When income returns are added, the gppraisd based
sies gopear to dominate the liged red edate sector, with superior totd returns and lower
volatlity (dbat a reported voldility subject to agpprasd smoothing and bias). This poor
performance by property companies largely rdaes to negaive growth in the early 1990s rather
then the flight from vaue stocks in the latle 1990s The quaterly series cdculated from the 1IPD
Monthly Index exhibits dightly lower voldility then the L and Richad Hlis indices
presumably reflecting the lager sample sze Further descriptive datistics are provided in

Appendix A4.
Figure 4.3 Capitd Appreciation, Annualised from Quarterly Indices

IPDMI REMI JLL FTSE-Real FTSE -All
Estate Share
Mean 2.9% 3.1% 2.7% 3.3% 11.0%
Standard Deviation 5.4% 6.4% 5.9% 25.9% 18.8%

The JL series exhibits amilar autocorrdaion paterns to the IPD and Richad Ellis Series
Fgure 4.4 sas out autocorrdaions for the fird four quarters for capitd appreciation. Although
fird order corrdation is dightly lower for the JLL series, it gopears to be more passtent. Neither
the FTSE Red Edae sector nor the FTSE All Share index exhibit dgnificant autocorrdation in
quarterly returns. Figure 4.5 compares autocorreation for six lags for public and privete series.

Figure 4.4 Autocorrdation in Capitd Growth, Quarterly Appraisa-Based Redl Edtate Series

Lag 1 Quarter 2 Quarters 3 Quarters 4 Quarters
IPD Monthly 0.870 0.657 0.423 0.232
RichardHllis 0.783 0.625 0.374 0.185
JL 0.796 0.646 0.452 0.261
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Figure 4.5 Autocorrdations, Totd Returns, Quarterly Public & Private Market Series

Quarterly Autocorrations: Quarterly Autocorrelaions.
RFTRER FTRENR
1 1
2 2
3 3
4 4
5 5
6 6
T
-0.2 0 0.2 0.4 0.6 0.8 1 -0.2 0 0.2 04 0.6 0.8 1
Quarterly Autocorrelations: Quarterly Autocorrelations:
RIPDMIR IPDMIR

0.2 0.4 0.6 0.8 1

A vaidly of techniques was used to test for seasondity on the data There is no datidicd

evidence of seasond petterns in the quarterly data for any of the series, whether exchange traded
or appraisal based using conventiona procedures.

4.3 Interrelationships Between Variables

Appendix A4 contains detailed tables of contemporaneous corrdaion coefficents. Examining
the red, deflated, series, the FTSE Red Edate sector has a corrdaion of around 0.75 with the
broad maket All Share series over the full andyds period. However, the corrdation fdls to
around 0.50 in the latter haf of the series, 1993-1999, having been 0.85 in the 1987-1992 period.
This holds true whether capitd gppreciation or totd retuns are consdered. Figure 4.6 shows how
the Red Edae sector's beta fdls over the andyss period as the explanatory power of the single
index modd dedlines
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Fgure 4.6 Sngle Index Regresson: FTSE Red Edate Sector on FTSE All Share Returns

4.6a: Full Analysis Period
Dependent Variable: FTRENR
Method: Least Squares
Sample 1987:1 1999:4

Included observations: 52
Vaidde Coefficient  Sd. Error  t-Statidtic Prob.
C -0.019065 0012323 -1547101 0.1281
FTALLNR 1016121 0120018 7875836 00000
R-sguared 0553686 Mean dependent var 0.017769
Adjusted R-squared 0544760 S.D. dependent var 0.121852
S.E. of regression 0082215 Akake info criterion -2.121255
Sum squared resid 0337965 Schwarz criterion -2.046207
Log likdihood 5715264 F-datidic 62.02879
Durbin-Watson stat 1623651 Prob(F-gatistic) 0.000000

4.6b Early Period, 1987-1992
Dependent Variable: FTRENR
Method: Least Squares
Sample 1987:1 1992:4
Included observations. 24

Vaidble Coefficient  Std. Emor  t-Stetidic Prob.

C -0.035667 0017616 -2.024693  0.0552
FTALLNR 1158444 0154641 7491191  0.0000
R-squared 0.718375 Mean dependent var 0.001500
Adjusted R-squared 0.705573 S.D. dependent var 0.152607
S.E. of regression 0082806 Akaike info criterion -2.064969
Sum squared resid 0150852 Schwarz criterion -1.966798
Log likdihood 26.779%63 F-daidic 56.117%4
Durbin-Watson stat 1814154 Prob(F-statistic) 0.000000

4.6¢ Later Period: 1993-1999
Dependent Variable: FTRENR
Method: Least Squares

Sample 1993:1 1999:4

Included observations: 28

Vaiadle Coefficient Sd. Error  t-Statidtic Prob.

C 0005708 0017338 0320188  0.7447
FTALLNR 0653084 0227267 2873642  0.0080
R-squared 0.241049 Mean dependent var 0031714
Adjusted R-squared 0211859 SD. dependent var 0.083148
S.E. of regression 0078256 Akakeinfo criterion -2.188919
Sum squared resid 0159223 Schwarz criterion -2.093762
Log likdihood 3264487 F-datidtic 8257816
Durbin-Watson stat 1132093 Prob(F-gatigtic) _ 0007980
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The three gpprasd based indices exhibit srong contemporaneous correation, for both total
returns and capitd gppreciaion. This srong common performance is sudaned over different
time periods, is generdly above 0.9 and never fals bedow 0.87. The gppraisa based indices show
low contemporaneous corrdaion with the FTSE Red Edae Sector (0.150.26 over the full
andyss period, faling to zero in the latter haf of the time sries). The quarterly series created by
interpolation from the IPD annud index has a higher corrdation to the FTSE Red has a sronger
corrdation to the public-traded red edtate sector (0.45) and lower corrdations with the other
aopraisa-based indices (0.48-0.58). Given that the interpolated series had corrdations of between
0.78-0.82 with the other gppraisd series in the 1987-1992 period, this suggests that the pattern of
movement between quarters has become more voldile in the latter haf of the andlyss period.

Ore rationde for the creation of the interpolated series was to provide a (crude) test to see
whether the reported monthly and quarterly series are influenced by “dd€’ goprasds There is
tentative evidence for such an effect. The interpolated series does Granger cause dl three of the
goprasal based series, dthough, in pat, this may be an atefact of the method of daa
condruction. Tests suggest that there is no leading relationship in the early pat of the andyss
period. Given the evidence of lowe corrdations in the second hdf of the time saries (implying
gregter quarterly volatility in apprasds), it may be that there are more “shocks’ in the 1993-1999
period. When a shock occurs in Q3 or 4, its effect will appear in Q1 and Q2 of the interpolated
series, due to the averaging process This may give rise to an goparent leading reaionship.
Equaly, however, the impact of a shock in Q1 and Q2 will be spread over dl four quarters. There
Seems No reason to anticipate an increese in “gade’ gopraisds over the andyss period.
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Fgure 4.7 Granger Causdlity Tedts, Interpolated Series agangt Appraisd Returns

Pairwise Granger Causdlity Tests

Sample: 1987:1 1999:4

Lags 5

Null Hypothess: Obs F-Saidic Probability
IPDGELTNR does not Granger Cause JLLNP 47 15.1066 5.3E-08
JLLNP does not Granger Cause IPDGELTNR 1.88015 0.12217
Pairwise Granger Causdlity Tests

Sample 1987:11999:4

Lags. 5
Null Hypothess Obs FSaigic Probability
IPDGELTNR does not Granger Cause IPDMINR 47 15.7363 3.3E-08
IPDMINR does not Granger Cause IPDGELTNR 0.67765 0.64315

Pairwise Granger Causdlity Tests

Sample 1987:1 1999:4

Lags 5

Null Hypothess: Obs FSdidic  Probability
REMINR does not Granger Cause IPDGELTNR 47 1.76968 0.14400
IPDGELTNR does not Granger Cause REMINR 7.48889 6.6E-05

Figure 4.8 IPD Interpolated Series vs. IPD Monthly Returns

Interpolated IPD Annud vs. Monthly Indices
Quarterly Constructed Data
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Granger causdity tests do provide some evidence of a leading, price discovery, rdationship
between the securitised and private real estate markets. Tests on capital gppreciation, reported in
Appendix A4, show the FTSE Red Edae sector Granger causing dl three of the gppraisa-based
indices As noted in reaion to the monthly index, this ddidicdly srong result may over-
emphasse the information content of the earlier arivd of informetion in the public market.
Examination of the cross-corrdogram shows sgnificant correlations between the gppraisd based
cgpitd returns and the FTSE Red Edae returns lagged one, two, three and four quarters, with a
shap dedine theredfter. The lag with the highest corrdation varies by agpprasa series.
Examination of regresson eguations with lagged vadues of both the goprasd indices and the
FTSE Red Edae Seies showed that lagged vaues of the public market returns did have a
datidicdly sgnificant impact, but did not contribute in large part to the return in any one quarter.
An exampleis shown in Figure 4.9, bdow.

Fgure 4.9, JLL Capitd Appreciation, Autoregresson & Lagged Valuesof FTSE Red Edtae

Dependent Variable: ILLNP

Method: Least Squares

Sample(adjusted): 1987:4 1999:4

Included observations. 49 after adjusting endpoints

Vaiable Coefficient Sd. Error  t-Statidtic Prob.
C 0.001286 0.002182 0.589116 0.5587
JLLNP(-1) 0.647261 0079353  8.156735 0.0000

FTREALNP(-1) 0078342 0019852 3946297  0.0003
FTREALNP(-3) 0.0675%4 00188% 3577257  0.0008

R-sguared 0.75984 Mean dependent var 0.005673
Adjusted R-squared 0.743844 S.D. dependent var 0.02954
S.E. of regression 0.014958 Akakeinfo criterion -5.489064
Sum squared resid 0010068 Schwarz criterion -5.334629
Log likdihood 1384821 F-datidic 47.46195
Durbin-Watson stat 2085098 Prob(F-dtatistic) 0.000000
4.4 Summary

The results for quarterly frequency detalargdy mirror those of the monthly andyss

The three gppraisd-based red edtate indices dosdy track each other and exhibit very smilar
risk/return profiles,

The equity market propety index exhibits greater voldility then the aggregate stock market
benchmark but returns some three times lower, barely greeter than the gppraisd- based returns,

All three gopraisd based indices have sSmilar leves of drong postive serid corrdation,

exceeding 0.7 for fird order autocorrdation and gill high after four lags. There is, however,
no evidence of dgnificant seasondity;
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5.

The apprasd-based indices ae drongly inte-corrdaed but have low to zero
contemporaneous corrdaion with the public-traded FTSE Red Edate index. The FTSE Red
Edate index has a high, but declining, contemporaneous corrdation with the overadl sock
market;

There is evidence tha the market-traded FTSE Red Edae Index leads the appraisa-based
indices The degree of additional information over a Smple autocorrdaion modd is, however,
not large:

The condructed red edtate series based on interpolation of the IPD annua series does lead the
goprasa-basad indices This may be an atefact of the condruction method: dternatively, it
may be evidence of a bunching of vauations in paticular quaters and the use of “dde’
vauationsin prior periods.

There is evidence tha the market-traded FTSE Red Edae Index leads the appraisa-based
indices The degree of additiond informetion over a Smple autocorrdation modd is, however,
not large;

The condructed red estate series basad on interpolation of the IPD annud series does lead the
gpprasa-based indices. However, this may be as much an artefact of the condruction method
as clexr evidence of a bunching of vauations in paticular quaters and the use of “da¢’
vauationsin prior periods.

Annual Data

5.1 Introduction

Annud data exigs for a longer time period then the quarterly and monthly series. IPD publish an
annud returns series that goes back to 1970 and the JLL series is avallable to 1967. There have
aso been some recent attempts to recongtruct long run property histories, assembling early data
from archivd records. Some caution must be exercised with the early data in the public series
JLL annud data had a dop date of June this has been converted to an end December series by
ample averaging. This will generate some moving average effects and, hence, tests for leads and
lags will be unrdidble Given the low frequency of the data and the smdl number of
obsarvations, gaigics mug, inevitably, be largely descriptive.

The seriesandysed ae:

1. FTASN: FTSEAIl Shae, Nomind

2. FTASR: FTSEAIl Shae Red

3. GILTSN: Nomind Medium-Daed Gilts (Government Bonds) Returns
4. GILTSR Red Medium-Dated Gilts Returns

5. JLLN: Jones Lang La Sdle Returns Nomind

6. lLLR Jones Lang La Sdle Returns Redl

7. PROPN: IPD Long-Run, Nomind

8. PROPR: IPD Long-Run, Red
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9. RA: Retall Price Index
10. TBILLN: 3 Month T-Bill Noming
11. TBILLR: 3 Month T-Bill Redl

5.2 Time Sxries Satistics

Fgures 5.1 and 5.2 show graphicaly the indexed performance of the different assats, in nomind
terms, over the thirty year period. It is evident that the dl share index has outperformed the other
asets over the period, once it recovered from the 1974 market crash. Deriptive datigtics are
given in FHgure 53. As obsarved in other sudies, the two red edate indices gppear to offer a
higher return than government bonds for less risk. This gpparent lower risk is generdly attributed
to vauaion smoothing, athough this should be less evident in annud data than in data a higher
frequency. That sad, the IPD series has a fird order serid corrdation of 0.24. The J.L index
gopears to exhibit lower volatility than the IPD series. However, this results from the condruction
of the year-end series and the moving average process that results. This is reflected in the higher
fird order corrdation of 053. The autocorrdation datitics ae sengtive to the time period

sected, as are the descriptive gatistics (see Figure 5.4).

Fgure 5.1 Annud Performance, Nomind Indices (log scde)
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Fgure 5.2 Annud Performance, Nomind Indices

Long Run Performance, Annual 1970-1999
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Figure 5.3 Descriptive Statistics, 1970-1999
Mean | Median | Standard [Skewness| Kurtosis | Minimum|[ Maximum
Devidtion
RPI 15% 55% 52% 1167 0.885 18% 22.2%
FTASN [ 156% | 184% | 26.0% | -0.632 5009 | -695% 91.3%
GiltsN 11.3% | 104% 15.8% 0104 0018 [ -16.5% 41.4%
TBIlIN 9.5% 9.2% 2.9% 0.289 -0.615 53% 15.9%
PropN | 11.7% | 11.3% 10.3% -0.923 1228 | -1I7.77% 26.0%
JLLN 118% | 13.1% 7% 0419 | 0339 | -43% 23.5%
FIARR | 81% 145% | 26.4% -1.589 0006 | -8/.0% 09.1%
GiltsR 3.8%0 49% 14.9% -0.279 0485 | -34.0% 36.1%
TBIlIR 20% 3.5% 45% -1.306 1806 | -12.0% 0./
PropR | 4.2% 6.3% 11.8% -1470 3365 | -35.1% 19.4%
JLLR 44% 46% 11.1% -1.261 2839 | -31.6% 20.9%

Fgure 5.4 Mean (Standard Deviation) for Different Time Periods

Time [PD JL Gilts All Share Treasury Inflation

Period Series Series Series Series Bill Saries (RPY)
1971-1999 | 1L.7(103) 118(79) | 112 (138) | 156(260) | 9529 7%
1080-1999 | 102 (84) 103®8) | 124112 | 17407 | 9632 51%
1085-1099 | 100 (95) 102(76) | 110@©.7) | 15210 | 8930 41%
1990-1999 | 6.9 (9.0) 78(73) | IIA{I19 | 136 (119 | 73830 32%
1095-1999 | 106 (4.6) TII@2) | I22(104) | 182 @0 64 (0.9) 27%
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5.3 Relationship Between Variables

Corrdaion andyds has frequently been used in portfolio dudies to judify the place of property
in the mixed assat portfolio. The results for the full time series show, as in previous dudies, that
Bonds and Equities have a reativey high corrdaion (here 0.7) while Red Edae has a far lower
corrdation with the sock market and a near zero corrdaion with government fixed interest
securities. These results hold over different time periods, with the property-equity corrdations
fdling once the pre-1975 period is excluded. However, in the 1990s, the corrdation between the
sock market and the red estate market gppears to increase: in the 1990-1999 period, the FTSE
All Share and IPD Series returns have a postive corrdation of 0.41.

Figure 5.4 Contemporaneous Correations, 1971-1999
5.4(a) Nomind Returns

RPI FTASN | GiltsN | TBIlIN | PropN [ JLLN
RPI 100
FTASN 0.02 100
GiltsN -003 0.70 100
TBIIIN 052 -007 0.06 1.00
PropN -004 031 008 029 100
JLLN 0.08 030 0.08 -0.25 [0X:74 100

54(b) Red Returns

FTASR| GiltsR | TBIlIR | PropR | JLLR

FTASR | 1.00

GiltR 0.70 1.00

TBIllR 0.10 0.36 1.00

PropR 0.36 0.25 0.25 1.00

JLLR 0.17 011 0.28 0.82 1.00

Given the low number of observations, tests for price discovery and lead-lag reationships would
be unrdiable. With a one or two lag dructure, againg received wisdom, the IPD returns series
aopears to Granger cause the FTSE All Share index. This rdaionship disappears with an increase
in the number of lags suggeding that the result may smply be the outcome of outlier, extreme,
events.

5.4 Jummary

Annud daa permits andyss over a longer time period but, with less observations, there are
limitations on the amount of Satistica tests thet can be conducted;

Ove the whole period 1971-1999, equity markets have outperformed other asset classes in
teems of returns, but with higher volaility. Much of that voldility, however, rdates to the
early 1970s.

For many time spans, gppraisa-based property indices show higher average returns for less or
comparable risk than government bonds. This does not hold over the lagt ten years, where the
impact of the property recesson of the early 1990s results in much lower returns,
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As noted in prior dudies, equities have a high pogdtive contemporaneous corrdation with
bonds, while property indices exhibit low (gpparent) correlations with both bonds and equities,
uggeding that some divergfication potentid exiss. Such results, however, rdy on the
vdidity and accuracy of the gopraisals that form the basis of performance.

6. Sectoral Analysis
6.1 Introduction

In this section, the time series characterisics of the main red edate sectors are considered.
Monthly deta are examined usng the IPD Monthly and Richad Ellis monthly szies a a
quarterly frequency, the two monthly series are compared to the Jones Lang LaSdle index. For
eech man saies, we examine office, retall and indudrid red edate The monthly Richard Hllis
index additiondly diginguishes retall warehouse property. This sub-cdass as we will show, has
behaved in a manner quite didinctive from the rest of the retall sector. We focus on changes in
cgpitd vaues, dthough totd return series are avaldble for the two monthly indices The andyss
period runs from 1987 to 1999. Further setistical andyses are contained in Appendix AG6.

At the end of December 1999, 48% of the cgpitd vadue of the IPD monthly index conssted of
retall property; offices made up 31% and 19% was indudrid property (by number of properties,
the proportions are 53%, 25% and 20% respectively, indicating that the retal property indudes a
Sgzedble number of individud high drest shops compared to larger shopping mdls). These
portfolio shares are different to those found on the aggregate annua IPD databank, where 50% of
the cgpitd vaue is contributed by the retal sector, 33% being office and just 13% by indudrid
red edate. These sectord differences explan a leest in part, the tracking error between monthly
and anud sies The office share of the index has been fdling, pat due to portfolio rebadancing
and part due to differentid rates of capita growth between the sectors.

6.2 Monthly Series
The series anadlysed on amonthly bass arer

IPDRetP IPD Monthly, Retail, Capitd Growth

IPDOFfP IPD Monthly, Office, Capitd Growth

IPDIndP IPD Monthly, Indudtrid, Capitd Growth

RER&P Richard EllisMonthly, Retail, Capitd Growth

REOffP Richard EllisMonthly, Office, Capitd Growth

REIndP Richard EllisMonthly, Indudtrid, Capitd Growth
RERWP Richard Ellis Monthly, Retaill Warehouse, Capitd Growth

Figure 6.1 shows the monthly price changes for the three series All three series exhibit strongy
cydicd behaviour with the property crash of the early 1990s very evident. In that period, the
office sector performed worse than indudrid and retall. These losses have not been reganed,
leeding to lower office market cgpitd growth over the whole period then that found in retall and
indugrid sectors. The higher capitdization rates (and hence income returns) of indudtrid
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property have, over this period, produced higher totd returns. The Richard Ellis data tdl much
the same dory. However, the smdler number of propeties in the Richad EHllis database
contributes to a greater degree of return voldility (perhaps explaned by aggregetion effects and
cross-serid corrdaion). This can be seen in Fgure 6.2, which compares IPD Monthly and
Richard Ellis monthly series for office markets. This grester voldility is confirmed by the higher
dandard deviation values for the Richard Ellis series, a result that holds for al three main asst
classes (see Figure 6.3).

Figure 6.1 Monthly Price Changes, IPD Monthly

IPD Sector Cepitd Vdues

5%
4% !
% i'":::;. s ﬁ

|

2% +—
19 4+
0% |
~19% -
2%
-3%
-4% . . . . . .

oY

A A
& £ & FF L

30



Fgure 6.2 IPD and Richard Ellis Office Series Compared
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Fgure 6.3 Time Series Staigtics, Monthly Capita Vdue Change (log difference)

IPDRetP  IPDOffP__ IPDIndP  RERetP ~ REOffP  REIndP_ RERWP
Mean  0.003 0.001 0.003 0.002 0.001 0.005 0.005
Median  0.003 0.001 0.001 0.002 0.002 0.002 0.004
Standard Deviation ~ 0.008 0.011 0.010 0.010 0.014 0.013 0.015
Sample Variance  0.000 0.000 0.000 0.000 0.000 0.000 0.000
Kurtosis  1.193 0.043 0.697 5.611 0.355 1.705 32.086
Skewness  0.536 0.230 0.845 1.243 -0.118 0.609 3.770
Range 0.051 0.063 0.058 0.087 0.079 0.088 0.162
Minimum  -0.016 -0.030 -0.017 -0.028 -0.044 -0.041 -0.029
Maximum  0.034 0.033 0.041 0.059 0.035 0.047 0.133
CVv  281% 839% 304% 475% 1032% 242% 277%
Mean Annualised  3.42% 1.62% 4.08% 2.68% 1.60% 6.82% 6.77%
St Dev Annualised  2.74% 3.93% 3.53% 3.65% 4.77% 4.64% 5.28%

We remarked above that retall warehouses have performed somewhat differently to more generd
retal red edate This is evident from Fgure 6.3. Retal warehouses ssem to have generated
nealy double the capitd growth of the generd retall series. It was reported that the sub-sector
was able to sudan rentd (and, hence, capitd) vaues through strong tenant demand throughout
the property recesson — confirmed by evidence that landiords were able to sudain long lesses
throughout the early 1990s, in contrast to other sectors. The strong positive skewness and kurtods
can be, in large part, atributed to the dramatic legp in capitd vaues in one month, June 1988,
when vaues rosee 14%. Whether this is, in some sense, an eroneous obsarvetion, results from a
composition change in the index data or represents a change in the “house view” of the sub-sector

31



is not dear. Ceatanly, the jump in vaue is not corrected in subseguent months With a amdl
sample Sze, the retail warehouse sub-sector probably conssts of just a handful of properties.

As would be expected from the aggregate andyds dl sector saies show evidence of
condderable serid corrdation — with the exception of the Richard Ellis retall warehouse saries. In
the last case, the firs order coefficent is 0.34, fdling to under 0.25 after five lags. Removing the
June 1988 vaue the fird order coefficient rises to 0.56 and dtays above 0.35 for Sx lags
Nonethdess, this is dill a low level of serid corrdation than the other sectors, for both data
providers. Each sector series exhibits lower autocorre ation than the “ parent” sexies.

For dl sectors the IPD index exhibits dightly grester serid corrdation than the Richard Ellis
index, presumably reflecting the greater aggregaion effects of the larger sample Thus the firg
order autocorrelation coefficient for offices is 0.86 for the IPD series and 0.78 for the Richard
Ellis series This difference is presarved as the number of lags increases. The dxth order
coefficient is 0.67 for IPD and 0.59 for Richard Ellis (see Figure 6.4). The IPD indudrid series
has the highest fird order corrdaion a 0.89. However, the IPD office sector seems more
perddent. With gx lags the autocorrdation coefficent for indudrid red etaie has fdlen to
0.56; the comparable office sector coefficient is 0.67 (first order = 0.86). The Richard Hlis office
series has a higher firs order coefficent then the RE indudrid series it, too, exhibits sronger
perdstence than the other sectors. It may be that the office sector is more influenced by meacro
factors and less by micro-locationd drivers than the other sectors. There was no evidence of
seasondlity in the data usng conventiond tests, dthough the datidicaly sgnificant PAC soike a
lag 12 in the aggregate red capitd vadue series is evident in the IPD office and retall sectors (but
not in theindudtrid series).

Figure 6.4 Autocorrdation Coefficients, IPD and RE Office Price Series

Autocorrelation
0O 01 02 03 04 05 06 07 08 09 1

n

m RE Offices @O IPD Offices
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Figure 6.5 shows contemporaneous correlation coefficients for the price saries. These ae
typicdly, high, with the exception of the RE real wardouse sies Excduding June 1988
increases the corrdation with the two retail sectors by about +0.10 but meakes little difference to
the other sector corrdations. The IPD sectors are more closdly inter-correlated than the Richard
Ellis sectors. For dl three sectors, the highest corrdaion between pairs of IPD and Richard Ellis
seriesis between equivaent categories (IPD office to RE office, for example).

Figure 6.5 Contemporaneous Corrdation, Monthly Price Changes
et n et n

[PDReiP  1.000

IPDOffP  0.826 1.000

IPDIndP  0.823 0.889 1.000

RERetP  0.784 0.667 0.665 1.000

REOffP  0.773 0.831 0.779 0.696 1.000

REIndP  0.724 0.714 0.835 0.694 0.705 1.000

RERWP 0576 0434 0429 0491 0.3%4 0.492 1.000

The series were examined for leading and lagging rdaionships usng Granger causdity teds.
Within the IPD series, the office sector gppears to Granger cause the industrid sector (p = 0.013).
Udang a conddent lag length of 13, no leading or lagging rdaionships were found between IPD
office and retall or between retal and indudrid. IPD offices do not Granger cause RE offices
however IPD Retal Granger causes both RE Retall (p = 0.001) and RE Retall Warehouses (p <
0.001) and IPD Indudrial Granger causes RE Indudtrid (p < 0.001). Given that IPD offices leed
IPD indudrid, as expected they ds0 lead RE indudrid (p = 0.01). These results are reported in

Appendix A6.

Within the RE saries offices Granger cause indudrid (p = 0.04), retal (p = 0.002) and retall
warehouse (p = 0.004); indudrias Granger cause both retail (p = 0.03) and retall warehouse (p =
0.002). There is no obvious explandion for such a result: it illudrates the problems of a smdl
sampleand asingle, in-house, gppraisd basis for the series.

6.3 Quarterly Series

Andyses for the quarterly series dlows induson of the Jones Lang Ladle office, retal and
indudrid series in comparison to the two monthly series In each sector, the three series track
eech other dearly, dthough the two smdl sample saries exhibit grester voldility then the larger
IPD series as Figures 6.6 and 6.7 demondrate. The standard deviations seem low when compared
to the IPD annud index's sandard deviation of 10% for capitd growth over the same 1987-1999

period.
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Figure 6.6 Quarterly Price Changes By Sector
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Figure 6.7 Destriptive Statistics, Quarterly Price Changes

IPDRetP IPDOffP__IPDIndP_JLLRetP JLLOffP JLLIndP RERetP REOffP REIndP RERWP
Mean 0.008 0.004 0.010 0009  0.004 0009 0007 0004 0.016 0.016
Median 0.008 0.005 0.005 0006  0.005 0008 0006 0.003 0.008 0.018
Standard Deviation  0.023 0.032 0.029 0027 0033 0029 0027 0038 0.037 0.034
Sample Variance 0.001 0.001 0.001 0001 0001 0001 0001 0001 0.001 0.001
Kurtoss 0.127 -0.483 0.336 0467 0465 0530 1464 -0207 1103 4294
Skewness 0.330 0.259 0.839 0546  0.262 0326 0473 -0027 0905 0.893
Range 0.103 0.127 0.126 0135 0158 0145 0160 0174 0.182 0.209

Minimum -0.036  -0.047 -0.034 -0043 -0070 -0060 -0066 -0089 -0053 -0.060
Maximum __0.067 0.080 0.092 0092 0.089 0084 0094 0085 0.129 0.149

The contemporaneous corrdation coefficients of the quarterly series are, as expected, higher than
those of the monthly series The average corrdaion coefficient between saries is 0.77 —
excdluding the RE Retall Warehouse series, this increases to 0.82. The three office series are the
most amilar (average corrdation of 0.90), with indudrid the leest (average corrdation of 0.79).
All three 1L and RE sector indices are “more like’ their IPD equivdents than each other. A fulll
cordaion matrix is shown in Appendix A6. Examining the later hdf of the time saies
(1993:Q1 to 1999:Q4), average correations increese to 0.85. The three retall sries have an
average correlation of 0.92.

Price changes for the IPD office series exhibit somewhat greater firg order autocorrdaion than
the other two sectors (0.89 compared to 0.85 for indudrids and 081 for retal): this
autocorrddion is more persgent than for the other sectors, 0.74 a two lags and 0.54 at three
lags. There is no fourth quarter partia autocorrdation spike. The L and RE sector series show
less autocorrdation, firg order AC vadues varying between 0.54 (RE retall warehouses) and 0.80
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(RE offices). As with the IPD data, the two office series exhibit higher and more peragtent levels
of levels of autocorrdation then the indudrid or retal series. Full results are shown in Appendix
AB.

Tedts for leads and lags in the series suggest that, in generd, the office sector leads the other
sectors. The Richard Ellis nomind price change saries Granger causes IPD offices and retall, JLL
offices retal and indudrid and RE retal warehouses, dl a p <0.05. The IPD office sector
Granger causss the L indudrid, RE indudrid, retal and retal warehouse saries agan dl a p
< 0.05. The XL office index Granger causes RE retall, indudrid and retaill warehouse series and
the IPD indudtrid seies dl Sdidicdly dgnificat a the 0.05 levd. The RE indudrid, retal, and
retall warehouses seem to lag the other series (of the 21 possble bivariate Granger tedts, the three
RE szies, in thirteen, the RE series are Granger caused by another ®ries at p<0.05, in a further
cae there is wesker evidence of a lag, in one cae there is two-way causdity; one of the tedts
indicate aleading rationship).

6.3 Jummary
Sectord andyds suggests that the retal sector is less volaile than offices or indudrid
property, and that the larger sample IPD sies is less volatile than the smdl sample RE and
JL sies

The office sector exhibits grester and more persstent serid correlation than the other sectors,
aresult that holds for dl three providers;

The RE and 1L sector series are more closdy corrdated to their IPD equivdents than to
each other or other “in-house” sectors.

Office capitd vaue changes gopear to lead those in other sectors, while the RE series gopear
to lag both IPD and J_L series.
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APPENDI X A3 Additional Statistics, Monthly Analysis

Autocorrdation —Nomind Daa

FTSE All Share Nomind Prices

FTSE All Share Nomind Returns

AC PAC | QSa | Prob AC PAC | QStat [ Prob
1~ 009 0096 14558 0.8 1 0.095] 0.095 1.4485] 0.229
2 0155 0166 53197 0019 2| -0.156] -0.167] 53476 0.069
3 -0I1] 008l 73104 0063 3 -0.108] -0.078 7.2271] 0.065
40016 0011 73520 0118 40015 0.009 7.2654] 0.123
5 0064 000 78277 0166 5 -0.057] -0.092 7.7882] 0.168
6 0062 0085 84515 0207 6| -0.069] -0.062 85706 0.199
70060 0072 9044 0249 7] _-0.061] -0.073 9.1834] 0.240
8 -0110] -0140] 110700 0I% 8 -0.109] -0.141] 11.160] 0.193
9 0005 0005 11075 0271 9 0.005 -0.008 11.165] 0.265
10 008§ 0028 12296 0.69 100 0085 0.02§ 12.39I] 0.260
T 0015 0066] 12332 039 11 -0.016] -0.069 12.434] 0.332
I -0085] 0065 12845 030 12[  -0.062| -0.055 13.089 0.363
13 001 0009 1287 0458 13 0.013] -0.008 13.120] 0.439
FTSE Red Egtate Nomind Prices FTSE Red Edate Nomind Returns
AC PAC [ QSa [ Prob AC PAC [ QS [ Prob
I[ 0I70 0170 46000 0032 I| 0I70] 0I70| 460%6 | 0032
2| -003L 0061 4749 00% 2| 002 -0063| 47714 00%2
3] 0063 008I| 53826 | 0146 3| 0058 0077| 53081 0151
4| 003 0006| 55676 024 4] 0019 -0008| 53662 0252
5] -0027 -009| 5606| 037 5 -00I7| -00I3| 54139 0367
6| -0034 -0027| 58760 0437 6| -0034| -0033| 5595 | 0470
7] 0088 -0007| 74732| 0381 7] 00%6| -0089| 70785 042
8| -0004 0033| 74763| 048 8| -0003| 0030| 70801| 0528
9] 0047 00| 78489 0549 9] 0046 | 00%| 74313 05%2
10| 0077 OO0BL| 88474 0547 10| 0068] 0070 82072 0609
II| 0042 -0067| 91528 | 0608 11| -0033| -0057| 83%49| 0678
2| -01% -0151| 13306 0347 2| -0I64| -0I9| 13004 0369
3] 0005 0017| 1333 042 13| -00I0| 0030| 13020 | 0446
IPDMI Nomind Prices IPDMI Nomind Returns
AC PAC [ QSa [ Prob AC PAC [ QSa [ Pob
I| 08% 08%| 12749 0000 I[ 0887 087 1514 0000
2| 0849 037 24276 0000 2| 0849 0289 24039 0000
3] 0812 0106] 34891 0000 3| 08I0 009 346II| 0000
4| 0747 0117 | 43938 000 4] 0731 -0I0| 43264 0000
5] 065 -0140| 51373 0000 5 0660 -0I28| 50378 0000
6] 0608 -0108| 57345| 0000 6| 059%2] -006| 56133 | 0000
7] 0526 -0089| 61920 0000 7| 0517 -0043| 60549 0000
8| 0453 -009| 65344 0000 8| 0442 -00%6 | 63808 | 0000
9] 03%2 0038 6/024| 000 9| 0364 -007/4| 66034 0000
10| 032 -0031[ 69680 0000 10| 0295[ -0024[ 67501 0.000
I 0257 -0030| 70802 0000 1| 025] -009| 68358 0000

w
~




12 0193 -0058 | 71439 0.000 12 0152| -0053| 68753 0.000

13 0139 -0002| 71773 0.000 13 0.0% 0011 | 69012 0.000
REMI Nomind Prices REMI Nomind Returns
AC PAC | O3« Prob AC PAC | QSa Prob
1 0831 0831 10994 0.000 1 0818 0818 10628 0.000
2 0.782 0294 20787 0.000 2 0.771 0310 20143 0.000
3 0691  -0044 | 28487 0.000 3 0672 -0083| 27429 0.000
4 0679 0181 3®O71 0.000 4 0.666 0I0| 34623 0.000
5 062 -0011| 4291 0.000 5 0605 -0010| 40598 0.000
6 0557 -0123| 47392 0.000 6 0540 | -0123| 453% 0.000
7 0471 -0111| 51066 0.000 7 0448 -0120| 48713 0.000
8 0406  -0050 | 53817 0.000 8 0386 | -00&2| 51191 0.000
9 0312 -016/| 55444 0.000 9 0287 -0169| 52568 0.000
10 0.263 0015 | 566.11 0.000 10 0.240 0010 [ 53542 0.000
11 0215 0069 [ 57393 0.000 11 0188 0064 | 54145 0.000
12 0151 -003| 5778 0.000 12 02| -0104| 54401 0.000
13 0092 -0012| 5932 0.000 13 0062 | -0012| 54467 0.000

It would beinvdid to caculate ACF for the interpolated IPD series, IPDGELtR, given the method
of congruction.

Autocorrdaion — Red Daa

Red FTSE All Share Prices Red FTSE All Share Returns
AC PAC | OSa Prob AC PAC | QSa Prob
1 0.105 0105 1.7477 0.186 1 0.101 0101| 16278 0.202
2| -0153 -0165| 54700 0.065 2| 0154 | -0166| 54212 0.066
3] 0116 00| 7622 0055 3| -o.4 | -0082| 75007 0058
4 0012 0010 | 7.6465 0.105 4 0.013 0009 | 75274 0111
5[ -0047 -0083| 7999 0156 5] -0049| -0085[ 79209 0.161
6| -0026 -0019| 81087 0230 6| -0034| -0028| 81139 0.230
7] 0086 -0071| 86104 0282 7] -0057 | -0072| 86561 0278
8] 0113 -0128| 10727 0218 8] -0III| -0130[ 10709 0219
9 -0008 -0002| 10728 0.2% 9 -000I| -0004[ 10710 0.296
10 0081 0029 | 11.845 0.29% 10 0081 0027 11815| 0298
11| -0009 -0044 | 11858 0374 11| -00I2| -0088| 11.839 0376
| 00883 -0018| 12049 0442 2] 0041 -008| 12123 0436
13 0011  -0002 | 12068 052 13 0013 -0002| 12150 0515
Red FTSE Red Edate Prices Red FTSE Red Edate Returns
AC PAC | OSa Prob AC PAC | QSa Prob
1 0173 0I73| 47727 0.029 1 0.176 0176 | 4.899% 0027
2| 002 -0044 | 48510 0088 2| -0027| -00%9| 50138 0082
3 0.060 0076 | 54375 0142 3 0056 0074 | 5554 0.137
4 0039 0014 | 56841 0.224 ] 0024 -0001| 5622 0229
5[ -0027 -0033| 58072 03% 5| -00I7 | -0016[ 56681 0340
6 -0007 0002 | 58159 0444 6] -0006| -0002[ 56/3% 0461
7] 0100 -010| 74631 0382 7] -00% | -010L[ 71530 0413
) 0001 0044 | 74632 0483 8 0001 0041 | 71531 0520
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9] 0046 0032 782009 052 O] 0044 0028] 74797 0587
10| 0081 0085 89413 0538 10| 0072 00| 83479 05%
11| 0045 0071 92827 05% 11| 0034 | -0080| 85485 0663
2| 014 0140 12918 0375 2| 04| -0I47| 1259 039
3] 0019 0019 12978 0450 3| 002 0033 12623 0477
Red IPDMI Prices Red IPDMI Returns
AC PAC | QSa | Prob AC PAC | QSa | Prob
1] 0779 07/9 %421 0000 1| 07/5| 07/ 95% | 0000
2| 0684 0197 17128 0000 2| 0677 0189| 16889 0000
3| 0628 0I24| 23478 0000 3| 0608 00%2| 22837 0000
4] 0618 0169] 29%676| 0000 4] 059 0177 28658| 0000
5| 0581 003%| 3518 | 000 5[ 058 | 0102| 34262 0000
6| 0546 0030| 40087 | 0000 6] 0538 -0020| 39014 0000
7| 042 -023| 43030 000 7| 0439 -0150| 4219 | 0000
8| 0352 -0073| 45091 0000 8] 0348 -0127| 44212 0000
9 022 -0I27| 46330 000 9 0253 -0163| 4528 | 0000
10| 0246 0017 47351 0000 10| 0240 0050| 46259 0000
1| 0229 0084 48246 0000 | 02| 0073 47179 0000
2| 0280 0281 49%84| 0000 D 0267 022 48397 0000
13| 0127 0313 49864 0000 13| O0II8| -028| 4837 | 0000
Red REMI Prices Rea REMI Returns
AC PAC | QSa | Prob AC PAC | QSa | Prob
1] 0743 0743 87782 0000 1| 0738| 0738 8564 0000
2| 0629 0173| 15119 0000 2| 0624 0176| 1489 | 0000
3| 0518 0007| 19446 0000 3| 0516 0055| 19185 | 0000
4 05/8 0342| 24859 0000 4] 0574 0332 24532 0000
5| 0572 0091| 30198 | 000 5[ 0567| 0091| 29778 0000
6| 053 -0026| 34885 0000 6] 0527 -0023| 34341 0000
7| 03% -0I70| 37481 000 7] 0388| -0173| 36830 | 0000
8| 0320 -0074| 39187 000 8] 0311 -0080| 38441 0000
9 0213 -02I10| 3%52| 0000 9 0204 -02I1| 39136 | 000
10| 025  0031| 40808 0000 10| 0214 0026 3909 0000
11| 0200 0034 4149 | 0000 1| 0I93| 0044 40544 0000
| 022 0132 42339 0000 2] 0213 0131 41318 0000
13| 0082 -0I77/| 42456 0000 3] 0070 -0I78| 41403 0000
Contemporaneous Correlaions— Nomind Returns 1987-1999
IPDMINR| FTRENR FTALLNR [ REMINR [ TPDMINP | FTRENP | FTALLNP [ REMINP | IPDAGER
IPDMINR 1000
FTRENR -0006 1000
FTALLNR -00%6 0.764 1000
REMINR 0883 010 002 1000
IPDMINP 0.97 0031 0049 | 0870 1000
FTRENP 0002 09%8 0.767 0124 0040 1000
FTALLNP 0080 | 0763 099 0004 | 004 | 0766 1000
REMINP 0888 0111 -0006 | 09% 0883 0116 0.000 1000
IPDAGHR 0.7%9 0202 0047 0.744 0804 0212 0053 0.750 1000
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Contemporaneous Correlaions— Nomind Returns 1993-1999

FTALLNP |FTALLNR [FTRENP |FTRENR |IPDAGELTR (IPDMINP  (IPDMINR |REMINP |REMINR
FTALLNP 1000
FTALLNR 0999 1.000
FTRENP 0513 0518 1000
FTRENR 0509 0515 0998 1.000
IPDAGELTR 0057 0.053 0.267 0.263 1000
IPDMINP 0045 0053 0124 -0129 0442 1000
IPDMINR 0081 0083 0133 -013%6 0464 0981 1000
REMINP 0010 0.000 0.007 0.009 0485 0.853 0.864 1.000
REMINR 0013 0.005 0.029 0.030 0504 0.845 0.861 0.997 1000

Contemporaneous Correaions— Red Returns 1987-1999

RIPDMIR| RFTRER | RFTALLR| RREMIR | RPDAGHt | RPDMIP | RFTREP | RFTALLP | RREMIP
RIPDMIR 1000
RFTRER 0.066 1.000
RFTALLR 0018 0.769 1000
RREMIR 0909 0.1/0 0081 1.000
RIPDAGHLt 0.749 0216 0070 0.707 1000
RIPDMIP 0983 0.0% 0045 0.8% 0.752 1.000
RFTREP 0074 099 0772 0174 0.226 0104 1000
RFTALLP 0.029 0.767 0999 0.0%0 0077 0.055 0.770 1000
RREMIP 0909 0.161 0074 0.9% 0.708 0906 0.166 0083 1.000

Contemporaneous Correaions— Red Returns 1993-1999

RFTALLP |RFTALLR |RFTREP |RFTRER |RIPDAGELT [RIPDMIP |RIPDMIR [RREMIP [RREMIR
RFTALLP 1000
RFTALLR 0999 1.000
RFTREP 0524 0526 1000
RFTRER 0520 0522 0998 1.000
RIPDAGELT 0064 0057 0273 0.269 1000
RIPDMIP 0046 0031 -004 | -0060 0420 1.000
RIPDMIR 0017 0.002 -0065 | -0071 0441 0987 1000
RREMIP 0079 0062 0051 0050 0467 0.887 0904 1.000
RREMIR 0087 0070 0072 0072 0476 0876 0.897 0998 1000

40



APPENDI X A4: Additional Statistics, Quarterly Analysis

Quarterly Capitd Growth, Appraisal Based Indices
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RPI  IPDMINP FTRealNP FTALLNP JLLNP REMINP IPDMINR REMINR FTRENR FTALLNR IPDGetNR
Mean 0.0100  0.0071 0.0080 0.0261 00067 00076 00253 0.0257 00178 0.0362 0.0254
Median 0.0089  0.0028 0.0096 0.0334 0.0040 0.0069 0.0247 00263 00188 0.0442 0.0283
Standard Deviation 0.0086  0.0268 0.1217 0.0897 00290 00315 0025 00304 01219 0.0893 0.0251
Sample Variance  0.0001  0.0007 0.0148 0.0080 0.0008 0.0010 0.0007 00009 0.0149 0.0080 0.0006

Kurtosis 21724  -0.4412 0.8880 4.2082 00378 -0.0245 -02254 02225 0.899%  4.3525 -0.5595
Skewness 11763 03634 -0.2808 -14259 02033 02718 02450 01520 -0.2807 -1.4723 -0.4167
Range 0.0441  0.1068 0.6694 0.5085 01374 01459 01041 01499 0.6697  0.5084 0.0894
Minimum -0.0028 -0.0381  -0.3255 -0.3287  -0.0577 -0.0654 -0.0236 -0.0492 -0.3132 -0.3200 -0.0244
Maximum 0.0413  0.0687 0.3439 0.1798 0.0797 00806 0.0805 01006 0355 0.1884 0.0650
Count 52 52 52 52 52 52 52 52 52 52 52

RIPDMIP RFTRealP RFTAP RILLP RREMIP RIPDMIR RFTRER RFTALLR RREMIR RIPDGetR

Mean -0.0029 -0.0020 0.0161 -0.0033 -0.0024  0.0154 0.0078 0.0262 0.0158 0.0154
Median -0.0013  0.0036 0.0244 -0.0018 0.0000 0.0167 0.0107 0.0350 0.0191 0.0211
Standard Deviation  0.0282 0.1235 0.0914 0.0296  0.0328 0.0274 0.1233 0.0907 0.0321 0.0274
Sample Variance 0.0008 0.0153 0.0083 0.0009 0.0011 0.0007 0.0152 0.0082 0.0010 0.0008

Kurtosis 0.2709 0.7352 38160 04724 06102 0.9630 0.7878 3.9898 1.0651 0.5860
Skewness -01592 -02704 -1.3564 00741 -01332 -03291 -02610 -140/8 -02963 -1.0197
Range 0.1377 0.6646 05082 01526 0.1677 0.1461 0.6656 0.5082 0.1703 0.1061
Minimum -00794 -03345 -03378 -00729 -00872 -0.0663 -03219 -03287 -0.0696 -0.0577
Maximum 0.0582 0.3301 01705 0.0797 0.0806 0.0798 0.3436 0.1795 0.1007 0.0485
Count 52 52 52 52 52 52 52 52 52 52

Descriptives 1987-1992

RPI IPDMINP  FTReaNP FTALLNP JLLNP REMINP IPDMINR REMINR FTRENR FTALLNR IPDGHtNR

Mean 0.0139  0.0050 -0.0093 0.0204 00035  0.0067 0.0213 00230  0.0014 0.0320 0.0206
Median 00122 -0.00%4 0.0017 0.0338 00016 -00078  0.0118 00129  0.0161 0.0458 0.0172
Standard Deviation 0.0097  0.0347 0.1525 01121 00373  0.0399 0.0323 00380 0.1526 01117 0.0347
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Sample Variance 0.0001  0.0012 0.0233 0.0126 0.0014 0.0016 0.0010 0.0014  0.0233 0.0125 0.0012
Kurtosis 12332 -1.3703 0.2635 32702 -1.3203  -11105 -1.2132  -09502 0.3036 3.4627 -1.7554
Skewness 08609  0.3458 -0.0552 -1.4449 01231 0.1246 0.3064 0.0413 -00537 -1.4981 0.0609
Range 00413  0.1068 0.6694 0.5085 01267 0.1432 0.1041 01397  0.6697 0.5084 0.0894
Minimum 0.0000 -0.0381 -0.3255 -0.3287  -00577 -00654 -0.0236 -00492 -03132 -0.3200 -0.0244
Maximum 00413  0.0687 0.3439 0.1798 0.0690 0.0778 0.0805 0.0904  0.3565 0.1834 0.0650
Count 24 24 24 24 24 24 24 24 24 24 24
Descriptives 1993-1999
RPI IPDMINP FTRealNP FTALLNP JLLNP REMINP IPDMINR REMINR FTRENR FTALLNR IPDGHEtNR

Mean 0.0066  0.0089 0.0228 0.0309 0.0095  0.0083 0.0288 0.0281  0.0318 0.0398 0.0296
Median 0.0060  0.0071 0.0300 0.0334 0.0040  0.0089 0.0288 00279  0.03H4 0.0442 0.0283
Standard Deviation 0.0057  0.0181 0.0875 0.0666 0.0197  0.0227 0.0180 00224  0.0882 0.0663 0.0111
Sample Variance 0.0000  0.0003 0.0077 0.0044 0.0004  0.0005 0.0003 0.0005  0.0078 0.0044 0.0001
Kurtosis -0.3408 17845 -0.4780 1.2888 48123 28977 23227 31384 -0.4868 1.3561 -0.1464
Skewness 05257 11327 -0.1260 -0.5906 17460 1.0686 1.2777 11955 -01995  -0.6828 -0.5092
Range 00229 0.0738 0.3353 0.3000 0.0955 0.1125 0.0755 01092  0.3366 0.3006 0.0370
Minimum -0.0028 -0.0156 -0.1413 -01570  -00157 -0.0319 0.0043 -00086 -01392  -0.1497 0.0086
Maximum 00201  0.0582 0.1940 0.1430 0.0797  0.0806 0.0798 01006  0.1973 0.1509 0.0456
Count 28 28 28 28 28 28 28 28 28 28 28
Descriptives 1987-1992 Redl

RIPDMIP RFTRealP  RFTAP RILLP RREMIP RIPDMIR RFTRER RFTALLR RREMIR RIPDGHtR
Mean -0.0090 -0.0232 0.0065 -0.0105 -0.0072 0.0074 -0.0125 0.0180 0.0091 0.0066
Median -0.0188 -0.0234 0.0153 -0.0198 -0.0136 0.0022 -0.0020 0.0270 0.0084 0.0068
Standard Deviation 0.0355 0.1540 0.1137 0.0367 0.0412 0.034 0.1537 0.1129 0.0397 0.0368
Sample Variance 0.0013 0.0237 0.0129 0.0013 0.0017 0.0011 0.0236 0.0127 0.0016 0.0014
Kurtosis -1.0430 0.1447 2.8161 -1.2898 -0.8915 -0.6303 0.2263 3.0289 -0.6757 -1.2687
Skewness -0.0329 -0.0076 -1.3368 01171 -0.2065 -0.1991 0.0094 -1.3886 -0.3538 -0.2585
Range 0.1260 0.6646 0.5082 0.1249 0.1477 0.1231 0.6656 0.5082 0.1432 0.1061



Minimum -0.0794 -0.3345 -0.3378 -0.0729 -0.0872 -0.0663 -0.3219 -0.3287 -0.0696 -0.0577
Maximum 0.0466 0.3301 0.1705 0.0520 0.0605 0.0568 0.3436 0.1795 0.0737 0.0485
Count 24 24 24 24 24 24 24 24 24 24

Descriptives 1993-1999 Real

RIPDMIP RFTReslP  RFTAP RILLP RREMIP RIPDMIR RFTRER RFTALLR RREMIR RPDGHtR

Mean 0.0023 0.0161 0.0243 0.0029 0.0017 0.0223 0.0252 0.0332 0.0215 0.0230
Median 0.0020 0.0208 0.0303 -0.0004 0.0001 0.0218 0.0301 0.039% 0.0203 0.0211
Standard Deviation ~ 0.0191 0.0887 0.0679 0.0204 0.0233 0.0189 0.0888 0.0676 0.0231 0.0118
Sample Variance 0.0004 0.0079 0.0046 0.0004 0.0005 0.0004 0.0079 0.0046 0.0005 0.0001
Kurtosis 2.8456 -04812 0.8%44 6.7878 4.1640 34872 -04721 11172 4.4416 -0.0120
Skewness 1.3107 -0.0712 -0.4900 2.0620 1.4583 14632 -0.1522 -0.6187 1.5305 -04575
Range 0.0895 0.3385 0.3000 0.1070 0.1125 0.0910 0.3401 0.3018 01132 0.0402
Minimum -0.0312 -0.1445 -0.1598 -0.0273 -0.0319 -0.0111 -0.1435 -0.1558 -0.0125 0.0007
Maximum 0.0582 0.1940 0.1401 0.0797 0.0806 0.0798 0.1966 0.1460 0.1007 0.0410
Count 28 28 28 28 28 28 28 28 28 28




Autocorrdations, Quarterly Series, Total Returns (JLL: Capita Growth)
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AC
-0.092
-0.221
-0.016
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-0.078
-0.107

AC
0.138
-0.12
0.065

-0.166
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-0.029
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PAC
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PAC
0.138
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0.108
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0.013
-0.093

PAC
0.821
-0.281
0.008
-0.109
-0.201
-0.074

PAC
0.762
-0.016
-0173
-0131
-0.015
-0.285

PAC
0.776
-0.014
-0.056
-0.158
-0.186
0.018

Q-Stat
0.4666
3.2056
322
3.4553
3.8198
45123

Q-Stat
1.051
18553
21006
3721
41214
41729

Q-Stat
37.133
56.218
64.704
67.303
67.33
68.599

Q-Stat
319

50.437
57.831
59.319
59.344
61.39

Q-Stat
33.147
53135
64.04

67.839
68.051
68.245

Prob
0.495
0.201
0.359
0.485
0.576
0.608

Prob
0.305
0.395
0.552
0.445
0.532
0.653

Prob
0.000
0.000
0.000
0.000
0.000
0.000

Prob
0.000
0.000
0.000
0.000
0.000
0.000

Prob
0.000
0.000
0.000
0.000
0.000
0.000
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AC
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AC
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AC
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0.773
0.031
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0.003
-0.144

PAC
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0.034
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-0.152
-0.116
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Q-Stat
0.6684
3.7814
3.8095
41467
45442
5.4428

Q-Stat
0.8088
18339
2,003
3.6937
4.1506
42484

Q-Stat
40278
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Q-Stat
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53.847
60.802
62177
62.179
63532
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34.831
58.307
70034
74.013
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Contemporaneous Correlations, Full Sample, Nominal

FTALLNP[FTALLNR|FTREALNP|[FTRENR [ TPDGELTNR [TPDMTNP[TPDMINR] JLLNP [REMTNP [REMTNR
FTALLNP 1,000
FTALLNR 0.999 T.000
FTREALNP [ 0.747 0.748 T.000
FTRENR 0.743 0.74% 0.998 T.000
TPDGELTNR| _ 0.100 0.090 0.345 0.326 T.000
TPDMTNP -0.031 -0.040 0.128 0113 0822 T.000
TPDMTNR -0.050 -0.061 0.107 0.092 0814 0.990 T.000
JLNP 0028 0016 0.182 0.165 0.81T 0930 | 0922 | 1000
REMTNP 0.019 0.009 0.196 0.186 0.785 0957 0952 [ 0876 | 1000
REMTNR 0.028 0.017 0212 0.203 0.780 0.946 0949 [ 0858 | 099% T.000
Contemporaneous Correlations 1987-1992, Nomina
FTALLNP [FTALLNR[FTREALNP] FTRENR [TPDGEL TNR|[TPDMTNP| TPDMTNR [JLLNP [REMTNP[REMTNR
FTALLNP 1,000
FTALLNR T.000 T.000
FTREALNP [ 0.852 0.850 T.000
FTRENR 0.849 0.848 0.998 T.000
TPDGELTNR|  0.094 0.088 0.318 0.296 T.000
TPDMTNP 0028 -0.033 0.199 0.183 0.907 T.000
TPDMTNR 0.042 0.048 0.159 0.143 0.894 0.993 T.000
JLNP -0.008 0015 0214 0.193 0.879 0928 0918 | 1.000
REMTNP 0.033 0.027 0272 0.258 0.869 0.966 0962 | 0861 | 1.000
REMTNR 0.041 0.035 0272 0.259 0.856 0.954 0954 | 0834 | 0997 T.000
Contemporaneous Correlations 1993-1999, Nomina
FTALLNP[FTALLNR[FTREALNF FTRENR [TPDGELTNR[TPDMINP[TPDMINR] JLLNP [REMTNP[REMINR
FTALLNP 1,000
FTALLNR 0.999 T.000
FTREALNP [ 0486 0.499 T.000
FTRENR 0478 0.49T 0.998 1,000
TPDGELTNR|  0.088 0.076 0430 0422 T.000
TPDMTNP -0.055 0074 -0.106 0116 0483 T.000
TPDMTNR 0102 0119 -0.095 0104 0510 0.994 T.000
J NP 0.10T 0.083 0.049 0.044 0.550 0.937 0933 | 1000
REMTNP 0023 0041 -0.006 -0.005 0.550 0938 0949 [ 0929 | 1.000
REMTNR 0021 -0.037 0.033 0034 0.562 0927 | 0942 | 0924 | 0998 T.000
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Contemporaneous Correlations Full Sample, Real

RFTATTR [RFTAP|] RFTREALP [ RFTRER [RIPDGEL TRIRTPDMTP[RIPDMTRIRILLP| RREMTP | RREMTR
RFTATR T.000
RFTAP T.000 | LO0O
RFTREALP [ 0.756 | 0.756 T.000
RFTRER 0.75T | 0.750 0.998 T.000
RIPDGELTR| 0.133 | 0.142 0.358 0.341 T.000
RTPDMTP 0.03T | 0.044 0.194 0173 0.773 T.000
RTPDMTR 0014 | 0.028 0.169 0.150 0.771 0.988 T.000
RILLP 0.074 | 0.088 0.241 0.220 0.776 0.937 0.927 | 1.000
RREMTP 0.068 | 0.080 0.250 0.234 0.738 0.961 0954 [ 0.886 | 1.000
RREMTR 0.080 | 0.092 0.261 0.228 0.739 0.949 0955 [ 0.870 | 0994 T.000
Contemporaneous Correations 1987-1992, Redl
RFTAITR [RFTAP] RFTREALP [ RFTRER [RIPDGEL TRRTPDMTP|RIPDMTR] RILLP | RREMTP | RREMTR
RFTATR T.000
RFTAP T.000 | 1000
RFTREALP | 0854 | 0.856 T.000
RFTRER 0850 | 0.852 0.998 T.000
RIPDGELTR[ 0.123 | 0.178 0312 0.294 T.000
RTPDMTP 0015 | 0.0%4 0.239 0.220 0.837 T.000
RTPDMTR -0.003 | 0.006 0.194 0.175 0.821 0.997 T.000
RILLP 0.0I7 | 0.027 0.250 0.227 0.826 0.926 0916 | 1000
RREMTP 0.072 | 0.081 0.302 0.285 0.796 0971 0965 | 0.870 | 1.000
RREMTR 0.079 | 0.087 0.300 0.286 0.783 0.960 0960 | 0.843 | 09% T.000
Contemporaneous Correlations 1993-1999, Redl
RFTATTR [RFTAP] RFTREALP | RFTRER [RIPDGEL TRRTPDMTP|RIPDMTR] RILLP | RREMTP | RREMTR
RFTATR T.000
RFTAP 0999 | L.0O0O
RFTREALP [ 0509 | 0499 T.000
RFTRER 0502 | 0491 0.997 T.000
RIPDGELTR[ 0.090 | 0.098 0451 0.425 T.000
RTPDMTP 0.0IZ | 0.030 -0.078 -0.052 0.483 T.000
RTPDMTR -0.026 | -0.010 -0.03T -0.048 0523 0.988 T.000
RILLP 0156 | 0.170 0114 0.099 0553 0.938 0942 | T.000
RREMTP 0.020 | 0.035 0.053 0.043 0568 0.937 0951 | 0.930 | 1.000
RREMTR 0.03T | 0.043 0.075 0.071 0580 0915 0944 | 0924 | 0993 T.000
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Price Discovery: Quarterly Granger Tests on Capital Appreciation

Pairwise Granger Causdlity Tests
Sample: 1987:11999:4

Lags 5
Null Hypothesis. Obs F-Satigic  Probability
IPDMINP does not Granger Cause FTREALNP 47 0.42043 0.83138
FTREALNP does not Granger Cause IPDMINP 3.63055 0.00923
Pairwise Granger Causdlity Tests
Sample: 1987:1 1999:4
Lags 5
Null Hypothesis. Obs F-Satigic  Probability
FTREALNP does not Granger Cause JLLNP 47 6.86530 0.00014
JLLNP does not Granger Cause FTREALNP 0.56465 0.72636

Pairwise Granger Causdlity Tests
Sample: 1987:11999:4

Lags 5
Null Hypothesis. Obs F-Satigic  Probability
REMINP does not Granger Cause FTREALNP 47 0.64027 0.67044
FTREALNP does not Granger Cause REMINP 2.35489 0.06003
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Appendix A6: Additional Statistics, Sectoral Analysis

A6.1 Monthly Data

IPD Sector Price Indices
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Retall Prices; IPD vs REMI
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Descriptive Statistics, Monthly Total Return Series

et n et n
Mean 0.008 0.008 0.01T 0.007 0.008 0.012 0.012
Median 0.008 0.007 0.009 0007 0.008 0.010 0.010

Standard Deviation ~ 0.008 0.011 0010 0010 0013 0013 0.015
Sample Variance 0.000 0.000 0.000 0000 0000 0000 0.000
Kurtoss 1.750 0.180 0686 6561 0588 1708 31794

Skewness 0.510 0.071 0.757 1265 -0267 0569 3.789
Range 0.052 0.063 0058 0088 0078 0.08 0.159
Minimum -0012 -0026 -0.011 -0023 -0.038 -0.033 -0.021
Maximum 0.040 0.038 0047 0065 0040 0053 0.138
cv 95% 148% 92% 136% 173% 105% 123%

Mean Annualised  1026%  942%  1389%% 939% 9.68% 16.15% 15.79%
St Dev Annudised 269%  388%  347% 355% 4.63% 4.55% 523%

IPD Industria Prices, Serta Corrdation

AC PAC Q-Stat Prob

I 0.689 0.869 125.72 1 0.000
2l 0839 0.229 23826 | 0.000
3 0.792 0.066 339.2 0.000
4 0711 -01e2 | 42127 | 0.000
o 0.624 -0.165 | 48484 | 0.000
6 0.562 0.018 536.71 | 0.000

0.483 -0.05 5/5.37 | 0.000
g 0413 -0.002 | 603.82 | 0.000

9 0342 -0.059 | 625.46 0.000

10 0.302 0.105 638.84 | 0.000

11 0234 -0.092 | 64815 | 0.000

17 0.166 -0115 | 65283 | 0.000

IPD Oitice Prices;, Serral Corrdation

AC PAC Q-Stat Prob

I 0.863 0.863 11834 | 0.000
2 0.835 0.355 229.92 | 0.000
3 0.826 0.245 339.71 | 0.000
4 077 -0.055 | 43583 | 0.000
5 0.717 -0114 | 519.76 | 0.000
6 0.668 -0.109 | 59298 | 0.000

0.608 -0.104 | 65405 | 0.000
g 054 -0.046 | /0511 | 0.000

9 0499 -0026 | 746.86 0.000

10 0433 -0.068 | 77856 | 0.000

11 0.389 0.023 804.29 | 0.000

12 0.329 -0.042 | 82286 | 0.000

52



IPD Retall Prices, Serial Corrdation

AC PAC Q-Stat Prob

I 0.855 0.855 116.12 0.000
2 0.788 0.213 21545 0.000
3 0.751 0.14 306.43 0.000
4 0673 -0.70Z2 | 379.83 0.000
5 0.605 -0.048 439.6 0.000
6 0528 -0.105 | 485.48 0.000
0.438 -0.116 | 517.26 0.000

g 0.365 -0.044 5394 0.000
9 0275 -0.104 | 552.05 0.000
100 0.I9% -0.033 | 5584 0.000
111 0.118 -0.061 | 560.91 0.000
12 0.071 0.085 561.77 0.000

RE Tndustrid Prices, Serid Corrdation

AC PAC Q-Stat Prob

I 0.759 0.759 9154 0.000
2l 0.692 0.273 | 168140 | 0.000
3 0644 0142 | 235.010 | 0.000
4 0547 -0.068 | 283460 | 0.000
5 0450 -0.104 | 316,560 [ 0.000
6 0.39% 0001 | 342250 | 0.000
0.364 0.079 | 364120 | 0.000

g 0.307 0.000 | 379850 | 0.000
9 0242 -0.078 | 380,640 [ 0.000
100 0.243 0.072 | 399.630 | 0.000
11 0.200 -0.024 | 406.400 | 0.000
12 0144 -0.060 | 409.950 [ 0.000

RE Office Prices, Serid Corrdation

AC PAC Q-Stat Prob

I 0779 0.779 96.493 0.000
2l 0.739 0.337 18394 0.000
3 0677 0.095 257.82 0.000
4 0.699 0.243 337.01 0.000
5 0624 -0.055 | 400.66 0.000
6 059 -0.006 | 458.64 0.000
0.5 0.014 509.47 0.000

g 0.506 -0.085 | 55211 0.000
9 0392 -0.243 | 577.82 0.000
100 034 -0.085 | 597.33 0.000
11 0.292 -0.04Z2 | 61181 0.000
12 0.258 -0.008 | 623.22 0.000
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RE Retal Prices; Serid Correlation

AC PAC Q-Stat Prob
I 0641 0.641 65.377 0.000
2l 0612 0.341 12533 0.000
3 0475 -0.004 | 161.69 0.000
4 0.46 0.098 195.93 0.000
5 0.468 0177 231.7 0.000
6 0334 -0.165 | 250.03 0.000
0.251 -0.147 | 26042 0.000
g 0.163 -0.041 | 264.82 0.000
9 0.092 -0.04 | 266.23 0.000
100 0.053 -0.06 266.71 0.000
11 0.016 0.042 266.75 0.000
12 -0.023 0.008 266.84 0.000
RE Retall Warehouse Prices, Seria Corréation
AC PAC Q-Stat Prob
I 0339 0.339 18.324 0.000
2l 0.238 0.139 27387 0.000
3 0314 0.227 43244 0.000
4 0322 0.177 60.049 0.000
5 0272 0.099 72124 0.000
g 0242 0.06 81727 0.000
0.14 -0.074 | 84.985 0.000
g 0031 -0.165 8.14 0.000
9 0.045 -0.084 | 85487 0.000
100 004 -0.051 | 85.752 0.000
111 0.03 0.017 85.908 0.000
172/ -0083 [ -0.084 | 87.092 0.000

RE Retall Warehouse Prices; Seria Correlation

excluding June 1988
AC PAC Q-Stat Prob
I 0559 0.559 49.335 0.000
2l 0490 0.258 87.460 0.000
3 0463 0181 | 121.810 | 0.000
4 0490 0.208 | 160.550 | 0.000
o 0429 0.056 | 190430 | 0.000
o 0.361 -0.022 | 211./50 | 0.000
0.210 -0.207 | 219.030 [ 0.000
g 0.102 -0.236 | 220.740 [ 0.000
9 0115 -0.03c | 222950 | 0.000
100 0071 -0.032 | 223.7/0 | 0.000
111 -0.042 -0.092 | 2240/0 | 0.000
71 -0106 | -0.025 | 2259/0 | 0.000
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Correlation coefficients, tota returns, monthly series
et n et

[PDRetR  1.000

IPDOffR  0.792 1.000

IPDIndR  0.810 0.870 1.000

RERetR  0.777 0.632 0.654 1.000

REOffR  0.766 0.810 0.769 0.684 1.000

REIndR  0.691 0.687 0.833 0.669 0.683 1.000
RERWR 0576 0433 0434 0.492 0.392 0.489 1.000
Pairwise Granger Causality Tests

Sample: 1987:01 1999:12

Lags: 13

Null Hypothesis: Obs F-Statigic Probability
IPDOFFP does not Granger Cause IPDINDP 143 2.209 0.013
IPDINDP does not Granger Cause IPDOFFP 1110 0.357
Pairwise Granger Causdlity Tests

Sample: 1987:01 1999:12

Lags: 13

Null Hypothess: Obs F-Stigic Probability
IPDINDP does not Granger Cause REINDP 143 3.141 0.000
REINDP does not Granger Cause IPDINDP 0.942 0.513
Pairwise Granger Causdlity Tests

Sample: 1987:01 1999:12

Lags: 13

Null Hypothesis. Obs F-Stidic Probability
IPDRETP does not Granger Cause RERETP 143 2.823 0.002
RERETP does not Granger Cause IPDRETP 0.991 0.465
Pairwise Granger Causality Tests

Sample: 1987:01 1999:12

Lags 13

Null Hypothess: Obs F-Stigic Probability
IPDRETP does not Granger Cause RERWP 143 3.293 0.000
RERWP does not Granger Cause IPDRETP 1.156 0.321
Pairwise Granger Causdlity Tests

Sample: 1987:01 1999:12

Lags: 13

Null Hypothesis. Obs F-Stidic Probability
IPDOFFP does not Granger Cause REINDP 143 2.157 0.016
REINDP does not Granger Cause |IPDOFFP 0.832 0.626
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A6.2 Quarterly Data

Price Indices. Quarterly Office Series
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Price Indices: Quarterly Indudtrial Series
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Contemporaneous Correlation, Quarterly Price Change Series

IPDRetP _ IPDOffP_IPDIndP _JLLRetP JLLOffP JLLINndP RERetP  REOffP REINdP _RERWP

IPDRetP  1.000

IPDOffP  0.870 1.000

IPDIndP  0.854 0.924 1.000

JLLRetP  0.921 0.858 0.789  1.000

JLLOffP  0.789 0.916 0825 0.836  1.000

JLLIndP  0.744 0.867 0820 0773 0831 1.000

RERetP 0.905 0.787 0.794 0841 0701 0.686 1.000

REOffP 0.858 0.929 0.863 0.840 0.850 0.804 0.805 1.000

REIndP 0.803 0.803 0903 0763 0691 0675 0816 0.794 1.000
RERWP  0.757 0.542 0560 0680 0430 0349 0.706 0536  0.673 1.000
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Autocorrdation, |PD Quarterly Price Changes By Sector

TPD Thdugiral Prices

AC PAC QStat Prob
1 0846 0846 39363 000
2 0599 -0406 5952  0.00
3 0384 0065 6798 000
4 0203 -0123 70408 000
5 0005 -0258 70409  0.00
TPD Office PTices

AC PAC QStat Prob
1 0892 08%2 43766 000
2 074 -0265 74557 000
3 0543 -0292 9146 000
4 0369 0064 99419 000
5 0206 -0068 10196 0.0
TPD Retal Prices

AC PAC Q-Stat Prob
1 0812 0812 36323 000
2 0578 -0241 55068 000
3 0307 -025 60456 0.00
4 0078 -0053 60814 000
5 -0128 -0155 61793  0.00

58



Autocorrdation, JLL Quarterly Price Changes By Sector

JCC TRduStial PTIces
AC PAC Q-Stat Prob
0707 0707 2752 000
0562 0123 45232 000
0372 -0128 53171 000
0245 -0032 56671  0.00
0139 -0021 57826  0.00

O rrWNPEF

JLL Office Prices
AC PAC Q-Stat Prob
0.756 0.756 31.465 0.00
0.652 0.188 55.33 0.00
0.5 -0.103  69.631 0.00
0.302 -0.245  74.968 0.00
0.104 -0.22 75.613 0.00

abrWwWNPE

JLL Retall Prices
AC PAC Q-Stat Prob
0.741 0.741  30.246 0.00
0543 -0014 46815 0.00
0324 -0163 52844 0.00
0155  -0.059 54253 0.00
0 -0.1 54.253 0.00

O brhWN P
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Autocorrdation, REMI Quarterly Price Changes By Sector

RE Thdustrial PTices
AC PAC Q-Stat Prob
0739 0739 30075  0.00
0484 -0138 4321  0.00
0307 0004 486  0.00
0185 -0019 50592 0.0
0028 -0178 50638  0.00

O rrWNPEF

RE Office Prices
AC PAC Q-Stat Prob
0.796 0.796 34.928 0.00
0.703 0.187 62.659 0.00
0.488 -0.33 76.282 0.00
0.289 -0.241 81162 0.00
0.153 0.111 82.569 0.00

abrWwWNPE

RE Retall Prices
AC PAC Q-Stat Prob
0.68 0.68 2545 0.00
0.484 0.04 38.583 0.00
0174  -0315 40314 0.00
0015 -0011 40.327 0.00
-0.14 -0.077  41.506 0.00

O brhWN P

RE Retall Warehouse Prices
AC PAC Q-Stat Prob
0.536 0.536 15.799 0.00
0.327 0057 21821 0.00
0102 -0132 22417 0.00
-0.08 -0.146  22.792 0.00
-0.22 -0.143  25.674 0.00

Oabh wWN P
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