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Abstract

This paper investigates the degree of return volatility persistence and the time-varying
behaviour of systematic risk (beta) for 31 market segments in the UK real estate market. The
findings suggest that different property types exhibit differences in volatility persistence and
time variability. There is aso evidence that the volatility persstence of each market segment
and its systematic risk are sgnificantly pogtively related. Thus, the systematic risks of
different property types tend to move in different directions during periods of increased
market volatility. Findly, the market segments with systematic risks less than one tend to
show negative time variability, while market segments with systematic risk greater than one
generdly show postive time variability, indicating a postive relationship between the
volatility of the market and the systematic risk of individua market segments. Consequently
safer and riskier market segments are affected differently by increases in market volatility.

Keywords: Volatility Persistence, Time Varying Betas, UK Real Estate Returns.



Volatility Persstenceand Time-Varying Betasin the UK Real Estate Mar ket
1. Introduction

There is increasing evidence to support the persistence and time-varying voldility of equity
market across the world (e.g. Poon and Taylor, 1992, Schwert and Seguin 1990). In particular,
the studies show that the first order autocorrelaion in returns increases in periods of low voltility
and decreases in periods of high volaility (Senta and Wadhwani, 1992 and LeBaron, 1992). In
other words, volatlity and autocorrdation are dgnificantly negatively related.  This is a
phenomenon that is not limited to equity markets, (eg. Koutmos, 1994 and Giovannini and
Jorian, 1989). Examination of the persstence of volatility across different asset markets is
important as Giovannini and Jorian (1989) find that the atistical performance of capital asset
pricing models improves significantly when the conditiond variance in time series returns is not
congrained to be congtant over time. Recent sudies use the ARCH methodology to jointly mode
the mean and voldility of time series returns of an asset. The general conclusions of which are
that volatility persstence can last a consderable time and that the duration of such persstence
depends on the assets under investigation. However, despite the extensive evidence @ the
persstence of volatility in equity market there is no work focusing on the behaviour of volatility
persistence in the direct real estate market.

There is considerable evidence that suggests that the systematic risk of equity markets are time
varying for individua stocks and portfolios of differing szes, Blume (1971, 1975), Ohlson and
Rosenberg (1982), Lee and Chen (1982), Bos and Newbold (1984), Smmonds et d. (1986) and
Collins et d (1987). In contrast, only one study formaly investigated the ingtability in red estate
portfolio betas, Lee (2001). The author concludes thet red estate portfolio betas are unstable and
that this ingtability is not related to a specific property-type or region. This implies that the
systematic risk of an asset cannot be assumed to be congtant over time and needs to be modelled
by atime-varying parameter. This is particularly important as it implies that when the systemétic
risk of an asset is esdtimated using ordinary least squares (OLS) regression techniques and it is
assumed that the beta is a congtant, when in fact the beta is time varying, the resduas will be
heteroskedagtic. As a reault, the beta estimate will be inconsstent and any inference about the
sgnificance of the result will be compromised. Schwert and Seguin (1990) discuss the
implications of such heteroskedadticity for testing capitd asset pricing modes and propose a
sgngle index market modd (SIMM) for US equities yidding time-varying betas, an approach that
as been successfully applied to internationa equity markets by Koutmos et al (1994).

The purpose of this paper is to present evidence on the time-varying behaviour and voldility
persistence in 31 markets segments in the UK real estate market using 14 years of monthly data.
The volatility behaviour of the returns of these market segments is also compared to that of the
vaue-weighted market index. Then using the method proposed by Schwert and Seguin (1990),
time-varying betas are estimated for each of the 31 market segments.

The remainder of the paper is organised as follows. The next section discusses the data used and
presents preliminary results.  Section three describes the dtatisticadl methodology employed to
study voldtility persstence and presents the results of the analyss. Section four then presents the
modd of Schwert and Seguin (1990) and the results for the time-varying betas. Findly, section
five concludes the paper and suggests directions for future research.



2. Data and Preiminary Findings

The data used in this study are the monthly tota returns data complied by the Investment Property
Databank (IPD), covering the period 1987:1 to 2000:12, a total of 168 observations. The data
divided into a number of property-types and geographical regions making atotal o 31 real estate
market segments.  The returns of the market index (IPDMI) are represented by the vaue-
weighted performance of dl the properties within the database. Monthly returns were calculated
as the change in the logarithm of successive return indices of the various market segments, that is,
R =100* log(l; /1.1), where: Riis the return at time t; I; isthe return index at timet and li1 is
the return index at time t-1.

Table 1 contains summary statistics for the monthly return series of the market index and the 31
market segments. An examination of Table 1 indicates that the industria sector offered the
highest returns on average over the period of analysis, the office sector showing the least. The
retail sector presented the lowest risk (standard deviation) and the office sector the highest. Al
market segments display significant postive skewness, except for offices in the City of London,
which shows significantly negative skewness. In contrast, returns of the market index are fairly
symmetric. The market and al the markets segments showed significant positive excess kurtosis
(i.e. greater than 3). Thus, dl the time series data are leptokurtic and so display greater
peskedness than expected from normally distributed data  All the market segments exhibit
dgnificant departures from normality at the 1% level, as shown by the Jarque-Bera (JB) datistic,
while the returns of the market index are dgnificant at the 10% level. Such departure from
normality can be credited to the presence of a high proportion of zero returns and too few larger
negative and positive returns.  This can be attributed to the thinly traded nature of direct property
where new information is infrequent and is only dowly impounded into vauaions, upon which
the capitd returns are based, Lizieri and Ward (2000).

Table 1 aso shows the unit root (stationary) tests for the logarithm of the index values and returns
series. A number of dternative tests are available for testing whether a series is Stationary or not,
the Augmented Dickey-Fuller (ADF), Dickey and Fuller (1979), as well as the Phillips-Perron
(PP) test developed by Phillips (1987) and Phillips and Perron (1988). However, the ADF test is
only vdid under the crucid assumption that the data is homoskedagticity and shows no evidence
of autocorrelation. To correct for this the ADF test requires the introduction of lagged first
difference terms, which introduces the question of the required lag order. The usud, but not
helpful, advice is to include lags of sufficient length to whiten the resduds. In contrast, the PP
tests do not require the assumption of homoskedadticity of the error term (Phillips, 1987), and
uses a nonparametric correction for autocorrelation. Consequently, the PP tests provide unit root
tests results that are robust to both serid correlation and heteroskedasticity in the resduals. The
following analyss, therefore, employs the PP test.  Acceptance of the null implies that the deta
exhibits a unit root and that further differencing of the series is necessary to investigate its
stochadtic properties. The results in Table 2 indicate that there is a unit root in the logarithm of
theindicesin al cases; however, the null is rgjected for the return series.



Table 1: Summary Statistics for the Market Index and the 31 Segments:
Monthly Data 1987:1 to 2000: 12

Market Segment M ean SD Sks Kurt JB PP(In) PP(R)
Retal Central London 0.93 1.33 0.46 9.98 3471  -0.92 -7.91
Retail Rest of London 0.73 0.84 1.01* 4.64* 477 -175 -6.68
Retail Inner South East 0.62 1.01 1.19* 651 1254 -1.71  -7.28
Retail Outer South East 0.65 0.89 1.43* 6.61 148.7 -2.77 -7.37
Retail Eastern 0.64 0.88 0.85* 5.86 775 -1.77 -8.13
Retail South West 0.61 0.84 0.77* 6.16 865 -1.66 -8.04
Retail East Midlands 0.80 0.92 2.01* 10.83 5420 -255 -9.90
Retail West Midlands 0.66 0.84 120 7.97 2133 -1.78 -9.01
Retail Y orkshire & Humberside 0.73 0.87 1.01* 565 777 -161 -8.88
Retail North West 0.73 1.01 1.63* 11.93 632.7 -1.61 -7.78
Retail North East 0.61 0.95 0.32 7.50 1445 -1.44 -10.06
Retail Scotland 0.86 0.95 1.89* 12.98 797.0 -153 -8.35
Retail Wales 0.85 0.89 135 761 200.3 -1.79 -10.73
Offices City of London 0.47 1.66 -1.08* 894 2794 -040 -7.70
Offices Mid-Town 0.73 171 0.04 5.15 325 -099 -6.33
Offices West End 0.93 1.55 0.81* 852 2319 -1.21 -6.55
Offices Rest of London 0.88 1.14 0.52 3.93 135 -0.44 -7.68
Offices Inner South East 0.76 1.06 -0.23 4.62 199 -0.60 -6.99
Offices Outer South East 0.74 111 0.79* 512 489 -171 -7.65
Offices Eastern 0.88 1.47 2.36* 19.57 20775 -165 -8.11
Offices South West 0.86 1.34 0.33 5.96 643 -1.84 -7.56
Offices Midlands & Wales 0.93 1.06 167+ 781 240.1 -1.84 -9.74
Offices Rest of England 1.14 1.34 1.73* 642 1657 -2.38 -8.23
Offices Scotland 0.76 1.26 147  7.92 2301 -1.72 -7.38
IndustrialsLondon 1.09 1.10 143* 1014 4139 -166 -7.93
Industrials Inner South East 0.93 1.06 0.45 3.66* 89 -153 -7.59
Industrials Outer South East 1.09 1.07 0.91* 4.98 50.7 -2.37 -8.13
Industrials Eastern 1.06 1.24 0.88* 6.37 101.0 -2.28 -8.31
Industrials South West 1.16 1.12 1.74* 8.88 3263 -249 -9.20
Industrials Midlands & Wales 121 1.18 1.42* 6.78 156.2 -2.29 -6.80
Industrials Northeast & Scotland ~ 1.26 111 1.42* 542 973 -2.17 -815
Retail Average 0.73 0.94 1.16 8.02 2647 -176 -847
Office Average 0.83 1.34 0.77 7.63 3095 -1.34 -7.63
Industrial Average 1.11 1.13 1.18 6.60 1649 -211 -8.02
Overall Average 0.85 1.12 1.03 7.56 2580 -1.69 -8.07
IPDMI 0.84 0.85 0.28 3.59 46 -1.47 -6.12

Note: Sk is the skewness statistic * indicates significance at the 5% level. Kurt is the Kurtosis statistics.
All the kurtosis values are significant at the 5% level, except * which is significant at the 10% level

JB isthe Jarque-Bera statistic for normality. All the JB statistics are significant at the 1% level.
PP isthe PhillipsPerron test for stationarity. The critical value for the PP testsis —4.02 at the 1% level.

Inspection of the correlograms for each market segment and the market index indicates that the
returns exhibit significant autocorredation, see Table 1 in the appendix. In particular, the
indudtrial sector tends to have autocorrdation coefficients that are grester in magnitude and
dgnificance, a dl lags, while the retail sector shows the least. The autocorrelation coefficients
are generally smdler as the lag length increases, especidly for the retail sector, nonetheess for dl
market segments and the market index the autocorrelation datigtics up to the 12" lag are
significantly different from zero, based on Ljund-Box (LB) Q-datidtics.

Table 2, in the appendix, shows the correlograms for the squared returns. Here a number of
changes in the pattern between the squared returns and the underlying return series can be
detected. Firdt, the autocorrelation coefficients are sgnificant up to lag two for al market
segments and the market index, except for the Central London retail segment and offices in the
City of London and the Eastern region. Beyond the first two lags the autocorreation coefficients
of the squared returns become increasing significant as the lag length increases. Thisimplies that
non-linear dependency is prevalent in al maket ssgments and the market index. Strong
autocorrelation in the squared returns is aso a symptom of changing unconditiond or conditiond



variance. Secondly, athough the industrial sector gtill shows the greatest autocorrelations by
magnitude and significance, it is now the office sector that shows the least values. This suggests
that the volatility of indudtrid sector is likely to be more clustered than the voltility of the office
sector.

In summary, the preiminary analyss indicates that the returns are more skewed and leptokurtic
than norma and that while the returns are dationary the index vaues are not. Finally, thereis
evidence of linear and non-linear dependencies in the return series suggesting thet the conditiona
variance may be time dependent. Thus further investigation of the stochastic properties of the
various returns series necessarily involves proper modelling of these dependencies.

3. Modélling Volatility Persistence

The presence of linear dependency in the return series suggests that the conditiona mean of the
return digtribution is a function of either past resduds (Scholes and Williams, B77) or past
returns (Lo and MacKinlay, 1988). Likewise, the presence of second-moment dependencies
suggests that the conditionad variance is time-dependent and heteroskedastic.  Thus the
conditional mean and variance of each return series is moddled using the Generalised
AutoRegressive Conditiona Heteroskedagtic (GARCH) family of Satistical processes to capture
the effect of changing voldtility in a time series (see Engle, 1982 and Bollerdev, 1986).
Following Bollerdev (1986), we specify the conditional variance as a GARCH(p,q) process,
where the conditiond variance h at time t is a function of its past squared errors (from the mean
equation) and its own conditiond variance h;

h -m+g be? . S h 1
t = a bet; +cg hy @
i=1 i=1

where p and q are the order of the process. That is the conditiona variance at time t is a linear
function of the previous p period errors squared and its own conditiond variance up to period Q.
This autoregressive specification can, therefore, capture any persstence in return voldility. In
addition, with financia data, this modd captures the tendency for voldility clustering, identified
by Fama (1965) and Manddbrot (1963). The sum of the b and ¢ measures the degree of
persstence in the conditiona variance process. For sability of the volatility process, the
coefficients of the lagged errors (b) and lagged conditiond variances (c) must sum to less than
one.

Severd addition characteristics of redl estate returns need to be incorporated into the model. The
high cog of obtaining information and length of time needed to negotiate the purchasing and
sdling of property in direct red estate markets would suggest that serid corrdation within red
edtate returns is possible, without implying any inefficiency in the pricing. However, the incident
of “appraisal bias’ may imply pricing inefficiency. Because these ingtitutiona factors can induce
a serid correlation in these returns, while the GARCH models assume that the conditiond error is
seridly uncorrdated, it is necessary to extract this serial correlation from the real estate return’'s
firg moment. To dlow for such serid corrdation Bollerdev (1987) and French et al (1987)
adjust the conditiond mean return equation by means of a firgd-order moving average term,
MA(D'. In particular, Poon and Taylor (1992) argue that inclusion of an insignificant MA term
is unlikely to affect the reliability of the inferences but the consequences of ignoring a relevant
MA term can be severe.

1 Whiletheuseof a MA(1) process may not fully capture all the effects of athin market, sensitivity analysis shows that the usedfan
AR(2) instead of the MA(1) process does not substantially alter the magnitude or significance of the coefficient estimates.



The pattern of autocorrelation, reported in Tables 1 and 2 of the gppendix, is consgstent with an
ARMA process in the returns series of the various market segments. Consequently an
ARMA(1,1) specification in the conditiona mean is used so as to provide a parsmonious
representation of the autocorrelation in the returns series. Hence the full specification that is
estimated is an ARMA(1,1)-GARCH(1,1)* process, where the mean equation is given in equation
2

Rit=m+fiRj1+€ -0y ()

where R, isthe return of the ith market segment in montht, e W1 ~N(@©h; ) and W, , is

the set of dl available information at time tl. The autoregressive coefficient f , captures firgt-
order autocorrdation in the series’, while the moving average coefficient ¢, provides a
parsmonious representation of the decay in the autocorrdation function of the returns. The
conditiona variance equation to be estimated is given by the following:

ht:m+biet2—j+ciht—l (€)

In equation 3 the conditiona variance h is modelled as a GARCH(1,1)* process thus the
coefficient b measures the impact of past volatility shocks (i.e. past squared unexpected returns
from equation 2) has on the current conditiona variance, while the coefficient ¢ measures the
impact of past conditiond variance as on current conditional variance, that is the collective
impact of al past shocks on the current conditiond variance. Given b,c3 0, alarge shock to the
variance in the current period will increase the variance in the next period, thereby increasing the
chance of alarge shock in the next period. Moreover, as (b +c) ® 1, theimpact of these shocks
becomes more persistent.

The ARMA(1,1)-GARCH(1,1) modd edtimated the each of the 31 market segments and the
market index, the results presented in Table 2. Statisticd inference regarding the coefficients is
based on robust standard errors derived by Bollerdev and Woodridge (1992) in order to dlow for
possble violations of the assumption of normadity, as conventiond approaches tend to
underestimate the true standard errors.

As can be seen in Table 2 dl of the coefficients in the mean equation have the correct Sgns. In
addition, the coefficient of the returns lagged one period and the MA terms are dl sgnificant at
the 1% level in dl market segments. The impact of lagged returns is greatest, on average, in the
office sector (0.935) and least in the retail sector (0.896). Interestingly, there is atendency for the
coefficient value to fal the further away the segment is from London and the Southeast. This
indicates that the effect of past returns is greatest for the office sector, especidly in the South, and
least for the retail sector as suggested by the autocorrelaion functions in Tables 1 and 2 in the

aopendix.

2 In adifferent context Brown and Ong (1998) derive a similar representation of monthly returns in the UK.

3 Second andthird order lags were a'so considered but proved insignificant. A first order lag in returnsis aso consistent with the
optimal behaviour of valuersin carry out appraisals, Quan and Quigley (1991).

4 Alternative specifications were also tried such as GARCH(1,2) and GARCH(2,2) but the GARCH(1,1) proved to bethemodd with

the greatest log likelihood ratio. Confirming the argument of Engle (1995) that the GARCH(1,1) remains “the leading generic model
for ailmost all classes of returns.”



Table2: ARMA(1,1)-GARCH(1,1) Resultsfor the Market Index and the 31 Segments

Market Segment m Ri1 MA1 m b ¢ HL Sk Kurt JB
Retarl Central London 0052 0927 -052T -0.008 0110 ~0.880 69 1.03* 858 246.2
Retail Rest of London 0.113 0874 -0.312 0.284 0.003 0.046 0 128 733 176.0
Retail Inner South East 0.023 0906 -0515 0038 0269 0686 15 030 508 327
Retail Outer South East 0.065 0.869 -0.349 0005 0.091 0884 28 1.36* 7.46 189.5
Retail Eastern 0.047 0915 -0.39%6 0.012 0.013 0944 10 0.81* 756 162.9
Retail South West 0.063 0.864 -0428 0.103 0424 0.333 2 024 606 669
Retail East Midlands 0.030 0945 -0.466 0.076 0454 0.405 5 043 377 9.2%
Retail West Midlands 0.034 0968 -0.626 0286 0.678 0.091 1 069 453 298
Retail Yorkshire & Humberside  0.037 0.929 -0439 0.111 0.745 0187 10 -0.11 6.09 66.9
Retail North West 0.041 0886 -0280 0044 0341 0621 18 0.07 6.00 626
Retail North East 0.092 0.827 -0537 0530 0423 0.053 1 -053 846 2154
Retail Scotland 0.089 0900 -0476 0.070 0304 0571 5 117* 581 933
Retail Wales 0151 0844 -0455 0375 0135 0.222 1 105 7.05 1450
Offices City of London 0.042 0953 -0.668 -0.006 0.002 0985 52 -0.28 7.85 165.7
Offices Mid-Town 0.053 0.956 -0.612 -0.001 0.049 0.944 100 -0.04 583 559
Offices West End 0.077 0936 -0.479 0005 0.021 0960 35 0.91* 895 269.2
Offices Rest of London 0.058 0.952 -0560 0.020 0122 0842 19 0.76* 491 414
Offices Inner South East 0.049 0943 -0435 -0.001 0.045 0944 62 -0.10 844 206.5
Offices Out er South East 0.028 0980 -0546 0.036 0430 0560 69 0.31 582 582
Offices Eastern 0.034 0918 -0.467 0500 0.780 0.061 4 -0.08 676 983
Offices South West 0.075 0921 -0509 0.000 0.070 0.925 151 0.17 7.02 1135
Offices Midlands & Wales 0.082 0903 -0.616 0.007 0.097 0886 41 118 579 933
Offices Rest of England 0.092 0.889 -0.493 -0.004 0.034 0953 53 077 414 258
Offices Scotland 0.050 0933 -0.466 0.005 0.018 0960 31  1.53* 11.49 566.5
IndustrialsLondon 0.090 0929 -0510 0061 028 0646 10 063 722 1351
Industrials Inner South East 0.038 0974 -0564 0013 0.049 0897 13 050 380 114
Industrials Outer South East 0.059 0.950 -0559 0.014 0310 0.680 69 054 3.26 8.5*
Industrials Eastern 0.084 0914 -0545 0000 0.020 0963 39 034 449 188
Industrials South West 0115 0.881 -0.333 0016 0420 0575 138 0.70v0 551 574

Industrials Midlands & Wales 0.110 0.878 -0.510 0.001 0300 0695 138 0.17 4.67 20.2
Industrials Northeast & Scotland  0.105 0.901 -0.444 -0.001 0.048 0937 43 0.72* 428 257

Retall 0064 089 -0.446 0148 0305 0434 13 060 6.45 1151
Office 0.058 0935 -0532 0051 0152 0820 56 047 7.00 154.0
Industrial 0.086 0918 -0.495 0.015 0204 0770 64 051 4.75 39.6
IPDMI 0.039 0958 -0.313 0.017 0.148 0.728 5 -025 886 2410

Note: Sk 1S the Skewness Stalistic, ~ indicaies sgnificance & the 5% level.  Kurt Isthe kurtoss Saisic and al the vaues
are al significant at the 5% level. JB isthe Jarque-Beratest isatest of normdity. All JB statigtics are Significant at the
5% level except those marked *.

The conditiona variance equation for the market index and al 31 market segments shows the b
and c coefficients are dl highly dgnificant. The high significance of both coefficients confirm
the findings of previous studies, in the equity and bond markets, see for example Poon and Taylor
(1992), Hamao et al (1990). In addition, the log-likelihood ratio test rejects the hypothesis of

homoskedadtic returns of al market segments and the market portfolio. This implies that
conditiona heteroskedagticity is present in each of the market segment return series and the
market index.

Looking in detail across the market segments clearly there is a lack of homogeneity across and
within the property-types concerning the magnitude of b and c. For instance the magnitude of b
that captures the impact that unexpected return has on volatility the next month ranges from 0.013
to 0.780. Across the individua property types we can see that on average the greatest impact is
on the retail sector (0.305) followed by industrias (0.204) and then the office sector (0.152). This
means that a return shock in the retail sector causes over twice as much volatility in the next
month as a return shock to the office sector.

The c coefficient, which captures the tendency for shocks to the conditiona variance to persst,
are just as heterogeneous with the values ranging from 0.091 to 0.985. The greatest impact is on



average for the office sector (0.820), especidly in London, and the least in the retails sector
(0.434), paticularly the further away the region is from London. Volaility persstence, as
measured by the sum of b and c, is high for al market segments but aways less than 1. In
particular the combination of b and ¢ suggests that shocks to the voldtility of the office and
industrid sectors are much more persistent than shocks to the retail sector. A more intuitive way
of measuring persistence in the voltility processes is to caculate the half -life (HL) of a shock to
the process, that is, the time that it takes for haf of the shock to have dissipated, where the HL for
the ith segment may be caculated as HL; =1og(0.5) /(log(b; +¢;)) . Inthe case of the retail sector
the HL isjust over one year & 13 months on average, for the office sector the figure is just under
four years at 40 months, wheress for the industria sector, the HL is about over five years a 64
months.

Finaly, Table 2 presents severd diagnostic tests performed on the standardised residuals for the
purpose of testing the robustness of the results and the adequacy of the models. A particular
appeding property of the GARCH modd is that it dlows the series to have excess kurtosis
without violating the normdity assumption, and therefore to be symmetric, Engle (1982).
Nonetheless, al standardised residuals ill display evidence of non-normdlity, as indicated by the
JB tests, except for retails in the East Midlands and industrids in the Outer Southeast. However,
the sizes of the skewness and kurtoss datigtics are, in the main, of a lower magnitude and
significance than the origind returns.  For instance, the skewness satitics of the standardised
resduds is now only significant for 13 of the market segments compared with 24 for the origina
series. This suggests that the standardised residuals are closer to normdity than the origina data.
In this respect, the estimated models appear to explain of the normdity violations in the origina
return series.  Ingpection of the corrdlograms of the standardised residuas (Table 3 in the
gppendix) indicates that the first and second order residuals are below ther critical vaues,
regjecting the hypothesis of linear dependencies in each market segment and the market index.
However, LB Qdatidics for lags 6 and 12 ill show dgnificant dependencies at these higher
lags, for anumber of segments. Be that as it may the correlograms and the LB Q-gatigtics of the
squared standardised residuds (Table 4 in the gppendix), shows that non-linear dependencies
have been diminated for al segments and the market index and a dl lags. Thisindicates that the
model fares well in terms of accounting for the heteroskedagticity and changing unconditiona or
conditiond variance in the origina series.

4. Time-Varying Betas

The smplest way to caculate a portfolio betais to use the sngle index market mode (SIMM)
that links the returns of the asset to the returns of amarket index by the following equation:

rp=a+bry,+e, fort=1,..T 4)
where r,, isthe return of the ith asset a timet, r,,, isthereturn of the market index a timet, b
(betd) isthe dope coefficient of the regression measuring the change in the asset’ s returns relaive
to those of the market and a (alpha) isameasure of the asset’ s returns independent of the market.

Schwert and Seguin (1990) suggest that the time-varying beta conditiond upon the market
volaility can be modded by the following equation:

bi :bi +di/S|?nt (5)



where s2, is the conditiona variance of returns of the market index. According to equation 5,
the time-varying beta consists of a constant term b and a time-varying term d. A positive d
implies that the systematic risk of the ith assets varies inversaly with market voltility, whereas a
negative d implies that systematic risk and market volatility is postively related. In other words
if d is negative (positive), increases in market volatility leads to an increase (decrease) in the beta
of the asst, other things held congtant. Subtituting equation (5) into equation (4) gives the
following heteroskedastic market modd (HMM):

e =a+biry +d (rpy /S 2) +&, fort=1,..T 6)

Table 3 presents the heteroskedadticity consstent estimates of equation (6) using the Newey-West
method. The conditiond variance of the market index derived from the ARMA(L1)-
GARCH(1,1) model shownin Table 2.

The time-varying coefficient d is negative for al regions in the retall sector, sgnificantly so for 9
regions at the 10% level. Thisimplies that as the volatility of the market increases the systematic
risk of the retail sector increases. In contrast d is pogtive for 7 of the 11 office regions, 4
significant at the 10% level. The significantly positive coefficients concentrated in London and
the Southeast. Thus, an increase in market volatility tends to lead to afal in the sysematic risk
of offices, especidly in the Southesst. Thisimpliesthat the systematic risk of the retail and office
property-types tend to move in oppodte directions in periods of increased market voldility. In
contradt, the incidence of negative and positive d coefficients in the indudtria sector is dmogt
equally split between the regions. Interestingly the postive vaues are concentrated in the South
and negative vaues in the North, with the northern regions displaying the greater evidence of
dgnificance. Consequently, different property-types and different regions behave differently with
increases in market volatility.

Table 3 shows that the on average the time varying estimates of b are dmost identicd to those of
the SIMM, 1.032 compared with 0.990. This provides evidence that the results in the first part of
Table 3 are not driven by any interaction between the two explanatory variables. Further
evidence is provides by the adjusted Rsquared vaues of the models. The adjusted R-squared
vaues of the SIMM are nearly identical to those of the time varying modd. Therefore, the
improvement in explanatory power can be atributed to the market volatility term.

Table 3 dso shows that on average for those market segments with betas less than one, the d
coefficient tends to be negative, while the market segments with betas greater than one d are
postive. There is a sgnificantly negative relaionship ¢0.36, p=0.047) between the systematic
risk and time-varying coefficients, based on the Spearman rank correlation test. This supports the
view that safe and risky assets are affected differently by increases in market volatility. Findly,
there is a dgnificantly postive correlation between systematic risk and volatility persistence
(049, p=0.005). This implies that the market segments with the grestest volatility persistence
generaly show negative d coefficients, indicating a direct relationship between market volatility
and systematic risk.



Table 3: Beta Estimates of SIMM and HMM

HMM SIMM
Market Segment a b d AdJRSq b AdRSq
"Retal Central London 0.056 1.124 -0.009 46.2 1.068 46.4
Retail Rest of London 0.078 0.943  -0.019* 70.3 0.825 69.6
Retail Inner South East -0.116 1154  -0.032* 66.0 0.960 64.5
Retail Outer South East 0.026 1.041 -0.035* 64.1 0.828 61.6
Retail Eastern -0.019 0.866  -0.008 65.5 0.821 62.9
Retail South West -0.009 1.019 -0.032* 71.0 0.823 68.6
Retail East Midlands 0.210 1.001 -0.034* 55.6 0.795 53.6
Retail West Midlands 0.087 0.990 -0.035* 63.3 0.772 60.3
Retail Y orkshire & Humberside 0.106 0939 -0.022* 61.5 0.803 60.6
Retail North West 0.075 1.003 -0.026* 51.4 0.847 50.6
Retail North East 0.116 0.683  -0.011 30.0 0.618 30.2
Retail Scotland 0.291 0.987  -0.036* 48.9 0.769 46.8
Retail Wales 0.370 0.786 -0.024 37.1 0.637 36.2
Offices City of London -0.769 0.696 0.089* 44.9 1.243 40.2
Offices Mid-Town -0.705 1451 0.028 64.7 1.620 64.3
Offices West End -0.429 1.090 0.057* 64.3 1435 61.4
Offices Rest of London -0.051 0.984 0.013 62.8 1.066 62.8
Offices Inner South East -0.254 0.898 0.035* 80.6 1112 78.5
Offices Outer South East -0.153 0.843 0.024 57.8 0.993 57.2
Offices Eastern -0.218 1.107 0.022 51.5 1.242 51.4
Offices South West -0.117 1425 -0.030* 62.6 1.244 61.9
Offices Midlands & Wales 0.292 0.812 -0.006 37.5 0.773 37.8
Offices Rest of England 0.316 1212 -0.029 44.3 1.031 42.1
Offices Scotland -0.124 1.106 -0.006 51.6 1.072 51.6
IndustrialsLondon 0.203 0.943 0.012 60.8 1.014 60.8
Industrials Inner South East 0.013 0.849 0.027* 67.2 1.014 66.3
Industrials Outer South East 0.271 1.008 -0.004 60.7 0.984 60.8
Industrials Eastern -0.004 1.082 0.020 68.3 1.205 68.0
Industrials South West 0.407 1254  -0.040* 61.7 1.014 58.6
Industrials Midlands & Wales 0.372 1387 -0.046* 65.1 1.106 62.6
Industrials Northeast & Scotland 0.575 1311  -0.058* 58.5 0.956 53.5
Retail Average 0.098 0.964 -0.025 56.2 0.813 54.8
Office Average -0.201  1.057 0.018 56.6 1.166 55.4
Industrial Average 0.262 1119 -0.013 63.2 1.042 61.5
Overall Average 0.029 1.032 -0.007 57.9 0.990 56.5

Note: all by values are significant at the 1%, b, marked with * are significant at the 10% level.

5. Conclusions

Edgtimates of the volatility of returns are essential for measuring the systematic risk (beta) of
assats. This paper presents evidence of non-linearity in the variance of rea estate returns for all
market segments in the UK and finds that first order seria correlations are negatively related to
the conditiona variance of returns. The estimated ARMA(1,1)-GARCH(1,1) model for each
market segment and the market index shows that different property types display differencesin
voldility. Then using the time varying modd of Schwert and Seguin (1990), the results shows
that different property types display differences in time variability. There is dso evidence that
the voldility persstence of each market segment and its systematic risk are significantly
positively related. Thus, the systematic risks of different property-types tend to move in different
directions during periods of increased market volatility. Finaly, low risk market segments (i.e.
with betas less than one) tend to show negative time-variability, while high risk market segments
(i.e. with betas greater than one) generdly show podtive time-varidhility, indicating a pogtive
relationship between the voldility of the market and individua market segments systematic risk.
Consequently safer and riskier market segments are affected differently by increases in market
voldility.



Findly, there are at least two issues that need to be addressed when considering the estimation of
the modds in this study. Firdt, the capita vaues of individud properties upon which the return
series are based may be subject to gppraisa bias, see Fisher, et al (1994) and Corgd and deRoos
(1999) for comprehensive reviews. Consequently, this leads to significant serid correation in the
market index due to the tempord and cross sectiond aggregation of individua property
vauations (Gdtner, 1991 and Brown and Matysiak 1998). This serid correaion in the market
index may affect the significance and consistency of the parameter estimates (Fowler et al, 1979).
Nonetheless, the GARCH model presented is designed to account for any heteroskedasticity and
serid autocorrelaion within the residuds. The second issue is the impact that volatility spillovers
across property-types and geographical regions may have on the results. For instance, due to the
close geographicd proximity of each market segment within and between the different property
types, it is quite likely that shocks in one market segment may spillover into others, leading to
increases in conditiona voldility in that market segment in addition to, or irrespective of,
increases in voldility in the market index. Testing for both these impacts should prove a useful
area of future research.
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Appendix:

Table 1: Correlogram of the Market Index and the 31 Segments Monthly Returns

Market Segment rl r2 r3 r4 r5 r6 LB(I) LB2(2) LB(6) LB(12)
IPDMI 0.89 0.85 0.82 0.74 0.67 0.60 135.21 260.03 610.65 748.96
Retail Central London 0.54 0.50 0.42 0.45 0.46 0.49 5042 9354 237.32 338.75
Retail Rest of London 0.74 0.63 0.64 0.55 0.54 0.52 9249 160.22 383.67 451.78
Retail Inner South East 0.64 0.62 0.59 0.51 0.43 0.46 70.37 136.91 313.23 361.37
Retail Outer South East 0.71 0.59 0.57 0.49 0.46 0.47 86.46 146.97 320.74 384.75
Retail Eastern 0.63 0.64 0.55 0.52 0.38 0.35 67.81 138.30 285.76 325.34
Retail South West 0.69 0.66 0.61 0.49 0.43 0.37 8219 156.54 320.38 348.37
Retail East Midlands 0.54 0.62 0.53 0.46 0.41 0.35 48.88 115.00 252.41 294.46
Retail West Midlands 0.56 0.51 0.55 0.45 0.38 0.30 5421 9954 228.01 258.70
Retail Yorkshire & Humberside 0.59 0.59 0.58 0.51 0.36 0.34 60.09 119.10 265.63 289.50
Retail North West 0.60 0.47 0.45 0.38 0.26 0.26 62.01 100.66 183.50 198.52
Retail North East 0.39 0.35 0.29 0.24 0.20 0.17 26.11 46,54 8319 99.55
Retail Scotland 0.57 0.54 0.42 0.35 0.26 0.28 55.76 106.26 184.41 192.47
Retail Wales 0.41 0.28 0.33 0.25 0.16 0.23 28.10 41.82 8515 88.32
Offices City of London 0.58 0.51 0.61 0.45 0.51 0.50 56.62 100.62 289.94 465.03
Offices Mid-Town 0.69 0.69 0.65 0.68 0.56 0.63 81.65 162.35 442.05 659.00
Offices West End 0.64 0.57 0.53 0.57 0.62 0.65 7055 127.04 371.68 566.36
Offices Rest of London 0.68 0.60 0.64 0.52 0.52 0.52 77.90 140.51 353.45 447.03
Offices Inner South East 0.74 0.70 0.64 0.65 0.55 0.52 9243 177.59 423.96 531.68
Offices Outer South East 0.64 0.59 0.52 0.49 0.44 0.47 69.75 129.07 291.00 338.54
Offices Eastern 0.46 0.51 0.58 0.44 0.43 0.38 36.15 81.39 229.96 302.28
Offices South West 0.68 0.63 0.66 0.57 0.50 0.45 80.09 148.55 358.86 426.36
Offices Midlands & Wales 0.45 0.40 0.62 0.41 0.30 0.44 3472 6218 207.28 236.08
Offices Rest of England 0.60 0.55 0.46 0.48 0.47 0.48 6210 113.30 269.73 318.00
Offices Scotland 0.63 0.67 0.49 0.54 0.45 0.54 67.66 143.97 322.95 399.13
Industrials London 0.62 0.62 0.60 0.49 0.47 0.41 6459 129.87 302.23 355.37
IndustrialsInner South East 0.68 0.68 0.66 0.56 0.55 0.50 79.03 158.60 386.83 496.78
Industrials Outer South East 0.71 0.63 0.64 0.54 0.46 0.46 85.78 154.40 348.63 428.14
Industrials Eastern 0.60 0.61 0.63 0.57 0.50 0.52 61.61 125.76 343.02 465.99
Industrials South West 0.61 0.54 0.49 0.45 0.36 0.33 6260 111.83 230.00 269.50

Industrials Midlands & Wales 0.71 0.68 0.68 0.52 0.45 0.35 86.92 167.17 351.33 385.76
Industrials Northeast & Scotland  0.69 0.71 0.60 0.62 0.42 0.45 80.43 167.97 362.92 424.59

Retail Average 0.59 0.54 0.50 0.43 0.36 0.35 60.38 112.42 241.80 2/9.37
Office Average 0.62 0.58 0.58 0.53 0.49 0.51 66.33 126.05 323.71 426.32
Industrial Average 0.66 0.64 0.61 0.53 0.46 0.43 74.42 145.09 332.14 403.73
Overall Average 0.61 0.58 0.56 0.49 0.43 0.42 65.66 124.63 291.27 359.60

AlT autocorrelaiion coefficients are significant a al lags.
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Table 2: Correlogram of the Market Index and the 31 Segments Squar ed Returns

Mar ket Segment rl r2 r3 r4 15 r6 LB LB2(2) LB(E) LB(12)
IPDMI 0.75 0.67 064 051 0.39 0.32 96.37 172.68 333.89 360.83
Retal Central London 0.10 010 000 0.0/ 014 032 1/68 335 2590 29.27
Retail Rest of London 057 034 040 033 034 042 5519 7527 173.87 188.75
Retail Inner South East 040 034 036 026 018 0.29 27.04 4690 101.37 107.34
Retail Outer South East 054 0.27 021 0.18 0.17 0.34 49.67 6178 100.37 127.67
Retail Eastern 026 039 021 025 0.06 024 1155 3776 6740 8314
Retail South West 044 049 037 0.17 0.12 0.04 3246 74.02 105.28 107.47
Retall East Midlands 0.16 037 024 022 016 0.16 4.62 2767 5519 66.61
Retail West Midlands 0.29 0.22 040 014 005 0.04 1458 2314 5495 56.30
Retail Yorkshire & Humberside 040 052 039 030 0.13 0.10 27.63 7378 120.75 123.45
Retail North West 023 0.11 0.12 0.08 007 0.00 905 1126 1559 17.43
Retail North East 026 0.13 0.09 0.04 006 0.06 1156 1432 1737 2258
Retail Scotland 0.36 030 0.20 0.10 0.02 0.02 2267 3789 4639 47.13
Retail Wales 0.34 0.13 0.18 0.08 0.02 0.06 1998 2266 3017 32.33
Offices City of London 0.07 0.01 0.20 -0.02 0.20 0.05 079 o0.81* 9.88 29.60
Offices Mid-Town 023 020 021 046 012 029 863 1575 7784 99.75
Offices West End 0.19 0.07 0.06 0.13 0.28 0.37 6.18 7.11 4788 60.58
Offices Rest of London 032 031 051 015 0.21 0.37 1754 3452 116.80 125.39
Offices Inner South East 034 035 020 038 0.16 0.13 20.04 4063 79.87 8174
Offices Outer South East 040 0.32 018 022 030 0.36 2788 4546 9830 144.15
Offices Eastern 005 0.12 0.26 0.10 0.0 0.11 o040 287 1979 26.81
Offices South West 049 038 049 036 032 025 4028 6476 158.46 192.00
Offices Midlands & Wales 029 024 067 036 023 040 1467 2450 160.91 186.37
Offices Rest of England 040 0.39 0.27 032 042 047 2792 5404 153.68 199.33
Offices Scotland 026 042 018 0.34 014 041 1163 4177 101.07 139.43
IndustrialsLondon 023 029 022 020 019 0.20 865 2301 5163 69.65
Industrials Inner South East 0.34 040 041 032 039 0.28 20.23 4827 13459 191.22
Industrials Outer South East 0.62 050 041 028 0.26 0.34 6586 108.32 183.42 261.62
Industrials Eastern 029 032 040 033 034 044 1477 3224 13395 212.24
Industrial's South West 037 034 024 024 014 016 2386 4358 7157 96.87
Industrials Midlands & Wales 061 055 061 032 024 0.24 6298 115.66 218.03 243.65
Industrials Northeast & Scotland  0.58 0.65 0.48 0.60 0.33 0.38 5658 128.68 276.52 338.15
Retail Average 0.34 028 025 0.1/ 012 0.16 2213 3922 7035 7/.65
Office Average 028 026 029 025 022 029 1600 3020 9313 116.83
Industrial Average 043 044 040 033 027 0.29 36.13 7140 152.82 201.91
Overall Average 034 031 030 024 019 024 2312 4328 97.06 119.61

All autocorrelation coefficients are significant except those marked *.
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Table 3:

Correlogram of the Residual Returns

Market Segment ri r2 r3 r4 rs r6 LB(I) LB2(2) LB(6)
IPDMI -0.01 0.01 0.01 -0.03 -0.05 0.04 0.02 0.05 0.98
Retail Central London -0.01 0.01 0.01 -0.03 -0.05 0.04 0.02 0.05 0.98
Retail Rest of London 0.06 0.08 0.08 -0.03 008 041 059 170 33.76*
Retail Inner South East -0.01 0.00 -0.03 0.00 -0.05 0.04 0.01 0.02 0.83
Retail Outer South East 0.08 0.04 -0.04 -0.06 -0.02 000 121 151 260
Retdl Eastern 0.07 -0.02 -0.03 -0.01 0.07 o0.00 0.90 1.00 1.96
Retail South West -0.05 0.00 0.04 -0.07 -0.03 0.09 038 038 294
Retail East Midlands 0.02 0.01 -0.10 0.03 0.03 0.10 0.04 0.05 3.74
Retail West Midlands 0.06 -0.02 0.17 0.01 -0.06 0.09 056 062 7.87
Retail Yorkshire & Humberside 0.01 -0.05 -0.01 0.03 0.00 -0.05 0.04 0.54 1.07
Retail North West 0.01 -0.02 -0.08 -0.03 0.11 -0.04 0.02 010 384
Retail North East -0.03 -0.02 -0.06 -0.05 0.00 -0.03 0.11 0.19 1.39
Retail Scotland 0.00 0.15 -0.06 -0.06 -0.05 -0.02 0.00 379 551
Retail Wales 0.04 -0.01 -0.05 -0.01 -0.03 0.01 0.22 0.25 0.86
Offices City of London 0.06 -0.01 0.06 -0.01 -0.02 -0.04 0.69 0.72 1.58
Offices Mid-Town -0.01 -0.06 0.06 0.05 -0.04 0.07 0.02 0.71 2.89
Offices West End 0.03 0.00 -0.01 -0.05 -0.05 0.13 0.18 0.18 3.88
Offices Rest of London -0.04 -0.06 0.05 0.02 -0.03 0.04 0.32 1.03 1.91
Offices Inner South East -0.03 -0.02 -0.01 0.08 -0.04 0.05 013 0.18 220
Offices Outer South East 0.12 -0.08 -0.08 0.00 0.07 -0.06 249 3.49 5.93
Offices Eastern -0.05 -0.07 0.05 -0.03 -0.07 0.15 046 123 6.60*
Offices South West 0.05 -0.05 -0.02 -0.03 0.20 0.04 0.48 0.84 8.30*
Offices Midlands & Wales -0.04 0.02 0.17 003 -0.07 0.16 0.29 0.37 10.67*
Offices Rest of England -0.03 0.04 0.12 -0.09 -0.03 0.39 0.18 0.40 31.48*
Offices Scotland 0.00 -0.03 0.00 -0.04 -0.04 0.08 0.00 0.16 1.80
Industrials London -0.06 0.17 -0.02 -0.08 -0.01 -0.03 0.52 5.28 6.58
Industrials Inner South East -0.05 -0.03 -0.01 0.28 0.08 -0.04 0.36 054 15.05*
Industrials Outer South East 0.03 0.03 0.00 -0.04 -0.11 o0.00 0.18 0.28 2.60
Industrials Eastern 0.00 0.00 0.09 -0.02 0.01 0.22 0.00 0.00 3.98
Industrials South West -0.01 -0.07 -0.03 -0.04 -0.05 -0.05 0.02 0.94 2.28
Industrials Midlands & Wales -0.06 -0.04 0.02 0.09 0.04 -0.11 0.59 0.80 4.34
Industrials Northeast & Scotland  0.01 -0.08 0.13 0.02 0.07 0.00 0.01 1.07 4.87
Retail Average 0.02 0.01 -0.01 -0.02 0.00 0.05 032 078 518
Office Average 0.01 -0.03 0.04 -0.01 -0.01 o0.09 0.48 0.85 7.02
Industrial Average -0.02 0.00 0.03 003 0.00 -0.01 024 127 5.67
Overall Average 0.01 -0.01 0.01 0.00 0.00 0.05 0.36 0.92 5.94

AlT autocorrelation Coefficients are insignificant except those marked = .
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Table 4: Correlogram of Squared Residual Returns

Mar ket Segment rl r2 r3 r4 r5 r6 LB(1) LB2(2) LB(6)
IPDMI -0.01 -0.02 -0.01 -0.02 -0.01 0.01 0.02 0.06 0.15
“Refal Central London -0.0I -0.01 -0.0I -0.01 -0.0I -0.01 0.0Z2 0.03 0.11
Retail Rest of London -0.01 0.01 -0.01 -0.02 0.00 041 0.00 0.02 28.83*
Retai | Inner South East -0.02 -0.02 -0.02 -0.02 -0.03 0.04 0.08 0.14 0.69
Retail Outer South East 0.01 -0.01 -0.02 -0.02 -0.02 -0.02 0.03 004 024
Retail Eastern 0.00 -0.01 -0.01 -0.01 0.02 -0.01 0.00 0.02 0.2
Retail South West -0.04 -0.01 0.02 -0.04 -0.03 0.01 025 025 0.80
Retail East Midlands 0.00 0.01 -0.06 -0.02 -0.02 0.04 0.00 0.02 1.09
Retail West Midlands 0.04 -0.03 0.12 0.00 -0.03 0.00 0.23 036 281
Retail Yorkshire & Humbersde  -0.01 -0.03 -0.02 0.00 -0.02 -0.03 0.03 0.13 0.39
Retail North West -0.02 -0.03 -0.04 -0.03 012 -0.02 0.10 0.23 297
Retail North East -0.02 -0.02 -0.02 -0.02 -0.01 -0.02 0.07 0.14 0.40
Retail Scotland -0.02 0.17 -0.04 -0.04 -0.03 -0.03 0.08 4.88 573
Retall Wales -0.01 -0.02 -0.03 -0.02 -0.02 -0.02 0.00 0.06 0.34
Offices City of London 0.00 -0.01 0.01 -0.02 -0.02 -0.02 0.00 0.03 0.16
Offices Mid-Town -0.02 -0.04 -0.01 0.02 -0.04 0.01 008 036 0.71
Offices West End -0.01 -0.02 -0.02 -0.02 -0.02 0.05 0.03 0.08 0.68
Offices Rest of London -0.02 -0.02 -0.01 -0.01 -0.01 0.00 0.06 014 0.20
Offices Inner South East -0.02 -0.02 -0.02 0.01 -0.02 -0.01 0.05 0.08 0.25
Offices Outer South East 0.11 -0.03 -0.03 -0.01 0.03 -0.03 205 220 270
Offices Eastern -0.03 -0.04 0.01 -0.04 -004 0.03 010 035 1.02
Offices South West 0.00 -0.03 -0.03 -0.03 0.24 0.01 0.00 0.18 10.45*
Offices Midlands & Wales -0.03 -0.01 0.02 -0.01 -0.03 0.05 0.15 0.18 0.77
Offices Rest of England -0.04 -0.02 0.03 -0.05 -0.04 040 0.29 0.35 29.80*
Offices Scotland -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.02 0.05 0.14
IndustrialsLondon -0.03 0.14 -0.02 -0.03 -0.02 -0.02 0.12 348 3.88
Industrials Inner South East -0.03 -0.02 -0.02 024 001 -0.02 0.12 0.17 10.23*
Industrials Outer South East 0.04 -0.01 -0.01 -0.04 -0.05 -0.02 0.20 0.22 1.06
Industrials Eastern -0.02 -0.03 0.01 -0.04 000 0.22 0.06 023 877
Industrials South West -0.01 -0.03 -0.02 -0.02 -0.03 -0.03 0.02 0.15 0.53
Industrials Midlands & Wales -0.04 -0.02 -0.02 0.00 0.02 -0.04 021 029 0.73
Industrials Northeast & Scotland  -0.02 -0.03 0.03 -0.02 0.02 -0.02 0.10 0.30 0.62
Retail Average -0.01 000 -0.01 -0.02 -0.01 0.03 0.0/ 049 343
Office Average -0.01 -0.02 0.00 -0.01 0.00 0.04 026 036 4.26
Industrial Average -0.02 0.00 -0.01 001 -001 0.01 012 0.69 3.69
Overall Average -0.01 -0.01 -0.01 -0.01 0.00 0.03 015 049 3.78

ATl autocorrelation coefficients are insignificant except those marked *.
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