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1. Introduction
Testing and identification of the order of integration for time-series has become
commonplace in economic time-series analyses. In part, this is because the series’ trending
properties inform the models and inference procedures to be employed in later stages of
analyses.
Albeit controversial, the idea of a constant order of integration for a time-series is
common. However, some new lines of research enquiry suggest that certain economic and
financial time-series display changes in persistence, varying between difference-stationary
[I(1)] and trend-stationary [I(0)] regimes (see Busetti and Taylor, 2004; Taylor, 2005; Harvey
et al., 2006; Leybourne et al., 2007).1
Arguably, for academic, practice, and regulatory reasons, such rigorous scrutiny of
the time-series properties of returns on investments should of considerable interest i.e.,
understanding the (time-series) behavior, identification of any observed exploitable patterns,
and the informational efficiency of the markets respectively of asset returns (or prices).
Although the international importance of UK investment markets is well-documented and
despite the high institutional and financial interest in commercial property, surprisingly little is
known about the possibility of changes in persistence in commercial property returns.2 With
huge monies involved, an investigation of whether or not these returns present regime shifts
in their level of stability is important. Not least, because it is likely to play a key role in
assisting institutional investors (e.g., pension funds and insurance companies) make
investment decisions regarding the level of commercial real-estate in their portfolios.
If asset returns can be modeled, it suggests the potential for them to be forecasted;
particularly, if the specific form of the underlying price structure can be determined, which

For some fairly recent empirical evidence of such behavioral shifts, see among others: Pesaran et al.,
2006 (US Treasury bills); Sollis, 2006 (the S&P composite dividend yield); Noriega and Ramos, 2009 (US
inflation rates), Leone and Ribeiro, 2012 (NASDAQ composite index and dividend yield).
2 The Investment Property Databank Ltd. (IPD) Property Index estimated the sector to be worth an
estimated £33.778billion in the UK (for the month to 31/03/2012); $135.134billion in the US (for the
year to 31/12/2011); €13.868billion in the Central and Eastern European countries (for the year to
31/12/2011), to mention a few.
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can give abnormal profits to investors, at least in the short term. Specifically, increased
knowledge of the dynamics will help in investment decision-making aimed at achieving
desired targets, in terms of returns and portfolio diversification.
Recently, Belaire-Franch and Opong (2012), investigating the behavior of UK
Construction and Real-estate indices and employing standard unit-root tests, show that both
series are I(1) processes in levels. However, when they allow for nonlinear time trends, the
unit-root hypothesis is clearly rejected in the case of the Real-estate index. They also find
evidence of serial-correlation when analyzing the indices’ returns. To our knowledge, no
studies have investigated the likelihood of multiple changes in persistence for the UK
commercial property returns.3
In this paper, our aim is two-fold: First, identifying the likelihood of changes in
persistence over time in monthly returns of the Investment Property Databank Ltd (IPD)
index for the UK (All properties and, by sector – Office, Industrial and Retail), and second,
uncovering differences in the order of (fractional) integration across same. We discuss some
implications of the multiple changes in persistence and degree of (fractional) integration. We
suggest that such findings may be harnessed for financial maneuverings, which underscores
their importance. The results are not entirely surprising considering the myriad political and
economic factors likely to influence the process of property valuation and, consequently,
return.
The remainder of this paper is organized as follows. Section 2 summarizes the data,
econometric techniques and main results. Section 3 concludes.

Other studies such as Serrano and Hoesli (2012), Rehring and Sebastian (2011), MacGregor and
Schwann (2003), Brown (2001) Lee and Ward (2000) investigate issues related to volatility, serial
correlation, fractional cointegration on both securitized and unsecuritized commercial real estate indexes,
returns and prices for the UK and US markets.
3

2. Data, econometric methods and results
2.1 Data
Our dataset, based on the IPD index i.e., All, Retail, Office, and Industrial, consists of
monthly returns, in aggregate form and by sector, for the UK commercial property market
and is obtained from the IPD Bank Monthly Digest, over 1987m01-2011m08. Table 1
displays preliminary information about the statistical properties of the returns.

A casual review reveals some significant similarity in some of the statistical measures
reported across the four groupings which, from the policy point of view, is interesting, and
suggests co-movement. Notably, all sectors are characterized by a long left tail (negative
skewness) and leptokurtosis (fat tails).4
2.2 Econometric methods
We adopt a three-stage approach. First, we apply standard individual and panel unit-root
tests to the data. These include Levin et al. (2002) [LLC], Im et al. (2003), Maddala and Wu
(1999) [MW]. LLC assume a null hypothesis of a common unit-root against the alternative of
stationarity of all units; whereas the other tests allow for individual unit-roots under the
4

The shape of the distribution of returns can vary with market conditions, e.g. when the markets suffered a
major adjustment after the market crash in October 1987, this caused returns to be negatively skewed. This
might also be captured by the real estate returns data on analyses especially during the recent 2007-2009
financial crisis. Positive kurtosis suggests that probabilities of obtaining extreme values are higher than implied
by the normal distribution. This could be a reflection of reality of the marketplace when large market surprises
may tend to induce large movements in the markets and in property values.

alternative hypothesis (supposing a less restrictive framework since the former may be too
strong). Table 2 summarizes the results of the aforementioned panel unit-root tests.5

Our results, based on the individual and panel unit-root tests for the whole sample suggest
that the data is I(0). Based on only such a result, the deduction will be that the market
returns are, indeed, efficient, at least on its weak form.
Second, we test for the likelihood, and order, of fractional integration (FI) in the full
sample. Specifically, we compute Phillips’ (1999a, 1999b) Modified Log Periodogram
Regression estimator, which addresses a major criticism of the widely used Geweke and
Porter-Hudak (1983) [GPH] estimate of the long-memory parameter, d.6 Phillips proposes a
modified form of the long-memory parameter, in which the dependent variable is modified to
reflect the distribution of d under the null hypothesis that d=1. Phillips’ estimator gives rise to
a test statistic for d=1, which is a standard normal variate under the null. 7 Table 3
summarizes the implications of the estimated d.

The standard individual unit-root tests (ADF and KPSS tests) both point to data being I(0). For brevity,
these results are not reported here, but are available upon request.
6 The GPH estimator is inconsistent against d>1 alternatives. Hence, practically, under those
circumstances, distinguishing unit-root behavior from fractional integration may be problematic.
7 Phillips suggests removal of the deterministic trends from the series before application of the estimator.
The test is performed using the STATA ‘modlpr’ command. See Phillips (1999a, 1999b) for a more
detailed description.
5

Applying the less restrictive FI approach, our results provide evidence that, in each case, the
null hypothesis of d=0 and d=1 can be rejected, and that the I(d) classification is more
appropriate. 8 On the one hand, such a result proves interesting for the academic; and
implies some predictability in returns, and hence some scope for exploitable profits for the
investor/practitioner. On the other hand, this may pose problems for regulators concerned
with informational efficiency within the markets.
Third, we apply a test proposed by Leybourne et al. (2007) [LKT] which determines
changes in the order of integration of a time series and allows for the consistent estimation
of the change dates. Being robust to the presence of (multiple) level breaks, the procedure
has advantages over similar tests proposed by Harvey et al. (2006) and Leybourne et al.
(2006), which are inconsistent against processes which display multiple changes in
persistence. The data generation process (DGP) consists of the following time-varying
AR(p):
(1)
Where yt is the returns, dt =z’t β being the deterministic component. In Equation 2, ut is taken
to

be

a

time-varying

AR(p)

process,

which

can

be

rewritten

as

, where ki=pi−1, i=1,…,m+1, and m is the
number of changes in persistence. LKT allow for two alternatives (i) zt=1 and β=β0, the
(possibly non-constant) level of returns, and (ii) zt=[1,t] and β=[β0, β1]’, and εt is a martingale
difference sequence. There are two hypotheses: the null, H0: yt~I(1) throughout, that is,
ρi=1∀t, versus the alternative, H1: yt undergoes one or more regime shifts between I(1) and
I(0) behavior. The test statistic proposed by LKT is based on doubly-recursive sequences of
DF type unit root statistics:

(2)
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Reported in column 3, Table 4.

The corresponding estimators are (
points, i.e. the interval [

)≡arg

give the start and end

], of the first I(0) regime over the whole sample. Any further I(0)

regimes are then detected sequentially by applying the M statistic to each of the resulting
subintervals [0,

] and [ ,1]. We continue in this fashion for all temporal dimensions

exceeding 20 observations, which is the minimum for which LKT (p.13) report finite sample
critical values until, for each period considered, the ‘most prominent’ I(0) regime, together
with their start and end points, have been identified.9
Identifying these multiple breaks in trending behavior further underscores the
importance of employing appropriate and less restrictive methods when testing and
identifying the order of integration of time-series in empirical work.10 Figure 1 presents the
results graphically, where a horizontal line indicates the I(0) period as identified by the Mtest. Despite significant similarities across sectors, some heterogeneity in dynamics is
observed which the standard unit-roots tests are incapable of uncovering, but is informative
for academics, practitioners and regulators alike.

We note that the period between the end point of one I(0) regime and the start point of the next I(0)
regime must represent an I(1) regime. See Table 4.
10 We also perform the LKT tests including a linear trend and, similar to the estimations without a linear
trend, we uncover several periods of distinct I(0)/I(1) behavior. These estimates are not reported here,
but are available upon request.
9

3. Summary and Conclusions
Aiming to contribute to the literature analyzing multiple changes in order of integration
relating to assets management, we analyze monthly returns for UK three commercial
property sectors, and a composite group. Our evidence suggests that assumption of a knifeedge I(0)/I(1) process may be misleading. Three main conclusions emerge: From the
academic perspective, the standard methods that assume a constant order of integration
across the sample may be inappropriate. For practice, the astute investor can decipher
exploitable patterns based on which policies apply and, lastly, for regulatory reasons,
informational efficiency of the market can be deemed highly questionable.

Figure 1: Results of LKT test across IPD UK commercial properties sectors, 1987m1-2011m8.
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