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Abstract 

This study revisits the issue of REITs market efficiency for the US having discovered two notable gaps. Noting the 
complexities, structural changes and nonlinearities in modern financial markets, we employ the fractional integra-
tion technique which performs better than other commonly used techniques in the presence of structural breaks, 
fractional integration, trend-stationarity and regime switching in time series. Summarizing our results, we find that the 
US REITs market is efficient in the overall sample. However, when the data are splitted, market efficiency only occurs 
in the pre-crisis period, but becomes less so during the crisis and post-crisis periods. In addition, evidence of mean 
reverting long-memory behavior is established for REITs volatility, although mean reversion is slower during and after 
the crisis. These results are robust to different data measurement and have crucial policy implications for potential 
investors and relevant policy makers.
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Introduction
Real Estate Investment Trusts, commonly shortened 
as REITs, is one of the fastest growing components of 
portfolio construction in many developed and emerging 
economies of the world in recent years. In fact, its role 
in the process of investment management in these coun-
tries has been increasingly significant [7]. Liu et al. [28] 
note that legislation and issuance of REITs have been 
implemented by not less than 37 countries as at October, 
2008. The reason for this wide and increasing acceptance 
of REITs in recent times is likely to be the high level of 
security guaranteed on it. For instance, Chen and Shen 
[12] reveal that out of the total taxable income on REITs, 
a minimum of 90% must be distributed to the inves-
tors as dividends on annual basis. Lee and Stenvenson 
(2005) also point out that, to a reasonable degree, REITs 
stands between the fixed income sector and equities by 

providing hybrid form of investment. All these, among 
others, have increasingly motivated potential investors to 
be active participants in the sector over the years. Hence, 
the growing interest of investors in REITs, coupled with 
its integral role in portfolio management and diversifica-
tion, has been the major drive behind the overwhelming 
empirical focus geared toward the examination of the 
behavior of the asset recently.

The increasing consideration of REITs in many coun-
tries has been followed by the assessment of the effi-
ciency of its market by various researchers. However, 
based on specific peculiarities of each country’s financial 
market, such as different degree of development, level of 
capitalization, degree of sensitivity to shocks and eco-
nomic crisis, and different time periods of study, empiri-
cal evidences are mixed. In other words, conclusions on 
REITs market efficiency are not consistent. For instance, 
studies including Liu et  al. [28], Zheng [43], Hui and 
Yam [20], Almudhaf and Hansz [6] and Su et al. [39] find 
that REITs market is not efficient following the rejection 
of the random walk hypothesis. On the contrary, other 
studies conclude that the REITs indices of some countries 
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observe martingale behavior, thus making the markets 
efficient (see [19, 23] and [41]. For a more robust analysis, 
some studies put other factors that could affect changes 
in market efficiency into consideration. For example, Jira-
sakuldech and Knight [22] consider time component and 
conclude that there is an improvement in the efficiency 
of REITs market over time. Jirasakuldech and knight [22] 
and Zhou and Lee [45] reveal that market conditions, 
such as price level, tax reform and degree of development 
in the market, are important influencers of variations in 
market efficiency. Climatic situation was concluded by 
Lee et al. [26] and Jamal (2013) as the basis of changes in 
REITs market efficiency. Lee et al. [26] particularly pro-
vide support for significant effect of new-moon anomaly 
on US REITs. They explain that more profits could be 
earned by investors if REITs are purchased at the onset of 
a new moon for a re-sale at the end of the season. Recent 
studies have begun to look into the influence of monetary 
policy shocks on the performance of the REITs markets. 
While Marfatia et al. [29] reveal that the US news has a 
time-varying effect on the global stocks of REIT, Gupta 
and Marfatia [18] indicate that the REITs returns of the 
emerging markets are positively affected by the quantita-
tive easing policy of the government.

Meanwhile, instead of REITs prices, few studies have 
examined long memory in the returns series or vola-
tility of REITs. The global study of Liow [27] uses data 
based on 20 regional and national real estate indices and 
find evidence in favor of long memory in a number of 
countries. However, when the samples are splitted into 
sub-samples, long-memory evidence no longer holds 
for Asian REITs market. Zhou [44] also discovers long 
memory for 10 REITs markets, although there is mixed 
evidence to support the attribution of the persistence to 
the presence of structural breaks. Assaf [7], on the other 
hand, uniquely examines long memory and shifts in level 
in the returns and volatility of REITs for 5 countries. The 
long-memory test employed in the study suggests that 
volatility exhibits strong long memory, but a weak evi-
dence is noticed in the returns. In addition, the modified 
GPH estimator further gives support to a short memory 
model with a level shift, as against long-memory model 
for 3 countries including Hong Kong, Japan and the USA.

With the USA being the origin of the REITs, it has 
received a reasonable amount of studies on the effi-
ciency of the market. They include the foremost studies 
of Kuhle and Alvayay [24] and Nelling and Gyourko [33], 
and subsequent ones (see [5, 7, 26, 39], inter alia). Vary-
ing results have also been reported for the country. For 
example, while Aguilar et al. [5] and Su et al. [39] show 
that the REITs market is efficient, Lee et  al. [26] report 
contrary evidence as a result of the effect of new-moon 
anomaly. Other studies that kick against the efficient 

market hypothesis for the REITs market based on the use 
of returns or volatility series include Cotter and Steven-
son [13] and Assaf [7].

Indeed, despite the numerous studies that have been 
carried out on the market efficiency of REITs, especially 
in the USA, two deficiencies are still noticed in the lit-
erature, from which this study derives its contribution. 
The first relates to the consideration of the likely effect 
of the global financial crisis of 2008. Is there any change 
in the efficiency of the market after the crisis? Does the 
volatility in REITs become more persistent or less so dur-
ing and after the crisis? These questions are important 
in making decisions around the possibility of making 
abnormal returns by investors after the crisis, as well as 
for the policy makers to know if shocks will be perma-
nent or transitory. To the best of our knowledge, only few 
studies have addressed these issues (see [11, 31]). Some 
of the specific US-based studies on the effect of the crisis 
on the REITs do not pay strict focus to market efficiency 
(see, for example, [9, 10] which focus on dividend policy, 
rather than market efficiency).

The second gap is in terms of methodology. The empir-
ical literature on REITs market efficiency has witnessed a 
number of techniques. The early techniques include the 
unit root test and variance ratio test (see [23, 25], Agui-
lar, 2015; [37, 38]. The traditional variance ratio test was 
later improved and consequently employed by other 
studies including Almudhaf and Hansz [6], and Zhang 
and Sun [42]. Many other uncommon techniques such 
as bootstrap autocorrelation test, binomial option pric-
ing method, present value model and Hurst exponent 
are now also being used by researchers to measure REITs 
market efficiency (see [19, 28, 39]. Unfortunately, all these 
techniques, except the Hurst exponent, follow the effi-
cient market hypothesis which explains the market on a 
paradigm of linearity [28]. However, the complexities and 
structural changes in financial markets have resulted in 
the inability to describe them with linear models. There 
are empirical studies that have proven the nonlinear situ-
ations of financial markets (see [1, 15, 32], for instance), 
with Wen et  al. [40] indicating that they often observe 
thick tails and sharp peaks. The simulation results of 
Granger and Hyung [17] and Mikosch and Starica [30] 
also show that the long memory observed in time series 
can be spurious in the presence of structural breaks. In 
addition, Assaf [7] shows that REITs returns and vola-
tilities that have long memory imply the existence of 
underlying fractal structure which linear models cannot 
handle. In light of this, we employ an advanced tech-
nique which is able to handle these complexities. Unlike 
the techniques highlighted above, the fractional integra-
tion approach performs better in the presence of struc-
tural breaks, fractional integration and trend-stationarity 
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[2–4], and [16]. Therefore, we apply the fractional inte-
gration method on the logged and squared returns1 series 
of REITs.

The layout of the remainder of this paper is struc-
tured thus:   “Methods” Section develops the methodol-
ogy of the study, while “Results and discussion” Section 
describes the data and the results of the preliminary 
tests.   “Conclusions” Section discusses the results, and 
Sect. 5 gives the concluding remarks.

Methods
In this paper, the analysis of the efficiency of US REITs 
market is based on the approach of fractional integration. 
To start with, we define a process with I(0) (i.e., covari-
ance stationary or white noise) process which has a spec-
tral density that is both positive and finite at the zero 
frequency. On this note, the fractionally integrated model 
of order d(xt ∼ I(d)) is given as:

with B being the lag operator ( Bxt = xt−1) , and µt is I(0) 
process. d is the differencing parameter that determines 
the degree of persistence of the series. Ideally, fractional 
integration occurs if d takes non-integer value. The bino-
mial expression of (1− B)d in terms of infinite order with 
monotonically declining weights is further expressed as:

Therefore,

Persistence becomes stronger as the differencing 
parameter, d increases. A positive value of d (i.e., d > 0) 
suggests that xt has long memory, implying that there is 
a strong degree of dependence between observations in 
far distant time. Moreover, a value of d between 0 and 
0.5 (0 < d < 0.5) indicates that xt observes stationary mean 
reversion (i.e., covariance stationary), while a value of d 
in the range 0.5 ≤ d < 1 is a case of non-stationary mean 
reversion property of xt . Whatever be the case, if d < 1, 

(1)(1− B)dxt = µt; t = 1, 2, . . .

(2)

(1− B)d =
∞
∑

i=0

(

d

i

)

(−1)iBi =1− dB+ d(d − 1)

2! B
2

− d(d − 1)(d − 2)

3! B
3 + · · ·

(3)

(1− B)dxt =xt − dxt−1 +
d(d − 1)

2! xt−2

− d(d − 1)(d − 2)

3! xt−3 + · · ·

the series is said to observe a mean reverting behavior, 
implying that the effects of shocks will be the transitory, 
as they tend to die out in the long run. However, if d ≥ 1 , 
the series is strictly non-stationary and highly persistent, 
indicating that, unless strong policy measures are formu-
lated, the effects of shocks will be permanent.

Now, the differencing parameter, d, will be estimated 
using two methods: parametric and semiparametric. 
This parametric approach of Robinson [34] is based on 
the Whittle function in the frequency domain (see [14]. 
Whether or not the series is non-stationary, Robinson 
[34] proves that this approach is valid. Therefore, the first 
difference of the series is not needed to be taken in order 
that the series become stationary before estimation. 
Hence, we estimate a model of the form:

where the time series under observation is yt , and zt , 
which is a vector of deterministic terms, may include a 
constant and a linear time trend. Based on Eqs.  (1) and 
(5) therefore, the null hypothesis is:

Furthermore, we also employ the semiparametric 
Whittle approach of Robinson [35], which is defined as:

(5)yt = δ′zt + xt , t = 1, 2, . . .

(6)H0 : d = d0

(7)d̂ = arg min
d

(

logC(d)− 2d
1

w

w
∑

i=1

log γi

)

,

1 Many empirical studies have used either or both absolute and squared 
returns as proxies for volatility (see [7, 13 and 16 ]. Nonetheless, a few studies 
such as Stevenson [38], Rogers et al. [36], and Begiazi et al. [8] determine the 
REITs market volatility via the GARCH-based models.

For

where the bandwidth parameter is w, and the perio-
dogram of the time series is I(γi) . Robinson [35] further 
shows that, given that the fourth moment is finite and 
other mild conditions are fulfilled, √
w
(

̂d − d0

)

→ dN
(

0, 14

)

as T → ∞ , where d0 remains 
the ideal value of d , and under an extra condition that 
w → ∞ slower than T.

Results and discussion
Preliminary analysis
Following the objective of this paper, which is to examine 
the market efficiency of the US REITs market, the data 
used are the Wilshire REITs price index and REITs total 
market index of the USA. The use of REITs total market 
index is premised on the need to show that the findings of 

(8)
d ∈ (−1/2, 1/2);C(d) = 1

w

w
∑

i=1

I(γi)γ
2d
i ,

γi =
2π i

T
,
1

w
+ w

T
→ 0,
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the paper are robust to different data measurement. Both 
series are therefore sourced from the Federal Reserve of 
the USA (https:// fred. stlou isfed. org) and are measured 
on daily frequency. While the REITs price index cov-
ers December, 31, 1998, to January 8, 2020, REITs total 
market index covers January 31, 1996, to January 8, 2020. 
Extending the objective of the study to analyze the mar-
ket efficiency for the periods before and after the global 
financial crisis of 2008, the long historical data are further 
partitioned into pre-crisis, crisis and post-crisis periods, 
using 2008 as the basis of division. The basis of data dis-
aggregation follows the suggested break dates of the unit 

root test (see Table  1) and the significant spike around 
2008 as evidenced in the graphical trends (see Figs. 1 and 
2). Furthermore, two distinctive features of the data are 
employed for analysis. The natural logarithmic transfor-
mation is first taken to estimate the fractional differenc-
ing parameter, while the squared returns of the series are 
computed in order to further assess long-memory behav-
ior in the volatility of REITs.

The plots of the logged values of the series and the 
squared returns are given in Figs. 1 and 2. Comparing the 
graphs, it is obviously seen that REITs total market index 
(Fig.  2) mirrors the REITs price index (Fig.  1), as their 
trend patterns seem to look alike. Moreover, it could be 
deduced that there is a significant spike in the two vari-
ables for both logged and squared returns series around 
2008 which corresponds to the period of the global finan-
cial crisis. At that time, the REITs market experienced 
a great meltdown that saw to the sharp fall in the prices 
of the asset. The impact of the financial turmoil is also 
reflected in the squared returns. Although the series 
began to pick up again after the crisis, the plots in both 
figures clearly show that the trends of the logged series 
seem to be flatter, thus indicating that daily growth is 
slower when compared to the pre-crisis period. This is 
notwithstanding the fact that REITs values are higher 
after the crisis, i.e., the values are higher, but the growth 
speed seems to be slower judging by how flat the trend 
becomes. Based on this, it is expedient to unravel the 

Table 1 Statistical properties of series

Logged series Squared returns

Price index Market index Price index Market index

Mean 5.2094 8.2775 0.0003 0.0003

Maximum 5.7701 9.4142 0.0485 0.0485

Minimum 4.1955 6.9613 0.0000 0.0000

Std. Dev 0.3711 0.7021 0.0015 0.0014

Skewness −0.4285 −0.1952 14.2627 15.1599

Kurtosis 1.8771 1.7142 297.7288 336.6815

Jarque–Bera 439.7546 453.3688 19,318,551 28,182,601

(Prob.) (0.0000) (0.0000) (0.0000) (0.0000)

Observation 5289 6026 5288 6025
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Fig. 1 Trends of REITs price index and its squared returns

https://fred.stlouisfed.org
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likely alteration the financial crisis might have done to 
the efficiency of the market.

Continuing with the preliminary analyses, Table  1 
reports the statistical properties of the level-series and 
their squared returns. Expectedly, the mean, maxi-
mum and minimum values of the total market index are 
greater than those of price index. The standard devia-
tion statistic is still higher for the total market index, 
but generally low for the two series, implying that 
their individual data points are not too far from their 
average values. This tendency is further confirmed by 
how their minimum and maximum values are not far 
apart. We reject the null hypothesis of normal distri-
bution for both series following the significance of the 
Jarque–Bera test. Considering the squared returns, the 

values appear similar in virtually all cases, except for 
the measures of normality of the series. They are also 
not found to be normally distributed. Lastly under this 
section, we provide evidence for the unit root prop-
erties of the all the series. The results are not differ-
ent from expected. For robustness, two classes of unit 
root tests are employed: unit root without structural 
breaks (Augmented Dickey–Fuller and Philips Perron 
tests) and unit root with structural breaks. Presented 
in Table  2, all the three tests suggest that the logged 
series are not stationary. On the contrary, the unit root 
null hypothesis is rejected for the squared returns. The 
unit root test with structural breaks further suggests 
one break date each for the series, and interestingly, 
they are all in 2008 which was the year of the crisis. 
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Fig. 2 Trends of REITs total market index and its squared Returns

Table 2 Unit root tests results

*** represents significance at 1% critical level

Variables Unit root without structural breaks Unit root with structural breaks

ADF PP Perron–Vogelsang

I(0) I(1) I(0) I(1) Coeff t-test Break date

Logged Series Price  index −2.567 −86.385*** −2.486 −86.634*** 0.992 −4.731 5/19/08

Market  index −2.703 −91.230*** −2.630 −92.149*** 0.994 −4.163 5/15/08

Squared Returns Price  index −4.913*** ––––– −103.759*** ––––– 0.835*** −9.722 12/1/08

Market  index −4.803*** ––––– −112.095*** ––––– 0.862*** −9.680 12/1/08
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This corroborates the spike experienced in our graphi-
cal analysis, hence the need to use a technique that is 
able to capture structural breaks, and also evaluate the 
behavior of the market after the crisis.

Empirical results
The main idea of this empirical analysis is based on the 
examination of persistence in the REITs market using 
the fractional integration technique. Hence, the frac-
tional differencing parameter, d, is estimated in the 
model given as:

In estimating d, the three conventional cases of: the 
absence of deterministic terms, a constant, and a con-
stant with a linear time trend, are put into consideration. 
The results are presented under different assumptions 
of uncorrelated (white noise) and correlated distur-
bance term, µt . In addition, since this study is not only 
interested in examining the efficiency of the US REITs 
market over time, but its behavior before and after the 
2008 global financial crisis, the long series is further 
partitioned into two, each covering the pre-crisis and 
post-crisis periods. Then, the differencing parameter d 
is re-estimated for each period in order to determine if 
market efficiency is induced or worsened by the crisis.

Results for full sample
Starting with the full sample analysis, the results for 
the estimates of d are reported in Tables 3 and 4 for the 
logged series and squared returns, respectively. For the 
logged series (Table  3), linear time trend seems to be 
required for both REITs price index and total market 
index under the white noise case. On the other hand, 

(8)
yt = α0 + α1t + xt; (1− B)dxt = µt , t = 1, 2, . . .

when autocorrelation is put into consideration, no 
deterministic terms are required for the REITs price 
index, while the REITs total market index only requires 
intercept. The estimates of both series seem not to be 
significantly different under each case of uncorrelated 
errors and correlated errors. For instance, when the 
errors are assumed to be uncorrelated, both series sug-
gest long memory and mean reverting behavior, given 
that d estimates fall within the (0.5, 1) range. In the case 
of correlated errors, however, the unit root hypothesis 
(d = 1) cannot be strictly rejected for the two series. 
Moreover, estimation under the correlated errors pro-
duces consistent results even at higher autoregressive 
orders. Thus, the d estimates under the case of auto-
correlation are relied on. For the volatility series, prox-
ied by the squared returns of the REITs series, Table 4 
reports for the full sample that the d estimates fall 
within the (0, 0.5) range, irrespective of whether white 
noise or autocorrelation is assumed for the disturbance 
terms. These findings imply stationary mean reverting 
and long-memory behavior for the volatility series.

The findings of the parametric approach are affirmed 
by the semiparametric approach based on Whittle esti-
mation. Similar to the outcomes of the parametric tech-
nique, Table  5 shows that the null hypothesis of unit 
root cannot be rejected for the logged series as the d 
estimates are not significantly different from 1 in higher 
number of cases. Table 6 also provides similar evidence 
in favor of mean reverting long-memory behavior of 
the REITs squared returns.

Results for pre‑ and post‑crisis periods
It is believed in this study that, owing to the heat of the 
global financial crisis of 2008, and particularly with the 

Table 3 Estimates of d for the fully sampled logged series

Significant values based on the deterministic terms are in bold, while the values 
in parentheses are the standard errors

Series No terms An intercept A linear trend

White noise

Price  index 0.9056 0.8882 0.8847
(0.0088) (0.0094) (0.0096)

Market  index 0.9493 0.9046 0.8929
(0.0067) (0.1245) (0.0091)

Autocorrelation

 Price index 0.9706 0.9607 −0.1140

(0.0122) (0.0147) (0.0097)

 Market index 0.9906 0.9746 −0.1058

(0.0076) (0.0134) (0.0092)

Table 4 Estimates of d for the fully sampled volatility series

Significant values based on the deterministic terms are in bold, while the values 
in parentheses are the standard errors

Series No terms An intercept A linear trend

White noise

Price index 0.2376 0.2375 0.2376

(0.0079) (0.0079) (0.0079)

Market index 0.2381 0.2381 0.2380

(0.0074) (0.0074) (0.0074)

Autocorrelation

Price index 0.3016 0.3016 0.3016

(0.0105) (0.0105) (0.0105)

Market index 0.3022 0.3022 0.3021

(0.0098) (0.0098) (0.0098)
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USA being at the forefront of the event, the efficiency of 
the US REITs market could be significantly altered. As an 
example, Assaf [7] shows that the behavior of most series 
significantly changed during the crisis. Hence, this study 
also attempts to evaluate and compare the efficiency of 
the US REITs market for the periods before, during and 
after the global financial turmoil of 2008. To do this, the 
full sampled data are partitioned into three periods using 
2008, which is the main year of the crisis, as the basis of 
division. By implication, the pre-crisis period runs from 
the start date of the fully sampled data to December, 31, 
2007, while the crisis period covers January 02, 2008, and 
December 31, 2008. The post-crisis period begins from 
January, 2, 2009, to the last date of the fully sampled data.

In Table  7, the estimates of d based on the paramet-
ric technique are presented for the logged prices for the 
sub-sampled periods. Irrespective of the assumptions 
made on the disturbance terms (i.e., under the two cases 
of white noise and autocorrelated errors), it is discovered 
for both series that d is not significantly different from 1 
for the pre-crisis sample. This means that the d = 1 unit 
root hypothesis, which is related to the efficiency of the 
financial market, cannot be rejected. The table further 
shows for the crisis and post-crisis periods that the esti-
mates of d are significantly below 1, in favor of the rejec-
tion of the unit root hypothesis. This indicates that the 
crisis led to the inefficiency of the REITs market. Turning 
to the squared returns, it is obviously seen from Table 8 
that long memory and mean reversion are still found 
for all the periods. However, reversion is faster during 
the pre-crisis period than the crisis and the post-crisis 
periods.

Now focusing on the estimates based on the semipara-
metric approach, market efficiency is still supported for 
the pre-crisis period following a larger part of the esti-
mates being insignificantly different from 1 across the 

chosen bandwidths (see Table 9). In similar version to the 
parametric estimates for the crisis and post-crisis peri-
ods, we also find evidence for inefficiency of the REITs 

Table 5 Semiparametric estimates of d for the fully sampled logged series

w and T are the bandwidth number and the total number of observations, respectively. Values in bold are those cases where the d estimates are not significantly 
different from 1

w T0.4 T0.45 T0.5 T0.55 T0.6 T0.65 T0.7 T0.75 T0.76 T0.79

Price index 1.0076 1.0056 1.0120 1.0140 1.0037 1.0600 1.0366 1.1059 1.0831 1.1836

Market index 1.0092 1.0072 1.0161 1.0218 1.0157 1.0156 1.0455 1.1722 1.1722 0.9876

Table 6 Semiparametric estimates of d for the fully sampled volatility series

w and T are the bandwidth number and the total number of observations, respectively. Values in bold are those cases where the d estimates are significantly lower 
than 0.5

w T0.4 T0.45 T0.5 T0.55 T0.6 T0.65 T0.7 T0.75 T0.76 T0.79

Price  index 0.6736 0.5369 0.6544 0.6068 0.3596 0.3060 0.2381 0.2432 0.2362 0.2327
Market  index 0.6550 0.5674 0.6127 0.6600 0.3919 0.3034 0.2332 0.2408 0.2408 0.2211

Table 7 Estimates of d for the pre- and post-crisis periods 
(logged series)

Significant values based on the deterministic terms are in bold, while the values 
in parentheses are the standard errors

Series No terms An intercept A linear trend

White noise

Price index Pre-crisis 1.0254 1.0518 1.0494
(0.0138) (0.0179) (0.0182)

Crisis 0.8477 0.8499 0.8263

(0.0413) (0.0419) (0.0446)

Post-crisis 0.9290 0.8660 0.8491
(0.0109) (0.0126) (0.0135)

Market index Pre-crisis 1.0240 1.0864 1.0817

(0.0080) (0.0156) (0.0160)

Crisis 0.8435 0.8456 0.8256

(0.0418) (0.0423) (0.0447)

Post-crisis 0.9480 0.8764 0.8484
(0.0098) (0.0120) (0.0135)

Autocorrelation

Price index Pre-crisis 0.9743 0.0521 0.9481

(0.0181) (0.0183) (0.0313)

Crisis 0.9236 0.9344 0.9085

(0.0600) (0.0626) (0.0683)

Post-crisis 0.9290 0.8660 0.9394
(0.0109) (0.0126) (0.0216)

Market index Pre-crisis 0.9974 1.0046 0.0913

(0.0093) (0.0387) (0.0172)

Crisis 0.9194 0.9288 0.9069

(0.0613) (0.0633) (0.0684)

Post-crisis 1.0040 0.9632 0.9390
(0.0107) (0.0192) (0.0216)
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market, although in favor of d > 1 in this case. Hence, 
while the parametric method supports mean reversion, 
the semiparametric method gives support to high degree 
of persistence. Notwithstanding this relative difference, 
they both commonly suggest market inefficiency after the 
global financial crisis. The results for the squared returns 
are not really different from those obtained under the 

parametric method, as reported in Table 10. Long mem-
ory and mean reverting behavior are still noticed for the 
series across the three periods, but such reversion seems 
to be slower after the crisis.

Conclusion
This paper is mainly geared towards the examination 
of the degree of persistence of the REITs series, and by 
implication the efficiency of the REITs market, of the  US 
using the fractional integration long-memory technique. 
The effect of the 2008 global financial crisis on the effi-
ciency of the REITs market is further examined by par-
titioning the historical data into three sub-samples using 
2008, which was the year the crisis took its hit on the 
financial market of the country, as the basis of disag-
gregation. As earlier noted, the choice of the fractional 
integration technique, as against other commonly used 
techniques, bothers on its better performance in the 
presence of structural breaks, trend-stationarity or frac-
tional integration. For robustness, both parametric and 
semiparametric methods of the fractional integration 
technique are used.

The results show for the aggregate sample that the ran-
dom walk hypothesis, associated with efficiency of the 
financial market, cannot be rejected. On disaggregating 
the series, it is discovered that the REITs market was effi-
cient before the break out of the financial crisis, but the 
efficiency was eroded during and after it. Like in the case 
of the aggregate sample, the random walk hypothesis 
could not be rejected during the pre-crisis period, thus 
indicating that the market was efficient. However, the cri-
sis and post-crisis periods witnessed a turnaround as the 
random walk hypothesis is strongly rejected in favor of 
d < 1 (mean reversion) in a large number of cases, indicat-
ing market inefficiency. Only in the case of the semipa-
rametric technique for the REITs index do a reasonably 
large number of the chosen bandwidths reject the ran-
dom walk hypothesis to support d > 1. Notwithstanding, 
it still depicts that the market is inefficient. In addition, 
it is found that volatility in the REITs series observes 

Table 8 Estimates of d for the pre- and post-crisis periods 
(volatility series)

Significant values based on the deterministic terms are in bold, while the values 
in parentheses are the standard errors

Series No terms An intercept A linear trend

White noise

Price index Pre-crisis 0.1951 0.1950 —

(0.0139) (0.0139)

Crisis 0.2107 0.2107 0.1177
(0.0387) (0.0387) (0.0431)

Post-crisis 0.2556 0.2567 0.2406

(0.0115) (0.0115) (0.0115)

Market index Pre-crisis 0.1970 0.1970 —

(0.0120) (0.0120)

Crisis 0.2111 0.2111 0.1184
(0.0387) (0.0388) (0.0431)

Post-crisis 0.2557 0.2569 0.2407

(0.0115) (0.0115) (0.0115)

Autocorrelation

Price index Pre-crisis 0.2576 0.2576 —

(0.0149) (0.0199)

Crisis 0.2798 0.2799 0.1708

(0.0506) (0.0507) (0.0595)

Post-crisis 0.3195 0.3225 0.3027

(0.0157) (0.0156) (0.0155)

Market index Pre-crisis 0.2605 0.2605 —
(0.0174) (0.0174)

Crisis 0.2798 0.2799 0.1713

(0.0506) (0.0507) (0.0594)

Post-crisis 0.3210 0.3240 0.3042

(0.0158) (0.0157) (0.0156)

Table 9 Semiparametric estimates of d for the pre- and post-crisis periods (logged series)

w and T are the bandwidth number and the total number of observations, respectively. For pre-crisis period, values in bold are those cases where the d estimates are 
not significantly different from 1, while for post-crisis period, values in bold are those cases where the d estimates are significantly higher than 1

w T0.4 T0.45 T0.5 T0.55 T0.6 T0.65 T0.7 T0.75 T0.76 T0.79

Price index Pre-crisis 1.0105 1.0205 1.0347 1.0338 1.0358 1.0607 1.0372 1.0724 1.0724 1.1728

Crisis 1.0483 1.1012 1.1511 1.2132 1.6642 1.5299 1.3477 1.0609 0.7039 0.7039

Post-crisis 1.0052 0.9976 1.0189 1.0398 1.0505 1.0906 1.1242 1.1608 1.1240 1.0657
Market index Pre-crisis 1.0141 1.0117 1.0205 1.0141 1.0292 1.0753 1.1004 1.1059 0.9897 1.1051

Crisis 1.0532 1.1093 1.1592 1.2244 1.6642 1.5676 1.3777 1.0672 0.7033 0.7033

Post-crisis 1.0080 1.0023 1.0185 1.0353 1.0412 1.0843 1.1172 1.1522 1.2197 1.0500
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mean reverting long-memory behavior in virtually all 
cases, although reversion seems to be slower for the post-
crisis period than the pre-crisis period. Putting all these 
together, we can conclude that the US REITs market was 
in a state of efficiency, until the global financial crisis dis-
rupted the market condition, thus rendering it inefficient.

The findings of this study are important for investors 
and policy makers. The inefficient state of the market 
during and after the outbreak of the crisis suggests that 
market investors or traders can engage trend-trading 
strategies to predict the future path of the REITs prices 
with some level of accuracy in order to make excess 
returns or abnormal profits. On the other hand, the role 
played by the financial crisis in making the market inef-
ficient particularly makes the policy recommendation to 
turn to the government. This study suggests that the US 
government should formulate and implement regulatory 
and control measures against future occurrence of such 
crisis. In addition to this, there is a need for a drastic 
policy by the government to strengthen the REITs mar-
ket against vulnerability to shocks. Meanwhile, in making 
attempt to restore efficiency to the REITs market, policies 
to be put in place should be development-based while 
putting the unique features of the REITs market in mind.
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