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The Pricing of Spatial Linkages in Companies’
Underlying Assets

Bing Zhu1
& Stanimira Milcheva2
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Abstract Spatial linkages in returns have not yet received much attention in an asset
pricing context, however, they can capture important information about idiosyncratic
externalities associated with firms’ holdings. We explain returns of real estate compa-
nies by modelling the spatial comovement across their underlying assets. We connect
stocks of real estate firms using the location of their property portfolios and show that
spatial linkages across real estate assets explain some of the variation in abnormal
returns, controlling for exposure to systematic factors and firm characteristics. We
propose a trading strategy that exploits the information contained in the spatial linkages
of the underlying assets. We show that a long-short hedge that sells the stocks that
experience a drop in the price if their connected stocks have also gone down in price
and buys the stocks that experience an increase in the price if their connected stocks
have also gone up delivers a non-market return of 9.7% per year.

Keywords Assetpricing .Factormodel .Spatial linkages .Property location.Realestate .

Hedge strategy

JEL Classification G11 . G12 . C21 . C23

Introduction

The impact of geographic location on REITs’ performance has received widespread
attention by researchers and investors. Previous literature focuses on the impact on the
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performance of individual REITs and draws divergent conclusions. For instance,
Gyourko and Nelling (1996) and Ambrose et al. (2000) find that geographic specifi-
cation of a REIT’s property portfolio has no economic impact on firm returns.
However, Capozza and Seguin (1998, 1999) and Hartzell et al. (2014) suggest that
the geographic diversification of a REIT’s portfolio has a negative impact on the firm’s
value, as allocating properties in different regions may result in higher administrative
costs and a higher liquidity premium that offset the benefits of diversification.1 In line
with the home bias theory, Ling et al. (2017b) find a significant positive relation
between home market concentrations and firm returns. In addition to geographic
concentration, the ‘quality’ of location has recently attracted some attention. For
example, Ling et al. (2017a) find a significant positive impact on REITs’ returns
stemming from the exposure to the so called ‘Gateway’ markets related to the ability
of REIT managers to both identify the outperforming MSAs and overcome the costs
and delays associated with increasing allocations to these MSAs.

This paper focuses on the impact of the spatial linkages across REITs’ property
holdings on REIT returns co-movement. This topic is of particular importance not only
to REITs managers who need to identify the best property portfolio strategy, but also to
institutional investors, who use REITs as a liquid vehicle to invest in real estate. Adams
et al. (2015) use the geographic proximity of the underlying assets and show how risk
spills over among 74 U.S. REITs in a Value at Risk setting. However, while their paper
reveals important insights in the relationship between geographic location of property
holdings and risk management for REITs, it is important to assess how information
embedded in the spatial linkages between property holdings can be drive REIT prices
and returns and how this information can be exploited in portfolios generating higher
non-market returns. In general, there is no clear evidence on geographic closeness
across properties in terms of the misvaluation of REITs. In particular, we investigate
whether the change in the share price of one REIT can affect the performance of other
REITs invested in nearby properties in a way that cannot be explained by their common
exposure to regional and national factors.

By showing the linkages of REITs share prices based on the geographic closeness of
underlying assets, this paper contributes to the existing literature by combining two by
now independent approaches – asset pricing and spatial econometrics – to investigate
the information contained in the spatial linkages of firms’ underlying assets. Spatial
econometrics have been extensively applied to the hedonic property valuation (Anselin
1988; Pace et al. 1998; Zhu et al. 2011; Tu et al. 2004; Nappi-Choulet and Maury 2009;
Le Sage and Pace 2009; Chegut et al. 2014) and market performance analyses (Miao
et al. 2011; Holly et al. 2011; Zhu et al. 2013; Milcheva and Zhu 2016a, b). The studies
show that spatial dependence can capture the unobserved local or spatial characteristics
and thereby can improve the valuation of properties and identify spatial spillover effects
across prices. However, asset pricing models do not account for spatial dependence
across firms. Therefore, in this paper, we investigate the spatial linkages between
individual stocks and their pricing which could help asset managers to identify
under-priced and over-priced stocks.

1 Using Asian REITs, Cheok et al. (2011) also confirm this finding. By contrast, Eichholtz et al. (1995) find
that holding a single property type across different regions is the most effective diversification strategy in UK.
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The impact of location and geographic proximity for the performance of firms has
received increasing attention in the finance literature. Pirinsky and Wang (2006) show
that companies with closely located headquarters show stronger comovement in their
non-market returns. The rationale behind using location in an asset pricing context is to
uncover information asymmetries. Bernile et al. (2015) show that investors pay more
attention on the location of underlying assets than the location of their headquarters.
Therefore, we aim to fill the gap in the literature by studying geographic proximity of
the underlying assets and the comovement in their stock returns. For this purpose,
REITs provide us an ideal sample as the underlying assets of REITs is clearly
associated with a single and identifiable location.

The rationale for assessing spatial comovement in an asset pricing context is
twofold. First, shocks to the performance of one company can have negative or positive
externalities on other companies if their holdings are located sufficiently close to each
other. Campbell et al. (2011) show that the price of a house can be influenced not just
by general macroeconomic conditions and hence by demand and supply but also by
idiosyncratic factors like the urgency of the sale and the physical quality of the house
among others. Fostel and Geanakoplos (2008) and Geanakoplos (2009) show that
changes in prices of assets during a fire sale can be explained if buyers have different
opinions about the true value of the asset and face borrowing constraints, even though
the actual payoffs from holding real estate are the same for all market participants.
Positive or negative price externalities stemming from certain buildings can affect the
prices of nearby buildings owned by different real estate companies. This has direct
effects on the rental income and the capital growth from the underlying assets and
hence on the net asset value (NAV) of the real estate companies and can trigger the
movement in stock returns. Second, the co-movement could be related to information
asymmetry in the real estate market. Kurlat (2016) presents a model in which differ-
ences among buyers stem from the quality of their information. Such a setting can also
be applied to real estate markets where buyers in general possess different information
about the quality of the property and the neighbourhood.

We adopt a two-stage approach. First, we use the abnormal returns obtained from a
factor model in a spatial panel model using a spatial weight matrix and controlling for a
range of company specific characteristics. In the second stage, we build portfolios using
the information in the spatial linkages and estimate non-market returns. We account for
the spatial linkages by using a measure of the physical distance between the property
holdings. The concept of common ownership described in Anton and Polk (2014)
which relates to fund ownership of stocks can also be applied in the context of real
estate firms. In the latter case, the common ownership of properties located in a
common sub-market, within a range of 25 km, by one firm.

We demonstrate that excess movement can exist between REITs that hold properties
locating in nearby areas, in addition to the degree of co-movement that can be
explained by market risk, regional risk and other common factors. We use this finding
to provide a trading strategy for real estate stocks which can achieve significant non-
market returns (alpha) by using the information contained in the spatial linkages of the
underlying assets.2 Our results show that the degree of locational proximity of the

2 In the finance literature, it is shown that the comovement across stocks can be captured by common mutual
fund ownership (Barberis and Shleifer 2003; Barberis et al. 2005; and Anton and Polk 2014).
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property holdings of different real estate companies explains the cross-sectional vari-
ation in return correlation, controlling for exposure to systematic return factors, sectoral
and regional similarity, and a range of firm characteristics. We find that spatial linkages
across companies’ underlying assets can serve as an indicator for misvaluation of
stocks. We demonstrate that a long-short trading strategy exacerbates the excess
comovement. An investment strategy which buys the stocks that experience an increase
in their price if their connected stock returns have also gone up and sells the stocks that
experience a drop if their connected stock returns have also gone down can earn an
average non-market return of nearly 10% per year.

Literature Review

Our research thus relates to two strands of literature – the literature on geographic
location and asset pricing and the literature on co-movements in real estate prices.
Previous research incorporates a locational factor into an asset pricing model and the
location stays for the location of firm’s headquarter (e.g., Bernile et al. 2015; Becker
et al. 2011; Hong et al. 2008; Pirinsky and Wang 2006) and the location of assets
related to the firm (see e.g., Gyourko and Nelling 1996; Capozza and Seguin 1998,
1999; Ambrose et al. 2000; Hartzell et al. 2014; Ling et al. 2017a). The majority of the
studies focus on the location of the headquarters. For example, using US company data
from 1993 to 2002, Pirinsky and Wang (2006) document strong comovement in the
stock returns of firms headquartered in the same geographic area. The local co-
movement of stock returns is not explained by economic fundamentals and is stronger
for smaller firms with more individual investors. Price formation in equity markets has
a significant geographic component linked to the trading patterns of local residents. Fu
and Gupta-Mukherejee (2014) argue that in financial markets which are characterised
with large frictions in dissemination of information, market participants can acquire
information through informal channels such as the links between funds and the links
between funds and companies. Coval and Moskowitz (2001) argue that geographic
proximity matters as local fund managers can access local information more easily and
monitor the operations of the local companies. Hong et al. (2005) identify that the
word-of-mouth channel which means that fund managers in the same location would
have correlated strategies. However, when it comes to the role of location proximity on
comovement in returns across firms, there is hardly any evidence.

As we are focussing on spatial linkages, it is worth looking into the literature on return
comovement through spatial linkages. Spatial equilibrium theories argue that spatial
interdependence across agents can explain economic behaviour (Anselin 2003). In
general, the concept developed in spatial econometrics is to capture the effect of a shock
at a specific point in space to another place (Haining 2003). Such models are often used to
explain housing transactions, as the prices of the physical assets can depend on the prices
of the surrounding buildings (DiPasquale and Wheaton 1995; Fujita and Thisse 2003).
The most common spatial dependence widely studied in the literature is through geo-
graphic proximity (Fingleton 2001 and Fingleton 2008). The reason is that neighbouring
regions often keep close economic relationships. Therefore, as Fazio (2007) and Orlov
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(2009) argue, geographically closer regions would have as a result stronger economic
linkages. Miao et al. (2011) explore correlations among real estate returns in 16 US
metropolitan statistical areas (MSAs) and find that the strongest correlation appears to be
in geographically adjacent regions. In this paper, we go one step further and investigate
whether the spatial dependence detected in the aggregate regional real estate markets can
also be found across individual real estate firms. Chegut et al. (2014) investigate the
spatial dependence in office price in Hong Kong, London, Los Angeles, New York City,
Paris, and Tokyo for 2007 to 2013. They find that only a low economic impact from
spatial dependence in all six markets, and spatial and spatio-temporal dependence do not
moderate the effects of hedonic characteristics statistically or economically.

Methodology

In the first stage, we estimate a factor model given as

ri;t ¼ αi þ βi Ft þ εi;t; ð1Þ

with ri, t, the excess return of asset i (i = 1,2.., N) in period t (t = 1,2.., T) calculated as

ri;t ¼ ~ri;t−rrft with rrft the risk-free rate in period t and ~ri;t the return of stock i in period
t. Ft is a vector of factors and βi is a vector of the sensitivities of the i-th asset to each
factor. εi, t is the residual or the abnormal return with εi;t∼N 0; ν2i

� �
.

In the second stage, we use the monthly abnormal returns, the residuals from Eq. (1),
to estimate an unbalanced spatial panel model3 given as:

εit ¼ aþ b0εi;t−1 þ ρ ∑
N

j¼1; j≠i
wi; j;tε j;t þ ∑K

k¼1bkcontrolsk;i;t þ ui;t ð2Þ

The explanatory variables consist of a spatial term of the abnormal returns,
∑N

j¼1; j≠iwi; j;tεi;t , the lagged monthly abnormal returns, εi, t − 1, and a host of firm

characteristics, controlsk, i, t. Notice that wi, j, tt is a time-varying spatial weight which
is based on the distance between the properties of each pair of firms at period t. The
matrix is time-varying, as the property portfolio composition of each firm changes from
year to year. ρ is the spatial coefficient in which are most interested. The company-
specific variables control for sector and regional diversification, age, size, debt-to-
equity (D/E) ratio, trading volume, return on equity, and debt ratio. We also include
variables controlling for the diversification strategy and common exposure to top real
estate markets. The model in Eq. (2) is solved by a maximum likelihood estimation
(Baltagi et al. 2015). Second stage is nessecary in order to show if the spatial coefficient
matters for abnormal returns.

3 A more general form of unbalanced spatial panel model is:
εi;t ¼ aþ b0εi;t−1 þ ρ∑N

j¼1; j≠iwi; j;tεi;t þ δ∑N
j¼1; j≠iwi; j;t−1εi;t−1 þ ∑K

k¼1bkcontrolsk;i;t þ ui;t . The results are re-

ported in Table 10 in the Appendix. The conclusions of the study remain robust with different forms of spatial
model.
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If that is the case, in the third and final stage, we use the information from the spatial
linkages to group firms into different portfolios and estimate Eq. (1) for entire portfolios
and not firms as for the analysis in stage 2. We are interested in the non-market returns,
αi, of each portfolio and determine a trading strategy based on those outcomes.

The Spatial Weight Matrix

As argued above, real estate companies provide a suitable setting to account for spatial
linkages as such companies extract a large proportion of their income (80–90%) operating
direct real estate assets, mostly through rental income. This enables us to directly relate the
locations of the underlying assets of a company to the locations of properties of another
company and calculate a spatial weight for each pair of firms. The weight is based on the
proportion of the properties held by the two firms that locate within a distance of 25 km:

wi; j;t ¼ 1

Lt
∑
l¼1

Lt

qi:l; j;t; ð3Þ

with l = 1, 2, . . , Lt and Lt is the total amount of properties held by firm i. ∑
l¼1

Lt

qi:l; j;t is the

total amount of properties held by firm i in period t that has a distance of less than 25 km
with ANY of the properties held by firm j, with:

qi:l; j;t ¼ 1 if property l locates within 25 km to any properties held by firm j
0 otherwise

:

�
ð4Þ

The same is true for the counterparty firm j:

wj;i;t ¼ 1

Kt
∑Kt

l¼1qj;l;i;t; ð5Þ

with l = 1, 2, . . , Kt and Kt is the total amount of properties held by firm j. qj. l, i, t is the
amount of properties held by firm j in period t that has a distance less than 25 km with ANY
of the properties held by firm i. In order tomake sure that thematrix is symmetric, we use the
minimum of these two proportions to calculate the linkage between each pair of firms4:

wi; j;t ¼ wj;i;t ¼ min
1

Lt
∑
l¼1

Lt

qi:l; j;t;
1

Kt
∑Kt

l¼1qj;l;i;t

 !
ð6Þ

Equation (6) defines the weight between each two firms using their minimum of the
individual firm weights, because the minimum distance accounts for the case in which
firms have different levels of geographic asset concentration. We assume that the pair of
firms would not have a strong relationship as indicated by the average weight if the two
individual weights are far apart from each other. In that case, we assume overall weak

4 Results based on average weights are reported in Table 10, Model 2 in the Appendix.
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relationship. In the last step, we combine each element of Eq. (6) in aWt matrix with the
pairwise proportions for each period. We then row-standardize matrixWt so that for each i
we have ∑jwi, j, t = 1.

Figure 1 shows an example of how the distance between firmA and firmB is calculated
based on the individual distances between the properties. Let us assume that company A
holds three properties, A1, A2 andA3, and company B holds in two properties, B1 and B2.
The dashed lines show the distance between each pair of properties. For firm A, all of the
properties locate within a distance of 25 km to any of the properties held by firm B, so the
proportion of properties that locate within 25 km to any of the properties held by firmB is 1
(fromEqs. 3 and 4). For B, B2 locates within the 25 km distance andB1 locates beyond the
range of 25 km, which leaves us with a weight of 0.5 (from Eq. 5). The spatial weight
between firms A and B is then defined as the minimum of 1 and 0.5, and is thus 0.5 (from
Eq. 6). If the weight is 0, it implies that none of the properties between the two firms is
located within 25 km. If the weight is 1, it implies that all properties of a firm locate within
25 km from the corresponding counterparty.

Data

The data regarding the individual company characteristics is collected from SNL
Financial. The returns and the market capitalization data are from Thomson Reuters
Datastream. We collect data for all available US listed real estate companies between
1996 and 2015. In total we collect data for 223 firms. However, not all of them report
the location of their properties, therefore we only use those which provide locational
information. Furthermore, we exclude those firms holding real estate assets interna-
tionally in order to restrict the data sample to firms only invested within the US
(excluding Hawaii), as REITs that invest internationally are subject to different market
dynamics and require the use of different factors in the asset pricing analysis. This
leaves us with 115 firms. After removing companies with missing observations for the
control variables, 74 distinct companies remain in our sample.5

Fig. 1 Construction of the spatial weights between each pair of real estate companies

5 Results based on 202 firms are shown in Table 10 in Model 3 in the Appendix. The spatial coefficient is even
higher. This is because REITs investing only in the domestic market tend to show higher correlation among
each other as compared to REITs that hold properties internationally. The high correlation can be explained by
the shorter distance across the properties but it can also be explained by differences in the dynamics of
domestic versus international markets. Therefore, in the baseline estimations, we only use REITs that invest in
the domestic market.
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Figure 2 shows the number of firms with complete observations in our
sample over the study period as well as the market capitalization in each year.
Up until 2007, the number of listed real estate companies in our sample has
steadily increased from 31 to 70 and the average firm size increased by over 10
times, from $0.4 billion to over $4.1 billion.6 During the GFC, real estate
companies experienced a large drop in size and shrunk to $1.2 billion as of
2009. Starting in 2009, real estate stocks have recovered to their pre-crisis
values. Between 2010 and 2015, real estate companies showed the highest
increase in market capitalization in the entire sample period.

Figure 3 shows the average number of properties across the real estate firms
with available data for each year. We can see that the number of properties held
on average by a real estate firm has doubled between 1996 and 2000. Figure 5
in the Appendix shows maps with the locations of the properties of each of the
real estate companies.

We use two sets of explanatory variables to estimate the abnormal returns in
the first stage. The data for the factors is obtained from Ken French’s website.7

The factors include a US market return index (MR), the difference between the
returns on diversified portfolios of small stocks and big stocks (SMB), the
difference between the returns on diversified portfolios of high book-to-market
(value) stocks and low book-to-market (growth) stocks (HML), and the differ-
ence between the month t returns on diversified portfolios of the winners and
losers of the past year (WML). The first three factors (MR, SMB, HML) are
the Fama and French factors (Fama and French 1993) accounting for market
return, size and type; the fourth factor (WML) is the Carhart momentum factor

6 Given that there is variation across the number of firms over time, we estimate an unbalanced panel model as
explained in Section II. The advantage of using an unbalanced panel regression is to avoid the survival bias.
The specification of an unbalanced sample of spatially-weighted returns may create some concerns if the
cross-sectional distribution of stocks is not constant. Therefore, we also estimate the baseline model based on
27 REITs with complete data over the entire sample period using a balanced spatial panel regression. As
shown in Table 10 in Model A4 in the Appendix, the results remain robust.
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Fig. 2 Number of US real estate firms with complete observations and their market capitalization between
1996 and 2015

7 See http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/
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(Carhart 1997). The second set of factors is constructed by us only using real
estate companies instead. We call those factors the constructed factors. We
follow the real estate literature which shows that REITs may not perfectly
move together with the stock market reflecting information specific to the
underlying real estate market. We construct these factors using the 223 real
estate firms. As shown in Table 1, the average excess return of the market
index over the sample period is 0.6%. This is slightly less that the 0.8% return
of the 223 real estate companies. We also see that the variation in the
constructed factors is larger for the return, type and momentum and smaller
for size.

Table 2 summarizes the firm characteristics of the real estate companies. We show
data averaged across time, from 1996 to 2015, and across the 74 companies. We show
descriptive statistics of the characteristics of firms with high and low total returns which
are connected through their underlying assets to similarly performing companies. In
particular, we sort firms according to their total returns and according to the
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Table 1 Descriptive statistics for the factors (averages 1996–2015)

Mean Std. Dev. Max Min

Existing factors (Fama and French, Carhart)

MR 0.006 0.046 0.114 −0.172
SMB 0.003 0.033 0.192 −0.154
HML 0.002 0.033 0.139 −0.131
WML 0.004 0.029 0.122 −0.176

Constructed factors (using 223 US real estate companies)

MR 0.008 0.059 0.252 −0.329
SMB 0.004 0.023 0.115 −0.083
HML 0.002 0.042 0.131 −0.214
WML 0.003 0.062 0.197 −0.291

The ‘existing factors’ are the four factors frequently used in asset price models. The ‘constructed factors’ are
the same as above but constructed using 223 US real estate companies instead in order to better capture the
cross-sectional and time-series variation in the returns of real estate companies

The Pricing of Spatial Linkages in Companies’ Underlying Assets



performance of their ‘connected’ firms.8 Panel B shows descriptive statistics only for
firms with high average returns that are connected to high-return firms (HH portfolio of
firms).9 High-return firms include firms with 33% highest average annual returns across
all firms in the previous year which all fall in the category of firms whose connected
counterparties have on average the 33% highest returns.10 Panel C summarizes the
firms with low returns that are connected to low-return firms (LL portfolio).11

8 By ‘connected’ firms we mean the companies which own properties in a proximity on less than 25 km to
each other.
9 These are the HH portfolios in Table 8.
10 The grouping of firms into HH and LL categories in explained in more detail in Section IV.
11 These are the LL portfolios in Table 8.

Table 2 Descriptive statistics for the real estate companies (averages across 1996–2015)

Mean Std. Dev. Max Min Difference in Mean

Panel A: All Firms

Monthly Total Return 0.006 0.125 2.996 −5.392
Age (months) 215 149 642 6

Market Capitalization ($m) 1856 2712 26,068 0.350

ROAE (%) 6.763 11.839 57.410 −40.720
RE Investment Growth (%) 16.645 35.649 205.830 −31.820
Turnover Ratio 2.765 4.297 36.561 0

D/E Ratio 1.672 2.368 20.785 −11.024
Panel B: HH Firms

Monthly Total Return 0.007 0.090 0.451 −0.823 0.0005

Age (months) 210 152 627 6 −5
Market Capitalization ($m) 2488 3706 26,068 1.78 631***

ROAE (%) 7.265 12.616 57.410 −40.720 0.502

RE Investment Growth (%) 14.282 35.775 205.830 −29.480 −2.363***
Turnover Ratio 2.805 5.145 36.561 0 0.040

D/E Ratio 1.375 2.085 11.689 −11.024 −0.297***
Panel C: LL Firms

Monthly Total Return −0.0017 0.165 1.984 −2.413 −0.009***
Age (months) 278 171 533 47 63***

Market Capitalization ($m) 1497 2822 17,512 2.25 −359.199***
ROAE (%) 2.885 14.729 56.050 −40.720 −3.878***
RE Investment Growth (%) 8.999 32.688 205.830 −31.820 −7.646***
Turnover Ratio 2.484 4.543 36.561 0 −0.281*
D/E Ratio 2.199 3.902 20.785 −11.024 0.527***

This table reports the descriptive statistics for a sample of real estate companies from 1996 to 2015. Panel A
shows descriptive statistics for all 74 firms. Panel B shows descriptive statistics only for firms with high
returns that are connected to high-return companies (HH firms). Panel C shows the firms with low returns that
are connected to low-return companies (LL firms). The age is reported in months accumulated up to the
second month of 2015. M/B ratio is the market-to-book ratio. ROAE is the return on average equity in percent,
RE Investment Growth is the real estate investment growth in percent. The turnover ratio is annual terms and
is calculated as the trading volume divided by common shares outstanding. D/E ratio is the debt- to-equity
ratio. ***, ** and * denotes that the difference in mean is significantly different from the average of all firms at
1%, 5 and 10% levels, respectively, based on t-statistics
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The average return across all companies is 0.6% per month. The HH firms do not
yield significantly higher returns than the average of the 74 firms. The LL firms yield
significantly lower returns than the baseline, −0.17% per month. The average age of the
companies is 18 years (or 215 months), with the oldest company being 53 years old and
the youngest just 6 months. LL firms are on average almost 5 years older than HH
firms. We also see a large variation across the size of the companies in terms of market
capitalization with the highest being $26,068 million and the lowest, $0.35 million. On
average a company has a market capitalization of $1856 million. The HH firms are
significantly larger with a capitalization 34% higher than the average. The LL firms are
significantly smaller than the average. This implies that larger firms perform on average
better than smaller firms. The average M/B ratio is 0.81, the highest, 7.6, and the
lowest, −5.2. It is similar to the average ratio of 0.8 across all types of industries which
suggests that REITs can be seen as value stocks. The average ROAE is 6.7% but it goes
down to −40% in the worst case for some of the companies. The ROAE of the
companies in our sample is lower than the average for all types of industries which is
nearly 11%. However, it is higher than the average ROE for the real estate industry of
1.7%. HH firms do not exhibit significantly higher ROAE. However, we see that LL
firms have on average significantly lower ROAE of 2.8%. We also include the turnover
ratio as a measure of liquidity. Barinov (2014) shows that the turnover ratio is
negatively related to liquidity and that relationship is stronger for firms with option-
like equity due to bad credit ratings. We calculate the turnover ratio as the total value of
the trading volume of a company for a whole year divided by the end-of-year
outstanding value of common stocks. The higher the turnover ratio the more liquid
the company is. On average, each common share is traded 2.76 times a year. The LL
firms have significantly lower liquidity than the average of 2.48. The HH firms on the
other side are more liquid that the baseline. Real estate investment growth is 16%
consistent with findings in Bond and Xue (2017) and Alcock and Steiner (2016). The
growth in the LL firms is significantly smaller, taking a value of about 10%. The D/E
ratio is on average 1.67 but some companies have very high D/E ratio of more than 20.
This is consistent with previous findings that demonstrate that REITs carry significant
leverage (Barclay et al. (2013)). The leverage is significantly higher for LL companies
and significantly lower for HH firms.

Results

Baseline Results

We first estimate a factor model using the existing factors as described above. We run
firm-by-firm regressions using monthly data. We can see that the performance of the
model is poor as the R2 is low, at only 3.2% on average, and none of the factors is
significant on average (see Model 1 in Table 3). This is compared with R2 of above
60% for stock regressions by Fama and French (2012) using the four Fama and French
factors. The reason for the low explanatory power is that the general stock market
factors do not include enough real estate companies and a large part of the risk is
idiosyncratic. Real estate companies invest predominantly in real estate and can be
driven by factors specific to certain buildings such as location, sector, etc. This is
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reflected in the low and insignificant beta of 0.0019. One of the reasons for the low
synchronicity between real estate companies and the market, as argued by Chung et al.
(2011), can be due to spatial uniqueness of the underlying assets. In order to capture the
comovement in the real estate equity market, we construct factors using the 223 US real
estate firms. The results are reported in Model 2 in Table 3. The R2 of Model 2 is now
much higher with a value of 49%. However, this value is still not as high as the one
observed for stocks. This can point again to remaining idiosyncratic price variations as
we account for the REIT market. We can see that the variations in the returns are largely
explained by the market index (RM). The average beta across the 74 companies is 0.95
which is very close to the beta of the market of 1. That means that the 74 companies in
our sample which we regress individually on a factor constructed using 223 real estate
companies commove very closely with the rest of the real estate firm universe.

In a second stage, we use the abnormal returns from the factor model (Model 2) to
estimate an unbalanced panel model with 11,031 observations. Model 3 (in Table 4)
does not include a spatial term, which Models 4 and 5 regress the residuals on the
spatially weighted residuals. The weights capture the spatial linkages between each pair
of residuals using the locations of the underlying property holdings of each company.
Model 4 includes only one matrix using 25 km as the bandwidth. Spatial models
always assume that the co-movement between assets should depend on the strength of
their linkages. While we construct the weights based on the strength of the linkages, we
also test if that assumption is fair. For this purpose, we apply the distance decay model
adding four matrices. The results are presented in Model 5. It shows other bandwidths,
such as 25–125 km, 125–1000 km, and distance beyond1000 km. The first matrix is the
same as the matrix in Model 4. This means, each weight between a pair of firms reflects
the proportion of properties of one firm that locates within 25 km to any of the
properties held by the other firm. The second matrix is defined in the same way as
the first matrix; the only difference is that the weight is based on the proportion of
properties held by one firm that locates between 25 km and 150 km to any of the
properties held by the other firm. In the same way, we define matrix three, but the
distance is 150–1000 km. Matrix four accounts for the proportion of the properties

Table 3 Estimation of factor models

Alpha RM SMB HML MOM Adjusted R2

Model 1 (existing factors)

Coefficient 0.0044 0.0019 −0.0014 0.0034 −0.0012 0.0324

t-stats. (1.0200) (0.2496) (−0.0395) (0.7724) (0.0024)

Model 2 (constructed factors)

Coefficient −0.0012 0.9561 0.4219 0.1012 −0.0508 0.4849

t-stats. (−0.1734) (10.8189) (1.7143) (0.6726) (−0.5890)

Model 1 is using the existing factors. Model 2 is using the constructed factors. We construct the factors in the
same way as Fama and French however we only use real estate companies. A total of 223 US firms are
included in the factor calculations. Alpha is the constant in the factor model. RM stays for the coefficient
associated with the index return; SMB is the average coefficient of the return differential of small-minus-big
portfolios; HML is the average coefficient of a return differential of high-minus-low portfolios; MOM is the
average coefficient of the momentum return index. We run a time-series regression for each of the 74 REITs
for which locational data is available. Average t-statistics are provided in brackets
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between two firms that locate further than 1000 km. For each matrix the weight is
defined as the proportion of the underlying properties within the respective distance; for
the rest of the firms, the weights are set to zero.

In all three models (Models 3, 4 and 5), we control for profitability, liquidity, size, as
well as diversification strategies. The degree of market concentration is measured using
a Herfindahl-Hirschman Index (HHI). When the index has a value of 1, the firm has a
fully concentrated market/sector strategy meaning that all properties are located in the
same state or in the same sector. The lower the HHI index, the more diversified the
assets the firm holds. We consider two diversification strategies, by location (at the state
level) and by sector (at the property type) as similar diversification strategies may yield
similar REITs’ returns. Additionally, we control for common economic shocks. For
example, Cotter et al. (2015) suggest that performance across geographic locations can
be highly correlated because certain MSAs are more exposed to macroeconomic shocks
than their others. We follow Ling et al. (2017a) and use the proportion of the properties
located in the 25 major MSAs to proxy for the common exposure to top markets of
each REIT. The MSAs are Atlanta, Boston, Chicago, Dallas, Denver, Detroit, Houston,
Indianapolis, Kansas City, Los Angeles, Miami, Minneapolis, New York, Orlando,
Philadelphia, Phoenix, Portland, Sacramento, Saint Louis, San Antonio, San Diego,
San Francisco, Seattle, Tampa, and Washington, D.C.

We can see that the spatial coefficient for the 25 km bandwidth is significantly
positive and takes the value of 0.2 in Model 4.12 It means that spatial linkages across
the underlying assets of firms significantly drive the comovement across the non-
market returns, controlling for systematic factors as well as company-specific charac-
teristics. Model 4 also achieves higher adjusted R2 and lower BIC than the model
without spatial consideration (Model 3), confirming significant spatial dependence in
the abnormal returns. Given that one standard deviation ofWy is 0.0204, a one standard
deviation increase in the abnormal return of ‘neighboring’ REITs is associated with
0.4% increase in the abnormal return of the REIT of interest.

Looking at Model 5, we see that the matrix based on 25 km bandwidth has the
highest coefficient of 0.14. The matrix based on the bandwidth between 25 km and
125 km has a smaller but significant coefficient of 0.05. When the distance between the
properties exceeds 125 km, we cannot find evidence for spatial dependence anymore.
The decrease in the spatial dependence intensity with different bandwidths implies that
the comovement in the abnormal returns declines with the distance of the properties
held by the two firms. If we compare the goodness of fit between Models 4 and 5, we
can see that although the adjusted R2 slightly increases by 0.0005 in Model 5, the BIC
is also higher. The additional matrices do not significantly improve the goodness of fit.
Therefore, we choose Model 4 as the baseline model.

The control variables have the expected signs but not all of them are significant. We
can see that the lagged abnormal returns have a significant effect on current abnormal
returns, however the sign is negative. A 10 percentage point increase in the abnormal
return would lead to a drop of the abnormal returns in the next period by 0.7 percentage

12 The results based on the residuals using the existing factors are robust. They are shown in Table 10 in the
Appendix. The estimated comovement is much higher in this case than when using the constructed factors.
This implies that real estate specific factors can eliminate the comovement in the abnormal returns and capture
some of the idiosyncratic risk.
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Table 4 Unbalanced spatial panel regression

Model 3:
Unbalanced
panel model

Model 4: Unbalanced
spatial panel model

Model 5: Unbalanced
spatial panel model,
distance decay model

Spatial coefficient ρ 0.1965*** 0.1386***

(D< 25) (0.0240) (0.0318)

Spatial coefficient ρ 0.0529*

(25 <D< 150) (0.0299)

Spatial coefficient ρ 0.0374

(150 <D< 1000) (0.0254)

Spatial coefficient ρ 0.0089

(D> 1000) (0.0076)

Lagged abnormal return −0.0783*** −0.0791*** −0.0785***
(0.0074) (0.0074) (0.0074)

25_MSA 0.0177*** 0.0178*** 0.0178***

(0.0061) (0.0061) (0.0061)

HHI_State 0.0024 0.0022 0.0022

(0.0019) (0.0019) (0.0019)

HHI_Sector −0.0032 −0.0032 −0.0032
(0.0021) (0.0021) (0.0021)

Age −0.0009 −0.0008 −0.0008
(0.0012) (0.0012) (0.0012)

Size 0.3899*** 0.3874*** 0.3875***

(0.0048) (0.0047) (0.0047)

RE inv. growth −0.0104*** −0.0102*** −0.0103***
(0.0018) (0.0018) (0.0018)

Turnover ratio 0.0608*** 0.0611*** 0.0614***

(0.0112) (0.0112) (0.0112)

ROAE 0.0059 0.0058 0.0061

(0.0127) (0.0127) (0.0127)

D/E ratio 0.0217 0.0203 0.0207

(0.0284) (0.0283) (0.0283)

Year dummies Yes Yes Yes

Firm dummies Yes Yes Yes

Ave. no. of Firms 48 48 48

No. of Period 229 229 229

No. of Observations 11,029 11,029 11,029

Adj. R2 0.3998 0.4044 0.4049

LL −18,582 −18,615 −18,619
BIC −3.2722 −3.2955 −3.2937

This table reports the estimates of an unbalanced spatial panel regression. The dependent variable are the
residuals from a four-factor model using constructed factors, see Eq. (1). Explanatory variables include the
lagged abnormal return, firm age, firm market cap, firm growth, return on average equity (ROAE), real estate
investment growth, turnover ratio, and debt-to-equity ratio. 25_MSA is the percentage of a firm’s total
property portfolio located in top 25 markets defined as Atlanta, Boston, Chicago, Dallas, Denver, Detroit,
Houston, Indianapolis, Kansas City, Los Angeles, Miami, Minneapolis, New York, Orlando, Philadelphia,
Phoenix, Portland, Sacramento, Saint Louis, San Antonio, San Diego, San Francisco, Seattle, Tampa, and
Washington, D.C. HHI_state stands for Herfindahl index for regional diversification. HHI_sector stands for
Herfindahl index for sector diversification. In model 4, the weight matrix is constructed based on Eqs. (3)–(6)
using 25 km as the bandwidth. In model 5, the weight matrix is constructed based on Eqs. (3)–(6) using 25 km,
25–150 km, 150–1000 km and more than 1000 km as the bandwidth. We report the standard error in brackets.
***, ** and * denotes 1%, 5 and 10% significance level, respectively
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points. Although the effect is small, it is significant and shows that there is some
systematic correction over time in the abnormal performance of REITs. This is in line
with the assumptions of mean-convergence of the residuals. REITs receives higher
abnormal return when they have higher exposure to the top 25 MSAs, consistent with
the findings in Ling et al. (2017a).

There is a significantly positive relationship between the size of the company and its
abnormal return even after controlling for size as a systematic risk factor. We can see
that another important company characteristic, real estate investment growth, has a
significantly negative effect on abnormal returns which is also in line with expectations.
Small stocks should compensate for the risk exposure. The more the company grows its
business, the lower the chances for any additional abnormal returns. The turnover ratio
has a significant impact. The abnormal return is positively related to the trading volume
of shares of the respective company.

Robustness Analysis

In order to make sure that the physical distance is the best way to capture the
relationships in the companies and that the spatial weight matrix does not capture some
other linkages or global comovements, we add an alternative weight matrix into the
spatial panel model. Those additional weight matrices are based on the similarity in the
size across firms, the similarity in their M/B ratios and the similarity in their momen-
tum.13 As Bernile et al. (2015) show, the geographic proximity of a firm’s headquarter
can also explain the correlation in the abnormal returns. Therefore, we also construct a
weight matrix which is defined based on whether the headquarters of each pair of
companies are located in the same city.14 Eq. (2) can be rewritten as:

εit ¼ aþ b0εi;t−1 þ ρ1 ∑
N

j¼1; j≠i
wi; j;tε j;t þ ρ2 ∑

N

j¼1; j≠i
walternative
i; j;t ε j;t þ ∑K

k¼1bkcontrolsk;i;t

þ ui;t; ð7Þ

The results are reported in Table 5. In all cases, the spatial dependence triggered by
geographic proximity of the underlying assets remains significant, ranging from 0.1560 to
0.1957. The spatial coefficient of the additional weight matrix ranges from 0.0099 to
0.0751. Except for the weight matrix constructed based on M/B ratio, the remainder are
insignificant. This is to show that geographic distance is not capturing other linkages
between the companies such as similarities in size, performance or company location. Our
measure of company linkages does a good job in capturing comovements as compared to
more commonly used spatial measures. Also, it is a call to using spatial distance between
underlying assets rather than the spatial linkages between the actual companies.

Concerns may arise as the real estate markets can perform quite differently
in each MSA due to variations in local legislations and economies.
Consequently, the estimated comovement may not be due to the closeness of

13 Detailed information about the construction of these alternative weight matrices is provided in the
Appendix.
14 Detailed information about the construction of this weight matrix is provided in the Appendix.
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the underlying assets but rather to these properties locating in the same region.
In the baseline model, we have controlled for the exposure to the top 25 real
estate markets. Nevertheless, the comovement might still be caused by a
common exposure to regions with similar economic dynamics and industries.
We follow Ling et al. (2017a) and account for the exposure to eight geographic
regions (Northeast, Mideast, Southeast, East North Central, West North Central,
Southwest, Mountain and Pacific) and construct firm-level geographic concen-
tration measures pertaining to each region. The geographic exposure to the
eight regions can be proxied by eight variables. Each variable is built based
on the proportion of properties located in a given economic region for each
firm. In this way, we construct the firm-level exposure to each economic
region. However, the sensitivity of abnormal returns to regional common factors
can be time-varying. To account for this, we use cluster-fixed time effects. In
other words, instead of adding above eight variables, each regional exposure
variable is split into 19 years (Model 10), with each variable equaling to the
proportion for that year and zero otherwise. This way, we end up with 152

Table 5 Spatial panel regressions with an additional weight matrix

Model 6: Size Model 7: M/B ratio Model 8: MOM Model 9: Headquarter

ρ 0.1894*** 0.1560*** 0.1933*** 0.1957***

(0.0250) (0.0264) (0.0240) (0.0350)

ρ_SIZE 0.0166

(0.0127)

ρ_ M/B 0.0751***

(0.0198)

ρ_MOM 0.0095

(0.0580)

ρ_HQ 0.0198

(0.0746)

Control variables Yes Yes Yes Yes

Year Dummy Yes Yes Yes Yes

Firm Dummy Yes Yes Yes Yes

No. of observations 11,029 11,029 11,029 11,029

Adj. R2 0.4045 0.4055 0.4044 0.4044

LL −18,615 −18,622 −18,615 −18,615
BIC −3.2946 −3.2959 −3.2946 −3.2946

This table reports the estimates of unbalanced spatial panel regressions using an additional weight matrix.
Each regression consists of two weight matrices – the geographic distance between the underlying assets (ρ)
and an additional weight matrix which can be the similarity in size between the real estate companies
(ρ_SIZE), the similarity in their market-to-book ratio (ρ_M/B), the similarity in their lagged average returns
over the last 12 months (ρ_MOM), and the proximity of their headquarters (ρ_HQ). The geographic weight
matrix is constructed based on Eqs. (3)–(6) using 25 km as the bandwidth. The dependent variable are the
residuals from a four-factor model using constructed factors, see Eq. (1). Explanatory variables include the
lagged abnormal return, age, market cap. Growth, return on average equity, real estate investment growth,
turnover ratio, and debt-to-equity ratio. We report the associated standard deviation in brackets. ***, ** and *
denotes 1%, 5 and 10% significance level, respectively
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variables (19 × 8). We also perform the analysis with two other groupings as
Ling et al. (2017a). One grouping is based on economic activities (Hartzell
et al. 1986). We sort the 25 major MSAs into one of the following eight
economic activity regions (New England; Mid-Atlantic Corridor; Old South;
Industrial Midwest; Farm Belt; Mineral Extraction Area; Southern California;
and Northern California). Similarly, we insert the interaction variables of expo-
sure to eight regions and nineteen years. The exposure to eight regions is
measured as the share of properties in each region during a given year (Model
11). As an alternative to economic regions, in Model 12, we also sort MSAs
into seven industry clusters (Professional and Business; Government; Informa-
tion and Finance; Leisure and Hospitality; Education and Health Services;
Natural Resources, Construction, and Manufacturing; and Trade, Transportation,
and Utilities). Additionally, instead of grouping the 25 MSAs into several
regions, we insert an interaction variable of the exposure to each of the 25
MSAs and year dummies (Model 14). We also control for the exposure to the
50 most populous American downtowns15 and add an interaction variable
between the exposure to the major 50 CBDs and an year dummy. Finally, we
also add a matrix based on the proportion of the properties held by the two
firms that are located in the same MSA (Model 15).16 If the comovement is
purely triggered by common factors within one MSA rather than geographic
distance, the coefficient for the distance based matrix would be insignificant if
the MSA based weight matrix is added.

The results are reported in Table 6. In all cases, the spatial dependence by geo-
graphic proximity of the underlying assets remains significant. It ranges from 0.1636 to
0.2013. The spatial coefficient of the weight matrix based on the same MSA is
insignificant. This shows that the weight matrix based on the geographic closeness of
the underlying assets can capture the comovement between REITs abnormal returns
more than the degree that can be explained by common shocks to regions with similar
economic and industry bases.

Furthermore, we examine whether any movement still exists after we control for
some of the local economic fundamentals such as rent or unemployment rate. In
other words, whether the spatial spillover is just because of common exposure to
local fundamentals. We proxy MSA level economic shocks using the local unem-
ployment rate and housing returns during the period between 1996 and 2015. We
collect unemployment rate data for over 300 MSAs from the Bureau of Labor
Statistics and construct the weighted average unemployment rate that each firm’s
exposure. The average unemployment rate for each firm is calculated as the
proportion of properties in the MSA multiplied with the unemployment rate of that
MSA (Model 16). Similarly, in Model 17, we control for an MSA level housing
market shock by including the average housing return according to the housing
return in each MSA and the exposure of each firm to that MSA. The MSA level
housing return comes from Federal Housing Finance Agency.

15 We collect the zip-code for each downtown and match the location of the properties using their zip-code.
The full list of the 50 major downtowns can be found in https://en.wikipedia.org/wiki/Downtown
16 Detailed information about the construction of these alternative weight matrices is in the Appendix.
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Besides, we also control for local fundamentals in a more precise way. We
calculate the average rent each firm received from their portfolio (Model 18)
and the average occupancy of the properties that each firm holds (Model 19). If
the returns are no more than just compensation for local exposure to tail risk,
the comovement may not exist after controlling for firm level rents and
occupancy rate. However, not all firms report the rent or occupancy of their
properties, thus the number of observations is sharply reduced, as shown in

Table 6 Spatial panel regressions with locational controls

Model 10:
Exposure to
eight
geographic
regions

Model 11:
Exposure to eight
economic activity
regions

Model 12:
Exposure to
eight industry
regions

Model 13:
Exposure
to 25
MSAs

Model 14:
Exposure
to 50 major
CBDs

Model 15:
Exposure
to the same
MSA

ρ 0.1947*** 0.1942*** 0.1957*** 0.2013*** 0.1953*** 0.1636***

(0.0240) (0.0240) (0.0240) (0.0239) (0.0240) (0.0351)

Geographic
region-year
exposure

Yes

Economic
activity region
× year
exposure

Yes

Industry region
× year
exposure

Yes

MSA× year
exposure

Yes

ρ_MSA 0.0603

(0.0416)

CBD × year
exposure

Yes

Control variables Yes Yes Yes Yes Yes Yes

Year Dummy Yes Yes Yes Yes Yes Yes

Firm Dummy Yes Yes Yes Yes Yes Yes

No. of
observations

11,029 11,029 11,029 11,029 11,029 11,029

Adj. R2 0.4113 0.4112 0.4098 0.4203 0.4045 0.4045

LL −18,679 −18,679 −18,665 −18,764 −18,616 −18,616
BIC −3.3062 −3.3062 −3.3037 −3.3216 −3.2948 −3.2948

This table reports the estimates of unbalanced spatial panel regressions with locational controls. Model 10 to
13 includes an additional control variables based on the common exposure regions based on geographic
definitions, economic activities and industry bases, respectively. Model 14 contains an additional matrix
accounting for the expose of the firm’s assets to the 50 major CBDs. Model 15 includes an additional matrix
defined as the proportion of properties locating in the same MSA. The dependent variable are the residuals
from a four-factor model using constructed factors, see Eq. (1). Explanatory variables include the lagged
abnormal return, age, market cap. Growth, return on average equity, real estate investment growth, turnover
ratio, and debt-to-equity ratio. We report the associated standard deviation in brackets. ***, ** and * denotes
1%, 5 and 10% significance level, respectively
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Models 18 and 19 in Table 7. Even after explicitly controlling for local
fundamentals, the results still show significant spatial dependence, ranging from
0.0977 to 0.1944. After the firm level rent is controlled for, the spatial
dependence is reduced, which implies that a considerable proportion of spatial
dependence could be explained by the similarity in rents. However, the spatial
dependence coefficient still remains significant. Overall, the spatial dependence
can capture the comovement in firm performance beyond what can be explained
by local fundamentals.

Moreover, concerns may arise that REITs’ performance may be affected by
the density of the local markets. REITs have higher exposure to markets with
higher commercial real estate density may have better performance. We

Table 7 Spatial panel regressions with geographic time-series controls

Model 16:
Controlling
for MSA level
unemployment rate

Model 17:
Controlling
for MSA
level
housing
returns

Model 18:
Controlling
for property
level rent

Model 19:
Controlling
for property level
occupancy rate

Model 20:
Controlling
for property
density
within 25 km

ρ 0.1944*** 0.1718*** 0.0977*** 0.1718*** 0.1975***

(0.0291) (0.0267) (0.0291) (0.0267) (0.0240)

MSA level
unemployment
rate

−0.0046***(0.0010)

MSA level
housing returns

0.0501
(0.0678)

Average rental
income by firm

0.0048(0.0040)

Average
occupancy by
firm

0.0162***(0.0065)

Property density 0.0058***

within 25 km (0.0021)

Control variables Yes Yes Yes Yes Yes

Year Dummy Yes Yes Yes Yes Yes

Firm Dummy Yes Yes Yes Yes Yes

No. of
observations

11,029 11,029 2541 8032 11,029

Adj. R2 0.4050 0.4045 0.4831 0.3939 0.4004

LL −18,624 −18,612 −4058 −13,342 −18,614
BIC −3.2963 −3.2141 −2.9009 −3.2159 −3.2142

This table reports the estimates of unbalanced spatial panel regressions with geographic time-series controls.
Each control varies over time and across MSA or firm. The dependent variable are the residuals from a four-
factor model using constructed factors, see Eq. (1). Explanatory variables include the lagged abnormal return,
age, market cap. Growth, return on average equity, real estate investment growth, turnover ratio, and debt-to-
equity ratio. We report the associated standard deviation in brackets. ***, ** and * denotes 1%, 5 and 10%
significance level, respectively
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therefore control for the density of properties. We use the average number of
properties located with a 25 km radius of each of property (Model 20, Table 7)
to measure the density. The result is reported in Table 7. The coefficient for
density is significant positive, confirming that investing in more dense locations
can yield higher abnormal returns. The spatial dependence coefficient stays
robust in all cases demonstrating that the spatial linkages capture different
information from density.

Finally, we check for potential endogeneity between REIT’s returns and the
weight matrix. One shortcoming of previous papers explaining the comovement
across returns with common ownership is that institutional ownership can be
endogenous to the model. Investment funds for example can choose to invest in
stocks that have common fundamentals. Moreover, different funds can have
correlated trading needs and thus naturally commove (Greenwood and Thesmar
2011). Our location-based measure of comovement is less striking because it is
based on the location of properties. Although managers can choose the property
location taking into account the surrounding properties and their managing
companies, making a single spatial linkage endogenous to the model, it is hard
to imagine that a company would base the location of its assets in its entire
portfolio, which can be more than 100 assets, strategically accounting for
spatial linkages of each pair. Due to the nature of the real estate market, most
real estate companies albeit following certain investment strategy, take a more
ad-hoc approach due to the illiquidity of the market. Therefore, across the
entire property portfolio, a pair of firms will end up having an independent
asset allocation.

We conduct three robustness checks for the endogeneity issue. First, we
regress the abnormal return on lagged weighted abnormal returns
(∑N

j¼1; j≠iwi; j;t−1εi;t−1Þ and lagged control variables

εi;t ¼ aþ b0εi;t−1 þ δ∑N
j¼1; j≠iwi; j;t−1ε j;t−1 þ ∑K

k¼1bkcontrolsk;i;t þ ui;t; ð8Þ

The second robustness check uses the property holdings in the initial period.
In other words, we assume that firms keep a constant property portfolio over
the entire estimation period. Under this scenario, as firms cannot change their
property portfolio composition, they cannot strategically select the properties by
observing the performance for other firms. We estimate thus the following
model

εi;t ¼ aþ b0εi;t−1 þ δ ∑
N

j¼1; j≠i
wi; j;1ε j;t−1 þ ∑K

k¼1bkcontrolsk;i;t þ ui;t: ð9Þ

The third robustness check adds a variable controlling changes in local
supply. If managers can choose the property location taking into account the
surrounding properties and their managing companies, the properties held by
REITs in top performing markets will gradually increase while the properties
purchased by REITs in poor performing markets will gradually decrease. We
use the change in the property density to control for the change in local
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demand and supply. We include the variable of density of 25 km radius
interacted with time dummies (Model 23, Table 7).

Table 8 reports the results. The spatial dependence coefficient slightly decreases
from 0.19 in Model 4 to 0.17 in Model 21 and 0.14 in Model 22, but remain quite
robust in Model 23. As the spatial dependence coefficient remains significant, the
endogeneity issue is not severe and does not affect the findings in our analysis.

Trading Strategies

Given above findings, we propose a trading strategy that exploits the information in the
locational comovements across the abnormal returns of all 115 U.S. REITs.17 Similar
trading strategies have been previously used to exploit the information contained in the
linkages between companies resulting from fire sales of stocks related to common
institutional ownership (Chen et al. 2012; Anton and Polk 2014). Chen et al. (2012)
develop a trading strategy that benefits from the divergence in the prices of a pair of
similar stocks. Anton and Polk (2014) present an investment strategy that identifies
stocks that temporarily move together and profits from their eventual divergence in

Table 8 Spatial panel regressions with geographic location

Model 21: Lagged dependence
(Eq. (8))

Model 22: Constant weight
(Eq. (9))

Model 23: Property
Density

δ 0.1727***

(0.0305)

φ 0.1386***

(0.0254)

ρ 0.1966***

(0.0240)

Density × year Yes

Control
variables

Yes Yes Yes

Year Dummy Yes Yes Yes

Firm Dummy Yes Yes Yes

No. of
observations

10,999 11,029 11,029

Adj. R2 0.0415 0.4019 0.4062

LL −15,942 −18,596 −18,631
BIC −2.8584 −3.2920 −3.2152

This table reports the estimates of unbalanced spatial panel regressions based on Eqs. (8) and (9). The
dependent variable are the residuals from a four-factor model using constructed factors, see Eq. (1).
Explanatory variables include the lagged abnormal return, age, market cap. Growth, return on average equity,
real estate investment growth, turnover ratio, and debt-to-equity ratio. We report the associated standard
deviation in brackets. ***, ** and * denotes 1%, 5 and 10% significance level, respectively

17 In the spatial panel regression analysis, we have 74 firms due to missing values of some dependent
variables. In the portfolio analysis, we use all 115 firms which invest in the US only and for which locational
data is available.
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price. Our trading strategy is similar to the one in Anton and Polk (2014), however, we
use the proximity in the location of companies’ underlying assets to measure how
similar or different stocks are. If geographic proximity between properties can cause
comovement in the returns of the companies that own those assets, our trading strategy
would use the return of a portfolio consisting of the connected stocks to benchmark
against. The difference in the returns would be used as a signal of the mispricing of the
respective company. The strategy exploits upward and downward real estate price
pressures channelled through the spatial proximity of the companies’ underlying assets.
We examine the buy-and-hold non-market returns on two portfolios. The first portfolio
consists of an equally-weighted portfolio of the worst performing (low-return) compa-
nies (33% lowest returns in the past 12 months). In addition, these companies also
invest in properties which locate close to properties of other bad-performing companies
(33% lowest returns in the past 12-months). We call this the LL portfolio which stays
for for low own return (L) and low connected portfolio return (L). Respectively, the
second portfolio consists of an equally-weighted portfolio of companies with high
returns (33% highest returns in the last 12 months) that invest in properties located
close to properties of other high-performing firms (33% highest returns in the past
12 months). We call this the HH portfolio, for high own return (H) and high connected
portfolio return (H). We then show in Fig. 4 the non-market buy-and-hold portfolio
cumulative returns over a period of 12 months. The alphas of the buy-and-hold
portfolios are calculated by regressing the returns of each of the two portfolios on the
common factors and extending the sample period by one period each time (Anton and
Polk 2014). Figure 4 shows the cumulative non-market returns of the two portfolios.
The cumulative alpha of the LL portfolio is negative and increasing in absolute
value over time. The LL portfolio is consistently underperforming, delivering
increasing negative alphas in every subsequent period. These findings suggest
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Fig. 4 Cumulative alphas for a connected-stock strategy. This figure graphs the non-market buy-and-hold
performance of a trading strategy that exploits information about spatial linkages in the underlying assets of
115 real estate companies. The stocks are sorted into two portfolios – high own-return and high connected-
return portfolio (HH), low own-return and low connected-return portfolio (LL) – based on independent
quintile sorts on their own 12-month return and the 12-month return on their connected stock portfolio. We
first measure the degree of connectedness by the distance between the properties as formalized in Eqs. (3)–(6).
We then define the connected return as ∑N

j¼1wi; j;t~r j;t . We use equal-weighted firm returns. The figure plots the
buy-and-hold cumulative alphas of the HH and LL portfolios as well as the difference between the high and
low non-market returns (HH-LL). Returns are benchmarked against the four constructed factors as explained
in the text
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that stock prices of real estate companies are pushed away from fundamentals
by the spatial dynamics of the underlying property portfolio and this pattern is
persistent. We can see that using a portfolio of spatially connected stocks helps
to detect mispriced companies. Similar to the findings in Anton and Polk
(2014), we show that the misvaluation seems to be much larger in value and
more prolonged in time than the standard short-term reversal effect.

Given above findings, we construct composite portfolios that take into account the
predictability of cross-sectional variation using the spatial linkages across the underly-
ing assets. We construct 12-month buy-and-hold portfolios. We independently sort
stocks according to their returns (own return) and the returns of a portfolio of compa-
nies which are connected to the stock of interest through their properties (connected
portfolio return) over the past year. The connected portfolio return is calculated as
∑N

j¼1wi; j;t~r j;t. In total, we construct nine portfolios based on groupings at the 33th

and 67th percentiles.18 We have the following portfolios which consist of the own
return and the connected portfolio return as follows: HH, HM, HL, MH, MM, ML, LH,
LM, and LL. H, M and L stay for high, medium (or median), and low returns in the
own or the connected portfolio domain respectively. We construct the high (low)
portfolio using the 33% highest (lowest) returns of each category. HL for example
means a portfolio consisting of the companies with the stocks having the 33% highest
returns and the stocks of the firms they are connected to which fall within the bottom of
the 33th return percentile. We then use the time series of returns of each of those nine
composite portfolios to estimate the alphas in a four-factor model using the constructed
factors. Table 9 shows the results.

We can see that the locational proximity of properties pushes the returns of portfolios
of connected companies away from their fundamental values on both ends of the
performance spectrum. The connected portfolio return is a good measure of the extent
of mispricing. Similar to the observations in Fig. 4, the alphas of the nine composite
portfolios decrease as we move from high to low connected portfolio returns within the
own-return quantile and as we move from high to low own-return portfolios within the
connected-return quantile. This is to show that the information contained in the
connected portfolio returns is a useful predictor of the own return. Those results remain
robust when we use different return quantiles and different factor model specifications.
Therefore, we propose a long-short trading strategy (HH-LL strategy) which exploits
the information in the connected returns. This HH-LL strategy buys the composite HH
portfolio and sells the composite LL portfolio yielding a significantly positive alpha of
about 0.8% per month. We can use above long-short hedge to exacerbate excess
comovement stemming from the spatial linkages across the property holdings. An
investment strategy which buys the stocks that experience an increase in their price if
their connected stocks have also gone up and sells the stocks that experience a drop in
their price if their connected stocks have also gone down can earn an average non-
market return of 9.7% per year. This is in line with previous findings who report non-
market returns from a long-short strategy extracting information from institutional
ownership of 9% (Anton and Polk 2014) and 10% (Coval and Stafford 2007) per year.

18 A portfolio constructed based on the median provides consistent results (see Table 11 in the Appendix).
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This table reports the non-market returns of composite portfolios as well as of
trading strategies exploiting the connectedness across property holdings of 115 real
estate companies. We independently sort stocks into quantiles based on firm’s own
return over the last year and the return on firm’s connected portfolio over the last year.
We first measure the degree of connectedness using the distance of the properties as
formalized in Eqs. (3)–(6). We then calculate the connected return as∑N

j¼1wi; j;t~r j;t. Each

composite portfolio is an equal-weighted average of the corresponding simple strate-
gies. We also report the average returns on an HH-LL trading strategy that buys the
high own-return and high connected-return composite portfolio (HH) and sells the low
own-return and low connected-return composite portfolio (LL).

Conclusion

We show that spatial linkages between property holdings of real estate firms matter for the
performance of those companies as the former contain additional information that is not
captured by common factors. We model spatial comovement across abnormal returns of
real estate companies to show that spatial linkages have a significant explanatory power for
firm performance. We connect the stocks using the location of their real estate portfolios.
We show that the degree of spatial comovement explains the variation in abnormal returns,
controlling for exposure to systematic return factors, style and sector similarity, and range of
other individual and pair characteristics.We then use this information to design a long-short
trading strategy by grouping real estate firms into composite portfolios based on the spatial
linkages of the properties. The investment strategy exploits information contained in the
spatial linkages across the companies’ properties to extract a non-market return. An
investment strategy which sells the stocks that experience a drop if their connected stocks
have also gone down and buys the stocks that experience an increase if their connected
stocks have also gone up can earn a non-market return of nearly 10% per year.

Table 9 Alphas on connected-stock trading strategies

Alphas based on the constructed factors

Connected portfolio return

Own Return High Median Low H-L MH-ML

High −0.0010 0.0002 −0.0015 0.0006*

(−0.49) (0.11) (−0.32) (1.67)

Median −0.0032* −0.0001 −0.0031* −0.0000 0.0024***

(−1.64) (−0.03) (−1.93) (−0.22) (6.37)

Low −0.0025 −0.0040 −0.0091*** 0.0066***

(−0.77) (−1.48) (−2.52) (19.95)

H-L 0.0016*** 0.0042*** 0.0076*** 0.0081*** HH-LL

(6.10) (18.16) (18.84) (25.56)

HM-LM 0.0045***

(14.33)
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Appendix

Fig. 5 The locations of the properties owned by individual listed real estate firms in US as of 2015 (Ticker
code of the company used as the heading of each graph)
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Table 10 Unbalanced spatial panel models of abnormal returns obtained through alternative ways

Model A1:
Fama French
Factors

Model A2:
Average
weights

Model A3:
Full
Sample with
202 REITs

Model A4:
Balanced
Panel with 27
REITs

Model A5:
General
Unbalanced
Spatial
Panel model

Spatial coefficient ρ 0.7500*** 0.2228*** 0.2658*** 0.1700*** ‘0.2062***’

(D< 25) (0.0089) (0.0261) (0.0226) (0.0260) ‘(0.0240)’

Lagged Spatial ‘0.1923***’

coefficient δ (D <
25)

‘(0.0304)’

Lagged abnormal
return

−0.1078*** −0.0788*** −0.0702*** −0.0397*** ‘-0.0842***’

(0.0074) (0.0074) (0.0064) (0.0106) ‘(0.0075)’

25_MSA 0.0130 0.0177*** 0.0154*** 0.0119 ‘0.0179***’

(0.0084) (0.0061) (0.0049) (0.0078) ‘(0.0061)’

HHI_State −0.0099*** 0.0023 −0.0026 0.0029 ‘0.0021’

(0.0029) (0.0019) (0.0044) (0.0026) ‘(0.0019)’

HHI_Sector 0.0012 −0.0032 −0.0188*** −0.0091*** ‘-0.0032’

(0.0029) (0.0021) (0.0066) (0.0031) ‘(0.0021)’

Age −0.0049*** −0.0008 −0.0015*** 0.0068*** ‘-0.0008’

(0.0017) (0.0012) (0.0006) (0.0032) ‘(0.0012)’

Size 0.0161*** 0.3874*** 0.3937*** 0.3095*** ‘0.3879***’

(0.0014) (0.0047) (0.0041) (0.0060) ‘(0.0047)’

RE inv. growth −0.0013 −0.0102*** −0.0102*** −0.0050** ‘-0.0102***’

(0.0025) (0.0018) (0.0016) (0.0025) ‘(0.0018)’

Turnover ratio −0.0985*** 0.0616*** 0.0200 0.0540*** ‘0.0629***’

(0.0154) (0.0111) (0.0238) (0.0136) ‘(0.0111)’

ROAE −0.0276 0.0063 0.0233*** 0.0616*** ‘0.0052’

(0.0182) (0.0127) (0.0102) (0.0184) ‘(0.0127)’

D/E ratio 0.0453 0.0215 −0.0001 −0.0037 ‘0.0192’

(0.0394) (0.0283) (0.0003) (0.0309) ‘(0.0283)’

Year dummies Yes Yes Yes Yes Yes

Firm dummies Yes Yes Yes Yes Yes

Ave. no. of Firms 48 48 65 27 48

No. of Period 229 229 229 229 229

No. of Observations 11,029 11,029 14,808 6183 11,029

Adj. R2 0.4082 0.4047 0.4162 0.3224 0.4065

LL −14,817 −18,617 −25,076 −11,219 −18,634
BIC −2.6059 −3.2950 −3.3246 −3.4934 −3.3120

This table reports the estimates of unbalanced spatial panel regressions for the monthly abnormal returns
obtained through alternative ways. ρ is the spatial dependent coefficient. We report the associated t-statistics in
parentheses
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Definition of Alternative Spatial Linkages
Similarity in size
In addition to geographic closeness of the underlying assets, comovement can also

arise due to the similarity of the characteristics of the firms. We follow Asgharian et al.
(2013) and construct the matrix according to the similarity in size:

Fsize
i; j;t ¼ jSizei;t−Sizej;tj; ð10Þ

where Sizei,t is the market capitalization of firm i in period t. Fsize
i; j;t measures the

proximity of the size between two firms i and j.

Similarity in M/B ratio
We also construct the matrix according to the similarity in Market to Book ratio of

the two firms:

FMB
i; j;t ¼ jMBi;t−MBj;tj; ð11Þ

where MBi,t is the market to book ratio of firm i in period t. FMB
i; j;t measures the

proximity of the size between two firms i and j.

Similarity in Momentum
We also construct the matrix according to the similarity in previous return of the two

firms:

FMOM
i; j;t ¼ jRi;t−Rj;tj; ð12Þ

where Ri,t is the average return of firm i in the past year.

Table 11 Alphas on connected-stock trading strategies using the median quantile

Connected portfolio return

Own Return High Low H-L

High −0.0007 −0.0017 0.0011***

(−1.08) (−0.37) (6.45)

Low −0.0018 −0.0058*** 0.0041***

(−0.94) (−2.88) (21.93)

H-L 0.0010*** 0.0042*** 0.0051*** HH-LL

(3.00) (27.94) (25.34)

This table presents the profitability of a trading strategy exploiting the connectedness across the underlying
assets of 115 real estate companies. We independently sort stocks into quantiles based on their own return over
the last year and the return on their connected portfolio over the last year. We first measure the degree of
connections by the distance of the underlying properties based on Eqs. (3)–(6). We then calculate the
connected return as ∑N

j¼1wi; j;t~r j;t . Following Anton and Polk (2014), each composite portfolio below is an
equal-weighted average of the corresponding simple strategies. The table reports the four-factor alphas on
these 9 composite portfolios. The four factors include the constructed four factors. We also report the average
returns on a HH-LL trading strategy that buys the high own-return and high connected-return composite
portfolio (HH) and sells the low own-return and low connected-return composite portfolio (LL)
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The above three kinds of F matrix is then converted to a contiguity matrix C as:

Ci; j;t ¼ 1−
Fi; j;t−min j;t Fi; j;t

max j;t Fi; j;t−min j;t Fi; j;t
; ð13Þ

C matrix is then standardized to matrix W so that for each i, ∑j, twi, j, t = 1.
Closeness of Headquarters
We also construct weight matrix according to the headquarter location, which is

defined as

FHQ
i; j;t ¼ 1 if HQ is in same city

0 otherise

�
: ð14Þ

Then F matrix is then standardized to matrix W so that for each i, ∑j, twi, j, t = 1. This
headquarter location matrix can also be defined according to the criteria of whether the
headquarters are within the same MSAs, the results are similar.

Continuity definition using MSA
We also use alternative ways to define the location of the underlying assets. For

example, in Eq. (4), instead of using a bandwidth of 25 km, we use a dummy variable
for whether the two properties are in the same MSAs:

ci;l; j;k ¼ 1 if property l in firm i and property k in firm j are in same MSA for i≠ j
0 otherwise

�
ð15Þ

and then we use the minimum proportion of the underlying properties in the sameMSA
for the two firms:

ci; j ¼ c j;i ¼ min
1

Li
∑
l¼1

Li

ci;l; j;
1

Li
∑
k¼1

Li

c j;k;i

 !
: ð16Þ

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made.
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