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Abstract
This paper studies the pricing of the risk associated with the location of the assets. 
The local real estate market risk is measured by ‘local beta’, which combines the 
systematic risk of local property markets and the property allocation strategy of real 
estate firms. The empirical results confirm a higher equity return for a firm with 
higher exposure to the most volatile property markets, particularly for REITs which 
are more geographically concentrated. For REITs with highly diversified assets, 
local real estate risks are not reflected in REIT returns. For those REITs with most 
concentrated assets, a one standard deviation increase in the local beta will lead to a 
4.7% increase in the annual return. Investors can use REITs’ local real estate risk as 
an information tool to construct a long-short investment portfolio of real estate firms 
and can achieve a significant non-market performance of 4.9% per annum.

Keywords Geographic asset location · Real estate returns · Local real estate risk · 
Diversification

JEL Classification G12 · R3

Introduction

The importance of location on property investment has been highlighted in the 
literature. Recently, there is an emerging literature on identifying locational fac-
tors for listed real estate firms. Most REITs have a diversified property portfolio. 
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Therefore, the question arises as to whether the location of the underlying proper-
ties still matters for REIT performance. Various measures have been employed. 
Some literature focuses on the ‘quality’ of the location, including exposure to the 
so-called ‘Gateway’ markets (Ling et al., 2018a), the risk-adjusted property market 
portfolio returns (Ling et al., 2020a), and locational characteristics such as density 
and locational economic risks (Fisher et al., 2020). Other literature investigates the 
distance of properties from firm headquarters (Ling et al., 2018b; Milcheva et al., 
2021). Spatial econometric modelling has also been used to quantify the impact of 
the locational factors (Zhu & Milcheva, 2020). If the location of assets affects REIT 
performance, REITs with more geographically-overlapping assets should exhibit 
stronger co-movements in their equity returns. Moreover, the risks associated with 
geographically-determined natural disasters or pandemics have also been used as 
a measurement of location quality (Ling et  al., 2020b; Rehse et  al., 2019; Xie & 
Milcheva, 2020).

This paper proposes a new location risk factor – the “beta risk” of the local 
property markets where REITs allocate their assets. It captures the sensitivity of 
the underlying property markets to any aggregate shocks. It reflects the systematic 
risk and cyclicality of the local real estate markets. The impact of location risk on a 
firm’s performance has been studied in the general finance literature. For instance, 
focusing on local economic cyclicality and industry bases, Tuzel and Zhang (2017) 
propose two channels – wages and rental rates – because both labour and property 
markets are segmented. While procyclical wages provide a natural hedge against 
aggregate shocks and reduce firm risk, procyclical prices of real estate, which are 
part of firm assets, increase firm risk. Our local beta drew from Tuzel and Zhang 
(2017), which emphasizes the segmentation of real estate markets. As a result, a 
nationwide real estate market factor will be insufficient as as a measure of real estate 
market risk. However, unlike Tuzel and Zhang (2017), which focuses on local indus-
trial composition and business conditions, our local beta is more specific to the local 
property market conditions, such as supply elasticity and liquidity.1 For a firm with 
high exposure to risky real estate markets, the value of its underlying assets should 
respond more strongly to the aggregate shock than a firm with low exposure to risky 
markets. When the assets’ quality is not easily observable, investors may depend 
on conditions in the overall real estate market (Liu et al., 2019). As a result, REIT 
investors may perceive a higher risk in this REIT’s equity and, therefore, demand 
higher returns in compensation. Additionally, even though the REIT structure typi-
cally provides investors with access to skilled property managers with diversified 
property holdings, the beta risks of local real estate markets reflect a non-diversifi-
able component of spatial risks, and therefore, may be priced into the REIT equity 
returns.

1 Indeed, Fisher et  al. (2020) do not find significant impact of the local real estate market risk meas-
ured by the local economic conditions on the REIT returns. Instead, zip-code level employment density 
influences REIT performance. Ling et al. (2020a) show that the private information of the local property 
market, which is measured by the risk-adjusted property portfolio returns, can predict the cross-sectional 
return of REITs, indicating the diffusion of asset information to the stock price.
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Using REIT data from 1998 to 2015, this paper confirms a significant premium 
for the beta risks of underlying property markets for REITs. For robustness, issues 
regarding self-selection, valuation smoothing, and leverage are addressed: this con-
clusion remains supported. Thus far, in much if the REIT asset pricing literature, 
REITs are studied as common stocks, and beta strategies are largely at the firm level 
based on financial characteristics or exposure to stock market risks.2 REITs’ dual 
nature – their close link to the real estate markets – has not been well incorporated. 
Our findings fill this literature gap by showing that investors can optimise their mix 
of REITs according to their exposure to risky real estate markets using a “smart 
local beta” strategy. An investment strategy that sells REITs with high exposure to 
high beta areas and buys high exposure to low beta areas could have earned a non-
market return of nearly 5% per year.

Although the systematic risk of local real estate markets is priced in REIT equity 
returns, geographic diversification allows REITs to limit their exposure to the high 
beta markets. As a result, investors perceive REITs with geographically diversified 
portfolios to be less prone to those local market shocks and so do not demand a 
return premium. Prior literature on diversification has tried to understand the ben-
efits/costs of diversification from management costs (Capozza & Seguin, 1998; 
Capozza & Seguin, 1999; Hartzell et al., 2014), information asymmetry (Ling et al., 
2018b), investor recognition (Garcia & Norli, 2012) and management alignment 
(Wang et al., 2017). We add to this literature in showing that diversification affects 
firms’ returns by reducing the perceived risks of equity holdings. When REITs 
invest over 12 or more metropolitan statistical areas (MSAs), REIT equity returns 
should not be significantly affected by the local real estate risk.3

Last but not least, this project also provides new evidence on the question: do 
listed real estate firms behave more like direct real estate or general stocks? Although 
this topic has been intensively studied, nearly all prior literature has focused on 
time variation in the aggregated risk and return of the real estate, stock, and REIT 
investments. For instance, many studies compare the long-term and/or short term 
co-movement between real estate, stock and REIT returns (see, e.g. (Glascock et al., 
2000, Morawski et  al., 2008, Oikarinen et  al., 2011, Pagliari et  al., 2005, Schätz 
& Sebastian, 2011, Serrano & Hoesli, 2010, Simon & Ng, 2009, Sing et al., 2006, 
Westerheide, 2006). Others have investigated the pricing of real estate and stock 

2 For instance, Peterson and Hsieh (1997) investigate stock, bond and real estate market factors, and 
show that variations in REIT returns are fully explained by the three Fama-French risk factors. The real 
estate risk factor story is rejected. Chatrath et al. (2000) and Chiang et al. (2004) show that equity REIT 
betas are higher in declining markets than in advancing markets. Based on a dual-beta asset pricing 
model, Conover et al. (2000) find a positive relationship between cross-sectional REIT return and betas 
only in both January and non-January months. During bear market months, no significant relationship 
is found. Shen et al. (2020) find that high-beta REITs earn significantly lower risk-adjusted returns than 
low-beta REITs, indicating beta anomaly for REITs.
3 We note that investors can, of course, diversify their equity holdings by building diversified portfolios 
of REITs, assuming they can identify the spatial risks they face. This will diversify idiosyncratic spatial 
risks, but not those that relate to systematic spatial factors that might not otherwise be captured in factor 
models. Further, passive investment strategies, such as an index tracking approach, could result in con-
centration of spatial risk.
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risks (Anderson et al., 2005; Kroencke et al., 2018). However, nearly all studies used 
aggregated index returns. Due to the fact that property markets are segmented, with 
different cyclical patterns, it may not be enough to use nationwide real estate indices 
to proxy the performance of heterogeneous direct real estate markets. For instance, 
Gyourko and Nelling (1996) show that the systematic risk of equity REITs varies by 
the type of property and the economic regions in which the property locates.

Our empirical results show that REIT equity returns are generally more sensitive 
to stock market risk, consistent with the previous literature. A one standard deviation 
increase in the local beta will result in a 1.6% increase in REIT equity returns, while 
a one standard deviation increase in stock beta is associated with a 2.5% increase in 
REIT equity returns. However, extending prior work, this study finds that the sensi-
tivity to local real estate market risk varies across REITs according to their spatial 
diversification strategy. For REITs with the most concentrated assets, a one standard 
deviation increase in the local beta will result in an up to 4.7% increase in REIT 
equity returns, which is higher than the impact of stock market risk.

We proceed as follows: Section  2 summarizes the literature review. Section  3 
describes our data and discussed the methodology used, Section  4 describes the 
findings and Section 5 concludes.

Literature Review

This paper is closely related to a large and rapidly growing literature on how eco-
nomic decision making is influenced by firms’ geographic location. In the finance 
literature, work in this vein mostly concentrates on the location of the firm’s head-
quarters (Becker et  al., 2011; Bernile et  al., 2015; Hong et  al., 2008; Pirinsky & 
Wang, 2006; Tuzel & Zhang, 2017); some studies focus on the location of assets 
related to the firm (Garcia & Norli, 2012). For example, using U.S. company data 
from 1993 to 2002, Pirinsky and Wang (2006) document strong co-movement 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. Coval and Moskowitz (2001) argue that geographic proxim-
ity matters, as local fund managers can access local information more easily and 
monitor the operations of local companies. Hong et al. (2008) identify a word-of-
mouth channel, which means that fund managers in the same location can have 
correlated strategies. The limitation of using headquarters location as a proxy for 
the geographical distribution of the firm’s operating activities has been recognised 
in recent papers. Fu and Gupta-Mukherjee (2014) argue that in financial markets 
which are characterised by large frictions in the dissemination of information, 
market participants can acquire information through informal channels such as 
the links between funds and the links between funds and companies. Garcia and 
Norli (2012) study the geographic dispersion of the firm’s operations by counting 
the number of state names from annual reports filed with the SEC on Form 10-K. 
They find that the stock returns of truly local firms far exceed the stock returns of 
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geographically-dispersed firms, and the premium for being local is due to the lower 
investor recognition for local firms, resulting in higher stock returns to compensate 
investors for insufficient diversification.

The impact of location of underlying assets has been more widely studied in the 
real estate literature.4 The trade-off between the benefits and costs of being local 
has been extensively discussed. There was an early focus on management costs. For 
instance, (Capozza & Seguin, 1998; Capozza & Seguin, 1999), show that allocating 
properties in different regions may result in higher administrative costs and a higher 
liquidity premium that offset the benefits of diversification. More recent literature 
shows that there is an information advantage to being local. Ling et al. (2018b) doc-
ument that managers tend to overweight asset allocations to their local market to 
exploit their perceived information advantage. There is a significant positive relation 
between home market concentration and firm returns. Wang et al. (2017) find a con-
sistently negative relationship between the distance from headquarters and cumula-
tive abnormal returns (CARs), confirming management alignment theory: proximity 
between the headquarter and underlying properties is associated with poor share-
holder protection due to better employee protection. In particular, for headquarters 
in less-populated MSAs, the managerial alignment effect dominates the informa-
tion asymmetry effect. However, Feng et  al. (2019) find that operating efficiency 
and improved transparency can offset the diversification discount. Milcheva et  al. 
(2020) find a higher non-market return for REITs with more diversified assets after 
the global financial crisis.

Only a few studies focus on the riskiness of local markets and their impact on 
stock returns. Using headquarters as a proxy for location, Tuzel and Zhang (2017) 
show that the headquarter location affects firm risk through local factor prices via 
pro-cyclical wages, which provide a natural hedge against aggregate shocks and 
reduce firm risk. So firms located in higher local beta areas have lower industry-
adjusted returns and conditional betas, with the effect stronger among firms with 
low real estate holdings. Tuzel and Zhang (2017) also addressed the limitation 
of using headquarters as the proxy for a firm’s business locations. REITs consti-
tute an ideal samplefor investigating the impact of location of underlying assets 
on firm performance. Gyourko and Nelling (1996) show that the systematic risk 
of equity REITs varies by the type of property and the economic regions in which 
the property locates. However, they did not identify the channel of the difference. 
More recently, Fisher et al. (2020) study the locational characteristics, particularly 
the density, and show that REITs with property holdings in high-density locations 
experience higher NOI growth, earn higher risk-adjusted returns, and carry higher 
systematic risk than their otherwise comparable peers in low-density locations. Ling 
et al. (2020a) propose a novel measurement to calculate a “property portfolio return” 
for individual REITs based on the geographic distribution of properties and private 
real estate returns (using MSA level NCREIF data). They then adjust these returns 
for REIT systematic risk factors (national sensitivity to real estate and financial 

4 See, e.g., Gyourko and Nelling (1996), Capozza and Seguin (1998), Ambrose et al. (2000), Hartzell 
et al. (2014), Ling et al. (2018a) and many others.
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market variables) and find that the risk-adjusted property portfolio returns (char-
acterised as alpha) have predictive power in explaining future REIT returns. They 
argue this shows a slow information diffusion process from private to public markets 
(in contrast to previous research that finds price discovery effects from public to pri-
vate markets). Unlike Ling et al. (2020a), our study focuses on the beta risk of the 
local real estate markets. Our work has a stronger focus on risk and, specifically, the 
impact of local real estate market volatility on the required returns of REIT inves-
tors. The proposed real estate beta risk extends REITs’ risk factor from the capital 
market risk at the firm level to the property markets at the asset level.

Data

Local beta

Local beta is the key explanatory variable in this paper. Based on the property 
portfolio of each firm, we calculate the average systematic risk of all local markets 
where the firms’ properties are located:

where βm is the MSA beta, and wm. i, t represents the share of properties of firm i 
in each market at period t. wm. i, t is calculated as the number of properties located 
in MSA m to total properties5 and the local data of REIT property portfolio are 
extracted from the SNL database. For instance, if REIT A has 80% of properties 
located in the New York MSA and 20% of properties located in Miami, �LREM

i,t
 for 

REIT A will be calculated as �LREM
i,t

=
∑2

m=1
wm.i,t�m = 80% ∗ �NY + 20% ∗ �MIAMI . 

It should be noted that although βm is constant over time, �LREM
i,t

 may change given 
the change in the REIT’s property portfolio constitutents.

βm reflects the sensitivity of local commercial real estate prices in each MSA to 
any systematic real estate shocks, and it is calculated as6:

where rNPI
m,q

 is the direct real estate returns in market m in quarter q. We collect 
National Council of Real Estate Investment Fiduciaries’ (NCREIF) non-profit insti-
tution (NPI) total returns for commercial real estate in 144 Core based statistical 

(1)�LREM
i,t

=
∑M

m=1
wm.i,t�m,

(2)rNPI
m,q

− rf ,q = �m + �m

(

MKTNPI
q

− rf ,q

)

+ �m,q,

5 Alternatively, the share can also be calculated using property size or adjusted cost. Adjusted cost is as 
the maximum of (1) the reported book value, (2) the initial cost of the property, or (3) the historic cost 
of the property including capital expenditures and tax depreciation (Ling et  al., 2018a). As shown in 
Appendix Table 10, size weighted or adjusted cost weighted local beta generates very robust results.
6 Instead of market aggregate NCREIF return, we also use GDP return as a measure for the systematic 
return. As discussed in the robustness test section: the results remain robust.
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area (CBSA) and Metropolitan statistical area (MSA) divisions since 1978.7 Those 
MSAs with return data for less than 10 quarters are excluded. However, there is a 
mismatch in the regions used in the two databases. SNL only records the MSA of 
each property, but NCREIF divides markets into CBSA and MSA divisions. Accord-
ingly, we convert the local beta from MSA divisions to MSAs by calculating the 
MSA average local beta weighted by the number of NCREIF properties in each 
MSA division. As shown in Table 1, on average, direct real estate investments have 
an annual return of 8% and a standard deviation of 6%. Compared to REIT returns, 
the reported returns of direct real estate investments are very stable with much lower 
volatility.8 rf, q is the risk-free rate as measured by the yield on the 1-month Treasury 
bill. MKTNPI

q
 is aggregate NCREIF direct real estate returns in period q. It should 

be noted that by definition, for individual REITs, the local real estate market risk is 
non-diversifiable risk, as shown in Appendix 1. Even for REIT investors with diver-
sified REIT portfolios, it is still a non-diversifiable risk, so it can be priced in the 
equity return.

Table 1  Descriptive statistics for return data and firm characteristics

Mean Std. Dev. Max Min

Return data
  REIT Return 0.074 0.513 12.531 −5.205
  NCREIF Return 0.076 0.067 2.145 −1.746

Fama–French Factor
  Market 0.078 0.196 28.375 −22.375
  SMB 0.025 0.097 11.200 −10.800
  HML 0.029 0.104 12.075 −10.550
  MOM 0.047 0.083 11.300 −7.575
  NAREIT index Return 0.105 0.279 42.121 −54.224

Firm characteristics
  Market Capitalization (Billion USD) 2.639 3.796 26.068 0.000
  Price to Book Ratio 2.044 1.185 7.439 0.017
  RE Investment Growth (%) 0.150 0.337 3.105 −0.984
  Debt to Equity 1.864 3.494 31.125 0.001
  MSA unemployment rate 6.038 1.872 14.350 2.650
  HHI MSA 0.199 0.236 1 0.013
  NOI (100 Million USD) 23.653 19.439 338.454 −0.031
  GA expenses (100 Million USD) 9.712 1.435 13.194 3.526
  Density 101 73 583 5

7 Alternatively, MSA beta can also be calculated using data from 1998 to 2015, which covers the same 
period as the REITs’ return. The results based on MSA beta over the period from 1998 to 2015 are even 
stronger.
8 The NPI returns are, of course, subject to appraisal smoothing effects, which are acknowledged and the 
issue is addressed in a later robustness test. .
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The summary statistics of the estimated βm are reported in Table 2. βm has a 
mean of 0.818 and a standard deviation of 0.356. Figure 1a plots the histogram 
of MSA betas. Most MSA betas are between 0.5 and 1.5. Albany–Schenectady 
Troy, NY, experienced the highest beta, over 2.5, which implies that the property 
markets there are very sensitive to aggregate real estate shocks. New York–New-
ark–Edison has the second-highest beta, amounting to 1.5. Three MSAs, Lit-
tle Rock-North Little Rock, AR; Grand Rapids–Wyoming, MI and Scranton 
– Wilkes–Barre –Hazleton, PA, show a significant negative beta, over −0.3. This 
implies that the real estate market there moves in the opposite direction from the 
national real estate market and therefore can counter-balance the national market.9 
The geographic distribution of MSA betas is illustrated in Fig. 1b. The strength 
of the betas is represented by the colour and the size of the circles. The circle 
with the horizontal line pattern denotes a beta higher than 2, the circle with the 
X pattern denotes an MSA beta between 1 and 2, the circle with the dot pattern 
denotes an MSA beta between 0 and 1 and the circle with the vertical line pattern 
denotes an MSA beta less than 0. The size of the dots is proportional to the abso-
lute value of the MSA beta. As shown in Fig. 1-2, higher betas are concentrated 
in coastal areas, while most of the inland MSAs have the beta below 1. Obvi-
ously, coastal MSAs are more sensitive to aggregate real estate shocks. Among 
the 25 MSAs having a beta higher thanone, only three are inland. The distribution 
of the local betas largely coincides with measures of land regulatory strictness, 
for instance, the Wharton Residential Land Use Regulation Index (WRLURI).10 
Gyourko et  al. (2019) show that most restricted markets are situated along the 
northeast coast (from Boston down through Washington, D.C.) or the west coast 

Table 2  Descriptive statistics for estimated beta

Mean Std. Dev. Max Min

MSA Beta
  Market beta 0.818 0.356 2.791 −0.446
  Market beta_ rolling window 0.816 0.491 3.797 −1.002
  Market beta_Leveraged Return 0.840 0.387 2.003 −0.655
  Market beta_De-smoothed Leveraged Return 0.815 0.503 2.102 −2.332

Local Real Estate Market Beta
  Local beta 0.879 0.088 1.206 0.663
  Local beta_rolling window 0.868 0.140 1.755 0.063
  Local beta_instrumented weights 0.881 0.089 1.213 0.653
  Local Beta_ Desmoothed Leveraged Return 0.953 0.151 1.457 0.615

9 Clearly these are small MSAs in terms of NCREIF holdings and hence there may be concerns about 
the robustness of such results and the practicality of investing in these markets.
10 It should be noted that the land supply index is only for residential land, rather than the commercial 
land. Since only the residential land supply index is available, we use it as a proxy. We think that is rea-
sonable to assume that if land use regulations (and topography) are tight for housing then they’ll be tight 
for commercial real estate too.
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of the country (Seattle, Portland (OR), San Francisco, and Los Angeles), whereas 
the most lightly regulated are among the group of larger metropolitan areas in the 
so-called Rust Belt region (e.g., Cleveland, OH, Grand Rapids, MI, Cincinnati, 
OH, Detroit, MI, and St. Louis, MO).

Table 3 lists the MSAs with the lowest and highest betas, to shed more light 
on local betas. MSAs with the highest betas tend to experience higher property 
returns and larger standard deviation, as indicated by the significant positive 

a) Histogram 

b) Geographic Distribution 

Fig. 1  Distribution of MSA betas. a: Histogram. Note: The figure plots the histogram distribution of 
MSA betas. b: Geographic Distribution. Note: The figure plots the geographic distribution of MSA betas. 
The circle with the horizontal lines denotes a beta higher than 2, the circles with the crosses denote a 
beta between 1 and 2, the dotted circles denote a beta between 0 and 1 and the circles with vertical lines 
denote a beta less than 0. The size of the circles is proportional to the absolute value of the MSA beta
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correlation coefficients between them. This is consistent with the theory that 
property investors require a higher expected return to compensate for taking more 
risks.

Interestingly, we do not find a significant positive relationship between the local 
betas and local economic conditions, such as average regional GDP growth rate, 
GDP growth volatility, and unemployment rate. Instead, the property market beta 
is more related to real estate market-related factors such as supply elasticity, mar-
ket size, and liquidity. If we use the WRLURI as a proxy for supply elasticity, the 
property market beta has a significant positive correlation with the land regulatory 
strictness. In markets with inelastic supply, demand shock cannot be accommodated 
quickly due to a steep (short-run) supply curve, and we would expect a more severe 
cyclical movement of the price. Focusing on the housing market, Glaeser et  al. 
(2008) also find a more pronounced housing cycle in inelastically-supplied markets.

a) Time Varying MSA betas b) Leveraged betas

c) Leveraged and De-smoothed betas

Fig. 2  Distribution of MSA betas. a: Time Varying MSA betas, b: Leveraged betas, c: Leveraged and 
De-smoothed betas. Note: The figure plots the distribution of MSA betas in the robustness test. Panel 
a is based on the time varying rolling window MSA betas. Panel b is leveraged NCREIF MSA returns 
and national returns. Panel c is based on the desmoothed leveraged NCREIF MSA returns and national 
returns
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If we use the NCREIF number of properties as a proxy for real estate market 
size,11 the MSA beta is also significantly positively related to market size. Larger 
markets tend to be more prone to national shocks, consistent with the previous find-
ing that larger markets have higher volatility in aggregate (Drennan & Kelly, 2011). 
There are a number of possible explanations. First, one channel might be liquidity. 
Much prior literature has documented a positive relationship between trading vol-
ume and return volatility (Brailsford, 1996; Foster & Viswanathan, 1993). In a larger 
real estate market, trading volume tends to be higher, which may lead to higher price 
volatility (Li & Zhu, 2021). Second, it may be explained by an information effect. In 
markets with fewer sales, signals can be noisier. As a result, appraisal error or non-
adjustment of values in response to national shocks in smaller markets may be more 
likely. Third, the larger markets will have a greater influence on the aggregate mar-
ket index since the aggregate market index is weighted by the market value. This can 
also be confirmed by the higher  R2 in larger markets. The national aggregate mar-
ket index explains higher return variations in larger markets. Fourth, properties in 
large real estate markets are more likely to be occupied by national and international 
firms (Lizieri, 2009) and/or owned by national and international real estate inves-
tors (Lizieri & Mekic, 2018; Zhu & Lizieri, 2021), who are more prone to national 
macro shocks rather than the more idiosyncratic effects found in local markets.

Based on βm and wm. i, t, we calculate the local beta for each REIT based on their 
property portfolio. The estimated local beta for each REIT is summarised in Table 3. 
The average �LREM

i,t
 is 0.88 and the standard deviation is quite small, only 0.09. The 

maximum local beta is 1.21, and the minimum is 0.66. Obviously, the firm level 
local beta has a much smaller standard deviation than the MSA betas, since most 
REITs have well-diversified property portfolios. On average, properties in each 
REIT are distributed in 33 MSAs, with a minimum of one MSA and a maximum of 
370.

Firm Characteristics

Data concerning individual company characteristics are collected from SNL Finan-
cial. The returns and market capitalisation data are from Thomson Reuters Data-
Stream. We collect data for all available U.S. listed real estate companies12 loca-
tional information on assets between 1998 and 2015, a total of 202 real estate firms. 
Overall, 76% of properties in each firm are located in the 144 MSAs with NCREIF 
NPI property returns. 145 firms have over 70% of properties located in those 144 
MSAs. Our results are based on these 145 firms. Due to missing values in other 
explanatory variables, the final sample consists of 99 REITs.

11 Using the NCREIF number of sold properties as a proxy for the market size generate the robust 
results.
12 All firms are REITs in 2015. But SNL keeps firm information before the firm was converted to REIT. 
If we exclude the observations before the REIT status was established, the results remain completely 
robust.
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Table  2 summarizes the firm characteristics of the real estate companies, 
averaged across time, from 1998 to 2015, and across the 99 companies. The 
average annual return across all companies is 7.4%, with a standard deviation of 
51%. We also see a large variation across the size of the companies in terms of 
market capitalisation, with the highest being $26 billion and the lowest, $0.35 
million. On average, a company has a market capitalisation of $2627 million. 
The average market to book ratio (M/B) ratio is 2.04,. The average debt to equity 
(D/E) ratio is 1.86. The average real estate investment growth rate is 0.15%, with 
a maximum of 3.11% and a minimum of −0.98%. We also account for market 
power or market concertation using the Herfindahl–Hirschman Index (HHI) at 
the MSA level. The HHI measures the geographic concentration of properties of 
one firm across the MSAs:

where Pt, i, l is the number of properties of firm i with n = 1, 2,…, N that locate in 
MSA l with l = 1, 2,…, L in year t. The HHI ranges from close to 0 to 1. If HHI has 
a value of one, it means that all properties of the firm are located in the same MSA. 
The lower the HHI value, the less concentrated are the firm’s properties across the 
MSAs.

Stock Market beta

Local beta reflects the risk exposure to the underlying real estate markets. As 
REITs are listed on the stock market, equity market risk exposure must also be 
considered. Equity market risk exposure is measured using a standard four factor 
model, with the sensitivity of a REIT’s return to stock market return calculated 
as the conditional factor loading ( �stock

i,t

)

 for firm i and year t:

where rREIT
i,t,d

 is the daily return in day d in year t for firm i and rf, t is the correspond-
ing risk-free rate as measured by the yield on the 1-month Treasury bill. The fac-
tors comprise a US market return index (MKT), the difference between the returns 
on diversified portfolios of small stocks and big stocks (SMB) and the difference 
between the returns on diversified portfolios of high M/B (value) stocks, low M/B 
(growth) stocks (HML), and the difference between the monthly returns on diver-
sified portfolios of winners and losers over the past year (MOM). For consistency 
with prior research, the factors are obtained from Ken French’s website. As shown 
in Table  2, REITs have been more volatile than general stock markets over the 
period from 1998 to 2015, and REIT investors also received a slightly higher return 
as compared to general stock investors.

(3)HHIit =
∑L

l=1

(

Pt,i,l

Nt,i

)2

,

(4)
rREIT
i,t,d

− rf ,t,d = �i,t + �stock
i,t

MKTstock
t,d

+ �SMB
i,t

SMBt,d + �HML
i,t

HMLt,d + �MOM
i,t

MOMt,d + �i,t,d,
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Empirical Results

Cross‑Sectional Fama–MacBeth Regression Results

A Fama–MacBeth cross-sectional regression is conducted to identify whether local 
real estate market risks have been priced in REIT equity returns. The Fama–Mac-
Beth regression is run in two stages. In the first stage, for each year of our sample 
period, we estimate the following cross-sectional regression:

where rREIR
i,t

− rf ,t is the firm’s annual excess return with respect to the yield on the 
1-month Treasury bill. Xm, i, t is one of the following K firm characteristics: the 
change in SIZE, defined as the log-differenced firm’s aggregate market capitaliza-
tion; M/B, defined as the market value of assets divided by the book value of assets; 
LEV, defined as total debt divided by the book value of equity; and RE Invest, the 
real estate investment growth. We also include property type dummy variables. In 
the second stage, we use the time series of the regression coefficients and test if the 
average coefficient is significantly different from zero. To take into account serial 
correlation in the coefficient estimates, we compute Newey–West standard errors 
with six lags in the second stage. By comparing γRE local and γStock Mrkt, we identify 
changes in the REIT price triggered by the systematic risks from direct real estate 
market and equity markets.

Table 4 presents the main results starting with Model 3 (in Models 1 and 2, only 
local beta or stock beta is included). In Model 4, instead of contemporaneous con-
trol variables (Xk, i, t), lagged control variables are used (Xk, i, t − 1). In Model 5 and 6, 
more control variables are included. The results confirm that, with the increase in 
local real estate market risks, REIT returns increase significantly. The coefficient for 
lagged local beta remains significant in all specifications. Investors require a higher 
return to compensate for a higher exposure to riskier local property markets. Expo-
sure to a more cyclical real estate market (high beta markets) increases the perceived 
risk of firms’ equity and,therefore, investors require a higher reward to compensate 
for the additional risk.

Regarding the dual nature of REITs, the sensitivity to real estate and stock mar-
ket risk can be compared based on the size of the corresponding coefficient. Eco-
nomically, a one standard deviation change in the local beta will result in a 1.6% 
increase in REIT returns (Model 3).13 A one standard deviation change in stock beta 
is related to a 2.5% increase in REIT returns,14 which is some 1.5 times higher than 
the sensitivity to real estate betas. This finding is consistent with the previous REIT 
literature. In the short term, the stock market plays a more dominant role in REIT 

(5)rREIT
i,t

− rf ,t = c0 + γRE local�LREM
i,t−1

+ γStock Mrkt�stock
i,t−1

+
∑K

k=1
ci,kXk,i,t + ei,t,

13 The economic impact is calculated as the coefficient (0.1781) multiplied by the standard deviation of 
the local beta, which is 0.088.
14 The economic impact is calculated as the coefficient (0.0555)multiplied by the standard deviation of 
the stock beta, which is 0.443.



697

1 3

Local Beta: Has Local Real Estate Market Risk Been Priced in…

Table 4  Local beta and firm returns

This table reports the results of Fama–MacBeth cross-sectional regression. The dependent variable is the 
annual excess return netting of the T-bill rate. . rREIT

firm,t−1
 is the lagged return. �LREM

firm,t−1
 stands for the lagged 

local beta for firm i. �Stock Mrkt
firm,t−1

 is for the lagged stock market beta. �SMB
i,t−1

 , �HML
i,t−1

 , and �MOM
i,t−1

 are the beta for 
Fama–French factors. Control variables include previous returns, change in market value, debt to equity 
ratio, market to book ratio, real estate investment growth and property type dummy. Standard errors are 
reported in parenthesis. ***, ** and * denote significance at the 1%, 5% and 10% level, respectively

Model 1: Model 2: Model 3: Model 4: Model 5: Model 6:

�LREM
firm,t−1

0.1584** 0.1781*** 0.1761*** 0.1268* 0.3188***
(0.0638) (0.0670) (0.0407) (0.0655) (0.0945)

�Stock Mrkt
firm,t−1

0.0538** 0.0555* 0.0732*** 0.0566 0.0676***

(0.0218) (0.0291) (0.0217) (0.0362) (0.0209)

rREIT
i,t−1

−0.1365*** −0.0617** −0.1409*** −0.0830 −0.1043** −0.1419***
(0.0344) (0.0278) (0.0374) (0.1541) (0.0521) (0.0387)

Change in Size 5.1137*** 4.7762*** 5.2923*** 0.1497 5.0010*** 4.9892***
(0.8293) (0.8201) (0.8351) (0.6190) (1.0031) (0.7569)

Market to Book 0.0329*** 0.0348*** 0.0310*** −0.0001 0.0293*** 0.0305***
(0.0066) (0.0069) (0.0068) (0.0187) (0.0064) (0.0066)

RE Investment Growth −0.0733 −0.1312*** −0.0803* −0.0014 −0.0817** −0.0753
(0.0482) (0.0332) (0.0417) (0.0209) (0.0402) (0.0535)

Debt to Equity −0.0025 −0.0019* −0.0022 0.0016 −0.0018 −0.0023
(0.0019) (0.0011) (0.0024) (0.0027) (0.0018) (0.0027)

�SMB
i,t−1

0.0178

(0.0396)

�HML
i,t−1

−0.0292
(0.0392)

�MOM
i,t−1

−0.0158

(0.0447)

�head
i

−0.0005
(0.0467)

MSA_HP −0.9048
(3.1419)

MSA_Ump −0.0153
(0.0107)

MSA_GDP 0.2523
(0.9645)

NOI −0.0002
(0.0007)

GA expenses −0.0587
(0.0584)

Property Density −0.0123
(0.0291)

Property Type Dummy Yes Yes Yes Yes Yes Yes
No. of obs 1171 1711 1170 1084 1170 1156
Adj. R2 0.8379 0.8153 0.8472 0.8566 0.9134 0.8656
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performance. However, in the following section, we show that this conclusion may 
not be applicable to all REITs. The sensitivity to real estate market risk depends on 
the diversification strategy of REITs.

The regression results for the control variables are consistent with previous lit-
erature (Table 4, Model 3). Firms with increasing size and a higher M/B ratio have 
higher returns. Real estate investment growth has a negative coefficient; this can be 
explained by the fact that high investment growth may result in higher management 
costs and therefore reduce the equity returns of REITs.

In Model 5, risk exposure to other Fama–French-Carhart factors are also 
included. As shown in Table 4, the coefficient for local beta remains significant. As 
high exposure to risky real estate markets may have an impact on operating cash 
flows and management costs, the relationship between local beta and REIT excess 
returns may actually be caused by the underlying property cash flows. Therefore, in 
Model 6, we include Net Operating Income (NOI) and G&A expenses as additional 
control variables. Furthermore, firm equity return may be affected by the local risk 
in the headquarter of the firm. The MSA beta where the REIT’s headquarter locates 
is also included as an additional control variable to investigate whether the riskiness 
of the local property market is transmitted into REIT performance via the location of 
the headquarter or the location of the assets. We also use the residential market per-
formance to proxy for the local demand and supply for real estate and even the credit 
supply in the local markets, as the recent housing boom is believed to closely relate 
to the excess credit supply to the real estate markets in general. We also consider 
the impact from local business conditions, measured by the GDP growth rate and 
unemployment rate. Additionally, local beta may also be strongly related to property 
density. In most downtown areas, the market would be more liquid. Therefore, con-
cerns could arise that the local real estate market risks may only capture the impact 
of investing in downtown or suburban areas – the density of the location, rather than 
the liquidity risk. We, therefore, also control the density of properties in Model 6. 
We add another control variable – the average number of properties held by any 
other REIT located within a 5 km radius of each individual property.15 Overall, the 
results remain robust. The coefficient for local beta remains significant throughout.

Geographic Diversification and Local Betas

We further test the impact of geographic diversification. We split the sample 
into well- and less-diversified REITs according to the geographic location of 
property portfolios: 50% of the firm with more concentrated assets and 50% of 
firms with more diversified assets according to their HHI values. The results for 
these two groups of firms are reported in Model 8 and 9 in Table 5. For the 50% 
of REITs with more diversified assets, the coefficient for �LREM

i,t
 is insignificant. 

15 We count the number of properties surrounding each property held by a REIT, and then calculate the 
average number for that REIT, given the total number of properties held by that REIT. It should be noted 
that, since we only have the information about the properties held by REITs, the density is measured by 
the properties held by REITs, not the full property universe.
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Real estate risks are not priced in the equity return, implying that investors may 
decide that the local real estate market risks can be ignored due to diversifica-
tion. But for the 50% of REITs with less diversified assets, the coefficient for 
�LREM
i,t

 rises to 0.3344. We further split the sample into 33% of the most con-
centrated firms and the rest, as shown in Model 10 and 11. With the increase 
in the concentration threshold, the sensitivity to local real estate market risks 
increases further to 0.4953. This implies that a one standard deviation increase 
in the local real estate market risks will be related to up to a 4.7% increase in 
the equity return. Overall, geographic diversification helps REITs to reduce their 
sensitivity to real estate market risks. However, for sensitivity to stock market 
risk, we do not find a similar pattern. Using the number of MSAs where prop-
erties are located generates similar results. With the increase in the number of 
MSAs, local real estate market risks decrease significantly. When a REIT holds 
properties spread over 13 or more MSAs, local real estate markets are not priced 
in REIT equity returns.

A higher sensitivity of more concentrated REITs to the national shocks can 
be partly explained by the fact that concentrated REITs are more likely to invest 
in larger markets, such as New York or San Francisco. For instance, for REITs 
with an HHI concertation over 90%, on average, over 96% of their properties 
located in MSAs with a beta larger than one, whereas for the remaining REITs, 
only 25% of their assets located in these MSAs. Concentrated REITs tend to 
have high exposure to high beta areas. Therefore, the value of its underlying 
assets would respond more strongly to aggregate shocks than diversified REITs, 
which have low exposure to the high beta areas. As a result, investors would per-
ceive a higher equity risk for firms in high beta areas than for firms in low beta 
areas and demand a higher reward for taking that risk. Although the local real 
estate market risks are, by definition, systematic, they cannot be diversified away 
in a REIT portfolio and hence are priced, as with equity market risk sensitiv-
ity, investors may still perceive REITs with geographically diversified portfolios 
to be less prone to those local market shocks and so do not demand a return 
premium.

Additionally, the insignificant relationship between local beta and the excess 
return for diversified REITs can also be explained by the dependency of the risk-
return relationship on market conditions. Focusing on the stock market, Fletcher 
(2000), Huang and Hueng (2008), Tang and Shum (2003), and many others show 
a positive risk-return relationship in up markets (positive market excess returns) 
and a negative relationship in down markets (negative market excess returns). 
As a result, the overall relationship between stock beta and equity return can 
become insignificant. This argument can also explain our finding for diver-
sified REITs. With diversification, REITs may have exposure to markets with 
both positive and negative excess returns. As a result, the relationship between 
the local real estate market risks and equity returns can be less positive than 
those REITs focusing on the markets with a high local beta and thereby positive 
excess returns.
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Robustness Checks

Self‑Selection

We further consider the situation that wm. i, t may be affected by the potential self-
selection in some REITs having a bias for less risky and more liquid real estate mar-
kets. We use the distance to headquarters as the instrument for wm. i, t. Based on 
home bias theory, the distance of assets to the headquarters can be a good predictor 
for the firm’s asset allocation. Market participants often choose local investment to 
reduce information asymmetry in opaque information environments (Garmaise & 
Moskowitz, 2004). Ling et  al. (2018b) also show that managers overweight asset 
allocations to their local market. Therefore, the distance of properties to the head-
quarters can be a relevant instrument. For each firm, we regress the proportion of 
properties in MSA m on the distance to the headquarters:

where Dm, i, t is the average distance of properties located in the MSA m to the head-
quarters of REIT i. For instance, if two properties are located in MSA m, Dm, i, t is 
the average distance of these two properties to the headquarters of the firm. For the 
estimation of Eq. (6), we require that the firm has investments on at least three dif-
ferent MSAs. For firms with properties located in only one or two MSAs, we use the 
observed weights. The estimated bi is illustrated in Fig. 3a. Most of the coefficients 
are negative. The average coefficient is −0.056 and the average T statistic is −1.96. 
So the instrumented weight is calculated as ŵm.i,t = âi + b̂i lnDm,i,t and the local beta 
is calculated as 𝛽LREM

i,t
=
∑M

m=1
ŵm.i,t𝛽m . The estimated results based on instrumented 

weights are reported in Table 6, Model 17. The coefficient rises to 0.22.
However, previous literature shows that REIT performance can be affected by the 

geographic diversification of underlying assets or the share of the assets locating in 
the home MSAs, which may challenge the exogeneity of the instrument. Therefore, 
the share of home assets (Model 18) and the Herfindal asset concentration indicator 
(Model 19) are also controlled. We argue that this instrument is conditionally exog-
enous given control of the diversification strategy. A further concern could be that 
firms’ performance can also be affected by being local or dispersed. For instance, 
Garcia and Norli (2012) find that local firms have lower investor recognition, which 
implies a higher required return in their equity. It should be noted that we are not 
using the absolute distance, but the relative distance of each property to the head-
quarters, as the instrument, separately for each firm. Therefore, this instrument is not 
affected by whether the firm is a local firm or a dispersed firm. It is independent of 
the average distance of the assets to the headquarter. If firm A has all assets in one 
distant MSA, and if firm B has all assets in its headquarter MSAs, the weights for 
both firms are 1, although firm A is a dispersed firm and firm B is a local firm.

Although we are able to argue the exogeneity of distance to the MSA real estate 
market performance, the relevance of the instrument needs may not be satisfied. We 
follow the classical F test for the validity of the instrument. However, in our paper, 
we run the first stage regression (Eq. 6) for each firm in each year. So in total, we 

(6)wm.i,t = ai + bi lnDm,i,t + et,
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have 1618 regressions in the first stage. The p value of the F statistic in each first 
stage regression is plotted out in Fig. 3b. The x-axis is the p value of the test, and 
the y-axis is the frequency of each p value. Around 43% of the regressions have a p 
value lower than 10%. In order to make sure of the relevance of the instrument, we 
exclude those firm-year observations with an insignificant F-test and construct ŵsig

m,i,t
 

using only observations with significant F-tests. The results are reported in Table 6, 
Model 20. Due to the reduction in the number of ŵsig

m,i,t
 decreases, the total number 

of observations in the second stage (Model 20) is reduced by nearly half. However, 
even with this conservative adjustment, the coefficient remains significant.

Since the number of observations decreases by nearly half, we further test 
whether the remaining sample is still representative using a Heckman correction. 
We first investigate the probability of surviving (Eq. 7), and then include the Inverse 
Mills ratio of the estimated probability as an additional regressor to correct for 
potential selection bias (Eq. 8):

The dependent variable for Eq. (8) is a dummy variable with the value of one 
when the F test is significant at the 10% level, and zero when the F test is insignifi-
cant. In other words, a significant F test means that the distance to the headquarters 
is a valid instrument for this firm at this period. This REIT is more likely to allocate 
assets in its local markets. The results of Eq. 8 is shown in Table 6, Model 21. The 
coefficient for the local beta again remains significant and of comparable magnitude 
to the other specifications.

Time‑Varying MSA Beta

The MSA beta based on Eq. 2 is constant over time, which allows us to capture the 
average cyclicality of each property market. We also investigate a time-varying local 
beta using a 30 quarter rolling window, to allow for possible structural changes in 
property market volatility.

where rNPI
m,(q−30,q)

 is the NPI return over the past 30 quarters at period q in MSA m. 
Based on the leveraged NPI returns, the mean of βm, q slightly increases to 0.822 and 
the standard deviation grows to 0.564. The larger standard deviation in the MSA 
beta could be due to the smaller number of observations in the regression. As shown 
in Fig. 2-a, the beta distribution shows obviously heavier tails. We then calculate the 
local beta based on the rolling MSA betas. However, given the fact that some MSAs 
have NPI returns for less than 30 quarters, many missing values appear. When there 
is missing value in the rolling window MSA beta, we use the average MSA beta as a 
substitute. The summary statistics are reported in Table 2; the local beta with rolling 

(7)Probi,t = c + dXi,t + �i + �t + ui,t,

(8)yi,t = 𝛼Ti,t−1 + 𝛽Xi,t + 𝜃M̂illi,t + 𝛾i + 𝛿t + ei,t,

(9)rNPI
m,(q−30,q)

− rf ,(q−30,q) = �m,q + �m,q

(

MKTNPI
(q−30,q)

− rf ,(q−30,q)

)

+ �m,q.
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a) Coefficient of Distance

b) F test for the Relevance of Distance 

Fig. 3  Distance as the Instrument. a Coefficient of Distance. Note: The figure plots the distribution of 
the coefficient for the distance in the auxiliary regression for the instrumented proportion of properties 
in each MSAs. The proportion of properties for a certain MSA is regressed on the average distance of all 
properties held this firm located in a certain MSA to the headquarter of the firm. The regression is run 
separately for each firm. b F test for the Relevance of Distance. Note: This graph shows F statistics for 
the relevance test of the instrument. The x-axis is the p value of the test, and y-axis is the frequency of 
each p value. Among the 1618 year-firm observations, 689 (42%) have the p value lower than 10%
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MSA beta has a very similar mean but a much larger standard deviation. The Fama 
Macbeth regression results are reported in Table 7. The results are robust with the 
local beta coefficient remaining significant with a value of 0.16 (Model 22).

Property Sector

Our MSA beta is calculated using properties in all sectors. However, different prop-
erty sectors may be subject to different levels of risk. The local beta should match 
REITs against the relevant NPI sectors. The NPI NCREIF Property Index includes 
Apartment, Hotel, Industrial, Office, Retail, and other properties. We acknowledge 

Table 6  Robustness checks: self selection

This table reports the results of Fama–MacBeth cross-sectional regression. The dependent variable is the 
annual excess return netting of the T-bill rate.rREIT

firm,t−1
 is the lagged return.�LREM

firm,t−1
stands for the lagged local 

beta for firm i.�Stock Mrkt
firm,t−1

 is for the lagged stock market beta. Control variables include previous returns, 
the change in market value, debt to equity ratio, market to book ratio, real estate investment growth and 
property type dummy. Standard errors are reported in parenthesis. ***, ** and * denote significance at 
the 1%, 5% and 10% level, respectively

Model 17: 
Instrumented
weights

Model 18: 
Instrumented
weights

Model 19: 
Instrumented
weights

Model 20: 
Instrumented
weights_SigFtest

Model 21: 
Instrumented
weights _Heckman

�LREM
firm,t−1

0.2469*** 0.2417*** 0.2510*** 0.1964*** 0.1197***
(0.0588) (0.0660) (0.0542) (0.0646) (0.0353)

�Stock Mrkt
firm,t−1

0.0674*** 0.0663*** 0.0669*** 0.0397 0.0430
(0.0227) (0.0208) (0.0198) (0.0553) (0.0731)

rfirm, t − 1 −0.0810** −0.0788** −0.0802** −0.0658 0.0053
(0.0342) (0.0348) (0.0344) (0.0959) (0.0963)

Change in Size 5.1104*** 5.0726*** 5.1190*** 5.7351*** 5.8840***
(0.8391) (0.8338) (0.8184) (1.4489) (1.8552)

Market to Book 0.0353*** 0.0347*** 0.0346*** 0.0363*** 0.0538***
(0.0064) (0.0075) (0.0073) (0.0095) (0.0130)

RE Invest.
Growth

−0.0652 −0.0756* −0.0739 −0.0630 0.0375
(0.0443) (0.0455) (0.0483) (0.0451) (0.1163)

Debt to Equity −0.0004 −0.0006 0.0005 −0.0001 −0.0253***
(0.0018) (0.0018) (0.0025) (0.0040) (0.0083)

Home Assets 0.0050 0.0266
(0.0374) (0.0186)

HHI −0.0025
(0.0416)

Prob. −1.4096*
(0.8100)

Property Type 
Dummy

Yes Yes Yes Yes Yes

No. of obs 1284 1283 1281 682 660
Adj. R2 0.8434 0.8459 0.8465 0.7540 0.8750
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that our local beta using all NPI properties is not an ideal measurement for the dif-
ferent cyclicality across property sectors.

Therefore, we try further robustness tests. First, we split the sectors into two 
broad categories: commercial and residential. Ideally, a more detailed sector split 
should be applied. However, further categorization generates too many missing 
observations. For example, only 14 MSAs have sufficient hotel property returns to 
calculate the local hotel beta. As a result, we only split the property types into two 
categories. We then calculate the beta separately for each sector:

We report the results based on two-sector MSA beta in Table 7 Model 23, which 
again are robust, albeit with a fall in the magnitude of the local beta coefficient.

Alternatively, we exclude specialized REITs, including Office, Retail, Residen-
tial, Industry, and Hotel. Only 46 REITs are left. Since diversified REITs hold differ-
ent types of properties, our local beta should have a smaller measurement error for 
them. As expected, the local beta coefficient rises in magnitude.

Leverage and Valuation Smoothing

The validity of the NCREIF NPI index is sometimes questioned. One concern is 
about leverage. REIT performance indices embed the impact of leverage, but 
NCREIF NPI returns are reported on an unlevered basis. Hoesli and Oikarinen 
(2012) show that the magnitude of leverage can affect the mean and the volatility 
of REITs. In an additional robustness check, we use the leveraged NPI NCREIF 
returns. However, not all properties in the NCREIF database report leverage, so the 
leveraged return covers much fewer properties in each MSA and only 109 MSAs 
have NCREIF leveraged return data over 10 quarters. So �LEV

m
 and �LEV ,local

i,t
 is calcu-

lated based on a smaller sample.
Based on the leveraged NPI returns, the mean of �LEV

m
 rises to 0.860 and the 

standard deviation grows to 0.564. Both are higher than using unleveraged total 
returns (Table 2). Baton Rouge, LA, MSA even has a very negative βm of −3.5. The 
reason is that when the total return of unleveraged projects is lower than the interest 
rate, leverage actually has a negative impact on the leveraged return. The overall dis-
tribution of �LEV

m
 is shown in Fig. 3. With a higher and more volatile �LEV

m
 , the real 

estate risk exposure of REITs also increases. The average �LEV ,local
i,t

 slightly rises to 
0.840 and the standard deviation increases to 0.387. As leverage influences financial 
risk, the real estate risk taken by REITs is amplified by the use of leverage.

(10)rNPI,Residential
m,q

− rf ,q = �m + �residential
m

(

MKTNPI,Residential
q

− rf ,q

)

+ �m,q,

(11)rNPI,Commercial
m,q

− rf ,q = �m + �commercial
m

(

MKTNPI,Commercial
q

− rf ,q

)

+ �m,q,

(12)� local
i,t

=
∑M

m=1
wresidential
m.i,t

�residential
m

+
∑M

m=1
wcommercial
m.i,t

�commercial
m

.
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Appraisal smoothing is another concern. NCREIF returns are appraisal-based, 
which may lead to smoothing if appraisers anchor on prior values. To extract the 
true returns, a desmoothing procedure must be used (Geltner et  al., 2003; Lizieri 
et al., 2012). The simplest is a first-order autoregressive reverse filter. Equation (2) 
provides the smoothed total returns for direct real estate investment. Now we look at 
the leveraged NPI return as a combination of the current true real estate return and a 
lagged component for the prior index value:

where rTrue
m,t

 denotes the true underlying real estate returns. γm is the smoothing 
parameter for MSA m and can be calculated as the first-order autoregressive coef-
ficient for the NPI returns. By re-arranging Eq. (13), rTrue

m,t
 can be derived as:

Based on rTrue
m,t

 , �DeSm,Lev
m

s and the corresponding �DeSm,Lev,local
i,t

 for REITs are re-
estimated based on Eq. (15) and (16):

After de-smoothing the return series, �DeSm
m

 decreases slightly, with a mean of 
0.815 and standard deviation of 0.502. The Fama–MacBeth regression results are 
quite robust. The coefficient for real estate local beta remains very robust (Table 7 
Model 24).

Other Robustness Tests

In our local beta calculation, we have some MSAs with a significant negative beta, 
whose inclusion would be controversial given standard expectations. The negative 
beta might be caused by the short return periods and/or the small sample included 
in the NCREIF NPI database for these MSAs. In other words, the estimated beta for 
these MSAs might not be reliable. So, we exclude MSAs with a negative beta and 
re-run the regression. The results are presented in Table 7, Model 25. The coefficient 
for local beta remains robust.

Instead of using the national aggregated real estate returns, we also use aggre-
gated GDP change to calculate local beta. In this way, the local beta reflects the 
sensitivity of local real estate market performance on national economic shocks. The 
results are reported in Table 7, Model 26, which is robust.

A further concern could be the coincidence of returns and local beta, particu-
larly during the period 2009 to 2014. Over this period, REIT market capitalisation 
increases at nearly 19% per annum, so there is a massive increase in listed real estate 
equity. Over the same time, price growth is more than 9% p.a., which is higher than 

(13)rLev
m,t

=
(

1 − �m
)

rTrue
m,t

+ γmr
Lev
m,t−1

,

(14)rTrue
m,t

=
rLev
m,t

− �rLev
m,t−1

1 − �
.

(15)rTrue
m,t

− rf ,t = �m + �DeSm,Lev
m

(

MKTTrue
t

− rf ,t
)

+ �m,t.

(16)�
DeSm,Lev,local

i,t
=
∑M

m=1
wm.i,t�

DeSm,Lev
m

.
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the long run average. It may be that the local beta increases over that period (for 
example, via more exposure to gateway cities), coinciding with higher returns and 
thus pushing up the explanatory power of the local beta.

We employ two robustness checks to address this issue. First, we exclude the 
period 2007–2015 when we calculate the MSA beta (Eq.  2). The local beta is 
now estimated without any influence of the volatile period on property market 
performance. We then estimate the relationship between REIT return and local 
beta. Second, we still calculate MSA beta (Eq. 2) using the full sample, but we 
only include the before-crisis period (1999–2006) when we calculate the impact 
of local beta on REIT returns (Eq. 5). As shown in Table 7, Model 27 and 28, 
the influence of local beta on REIT returns becomes weaker in both tests, but 
remains significant.

We also apply previous robustness tests on the two groups of REITs (Appendix 
Table  11). The results are very robust. With the increase in the concentration of 
assets, REITs become more vulnerable to local real estate market risks. 33% of the 
most concentrated firms have the highest sensitivity to local beta.

Portfolio Construction and Non‑market Returns

We examine the non-market returns (or alphas) on REITs portfolios using an asset 
pricing model:

where rp, t is the equally-weighted monthly return on a given portfolio and rf, t is the 
corresponding risk-free rate as measured by the yield on the 1-month Treasury bill. 
We use two sets of factors. The first set are the two Fama–French factors (SMB and 
HML), the Carhart momentum factor (MOM) and the Pastor and Stambaugh liquid-
ity factor (LIQ), in addition to the stock market return index (MKT). The second set 
is real estate factors to control for real estate market exposure. For this purpose, we 
also include listed real estate returns (NAREIT).16

The regressions are based on portfolios of REITs’ monthly returns between 
1998 and 2015. The baseline results present four sorted portfolios, from the bot-
tom 25th percentile of REITs with the highest local real estate market risks and 
the upper 25th percentile of firms with the lowest local real estate market risks. 
Table 8 reports alpha and beta for each portfolio based on Eq. (17). Among the 
six factors, the stock market factor has the highest sensitivity. The beta coefficient 
is close to one. Size factor and high minus low factor also play a role in the port-
folio returns. The real estate factor, NAREIT returns, plays a limited role. This 
might be caused by the fact that NAREIT returns are highly correlated with the 
stock market return.

(17)
rp,t − rf ,t = �p + �p,1MKTt + �p,2SMBt + �p,3HMLt + �p,4MOMt + �p,5LIQt + �p,6REt + �p,t,

16 Alternatively, we also used the NCRIEF total return indicator as an additional measure for real estate 
market performance; the results remain robust. However, the beta for NCREIF total return index is sig-
nificantly negative, which might be caused by the multicollinearity between NCRIEF returns, NAREIT 
returns and stock market returns.



710 B. Zhu, C. Lizieri 

1 3

Although none of the alphas of the four portfolios is significant, the alpha for 
the portfolio based on taking the long position in REITs with the highest local 
beta and taking the short position of REITs with the lowest local risk is signifi-
cant. If investors perceive a higher risk in REITs subject to higher real estate 
risks, we would expect a higher return on portfolios with a high exposure relative 
to those with low exposure. In other words, portfolio managers with an informa-
tion advantage are able to “buy low” before positive information has been incor-
porated into asset valuations and “sell high” before negative information has been 
fully reflected into falling asset prices. Firms with the 25th quantile highest local 
beta experience an average nearly monthly non-market return of −0.02%. Firms 
with the 25th quantile lowest local beta experience an average return of −0.43%. 
This implies 41 basis point monthly (4.9% annually) return difference, which is 
statistically and economically significant.

We further double-sort the portfolios according to diversification and local real 
estate market risks. REITs are first grouped into 50% REITs with more concentrated 
assets (50% highest HHI or lowest number of MSAs) and the rest. We then con-
struct four equally-weighted portfolios for each group of REITs, from the bottom 
25th percentile of firms with the highest local real estate market risks to the upper 
25th percentile of firms with the lowest local real estate market risks. As shown in 
Table 9, a significant difference in the alpha between a portfolio with the highest and 
lowest exposure to local real estate market risks only occurs in REITs with more 
concentrated assets, confirming the regression results in the previous section. For 
REITs with geographically well-diversified assets, there is no significant difference 

Table 8  Portfolios based on local beta

This table presents factor model results of portfolios sorted into 4 groups from the bottom to the top 25th 
percentile based on the local beta. Alpha stands for non-market return. MR stands for the return factor, 
SMB stands for the size factor, HML stands for the book-to-market value factor, MOM stands for the 
momentum factor and LIQ stands for the liquidity factor. RE stands for the listed real estate returns. The 
portfolios are constructed based on monthly data. The T-statistic is reported in parentheses. ***,** and * 
denote significance at the 1%, 5% and 10% level, respectively

Portfolio Alpha MR SMB HML MOM LIQ RE R2

Panel A Portfolio formed based on Local real estate market risk
  Highest −0.0002 0.9251*** 0.5059*** 0.4846*** 0.4083*** −0.0911 0.0864** 0.4869

(−0.0489) (10.0399) (4.1383) (4.0026) (2.5399) (−0.9774) (2.0415)
−0.0019 1.0051*** 0.5621*** 0.4458*** 0.5592*** −0.1728* 0.0373 0.5052
(−0.5287) (10.9329) (4.6085) (3.6904) (3.4861) (−1.8576) (0.8824)
−0.0041 0.9792*** 0.6024*** 0.5316*** 0.3359* −0.1217 0.0774* 0.4994
(−1.0913) (9.9500) (4.6140) (4.1104) (1.9565) (−1.2222) (1.7118)

  Lowest −0.0043 0.9998*** 0.5338*** 0.3696*** 0.6337*** −0.1777* 0.0828* 0.4240
(−1.0687) (9.5495) (3.8432) (2.6869) (3.4693) (−1.6772) (1.7205)

Panel B: Portfolio long in firms with the highest local beta and short in firms with the lowest local beta
  Long H 

short
0.0041** −0.0747 −0.0279 0.1150* −0.2254*** 0.0866 0.0037 0.0449

  L Port-
folio

(2.0231) (−1.4067) (−0.3964) (1.6489) (−2.4337) (1.6115) (0.1505)
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in alpha. Local real estate market risks are priced in REIT returns, but only for 
REITs with concentrated assets. For the 50% REITs with the highest HHI and the 
50% lowest local beta show an average non-market return of −0.69% p.m., which is 
statistically significant. The difference in the alphas rises to 1.48% percent p.m. (ca. 
17.7% p.a.).

Conclusion

This paper studies the role of geography on equity performance from the point of 
local real estate market risks. For a firm with high exposure to risky real estate 
markets, the value of its underlying assets would respond more strongly to the 
aggregate shock than a firm with low exposure to risky markets. Therefore, the 
equity return of this firm would be higher, as investors would require a higher 
reward due to the perceived higher equity risk. The local real estate market risk 
is measured by local beta, which reflects the systematic risk of the underlying real 
estate markets where properties are located. The empirical results confirm a higher 
equity return for a firm with a higher local real estate market risk, mainly for firms 
with concentrated assets. On average, a one standard deviation increase in the local 
beta will result in a 1.6% increase in REIT equity returns. But for REITs with more 

Table 9  Portfolios based on local beta _ Diversification

This table presents the factor model results of portfolios sorted into 8 groups from the bottom to the top 
25th percentile based on the local beta and from the bottom to the top half REITs based on diversifica-
tion. Alpha stands for non-market return. MR stands for the return factor, SMB stands for the size factor, 
HML stands for the book-to-market value factor, MOM stands for the momentum factor and LIQ stands 
for the liquidity factor. RE stands for the listed real estate returns. The portfolios are constructed based 
on monthly data. The T-statistic is reported in parentheses. ***, ** and * denote significance at the 1%, 
5% and 10% level, respectively

Panel A: HHI
Local Beta High Low H-L

HHI High 0.0010 −0.0029 −0.0137*** −0.0069* 0.0148***
(0.29) (−0.81) (−2.31) (−1.76) (3.44)

Low −0.0073 −0.0035 −0.0036 −0.0063 −0.0037
(−1.58) (−0.81) (−0.87) (−1.23) (−1.56)

H-L 0.0084*** 0.0006 −0.0101*** −0.0007
(3.16) (0.18) (−2.59) (−0.24)

Panel B: Number of MSAs
Local Beta High Low H-L

Num High −0.0012 −0.0040 −0.0032 −0.0068 0.0021
MSA (−0.28) (−0.71) (−0.69) (−1.23) (0.54)

Low 0.0002 −0.0015 −0.0068 −0.0053 0.0070*
(0.04) (−0.36) (−1.26) (−1.11) (1.90)

H-L −0.0013 −0.0025 0.0036 −0.0016
(−0.29) (−0.62) (1.09) (−0.63)
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diversified assets, the relationship between REIT returns and local beta becomes 
insignificant. The results remain robust when the issues concerning self-selection, 
leverage and valuation smoothing are corrected.

This paper has several implications. First, it helps real estate investors, pen-
sion funds, and multi-asset managers to characterise the nature of risk/return of 
REITs. REITs show much lower sensitivity to stock market risks and a more posi-
tive sensitivity to local real estate risks as compared to general industrial firms. As 
a result, REIT returns would respond positively to local shocks, while the equity 
returns of general industrial firms would not react to the real estate shocks. There-
fore, given the different responses to the real estate risks, REITs can be considered 
as an alternative investment vehicle to general stocks in multi-asset portfolios.

Although U.S. REITs are characterized by geographical well-diversified, inves-
tors should be aware that local real estate market risk has still been priced in REIT 
returns, as the local beta is a non-diversifiable risk. In other words, local real estate 
market risks will not be diversified by holding REITs with geographically over-
lapped assets, by holding REITs focusing merely on large markets, or in high beta 
markets. However, investors can optimise the mix of REITs according to their expo-
sure to risky real estate markets using a “smart local beta” strategy. An investment 
strategy which sells REITs with high exposure to high beta areas and buys high 
exposure to low beta areas can earn a non-market return of nearly 4.9% per year.

Furthermore, by touching on the local versus diversified debate, our research can 
also help individual REITs to understand the costs and benefits of being local. The 
empirical study shows that geographic diversification can limit the exposure to high 
risky real estate markets. One would thus expect lower equity returns due to reduced 
local real estate market risks and, thereby, reduced equity risk. For 33% of the most 
concentrated REITs, a one standard deviation increase in the local real estate market 
risks will be related to a 4.7% increase in REIT returns and, by implication, in the 
required cost of equity. Furthermore, a ‘native’ geographic diversification strategy 
may not successfully reduce the real estate market risks. Limiting the exposure to 
high risky real estate market is necessary for REITs to reduce the equity risk.

Appendix

Appendix 1: Diversification Nature of Local Real Estate Market Risks

We assume REIT i has properties in M MSAs. The local real estate market beta for 
MSA m is set as �MSA

m
 , and the portfolio weight in MSA m is wMSA

i,m
 . The variance of the 

property portfolio will be

where rNPI
Nation,t

 is the return of property investment at the national level. �2

RE
 is 

the variance of the aggregated property market returns. If we assume the firm 
has equal weights in each MSA, we will have wMSA

i,m
=

1

M
 , and if we define that 

� =
1

M

∑M

m=1
�MSA
m

 , we have

var
[

∑M

m=1
wMSA
i,m

�MSA
m

(

rNPI
Nation,t

− rf

)]

=
∑M

m=1

(

wMSA
i,m

�MSA
m

)2

�2

RE
+
∑M

m=1

∑M−1

n=1
wMSA
i,m

wMSA
i,n

�MSA
m

�MSA
n

�2

RE



713

1 3

Local Beta: Has Local Real Estate Market Risk Been Priced in…

So the variance will not be reduced when the REIT invests in more MSAs.
For REIT investors, it is still a non-diversifiable risk. If we assume si, t as the pre-

determined weights used for the construction of portfolios including different REITs 
i = 1, …, N and assuming that the following granularity conditions hold for all t, 
we construct a portfolio: 

∑N

i=1
si,t−1Ri,t . If we assume that real estate market return 

is independent with the stock return, and independent with the error term, we have:

V =
M

M2
�
2

�2

RE
+

M(M − 1)

M2
�
2

�2

RE
= �

2

�2

RE

var
[

∑N

i=1
si,t−1

∑M

m=1
wMSA
i,m

�MSA
m

(

rNPI
Nation,t

− rf

)]

==
∑N

i=1
s2
i,t−1

var
[

∑M

m=1
wMSA
i,m

�MSA
m

(

rNPI
Nation,t

− rf

)]

+
∑N

i=1
si,t−1

∑N−1

j=1
sj,t−1cov

[

∑M

m=1
wMSA
i,m

�MSA
m

(

rNPI
Nation,t

− rf

)

∑M

m=1
wMSA
j,m

�MSA
m

(

rNPI
Nation,t

− rf

)]

Table 10  Alternative estimate 
of local beta

This table reports the results of Fama–MacBeth cross-sectional 
regression. The dependent variable is the annual excess return net-
ting of the T-bill rate. . rREIT

firm,t−1
 is the lagged return. �LREM

firm,t−1
    stands 

for the lagged local beta for firm i. �Stock Mrkt
firm,t−1

 is for the lagged stock 
market beta. �SMB

i,t−1
 , �HML

i,t−1
 , and �MOM

i,t−1
 are the beta for Fama–French 

factors. Control variables include previous returns, change in market 
value, debt to equity ratio, market to book ratio, real estate invest-
ment growth and property type dummy. Standard errors are reported 
in parenthesis. ***, ** and * denote significance at the 1%, 5% and 
10% level, respectively

Model A1:
Size weighted

Model A2:
Adjusted cost weighted

�LREM
firm,t−1

   0.1149*** 0.0949**
(0.0158) (0.0370)

�Stock Mrkt
firm,t−1

0.0313 0.0031
(0.0277) (0.0422)

rREIT
i,t−1

−0.1063** −0.1307***
(0.0523) (0.0407)

Change in Size 4.6235*** 4.7106***
(1.5499) (1.2419)

Market to Book 0.0439*** 0.0415***
(0.0047) (0.0052)

RE Investment Growth −0.1140*** −0.1864***
(0.0068) (0.0500)

Debt to Equity −0.0085* −0.0073
(0.0045) (0.0045)

Property Type Dummy Yes Yes
No. of obs 915 974
Adj. R2 0.8426 0.8547
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Table 11  Diversification and Local real estate market risk – Robustness tests

concentrated
HHI > 0.14

diversified
HHI < =0.14

concentrated
HHI > 0.25

diversified
HHI < =0.25

Panel A: Instrumented weights
  �LREM

firm,t−1
  0.3391** 0.0074 0.4499** 0.0632

(0.1608) (0.0584) (0.1893) (0.1180)
  No. of obs 545 687 385 847
  Adj. R2 0.8881 0.9004 0.9499 0.8446

Panel B: Instrumented weights_SigFtest
  �LREM

firm,t−1
    0.3922** −0.0229 0.3759* −0.0022

(0.1671) (0.1126) (0.2078) (0.1056)
  No. of obs 391 291 290 392
  Adj. R2 0.7519 0.9227 0.9168 0.8692

Panel C: Instrumented weights__Heckman
  �LREM

firm,t−1
0.3229** −0.2206 0.2858* −0.0082
(0.1410) (0.1474) (0.1652) (0.1173)

  No. of obs 379 281 280 380
  Adj. R2 0.8011 0.9328 0.9506 0.8792

Panel D: Time Varying MSA Beta
 �RE local

firm,t−1
  0.4414*** 0.0070 0.5060*** −0.0074

(0.1623) (0.0265) (0.1605) (0.0665)
  No. of obs 503 620 358 765
  Adj. R2 0.8977 0.9130 0.9665 0.8530

Panel E: Sector MSA Beta
 �RE local

firm,t−1
  0.1092* −0.0241 0.3635*** 0.0055

(0.0608) (0.0403) (0.0986) (0.0673)
  No. of obs 498 615 356 757
  Adj. R2 0.8918 0.9107 0.9617 0.8459

Panel F: leveraged and desmoothed MSA beta
  �RE local

firm,t−1
0.3668** 0.0454 0.5234*** 0.0771
(0.1555) (0.1375) (0.1704) (0.0787)

  No. of obs 217 291 143 346
  Adj. R2 0.9185 0.9868 0.9639 0.9701

Panel G: Excluding Negative Beta
  �RE local

firm,t−1
0.3055** −0.0576 0.4927*** 0.0988
(0.1380) (0.0517) (0.1654) (0.1033)

  No. of obs 500 604 358 746
  Adj. R2 0.8919 0.9151 0.9602 0.8559

Panel H: Using GDP shock
  �RE local

firm,t−1
0.1054 0.0920 0.1299* 0.1690**
(0.0682) (0.1097) (0.0713) (0.0826)

  No. of obs 492 559 356 695
  Adj. R2 0.8894 0.9237 0.9546 0.8666
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If we again assume the firm have equal weights in each MSA ( wMSA
i,m

=
1

M
 ), 

and the investor also has equal weights in each REIT ( si,t−1 =
1

N
 ), and we denote 

� =
1

M

∑M

m=1
�MSA
m

 and � =
1

N

∑N

i=1
�

So it is not diversifiable also for REIT investors.
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Table 11  (continued)

concentrated
HHI > 0.14

diversified
HHI < =0.14

concentrated
HHI > 0.25

diversified
HHI < =0.25

Panel I: Excluding 2007–2015 in local beta calculation
  �RE local

firm,t−1
0.0707 −0.1355 0.1017* 0.0015
(0.0688) (0.0869) (0.0543) (0.1121)

  No. of obs 476 490 349 617
  Adj. R2 0.8967 0.9303 0.9567 0.8851

Panel J: Excluding 2007–2015 in returns
  �RE local

firm,t−1
0.0768 −0.1184 0.1208* 0.0126
(0.0723) (0.0835) (0.0643) (0.1203)

  No. of obs 475 476 349 602
  Adj. R2 0.8972 0.9328 0.9573 0.8882

This table reports the results of Fama–MacBeth cross-sectional regression. The dependent variable for 
Model 14 and 19 is the local beta. The dependent variable from Model 15 to 18 and from Model 20 to 
23 is the annual excess return netting of the T-bill rate. �LREM

firm,t−1
 stands for the lagged local beta for firm i. 

Control variables include previous returns, stock beta, change in market value, debt to equity ratio, mar-
ket to book ratio, real estate investment growth and property type dummy. Standard errors are reported in 
parenthesis. ***, ** and * denote significance at the 1%, 5% and 10% level, respectively
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