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Abstract 

This paper examines a channel for the cross-market transmission of liquidity: investable asset liquidity can 

affect investment uncertainty and, thereby, influence stock liquidity. Our empirical results support the 

model’s prediction that the liquidity of the underlying market of a REIT’s properties can affect stock 

liquidity. This impact is especially evident during the global financial crisis period.  Furthermore, the 

influence is stronger with increased information asymmetry, investment growth, and financial constraints 

of the firm. Overall, our results reveal that corporate investment decisions, including the selection of asset 

location, can affect stock liquidity and firm value. The liquidity of a REIT’s fixed assets, which are 

traditionally viewed as illiquid, can affect stock liquidity. 

Keywords: Geographic asset location, real estate returns, liquidity.  
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Property Market Liquidity and REIT Liquidity 

 

1 Introduction 

Motivated by the fallout from the global financial crisis, researchers have devoted increased attention to the 

spillover in liquidity shocks across asset classes. One channel for investigation relates to investor portfolio 

allocation. A change in the illiquidity of one asset class will affect its relative attractiveness. As a result, an 

illiquidity shock in one market can influence the demand for this asset and other assets (Pasquariello, 2007). 

Chan et al. (2011) investigate the linkages across financial, commodity and real estate assets and find a 

flight-to-quality phenomenon (from stocks to treasury bonds) over the ”crisis” regime and flight from 

quality (from treasury bonds to stocks) in the ‘tranquil’ regime. In addition, the influence from common 

factors, including common information (Pasquariello, 2007, Fleming et al., 1998), funding liquidity (Kyle 

and Xiong, 2001, Brunnermeier and Pedersen, 2009) and monetary policy (Goyenko and Ukhov, 2009), 

can lead to co-movement in liquidity across assets. For example, Bond and Chang (2012) find significant 

directional Granger causality for liquidity proxies from the public to private real estate markets. Hoesli et 

al. (2017) find a positive correlation between REIT liquidity commonality and real estate market liquidity 

commonality. Agents’ correlated trading activity and investor sentiment play a major role in explaining the 

cross-asset commonality in liquidity.  

By studying the transmission of illiquidity between direct real estate markets and Real Estate Investment 

Trusts (REITs), we propose another channel for the cross-market transmission of liquidity – the underlying 

asset channel. The liquidity of investable-asset markets can reflect investment uncertainty and trading costs, 

thereby influencing stock illiquidity. REITs primarily invest in private real estate markets, which are 

segmented. If the investment channel really matters, REITs with assets located in different markets should 

be subjected to different levels of illiquidity based on the markets where their properties are located. In 

other words, variations in the liquidity across property markets should be able to explain the variations in 
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REIT stock liquidity. Furthermore, by focusing on a firm-level analysis our paper differs from the previous 

REIT literature on the transmission of liquidity between the private and public market, which primarily 

uses national real estate market liquidity as a proxy. We argue that using the national liquidity index may 

not capture the heterogeneity in local real estate markets.  

One challenge in the analysis is the potential endogeneity between these two markets, as REITs are also 

active investors in commercial real estate. Some REITs may have a bias for liquid markets and their 

transactions, in turn, can affect private real estate market liquidity. Ghent (2019) documents the nexus 

between the liquidity preference of investors and underlying market liquidity: Delegated investors are 

concentrated in cities with higher turnover. By calibrating a search model, she demonstrates that 

heterogeneity in liquidity preferences renders some markets more liquid, even when assets have identical 

cash flows.  

In this paper, we address this issue using two approaches. We first use the distance of underlying assets to 

a REIT’s headquarters as an instrument for the selection of geographic markets (self-selection). We also 

use house price growth, which is unlikely to be determined by REIT transactions, as an instrument for 

private real estate market liquidity to address the concern that commercial property market liquidity can be 

affected by REIT transactions (reversal causality). Based on these instruments, our empirical results 

confirm a significant impact of local real estate market illiquidity on REIT equity illiquidity. The impact 

increases significantly during the crisis period, which implies the transmission of a liquidity shock (i.e., 

drying up) from direct to indirect markets.  

Our results highlight how managerial investment decisions can affect stock liquidity. It is well known that 

two fundamental drivers of stock liquidity are uncertainty and information asymmetry. However, very little 

evidence has been found regarding whether and how corporate investment decisions affect stock liquidity. 

Gopalan et al. (2012) show the relationship between asset liquidity, as measured by balance-sheet asset 

composition, and stock liquidity depends on the tendency of the firm to invest. The interdependence is 

stronger for firms that are less likely to reinvest their liquid assets (i.e., firms with fewer growth 
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opportunities and financially constrained firms). Becker-Blease and Paul (2006) investigate the relationship 

between stock liquidity and investment opportunities. They document a positive relationship between 

changes in capital expenditures and an exogenous change in stock liquidity, indicating that stock liquidity 

influences corporate investment decisions.  

In this paper, we provide new evidence of the impact on stock liquidity due to the uncertainty associated 

with the investment decision. The underlying asset market liquidity captures the uncertainty. Moreover, we 

show that the influence depends on information asymmetry, investment growth, and financial constraints. 

REITs with geographically dispersed assets, higher investment growth, and tighter financial constraints are 

more sensitive to the liquidity in their underlying asset or property markets. This result sheds light on the 

value of holding properties in more liquid markets. 

Our paper also contributes to the literature on asset liquidity and stock liquidity. Asset liquidity is commonly 

based on balance-sheet-level asset liquidity with a focus on cash holdings (Gopalan et al., 2012, Ze-to, 

2016, Morellec, 2001, Foley et al., 2007). Here, we show that the liquidity of fixed asset markets can affect 

stock liquidity. REITs provide an appealing laboratory for our study, as REITs hold significantly less cash 

and more fixed assets than other public firms. To be qualified as a REIT, a firm must pay a minimum of 

90% of its taxable income in the form of shareholder dividends and hold at least 75% of its assets as real 

estate. These requirements limit a REIT’s ability to retain capital internally. As a result, REITs on average 

carry cash and equivalents equal to 3% of total assets, which is remarkably less than the 18.48% average 

reported for the full sample of public firms (Hardin et al., 2009). Using cash holdings alone as a measure 

of asset liquidity may miss the relationship between the asset and stock liquidity for REITs.  

As shown in our empirical results, different from the finding by Gopalan et al. (2012), REIT stock liquidity 

is not significantly affected by the level of cash holdings. In addition, we find that firm-specific exposure 

to real estate or property market liquidity significantly influences REIT liquidity. This finding confirms that 

the liquidity of fixed assets, which are traditionally viewed as illiquid, can affect stock liquidity. 
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Incorporating the liquidity of underlying properties adds additional information to the relationship between 

asset liquidity and stock liquidity.  

Last, our results provide further evidence on how stock liquidity is influenced by a firm’s geographic 

location. Prior studies find that firm location, as measured by the location of its headquarters, matters for a 

firm’s stock liquidity. For instance, Loughran and Schultz (2005) find that the shares of rural firms have a 

lower turnover rate than that of urban firms (i.e., firms located in the 10 largest metropolitan statistical areas 

(MSAs) in terms of total population). Bernile et al. (2015a) find a positive relationship between the liquidity 

of local stocks and the performance of the state- and MSA-level economy. Our paper supplements the 

previous literature by showing that stock liquidity can also be affected by the location of underlying assets. 

In the finance literature, location is mostly identified by the location of the firm’s headquarters (Bernile et 

al., 2015b, Becker et al., 2011, Hong et al., 2008, Pirinsky and Wang, 2006, Tuzel and Zhang, 2017). Some 

recent literature starts to identify the location of firms’ assets by counting the citation frequency of the 

names of the states in the firm’s 10-K files (10-K state-citation-based measure) (Garcia and Norli, 2012, 

Bernile et al., 2015b). REITs, again, provide a rich environment to precisely identify the location of assets, 

as firms report the exact location of each property it owns. With this information, we are able to capitalize 

on the importance of asset location for firm value (as opposed to headquarters location for firm value).  

The remainder of the paper proceeds as follows. Section 2 discusses the related literature, and Section 3 

presents the theoretical framework. Section 4 describes our data and methodology. Section 5 presents our 

findings, and Section 6 concludes. 

 

2 Liquidity, Commercial Real Estate and REITs: Related Literature 

Stock liquidity has received great attention from researchers and practitioners, as theoretical and empirical 

research has shown that liquidity risk is a priced factor for assets (Acharya and Pedersen, 2005, Pastor and 

Stambaugh, 2003, Lee, 2011, Amihud, 2002, Brennan and Subrahmanyam, 1996). In general, the literature 
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documents a positive relationship between liquidity and expected returns. Two explanations for this 

relationship are that (1) liquidity can reduce the cost of capital (Amihud and Mendelson, 1986) or (2) 

liquidity may facilitate better incentive contracts (Holmstrom and Tirole, 1993). For instance, Acharya and 

Pedersen (2005) incorporate liquidity risk into the asset pricing model; the liquidity risk has three 

dimensions: commonality in liquidity, the covariance of asset returns with market liquidity, and the 

covariance of asset liquidity with market returns. Pastor and Stambaugh (2003) investigate whether market-

wide liquidity is a state variable important for asset pricing. They show that expected stock returns are 

related to the sensitivity of returns to fluctuations in aggregate liquidity.  

Essentially, liquidity is a symptom of a market reaction to a variety of factors. Some factors are more 

fundamental, such as firm size, capitalization, and P/E Ratio. Other factors may be more complex, such as  

asset composition (Gopalan et al., 2012), information flow (Attig et al., 2006), ownership structure 

(Kothare, 1997), business cycle (Naes et al., 2011), investor sentiment (Clayton et al., 2008, Freybote and 

Seagraves, 2018), and uncertainty (Rehse et al., 2019), among others. Using Hurricane Sandy as a natural 

experiment, Rehse et al. (2019) test the effects of uncertainty on market liquidity by comparing the market 

reactions of REITs with and without properties in the widely published evacuation zone of New York 

City prior to landfall. Clayton and MacKinnon (2000) find strong evidence of an increase in U.S. REIT 

liquidity during the period from 1993 to 1996. In an international setting, Marcato and Ward (2007) show 

that liquidity is related to REIT visibility. Large REITs and REITs listed on the NYSE are more liquid. In 

another international context, Brounen et al. (2009) document two factors for REIT stock liquidity: firm 

size and shareholder base. REIT liquidity is positively related to a firm’s market capitalization and 

negatively related to the percentage of shares held by institutional investors. Recent literature shows that 

the geographic location of the underlying assets can also affect stock liquidity. For instance, Wang et al. 

(2019) empirically test the magnitude of this illiquidity multiplier across U.S. REITs and find significant 

liquidity spillovers among REITs with geographically overlapping real estate holdings. Liu et al. (2019) 

show that location quality, as measured by the degree of industry diversification of local MSAs, can affect 

https://www.sciencedirect.com/topics/economics-econometrics-and-finance/bayesian-inference
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the liquidation value of REITs. Ling et al. (2019b) show that institutional investors exploit location-based 

information asymmetries by overweighting firms with greater economic interests in the investor’s home 

MSA.  

Given the hybrid nature of REITs, another strand of literature attempts to understand the dynamics of REIT 

liquidity by linking it to the liquidity in the underlying real estate market. Benveniste et al. (2001) examine 

the relationship between the liquidity of equity and its market value. The authors document a premium of 

a 12-22% increase in firm value by creating liquid equity claims on relatively illiquid property assets. Bond 

and Chang (2012) investigate cross-market liquidity between public and private real estate markets using 

several proxies for liquidity. The authors find that both markets share a generally similar trend in their 

liquidity. They also find that liquidity in the public market can predict liquidity in the private market, but 

not vice versa. This result implies a directional Granger causality from public markets to private markets. 

Also using a VAR model and Granger causality test, Agarwal and Hu (2014) show that property market 

liquidity leads that of the REIT market. They also find that returns in the property market have a causal 

effect on the liquidity and returns of the REIT market. Hoesli et al. (2017) also confirm a positive correlation 

between REIT liquidity commonality and real estate market liquidity commonality. The correlation, which 

varies over time, exploded during and after the global financial crisis.  

At the same time, an issue the previous literature does not address was in play: the well-known fact that 

real estate markets are heterogeneous and have various level of liquidity. Fisher et al. (2004) report that the 

transaction frequency of properties varies dramatically from period to period and market to market. Based 

on property-level data from the National Council of Real Estate Investment Fiduciaries (NCREIF), they 

show that the probability of a property’s being sold is positively related to market cycle (property returns) 

and macroeconomic conditions (employment). In addition, owner characteristics and property 

characteristics affect transaction frequency. Focusing on the office market, Devaney et al. (2017) show that 

in addition to macroeconomic conditions, the transaction volume of U.S. cities is also significantly affected 
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by credit availability, the degree of institutional investment in a market, and the percentage of foreign 

investors in the market.  

The types of traders have also received attention from researchers. Wiley (2017) studies the interlinkages 

between commercial real estate prices, property market fundamentals, credit policy, transactions volume, 

and the participation of highly active investors. He does not find a significant impact of transaction volume 

on property price; instead, markets with a higher share of active buyers tend to exhibit higher property 

returns. Highly active investors may have information advantages and therefore be able to better predict the 

market (i.e., “informed traders”); for instance, they may increase their participation before higher 

appreciation. Through their activities, they may contemporaneously influence higher prices when they 

outbid other investor types (i.e., a “clientele effects”) or, due to the herding effect, other groups may expand 

market share following periods of higher observed price appreciation. Ghent (2019) also documents 

differences in liquidity across U.S. cities and finds that the liquidity of commercial real estate markets is 

linked to investor composition. She finds that delegated investors have shorter holding periods, and they 

are concentrated in cities with higher turnover. The heterogeneity in liquidity preferences of different type 

of investors renders some markets more liquid even when assets have identical cash flows. Thus, given the 

heterogeneity in property market liquidity, using an aggregate or national liquidity indicator to study 

property market and REIT liquidity may miss some important dynamics. Our paper seeks to address this 

shortcoming in the literature. 

 

3 Theoretical Framework 

We follow the theoretical framework of Gopalan et al. (2012) and derive the relationship based on the 

assumption that stock liquidity today depends on both the structure of the firm’s assets today and the 

expectation regarding future investment.   
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We assume that there are 3 dates: 0, 1, and 2. At date 0, a firm has total assets with the value normalized to 

$1. The assets are composed of cash of value $a and property of value $[1-a], and a is between 0 and 1. 

Each dollar of property will return �̃� units of cash on date 2, and �̃� = 𝜇𝑥 + 휀�̃�, and 휀�̃�~𝑁(0, 𝜎𝑥
2).  

Bond et al. (2004) derives property market liquidity based on the cost of trading, which includes both direct 

costs (e.g., search frictions and commissions), and indirect costs (e.g., the price impact due to the act of 

trading and risk due to the uncertainty of the timing of the sale).  Due to the cost of trading, the return of 

the in-place assets equals to the return without the cost of trading (�̃�) less the trading cost per dollar volume 

( �̃�𝑥).  �̃�𝑥 reflects the illiquidity discount to the asset-in-place and we assume that �̃�𝑥 = 𝜇𝑥𝐿 + 휀�̃�𝐿, with 

휀�̃�𝐿~𝑁(0, 𝜎𝑥𝐿
2 ). As a result, the total variability of the return from assets-in-place (𝑣𝑎𝑟(�̃� − �̃�𝑥)) on date 2 

equals to 𝜎𝑥
2 +  𝜎𝑥𝐿

2 , which can be decomposed into two parts: the component without trading costs (𝜎𝑥
2) and 

the component due to the illiquidity discount (𝜎𝑥𝐿
2 ). We define shocks to the trading cost, 휀�̃�𝑥, as being 

independent from the shock to optimal returns, 휀�̃�.  

At date 1, cash a will be allocated between an interim dividend and a new project, so that 𝑎𝛾 dollars of the 

money will be invested in another project located in market y. 𝛾 is the proportion of cash allocated to the 

new project and 1 − 𝛾 the fraction of cash paid out as a dividend. If the firm uses external finance, 𝛾 can 

be larger than 1; this indicates investment in excess of the cash available with the firm at date 0. The output 

of the new investment is given by the stochastic production function: �̃� = 𝑘𝑎ℎ(𝛾)(1 + 휀�̃�) , where 

휀�̃�~𝑁(0, 𝜎𝑦
2). The expected output from the new project is 𝑘𝑎ℎ(𝛾). We follow Gopalan et al. (2012) and 

assume a concave production function ℎ(𝛾), which means ℎ(∙) > 0, ℎ′(∙) > 0 and ℎ′′(∙) < 0. Parameter k 

captures growth opportunities, and a higher k indicates higher marginal productivity at the asset level. We 

define the correlation between 휀�̃� and 휀�̃� as 𝜌.  

At date 2, a liquidating dividend is paid to equity holders. We define the trading cost per dollar volume in 

market y as �̃�𝑦, with  �̃�𝑦 = 𝜇𝑦𝐿 + 휀�̃�𝐿, and 휀�̃�𝐿~𝑁(0, 𝜎𝑦𝐿
2 ). The output of the new investment is reduced 



 

9 

 

to 𝑘𝑎ℎ(𝛾)(1 + 휀�̃� − 𝜇𝑦𝐿 − 휀�̃�𝐿). We define the correlation between the transaction costs of asset-in-place 

and new project (휀�̃�𝐿 and 휀�̃�𝐿) as 𝜌𝐿.  

Assuming that all agents are risk neutral and the risk-free interest rate is zero (Gopalan et al., 2012), at date 

1, Firm value 𝑉(𝛾) depends on expected cash flow from the existing project (1 − 𝑎)(𝜇𝑥 − 𝜇𝑥𝐿), expected 

cash flow from the new project (𝑘𝑎ℎ(𝛾)(1 − 𝜇𝑦𝐿)), and interim dividend 𝑎(1 − 𝛾): 

𝑉(𝛾) ≡ (1 − 𝑎)(𝜇𝑥 − 𝜇𝑥𝐿) + 𝑘𝑎ℎ(𝛾)(1 − 𝜇𝑦𝐿) + 𝑎(1 − 𝛾).     (1) 

The manager optimally decides on the allocation of cash between the interim dividend and investment to 

maximize firm value:  

max
𝛾>0

𝑉(𝛾). 

𝑉(𝛾) is maximized when the 1st-order derivative on 𝛾 equals zero, which gives 

𝛾∗ = ℎ′−1
 (

1

𝑘
).            (2) 

At date 0, the firm’s stock is traded in a market with three types of traders: an insider, noise traders, and a 

market maker (Kyle, 1985, Gopalan et al., 2012). We assume perfect knowledge of insider traders, which 

means that the insider knows the actual realizations of both 휀�̃� and 휀�̃�. The market maker observes the total 

order flow and sets a price equal to the expectation of firm value based on the observed flow. Noise traders 

are uninformed and trade an exogenous amount �̃�~𝑁(0, 𝜎𝑢
2). 𝜎𝑢

2 is uncorrelated with 휀�̃�, 휀�̃�, 휀�̃�𝐿 and 휀�̃�𝐿. 

At date 0, both the market maker and the insider anticipate the optimal investment decision of the manager 

at date 1. As a result, the expected firm value is  𝑉(𝛾∗) and the variance of the firm value can be derived as 

𝜎0
2 ≡ (1 − 𝑎)2(𝜎𝑥

2 + 𝜎𝑥𝐿
2 ) + 𝑎2𝑘2ℎ(𝛾∗)2(𝜎𝑦

2 + 𝜎𝑦𝐿
2 ) + 2𝑎(1 − 𝑎)𝑘ℎ(𝛾∗)𝜎𝑥𝜎𝑦𝜌 + 2𝑎(1 −

𝑎)𝑘ℎ(𝛾∗)𝜎𝑥𝐿𝜎𝑦𝐿𝜌𝐿.          (3) 

Equation (8) implies that the volatility of the total assets of the firm comes from the variability of the value 

of the assets in place (1 − 𝑎)2𝜎𝑥
2, the variability due to the transaction costs in market x, (1 − 𝑎)2𝜎𝑥𝐿

2 , the 
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variability of the value of the new project 𝑎2𝑘2ℎ(𝛾∗)2𝜎𝑦
2, the variability due to the transaction costs in 

market y, 𝑎2𝑘2ℎ(𝛾∗)2𝜎𝑦𝐿
2 , and the contribution of the correlation between markets x and y. Following Kyle 

(1985) and Clayton and MacKinnon (2000), in equilibrium the market maker uses a linear pricing function 

with a slope of Kyle’s lambda (𝜆): 

𝜆 =
1𝜎0

2𝜎𝑢
,           (4) 

where 𝜎0 is endogenous and given by equation (8). 𝜆 measures market illiquidity, which is defined as a 

ratio of the amount of private information the informed trader is expected to have to the amount of noise 

trading. 𝜆 is inversely related to market depth. It quantifies the price impact per $1 of cash flow, assuming 

no financial distress, and is frequently used as a measure of stock illiquidity.  Given 𝜎𝑢, 𝜆 increases as 𝜎0 

increases. 

Proposition 1. In the absence of financial distress, a REIT’s stock illiquidity and the REIT’s fixed assets 

illiquidity are positively correlated. 

Because 

𝜕𝜆

𝜕𝜎𝑥𝐿
= 2(1 − 𝑎)𝑎𝑘ℎ(𝛾∗)𝜎𝑦𝐿𝜌𝐿 + 2(1 − 𝑎)2𝜎𝑥𝐿 > 0,      (5) 

and 

𝜕𝜆

𝜕𝜎𝑦𝐿
= 2𝑎2𝑘2ℎ2(𝛾∗)𝜎𝑦𝐿 + 2(1 − 𝑎)𝑎𝑘ℎ(𝛾∗)𝜎𝑥𝐿𝜌𝐿 > 0,      (6) 

Proposition 1 can easily be proved. A higher illiquidity discount (𝜎𝑥𝐿
2  and 𝜎𝑦𝐿

2 ) implies higher asset volatility 

of REIT (𝜎0), and therefore a higher 𝜆. The illiquidity of the local market where the firm invests can increase 

the investment uncertainty of the firm and, therefore, increases the firm’s stock liquidity. Gopalan et al. 

(2012) define asset liquidity as the share of cash holdings (a). We focus on the liquidity of the underlying 

property assets (𝜎𝑥𝐿
2  and 𝜎𝑦𝐿

2 ), which is traditionally viewed as an “illiquid” asset. Proposition 1 suggests 

that the liquidity of fixed assets affects stock liquidity via the investment asset channel.  
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Proposition 2. In the absence of financial distress, a REIT’s stock illiquidity and its underlying fixed assets 

illiquidity are more positively correlated for REITs with a higher investment-growth rate. 

When a REIT has a higher investment growth rate, which implies a higher 𝛾∗, it is easy to prove that the 

sensitivity of share illiquidity to real estate market illiquidity ( 
𝜕𝜆

𝜕𝜎𝑥𝐿
 and 

𝜕𝜆

𝜕𝜎𝑦𝐿
) increases, as 

𝜕𝜆

𝜕𝜎𝑥𝐿𝜕𝛾∗ = 2(1 − 𝑎)𝑎𝑘𝜌𝐿𝜎𝑦𝐿ℎ′(𝛾∗)>0        (7) 

𝜕𝜆

𝜕𝜎𝑦𝐿𝜕𝛾∗ = 2(1 − 𝑎)𝑎𝑘ℎ′(𝛾∗)𝜎𝑥𝐿𝜌𝐿 + 4𝑎2𝑘2𝜎𝑦𝐿ℎ(𝛾∗)ℎ′(𝛾∗) > 0.    (8) 

Proposition 2 implies that if a firm has  a higher tendency to investment, the illiquidity of the market where 

its investment is located is more likely to affect the firm’s stock liquidity.   

Because REITs have to pay out at least 90% of taxable income as dividends, and due to the lumpiness of 

real estate assets, REITs must raise external funding quite frequently and therefore have a relatively high 

loan to value (LTV) ratio compared with many non-property firms. In this section, we will discuss the 

impact of financial distress on REIT stock illiquidity. We incorporate the Merton model into our theoretical 

framework: 

𝐸(𝛾∗) = max (𝑉(𝛾∗) − 𝐷, 0).         (9) 

We assume the liability of D, which is raised at date 1 and will mature at date 2. Therefore, the expected 

value of this firm to shareholders equals the difference 𝑉(𝛾∗) − 𝐷 when the value of the assets 𝑉(𝛾∗) −

𝐷 is greater than the liability D. However, if the debt D exceeds the asset value 𝑉(𝛾∗), shareholders get 

nothing. The value of equity 𝐸(𝛾∗) is related to the value of assets and liabilities. It can also be noted that 

with the financial constraint, there exists a �̅� such that 𝛾 ≤ �̅�. 𝛾∗ will also be changed accordingly, as  

𝛾∗ = min (�̅�, ℎ′−1
 (

1

𝑘
) ).          (10) 

We then apply the Black-Scholes-Merton model to relate the market value of equity E to asset value 𝑉(𝛾∗): 
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𝐸 = 𝑉(𝛾∗)𝑁(𝑑1) − 𝐷𝑒−𝑟𝑁(𝑑2),        (11) 

where r is the risk-free interest rate, N is the cumulative standard normal distribution, and 𝑑1 and 𝑑2 are 

given by 

𝑑1 =
ln(

𝑉

𝐷
)+(𝑟+

1

2
𝜎0

2)

𝜎0
, and 𝑑2 = 𝑑1 − 𝜎0.        (12) 

This implies that the equity return volatility relates to the asset volatility:  

𝜎0𝐸 =
𝑉(𝛾∗)

𝑉(𝛾∗)−𝐷
𝜎0𝑁(𝑑1) =

1

1−𝐿∗ 𝑁 (
−ln(L∗)+(𝑟+

1

2
𝜎0

2)

𝜎0
) 𝜎0,       (13) 

where 𝐿∗ stands for the LTV ratio given 𝛾∗. To simplify the derivation, we assume that the REIT makes  

“same-store” investments, which means that 𝜎𝑥
2 = 𝜎𝑦

2, 𝜎𝑥𝐿
2 = 𝜎𝑦𝐿

2  and 𝜌 = 1, 𝜌𝐿 = 1. Equation (8) can be 

simplified as 

𝜎0
2 ≡ (1 − 𝑎 + 𝑎𝑘ℎ(𝛾∗))2(𝜎𝑥𝐿

2 + 𝜎𝑥
2).        (14) 

Therefore  

𝜆 =
1𝜎0𝐸

2𝜎𝑢
=

1

2(1−𝐿∗)𝜎𝑢
𝑁 (

− ln(𝐿∗)+(𝑟+
1

2
(1−𝑎+𝑎𝑘ℎ(𝛾∗))2(𝜎𝑥𝐿

2 +𝜎𝑥
2))

(1−𝑎+𝑎𝑘ℎ(𝛾∗))√(𝜎𝑥𝐿
2 +𝜎𝑥

2)

) (1 − 𝑎 + 𝑎𝑘ℎ(𝛾∗))2(𝜎𝑥𝐿
2 + 𝜎𝑥

2) (15) 

 

Proposition 3. The stock illiquidity of a financially distressed REIT is more sensitive than a non-distressed 

REIT to the underlying property market in which the REIT allocates its assets. 

Proposition 4 is proved using a numerical solution, as the relationship can be nonlinear and therefore 

analytical partial derivations are not very informative. We simulate how 𝜎0𝐸varies with debt ratio and 

illiquidity discount (𝜎𝑥𝐿). We set a as 10%, because the required payout ratio for REITs is 90%. ℎ(𝛾∗) is 

set as 1.076, as the average property investment total return from 1978 to 2015 is 7.6%, according to the 



 

13 

 

NCREIF database. 𝜎𝑥 is set as 8.3% based on NCREIF database. k is set as 1.2, since the average market 

to book ratio for U.S. REITs from 1996 to 2015 is around 1.2. LTV is set as varying between 0 and 1, and 

the illiquidity component of asset return volatility (𝜎𝑥𝐿) is set as between 0 and 1. 

Figure 1 illustrates the change in expected equity volatility (𝜎0𝐸) with the change in LTV and real estate 

return volatility triggered by market illiquidity (𝜎𝑥𝐿). The highest equity volatility occurs when both LTV 

and 𝜎𝑥𝐿 reach their highest levels. The relationship between 𝜎0𝐸 and 𝜎𝑥𝐿 remains positive at the different 

levels of debt ratio. But when 𝜎𝑥𝐿 exceeds a certain threshold, we see an exponential relationship between 

LTV and 𝜎0𝐸. 

<< Figure 1 about here >> 

Figure 2 provides more detailed information on the relationship between REIT share illiquidity and the 

underlying real estate market illiquidity given different levels of debt ratio. When the debt ratio is 30%, a 

change in 𝜎𝑥𝐿 between 0 and 0.5 is associated with a change in 𝜎0𝐸 from 0.10 to 0.60. When the debt ratio 

rises to 90%, the slope goes up with a corresponding change in 𝜎0𝐸 from 0.25 to 1.34. 

<< Figure 2 about here >> 

 

4 Data and Methodology  

4.1 Exposure to Property Market Illiquidity 

The liquidity of  the underlying properties for each REIT is based on the property portfolio of each firm 

and the illiquidity of the MSA in which the firms’ properties are located: 

Τ𝑖,𝑡 = ∑ 𝑤𝑚.𝑖,𝑡𝜏𝑚,𝑡
𝑀
𝑚=1 ,          (16) 

where 𝜏𝑚,𝑡 is the illiquidity measure in MSA m at period t, and 𝑤𝑚.𝑖,𝑡 represents the share of properties of 
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firm i in each market at period t. 𝑤𝑚.𝑖,𝑡 is calculated as the number of properties located in MSA m to total 

properties,1  and location data for REIT property portfolios are extracted from the S&P Global Market 

Intelligence, formerly SNL Financial, database. For instance, if REIT A has 80% of its properties located 

in the New York MSA and 20% in Miami, Τ𝑖,𝑡 for REIT A will be calculated as Τ𝑖,𝑡 = ∑ 𝑤𝑚.𝑖,𝑡𝜏𝑚,𝑡𝑚,𝑡
2
𝑚=1 =

80% ∗ 𝜏𝑁𝑌,𝑡 + 20% ∗ 𝜏𝑀𝑖𝑎𝑚𝑖,𝑡. 𝜏𝑚,𝑡 is based on property market turnover (𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚,𝑡): 

𝜏𝑚,𝑡 =
max(𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚,𝑡)−𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚,𝑡

max(𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚,𝑡)−min (𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚,𝑡)
,       (17) 

For MSAs with a high turnover, 𝜏𝑚,𝑡 will be lower, which indicates less illiquidity. Property turnover in 

each MSA is defined as the number of sold properties this year divided by the total number of properties. 

We collect the number of properties and sold properties in 144 core-based statistical areas (CBSAs) and 

MSAs since 1978 from the NCREIF database.2 Figure 3 plots the average turnover rate across the 144 

MSAs from 1996 to 2015, which have an average turnover rate of 2.14%. The turnover rate drops to 1.2% 

during the 2000 recession and rises to 6% in 2005 during the real estate boom. In 2008, the market froze 

and the turnover rate declined to less than 0.5%. The market steadily recovered in 2012, and the average 

turnover rate grew to between 2% and 3%.  

<< Figure 3 about here >> 

Table 1 lists the MSAs with the highest average turnovers from 1996 to 2015. Atlanta-Sandy Springs-

Marietta, GA and Phoenix-Mesa-Scottsdale, AZ are the two most liquid property markets, with an NCREIF 

                                                           
1 Alternatively, the weight can be size or adjusted cost. The latter is 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., 2019b). As shown in Appendix 1, size-weighted or adjusted-cost weighted real estate market 

illiquidity exposure generates very robust results.  
2 In the NCREIF data, property markets are divided into Metropolitan Divisions (MD). For instance, for the NCREIF 

the Detroit-Warren-Dearborn, MI MSA is divided into two MDs: Detroit-Dearborn-Livonia, and Warren-Troy-

Farmington Hills. However, S&P Global Market Intelligence uses an MSA code for property location that is only at 

the level of the MSA (Detroit-Warren-Dearborn).  Therefore we convert MD property market to MSA turnover. The 

MSA turnover is calculated as the average MD turnovers weighted by the number of properties in each MD of that 

MSA. 
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turnover rate of more than 10% from 1996 to 2015. Washington-Arlington-Alexandria, DC-VA-MD-WV; 

Los Angeles-Long Beach-Anaheim, CA; and Chicago-Naperville-Joliet, IL-IN-WI are ranked third to fifth, 

with an average turnover rate of more than 9%. MSAs with a more liquid property market tend to have a 

larger economic size (as measured by GDP) and a higher house price growth rate. The correlation 

coefficient between MSA NCREIF turnover rate and average GDP from 2000 to 2015 is 54%,3 and the 

correlation coefficient with the average house price change from 1996 to 2015 is 57%. We do not see a 

significant correlation with MSA-level unemployment rates.  

<< Table 1 about here >> 

We acknowledge that using the NCREIF turnover rate to measure commercial property market illiquidity 

is not without limitations. First, the NCREIF database provides property information only from its members, 

who may have different investment horizons and holding periods. In addition, NCREIF data may have 

limited coverage. Furthermore, liquidity is much more complex than a simple sales or turnover rate (Bond 

et al., 2004). Other elements, such as cost, pricing, and risk components, should be considered. For instance, 

Fisher et al. (2007) and Buckles (2008) define liquidity for commercial property markets by using both TBI 

transaction price index and TBI supply index. Crosby and McAllister (2004), Bond et al. (2007), and Lin 

and Vandell (2007) focus on the risk exposure that occurs during the extended marketing period of a 

commercial real estate asset. Lin and Vandell (2007) propose a measure called “market timing liquidity 

risk.” Crosby and McAllister (2004) and Bond et al. (2007) collect data on transaction time for individual 

transactions.  

As a robustness test, we also use property market liquidity indices developed by van Dijk and Francke 

(2019).4 Using property transaction data provided by Real Capital Analytics (RCA) from 2005 to 2018, van 

Dijk and Francke (2019) estimate liquidity indices based on the demand and supply reservation price for 

                                                           
3 MSA-level GDP in Bureau of Economic Analysis data only dates back to 2001.  
4 We are very grateful to van Dijk and Francke for sharing their estimated liquidity indices.  
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31 U.S. regions.5  The RCA liquidity indices provide an alternative metric for NCREIF turnover. Two 

benefits of van Dijk and Francke (2019)’s indices are (1) RCA collects transaction data for a wider set of  

properties than those in the NCREIF data, and (2) van Dijk and Francke property market liquidity indices 

are intended to capture price impact rather than transaction volume. As shown in Figure 3, the national 

average of van Dijk and Francke’s RCA liquidity index shares a quite similar trend to our NCREIF turnover 

metric. The correlation coefficient between the two series is 72%. It seems that liquidity measured by price 

impact is lagged to the change in transaction volume, which can be caused by the stickiness of the real 

estate market.  

The estimated property market illiquidity based on NCREIF turnover and RCA liquidity for each REIT 

(Τ𝑖,𝑡) is summarized in Table 2. The average 𝜏𝑚,𝑡 is 0.893 and the standard deviation is quite small at only 

0.07. The maximum illiquidity is 1, which means that no NCREIF properties in this MSA have been sold 

in the year. The minimum is 0.45. Based on van Dijk and Francke’s RCA liquidity indices, REITs have an 

average property market illiquidity of 0.4069 and a standard deviation of 0.1755.  

<< Table 2 about here>>  

4.2 REIT Share Illiquidity  

Data on individual company characteristics are collected from S&P Global Market Intelligence, and daily 

bid and ask prices come from the CRSP database. We collect data for all available U.S. listed real estate 

companies with asset location information between 1998 and 2015, and obtain a total of 202 real estate 

firms. Overall, 76% of the REIT properties are located in the 144 NCREIF-derived MSAs. Among these 

firms, 145 have more than 70% of their properties located in the 144 MSAs, and therefore we restrict the 

sample to those 145 firms. Due to missing values in other explanatory variables, the final sample consists 

                                                           
5 The 31 regions include Atlanta, Austin, Baltimore, Boston, Charlotte, Chicago, Dallas, Washington DC, Denver, 

Detroit, Other Mid-West, Other North East, Other South West, Other West, Houston, Los Angeles, Las Vegas, Miami, 

Minneapolis, New York City, Orlando, Philadelphia, Phoenix, Portland, Sacramento, San Diego, Seattle, San 

Francisco, and Tampa.  
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of 119 distinct REITs.  

Figure 4 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 2015, the number of listed real estate companies 

steadily increased from 23 to 100 and the average firm size increased nearly 10-fold. Total market 

capitalization grew from $10 billion to over $538 billion. During the global financial crisis, real estate 

companies experienced a large drop in size and shrank to $110 billion as of 2009. Starting in 2010, real 

estate stocks recovered to their pre-crisis values. Between 2010 and 2015, real estate companies showed 

the highest increase in market capitalization across the entire sample period.   

<< Figure 4 about here>> 

We construct three measures of stock illiquidity.6 The first is the illiquidity measure proposed by Amihud 

(2002), which is based on the absolute percentage price change per dollar of the daily trading volume. This 

measure follows Kyle’s concept of illiquidity: the response of price to order flow. Amihud calculates the 

illiquidity of stock i as the average ratio of the daily absolute return to the (dollar) trading volume on that 

day, which can be denoted as 
|𝑅𝑖𝑡𝑑|

𝑉𝑂𝐿𝐷𝑖𝑡𝑑
.  𝑅𝑖𝑡𝑑 is the return on stock i on day d of month t, and 𝑉𝑂𝐿𝐷𝑖𝑡𝑑 is the 

respective daily volume in dollars, which is calculated as the product of daily trading volume in shares and 

the closing price of the previous day (𝑉𝑂𝐿𝑖𝑡𝑑𝑃𝑖𝑡𝑑−1). 

For each stock, the monthly illiquidity ratio is defined as   

𝐼𝐿𝐿𝐼𝑄𝑖𝑡 = 1/𝐷𝑖𝑡 ∑ |𝑅𝑖𝑡𝑑|/𝑉𝑂𝐿𝐷𝑖𝑡𝑑
𝐷𝑖𝑡
𝑑=1           (18) 

where 𝐷𝑖𝑡 is the number of days for which data are available for stock i in month t. Stock illiquidity is 

                                                           
6 We also generated results based on general stock market turnover as the fourth REIT liquidity measure. We thank 

Jean-Christophe Delfim, Martin Hoesli and other discussants for the suggestion. As shown in Appendix 1, the results 

are somewhat weaker than using the other three liquidity measures. However, they are qualitatively robust, especially 

in the baseline model. 
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compounded in a given month only if more than 15 days’ worth of data are available for that month (𝐷𝑖𝑡 >

15).  

The second measure is the implicit bid-ask spread, which was first proposed by Roll (1984). It measures 

the illiquidity of stock i as the square root of the negative daily autocorrelation of its returns: 

𝑠𝑖𝑡 = √−𝑐𝑜𝑣(𝑅𝑖𝑡𝑑 , 𝑅𝑖𝑡𝑑−1),          (19) 

where 𝑠𝑖𝑡 is the illiquidity of stock i in month m. Roll motivates 𝑠𝑖𝑡 as one-half the posted bid-ask spread. 

It also measures the effective cost of the transaction: If the autocorrelation of stock returns is positive, it is 

set to be 0.  

The third measure is the observed bid-ask spread, which is calculated as the quoted percentage spread. It is 

measured for each trade as the ratio of the quoted bid-ask spread and the bid-ask midpoint ((𝐴𝑠𝑘𝑖𝑡𝑑 +

𝐵𝑖𝑑𝑖𝑡𝑑)/2). Monthly estimates are a simple average through month t: 

𝑄𝑠𝑝𝑟𝑒𝑎𝑑𝑖𝑡 =
1

𝐷𝑡,𝑖
∑

𝐴𝑠𝑘𝑖𝑡𝑑−𝐵𝑖𝑑𝑖𝑡𝑑

(𝐴𝑠𝑘𝑖𝑡𝑑+𝐵𝑖𝑑𝑖𝑡𝑑)/2

𝐷𝑡
𝑑=1          (20) 

𝐴𝑠𝑘𝑖𝑡𝑑 and 𝐵𝑖𝑑𝑖𝑡𝑑 are the ask and bid quotes prevailing at the time of the dth trade of asset i in month t.  

 

 

4.3. Firm Characteristics 

We also use three classical measures of asset liquidity defined in the corporate finance literature and as 

specified by Gopalan et al. (2012): 

𝑊𝐴𝐿1𝑖,𝑡 =
𝐶𝑎𝑠ℎ & 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 1 +

𝑂𝑡ℎ𝑒𝑟 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 0,      (21) 

𝑊𝐴𝐿2𝑖,𝑡 =
𝐶𝑎𝑠ℎ & 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 1 +

𝑂𝑡ℎ𝑒𝑟 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 0.5,     (22) 
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𝑊𝐴𝐿3𝑖,𝑡 =
𝐶𝑎𝑠ℎ & 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 1 +

𝑂𝑡ℎ𝑒𝑟 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 0.75 +

𝑇𝑎𝑛𝑔𝑖𝑏𝑙𝑒 𝐹𝑖𝑥𝑒𝑑 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑖,𝑡−1
× 0.5. (23) 

As reported in Table 2, on average, the proportion of cash and equivalents to previous year total assets is 

only 3%. Not surprisingly, non-REITs have a much higher proportion of cash and equivalents as compared 

to REITs. When fixed tangible assets are included, WAL3 increases to around 60%.  

Table 2 summarizes all other firm-level characteristics, averaged across time, from 1996 to 2015 and across 

the 119 REITs. The average monthly return across all REITs is 0.8%, and the monthly return volatility is 

38.2%. We also see a large variation across the size of the companies in terms of market capitalization, with 

the highest being $57 billion and the lowest $0.35 million. On average, a company has a market 

capitalization of $2,927 million. The average book to market ratio is 0.82, which is similar to the average 

ratio of 0.8 across all types of industries. The average debt to equity ratio is 1.56.  The average real estate 

investment growth rate is 0.18%, with a maximum of 3.66% and a minimum of -0.98%. We also account 

for market power or market concentration, which is measured by the Herfindahl-Hirschman Index (HHI) 

at the MSA level. The HHI measures the geographic concentration of the properties of one firm across 

different MSAs. It is calculated by squaring the market share of properties located in each MSA with respect 

to the total number of properties for the given firm i in a given MSA l in a given year t, and then summing 

the resulting shares across MSAs. The HHI ranges from close to 0 to 1. When the HHI equals 1, it means 

that all properties of the firm are located in the same MSA and the concentration is highest. The lower the 

HHI value, the less concentrated are the REIT’s properties across MSAs. As shown in Table 2, the average 

HHI for our sample is 0.20, and the standard deviation is 0.24.  

<< Table 2 about here >> 

4.4 Methodology 

To assess the impact of property market illiquidity on REIT share illiquidity, we run an unbalanced panel 
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regression with fixed effects7: 

𝑦𝑖,𝑡 = 𝛼Τ𝑖,𝑡−1 + 𝛽𝑋𝑖,𝑡−1 + 𝜑𝑖 + 𝛿𝑡 + 𝑒𝑖,𝑡,       (24) 

where  𝑦𝑖,𝑡  stands for REIT share illiquidity, which is measured by Amihud illiquidity (𝐼𝐿𝐿𝐼𝑄𝑖𝑡 ), Roll 

illiquidity (𝑠𝑖𝑡), or bid-ask spread (𝑄𝑠𝑝𝑟𝑒𝑎𝑑𝑖𝑡). Τ𝑖,𝑡−1 measures the illiquidity of the underlying property 

market, as described previously. The significance of 𝛼  would imply the relationship between property 

market illiquidity and REIT share illiquidity.  𝑋𝑖,𝑡 is a matrix of firm characteristics, including debt to equity 

ratio; one of the three asset liquidity measures; previous return volatility, which is measured as the standard 

deviation of returns in the last month; momentum effect, which is measured by returns over the past 6 

months; log of market value; book to market ratio; real estate investment growth rate; and MSA focus of 

properties measured by Herfindahl index based on the number of MSAs in which the firm’s properties are 

located. 𝛽 is a vector of corresponding coefficients. φi and 𝛿𝑡 stand for fixed effects.  

 

5 Empirical Results 

5.1 Property market illiquidity and REIT illiquidity  

Table 3 reports results for our estimation of Equation (24) with Amihud illiquidity as the dependent 

variable. We see a significantly positive relationship between property market illiquidity and REIT share 

illiquidity, confirming proposition 1. A 1-unit increase in property market illiquidity is associated with an 

approximately 0.12-unit increase in the Amihud illiquidity of REIT shares. If we consider the economic 

significance, the coefficient can also be interpreted whereby a one standard deviation increase in property 

market illiquidity is associated with a 0.032 standard deviation increase in the Amihud illiquidity of a 

                                                           
7 Appendix 2 reports results using Fama MacBeth cross-sectional regressions and annual data. As shown in 

Appendix 2, results based on this estimation approach remain robust.  
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REIT. 8  Although the impact is statistically significant, it is economically moderate. This finding is 

consistent with previous literature. For instance, Hoesli et al. (2017) document a moderate relationship 

between the commonality in property market liquidity and REIT liquidity; they find a 6% correlation 

coefficient for the across-asset commonality in liquidity.  

Regarding asset liquidity, Model 1 is based on cash and equivalent holdings (WML1), Model 2 adds other 

current assets into the asset liquidity measurement (WML2), and Model 3 further includes fixed tangible 

assets (WML3). In all cases, property market illiquidity is significant and positively related to REIT 

illiquidity. In contrast to Gopalan et al. (2017), REIT cash holdings do not significantly increase stock 

liquidity. The reason could be that REITs, in general, are constrained in cash due to their dividend payout 

policies. When tangible fixed assets are considered (WAL3), the coefficient for asset liquidity becomes 

significant (Model 6). However, the relationship is negative. This finding is consistent with Gopalan et al.’s 

theoretical derivation, which shows that the impact of asset liquidity (as measured by the proportion of 

liquid assets) can be positive, zero, or negative, depending on the share of liquid assets. Other control 

variables have the expected sign. Illiquidity increases with previous return volatility. Winners with higher 

previous returns tend to have more liquid shares. In addition, smaller REITs, REITs with a higher book to 

market ratio and REITs with a lower investment growth rate tend to have lower share liquidity.  

<< Table 3 about here>> 

Using the RCA liquidity index, we also find a significant positive relationship between property market 

illiquidity and REIT stock illiquidity (Table 3, Models 4, 5, and 6). A one standard deviation decrease in 

property market liquidity is associated with a 0.1567 standard deviation decrease in REIT share liquidity. 

The economic impact is larger with the RCA data compared with the NCREIF turnover measure. However, 

it should be noted that the RCA measure only covers the period from 2005 to 2015, and the local real estate 

market is defined differently relative to the NCREIF definition. As a result, the two samples are not the 

                                                           
8 The economic impact is calculated as the coefficient multiplied by the standard deviation of the property market 

illiquidity measure, then divided by the standard deviation of the REIT share illiquidity measure.  
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same. Since the RCA liquidity measure covers a much shorter time span and has more limited regional 

divisions than the NCREIF version, the following analysis is based on the NCREIF turnover measure.  

The first concern regarding identification of the relationship between property market illiquidity and REIT 

share illiquidity is that 𝑤𝑚.𝑖,𝑡 may be affected by self-selection; some REITs have a bias for less risky and 

more liquid real estate markets. As Ghent (2019) demonstrates, delegated investors are concentrated in 

cities with higher turnover. To address this issue, we use the relative distance between a REIT’s property 

market holdings and the REIT’s headquarters as an instrument for 𝑤𝑚.𝑖,𝑡. Based on the 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 investments to reduce information asymmetry in opaque information 

environments (Garmaise and Moskowitz, 2004, Ling et al., 2018). On the other hand, Ling et al. (2019) 

also show that institutional investors tend to overweight REITs with local investments. In other words, the 

distance to the headquarters may affect investor preference for the stock and, thereby, affect stock liquidity.9 

Since we have already controlled for institutional ownership in the main model, we argue that relative 

distance is an exogenous instrument for 𝑤𝑚.𝑖,𝑡.10  

For each firm, we regress the proportion of properties in MSA m on the distance to the headquarters:  

𝑤𝑚.𝑖,𝑡 = 𝑝𝑖 + 𝑞𝑖 ln 𝐷𝑚,𝑖,𝑡 + 𝑒𝑡,          (25) 

                                                           
9 However, the relationship between institutional ownership and REIT stock liquidity is still mixed. For instance, 

Below et al. (1995) and Bhasin et al. (1997) find a positive link between institutional ownership and liquidity. Chiang 

and Venkatesh (1988) do not find a significant relationship between levels of institutional ownership and REIT bid-

ask spreads, and find a negative relationship. 

10 A potential criticism for using distance to the headquarters as an exogenous instrument is that the liquidity of a 

firm’s shares can also be affected by the investment diversification strategy. For instance, Garcia and Norli (2012) 

find that local firms have lower investor recognition, which implies lower stock liquidity for local firms. We note and 

emphasize that we are using the relative distance of each property to the headquarter as the instrument – we are not 

using the absolute distance. Therefore, this instrument is not affected by whether the firm is a local firm or dispersed 

firm. It is independent with of the average distance of the assets to the headquarters. For example, if firm A has all 

assets in one distant MSA, and if firm B has all assets in its headquarters MSA, the weights for both firms are 1, 

although firm A is a dispersed firm and firm B is a local firm. 
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where 𝐷𝑚,𝑖,𝑡 is the average distance of properties located in MSA m to the headquarters 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 REIT’s headquarters. For the estimation of Equation 30, the REIT must have investments in at least 

three MSAs. For firms with properties located in only one or two MSAs, we use the observed weights. The 

estimated 𝑞𝑖 is illustrated in Figure 5. Most of the coefficients are negative. So the instrumented weight is 

calculated as �̂�𝑚.𝑖,𝑡 = �̂�𝑖 + �̂�𝑖 ln 𝐷𝑚,𝑖,𝑡  and the local beta is calculated as Τ̂𝑖,𝑡
𝑑𝑖𝑠𝑡 = ∑ �̂�𝑚.𝑖,𝑡𝜏𝑚,𝑡

𝑀
𝑚=1  . One 

issue with the two-stage least squares regression is that the standard error of the instrumented variable can 

be biased. Therefore, we use bootstrapping to generate the standard error of Τ̂𝑖,𝑡
𝑑𝑖𝑠𝑡 . We first bootstrap 

Equation (25) and then bootstrap Equation (24) using the bootstrapped �̂�𝑚.𝑖,𝑡 to generate the standard error 

of α. In other words, the standard error of α is generated using bootstrapped error terms for both Equations 

(24) and (25).11 The estimated results, which are reported in Table 4, Model 7, are very robust.  

Although the distance is conditionally exogenous to MSA illiquidity, the relevance of the instrument needs 

to be tested. We use an F test for each firm-month observation. The p-values of these F statistics are plotted 

out in Figure 6. The x-axis is the p-value of the test, and the y-axis is the frequency of each p-value. Of the 

20,431 firm-month observations, 8,332 (40.73%) have a p-value lower than 10%. We exclude those firm-

month observations with insignificant F-test and construct Τ̂𝑖,𝑡
𝑑𝑖𝑠𝑡_𝑠𝑖𝑔

 using only observations with 

significant F-tests. Results are reported in Table 4, Model 8. Due to the reduction in firm-month 

observations in the first-stage regression, the number of Τ̂𝑖,𝑡
𝑑𝑖𝑠𝑡_𝑠𝑖𝑔

 decreases. Consequently, the total number 

of observations in the second stage (Model 8) is reduced by nearly half. However, the coefficient for real 

estate market illiquidity is robust.  

                                                           
11 In this paper, when an instrumented variable is used, the standard error of its coefficient is generated using 

bootstrapping. For instance, the standard errors of coefficient α in Table 4, Models 4, 5, and 6 are generated by 

bootstrapping Equation (25) and Equation (24). The standard errors of coefficient α in Table 4, Models 7 to Model 12 

are generated by bootstrapping Equation (28), and Equation (24). The standard errors of coefficient α in Table 4, 

Models 13 and 14 are generated by bootstrapping Equation (25), Equation (28), and Equation (24).  
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Since the preceding analysis reduces the observations, we use a Heckman correction to determine whether 

the remaining sample is still representative of the full sample. We first investigate the probability of 

surviving (Equation 26), and then include the estimated probability as an additional regressor to correct for 

potential selection bias (Equation 27):  

Pbi,t = 𝑐 + 𝑑𝑋𝑖,𝑡 + 𝜑𝑖 + 𝛿𝑡 + 𝑢𝑖,𝑡,         (26) 

𝑦𝑖,𝑡 = 𝛼Τ̂𝑖,𝑡−1
𝑑𝑖𝑠𝑡_𝑠𝑖𝑔

+ 𝛽𝑋𝑖,𝑡 + 𝜃𝐼𝑀𝑖,�̂� + 𝛾𝑖 + 𝛿𝑡 + 𝑒𝑖,𝑡,      (27) 

where Pbi,t is an indicator variable with the value of one when the F test is significant at the 10% level and 

zero when the F test is insignificant. In other words, a significant F test means that the distance to the 

headquarters is a valid instrument for this firm at this period.  𝐼𝑀𝑖,�̂� is the inverse Mill’s ratio based on the 

estimated probability in Equation (26). Results for Equation (27) are reported in Table 4, Model 9. The 

coefficient for the real estate market illiquidity remains significant.  

 

The second concern is that REIT transactions affect property market liquidity, resulting in a reversal 

relationship: i.e., REIT liquidity influences property market liquidity. For instance, focusing on the 

aggregated commonality of liquidity in both public and private real estate markets from 1993 to 2010, Bond 

and Chang (2012) find a directional Granger causality from public to private real estate markets. Based on 

a theoretical framework and calibration, Ghent (2019) also shows that heterogeneity in the liquidity 

preferences of investors renders some markets more liquid, even when assets have identical cash flows. As 

a result, property market liquidity might be affected by REIT transactions. To address potential reversal 

causality, we use the change in a residential house price index provided by Federal Housing Finance Agency 

(FHFA) as an instrument to predict MSA turnover rate. We argue that REIT transactions are not likely to 

directly influence residential house prices.  

𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑚.𝑡 = 𝑙 + 𝑔∆ ln 𝐻𝑃𝑚,𝑡 + 𝑒𝑚,𝑡,        (28) 
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Considering that the turnover rate is always between 0 and 1, we use a probit panel regression. The 

estimated g is 9.85 with a T statistic of 2.88. The increase in house prices is positively related to the increase 

in commercial property turnover. The R squared of Equation (28) is 24%. The F statistic is 8.29, which is 

significant at the 1% level; this confirms the relevance of the instrument. 12  With this approach, the 

illiquidity of the underlying property markets for each REIT is calculated using the estimated turnover 

(𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟̂
𝑚,𝑡) rather than the observed one.  

�̂�𝑚,𝑡 =
max(𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟̂ 𝑚,𝑡)−𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟̂ 𝑚,𝑡

max(𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟̂ 𝑚,𝑡)−min (𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟̂ 𝑚,𝑡)
,       (29) 

 

 Τ̂𝑖,𝑡
𝐻𝑃 = ∑ 𝑤𝑚.𝑖,𝑡 �̂�𝑚,𝑡

𝑀
𝑚=1           (30) 

Results based on the instrumented turnover rate are reported in Table 4, Model 10. Again, the results are 

quite robust.  

Luo et al. (2017) find that changes in house prices have an impact on local stock liquidity. For our analysis, 

house price change is calculated for the MSAs in which the REIT’s properties are located and not 

necessarily for the REIT’s headquarters MSA. Most REITs have assets outside their home MSA. However, 

Lou et al.’s finding does not necessarily imply that REIT stock liquidity is affected by house price in the 

underlying property MSAs. Consequently, and as a robustness test, we exclude those REITs with all 

investments in their home MSA. The results, reported in Table 4, Model 11, remain robust.  

As apartment REITs mainly invest in residential markets, their performance can be directly affected by 

house prices. Therefore, house price change may not be a suitable instrument for apartment REITs. 

However, in our sample, less than 10% of the observations are from apartment REITs, so the results may 

                                                           
12 One might also test the exogeneity of the instrument. However, because MSA-level turnover has a different 

dimension than the REIT illiquidity measure (in other words, a different number of observations in stage one and two 

regressions), a J-test is not applicable here.  
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not be seriously affected. If we exclude apartment REITs from the sample, the results are quite robust, as 

reported in Table 4, Model 12.13  

We next use the instrumented weights (based on Model 7) and instrumented turnover rate (based on Model 

10) to construct the illiquidity of underlying property markets to address both the self-selection issue and 

reversal causality issue:  

Τ̂𝑖,𝑡
𝐻𝑃 𝑑𝑖𝑠𝑡 = ∑ �̂�𝑚.𝑖,𝑡 �̂�𝑚,𝑡

𝑀
𝑚=1           (31) 

As shown in Table 4, Model 13, the results are robust. A one standard deviation decrease in the liquidity in 

the property market is associated with a 0.113 standard deviation decrease in REIT share liquidity.  

Next, we address whether the relationship between REIT and real estate market liquidity is driven by the 

commonality in the liquidity of the two markets. This relationship may be due to nationwide factors such 

as changes in investor sentiment (Freybote and Seagraves, 2018) or credit supply (Davis and Zhu, 2011), 

etc. Time fixed effect should be able to capture this comovement. Nevertheless, we include the average real 

estate market illiquidity across all MSAs and the average Amihud illiquidity across all REITs as additional 

control variables and exclude time fixed effects. As shown in Table 4, Model 14, the illiquidity of local 

property markets coefficient remains significant, which implies that the transmission of illiquidity is indeed 

based on the geographic allocation of assets to segmented real estate markets. Average property market 

illiquidity and average REIT stock illiquidity coefficients are each highly significant.  

A concern may also arise due to variations in economic situations across MSAs in which REITs allocate 

their properties. For instance, Bernile et al. (2015a) show that the liquidity of local equity markets can be 

affected by local business cycles. To address this potential issue, we include the average unemployment 

rate of the MSAs in which REITs invest. As shown in Model 14, Table 4, REIT stock illiquidity is 

                                                           
13 If we only include apartment REITs in the baseline regression and use FHFA house price change as the instrument, 

the coefficient for property market illiquidity exposure rises to 0.5541, with a standard error of 0.0913. The 

significantly higher coefficient confirms the argument that apartment REITs are more sensitive to housing market 

liquidity. This can further support our robustness test in which we exclude apartment REITs. We thank several 

conference participants, most particularly Roland Füss, for motivating this analysis. 
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significant and positively related to the local unemployment rate, which confirms the local business cycle 

and stock liquidity theory proposed by Bernile et al. (2015a). We do not attempt to isolate the illiquidity 

transmission from local business cycles, as the illiquidity of a real estate market may reflect local economic 

conditions. Therefore, this analysis is still based on the specification of Model 13.  

Liquidity is also strongly related to market density. In most downtown areas, for instance, the property 

market is more liquid. Therefore, concerns may arise that liquidity only captures the impact of investing in 

downtown or suburban areas—that is, the density of the location rather than the liquidity. Therefore, we 

control for the density of local property markets. We add another control variable: the average number of 

properties located with a 5 km radius of each property. As shown in Model 14, the coefficient for density 

is significant and negative, which confirms that stock liquidity improves by investing in more dense 

locations; these also tend to be more liquid markets. The real estate market illiquidity exposure remains 

significant, which implies that our liquidity measurement can capture liquidity information in addition to 

property density.  

<< Table 4 about here>> 

Table 5 reports robust results for two alternative stock illiquidity measures, Roll and price spread. In each 

case, Table 5 reports statistical evidence that property market illiquidity can cause REIT shares illiquidity. 

Economically, a one standard deviation change in property market illiquidity (Τ̂𝑖,𝑡
𝐷𝑖𝑠𝑡_ 𝐻𝑃

) is related to a 0.08 

standard deviation change in Roll illiquidity and a 0.121 standard deviation change in price spread.  

<< Table 5 about here>> 

 

5.2 Time variation in the transmission of illiquidity  

Prior studies find time-varying liquidity in public and private real estate markets (Hoesli et al., 2017, Bond 

and Chang, 2012). In Table 6, we further divide our sample into three time periods: before the global 
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financial crisis (1996–2006), the crisis period (2007–2009), and the post-crisis period (2010–2015). We 

show the results for all three stock illiquidity measures: Panel A is the Amihud illiquidity measure, Panel 

B the Roll illiquidity measure, and Panel C the price spread. Again, and as shown in Table 6, the results are 

relatively robust across the three illiquidity measures. The strongest transmission of liquidity appears during 

the crisis period, when market liquidity is severely depressed. During the crisis period, a one standard 

deviation increase in property market illiquidity is associated with an increase in Amihud illiquidity, Roll 

illiquidity, and price spread by 0.301, 0.356, and 0.356 standard deviations, respectively. This relationship 

is economically remarkable: The impact is more than 10 times stronger relative to the whole period. After 

the crisis, the transmission becomes weaker but remains statistically significant. This finding is consistent 

with the previous literature.  

<< Table 6 about here >> 

The dramatic increase in the transmission of liquidity between public and private markets during the crisis 

period can be supported by our theoretical model. As 
𝜕𝜆

𝜕𝜌
= 2𝑎(1 − 𝑎)𝑘ℎ(𝛾∗)𝜎𝑥𝐿𝜎𝑦𝐿 > 0, it is easy to show 

that an increased correlation between property markets results in a greater impact of property market 

liquidity on REIT stock liquidity. During the crisis period, the comovement among U.S. regional property 

markets rose (Zhu et al., 2013, Kallberg et al., 2014, Miao et al., 2011); consequently, we expect property 

market liquidity to have a great impact on REIT liquidity.  

 

5.3 Cross firm variation in the transmission of illiquidity  

In this section, we provide additional analysis of our three propositions by dividing the sample according 

to firm characteristics, including the location of assets, investment growth, and financial constraints. As 

shown in our previous analysis, the illiquidity of real estate markets can affect the illiquidity of REIT shares. 

However, firms may be subject to different levels of illiquidity discount (𝜎𝑥𝐿). For instance, firms with an 

information advantage in a certain market should have lower transaction costs (𝐿) in those markets. As a 
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result, these firms may be less vulnerable to real estate market illiquidity. For firms investing in less familiar 

markets, the searching costs (𝐿) could be higher and the illiquidity discount would also be higher. In the 

previous sections, we assume that the transaction costs are the same across firms given a certain market. 

We further test Proposition 1 by considering the different levels of information advantage across firms. If 

transaction cost (𝐿) and the associated illiquidity discount (𝜎𝑥𝐿) really matter, we would expect firms with 

an information advantage (disadvantage) to be less (more) sensitive to the illiquidity of underlying real 

estate markets.  

We use two measures for information advantage for REITs: size and share of assets in the home market. 

Larger firms tend to be more experienced, and therefore we assume that larger firms have an information 

advantage. We compare the half of our sample comprised of larger REITs and the half with smaller REITs. 

Table 7, Panel A reports the results. The coefficient of the real estate market illiquidity is larger for smaller 

REITs based on the Amihud illiquidity measure. Similarly, Hoesli et al. (2017) observe that larger REITs 

tend to comove less with the private market. However, the difference in the coefficient is insignificant based 

on the Roll illiquidity measurement and price spread.  

If we categorize REITs according to the share of local investments, the empirical evidence is much stronger. 

The information advantage of local investment is well documented in the literature; this is especially the 

case in real estate markets, where the information environment is more obscure due to the low transaction 

volume (Garmaise and Moskowitz, 2004, Ling et al., 2018). We compare the half of REITs with a higher 

concentration of properties in their headquarters MSA and the half with a lower proportion. Table 7, Panel 

B reports the results. The coefficient for REITs having less than 5.8% of properties in their home MSA is 

significantly larger than REITs that invest mainly in their local market. In other words, diversification may 

increase information asymmetry, and therefore result in the firm’s being more vulnerable to liquidity shocks 

in the underlying market. For the 50% of REITs with the most properties located outside their home MSA, 

a one standard deviation increase in real estate market illiquidity results in a 0.241, 0.223, and 0.276 

standard deviation increase in share illiquidity measured by Amihud, Roll, and price spread, respectively.  
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<< Table 7 about here>> 

Table 8 presents the relationship between illiquidity and investment growth. According to Proposition 2, 

REIT stock illiquidity will be more sensitive to real estate market illiquidity for REITs with higher 

investment growth. We again compare the 50th percentile of REITs with higher growth (i.e., lower funds 

from operations (FFO) payout ratio14 or higher real estate investment growth rate, in the grey columns of 

Table 8) with the other 50th percentile with the lowest real estate investment growth (i.e., higher FFO payout 

ratio or lower real estate investment growth rate, in the white columns of Table 8). As shown in Table 8, 

for REITs with a lower payout ratio or higher investment growth, the coefficient for real estate market 

illiquidity is larger. Based on the investment growth rate, the difference is significant based on all three 

measure. This result supports Proposition 2. For the 50th percentile of REITs with the higher real estate 

investment growth rate, a one standard deviation increase in property market illiquidity is accompanied by 

a 0.115, 0.123, and 0.165 standard deviation increase in Amihud illiquidity, Roll illiquidity, and price 

spread, respectively. 

<< Table 8 about here>> 

A REIT’s financial constraints can also increase the sensitivity to real estate market illiquidity. Debt to asset 

ratio and cash interest coverage rate serve as our measures of financial constraint. We see a significant 

difference in the coefficient for real estate market illiquidity between REITs with the highest and lowest 

debt to asset ratios (Table 9, Panel A) and cash interest coverage ratios (Table 9, Panel B) based on the 

Amihud measurement. For the half of REITs with the highest cash interest coverage ratio, a one standard 

deviation increase in property market illiquidity is accompanied by a 0.113, 0.099, and 0.120 standard 

deviation increase in Amihud illiquidity, Roll illiquidity, and price spread, respectively.  

                                                           
14 REITs normally use FFO as a measurement of earnings, which is defined as GAAP net income plus depreciation. 

The rationale for using FFO rather than a cost-based accounting measurement is the increased value of property 

investments over time, which renders the depreciation deduction inaccurate in valuing a REIT. REITs are required to 

distribute 90% of net income, which is roughly equivalent to about 50% to 60% of the FFO payout ratio. 
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<< Table 9 about here>> 

5.4 The Value of Property Market Liquidity  

As a facet of our analysis, we examine the value implications of the relationship between asset liquidity 

and stock liquidity for REITs. If the improvements in REIT share liquidity caused by the increase in 

underlying property market liquidity leads to higher firm value, then the strategy of allocating assets to 

more liquid real estate markets will likely be more valuable, all else being equal. 

To test this prediction, we regress a REIT’s value proxy on the average property market illiquidity weighted 

by its asset portfolio: 

𝑄𝑖,𝑡 = 𝛼Τ̂𝑖,𝑡−1
𝐻𝑃 𝑑𝑖𝑠𝑡 + 𝛽𝑋𝑖,𝑡 + 𝜑𝑖 + 𝛿𝑡 + 𝑒𝑖,𝑡,       (32) 

where  𝑄𝑖,𝑡 stands for the REIT’s annual Tobin’s Q, which has been widely used as a measure of firm 

valuation (Capozza and Seguin, 1999, Riddiough and Steiner, 2018, Ling et al., 2019a, Capozza and Seguin, 

2003). 𝑄𝑖,𝑡 is defined as the ratio of market equity (stock price times the number of shares) to replacement 

costs. We follow Ling et al. (2019a) and calculate replacement costs as the book value of property adding 

back depreciation minus book liabilities. Control variables are the same as in previous sections. The results 

of this regression are reported in Table 10. Model 25 is for all periods, and Models 26 to 28 divide the 

sample into pre-crisis (1996–2006), crisis (2007–2009), and post-crisis (2010–2015) periods. We find a 

significant relationship between property market illiquidity and REIT relative valuation, and the impact 

increases dramatically during the crisis periods. From 2007 to 2009, a one standard deviation decrease in 

property market liquidity is associated with a 31.8% decrease in value, as measured by Tobin’s Q. The 

relationship remains significant after the crisis period. Overall, a REIT’s value is related to the individual 

property market liquidities where the REIT’s assets are located. 

 

<< Table 10 about here>> 
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6 Conclusion 

This paper proposes the investment channel that leads to the transmission of liquidity shocks across markets 

– the liquidity of the market where the firm invests can reflect the uncertainty in the investment and, thereby, 

affects the stock liquidity. To accomplish this, we construct a sample of 119 distinct REITs over the period 

from 1996 to 2015. The data allow us to measure a REIT’s real estate asset liquidity by linking the 

proportion of its properties located in a specific property market and a proxy for that market’s liquidity. We 

find a significant impact on individual REIT liquidity due to the liquidity of the local, underlying property 

market where the assets are located. This finding supports the investment channel transmission proposition. 

Our analysis controls for self-selection bias and reversal causality. A one standard deviation increase in 

property market illiquidity is associated with a more than 0.1 standard deviation increase in REIT stock 

illiquidity. During the global financial crisis, the impact rises to more than 0.3 standard deviation in REIT 

share illiquidity. Furthermore, we show that the sensitivity of REIT share liquidity to the underlying 

property market also depends on the firm’s information environment, investment growth, and financial 

constraints. We further show that stock illiquidity caused by the illiquidity of the markets where the 

underlying assets are located can explain stock valuation in a statistically significant way: A one standard 

deviation increase in property market illiquidity results in a 31.8% decrease in Tobin’s Q during the crisis 

period. The positive relationship between the liquidity of underlying local real estate markets and REIT 

share liquidity, as well as the valuation, implies that corporate investment decisions, including the selection 

of geographic markets, can affect stock liquidity and firm value.  
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 Figure 1: Illiquidity component of asset return volatility, loan to value ratio, and expected REIT 

stock volatility 

 

Note: This graph shows the relationship between loan to value ratio (LTV), asset return volatility due to market 

illiquidity (𝜎𝑥𝐿), and REIT equity volatility (𝜎0𝐸).  
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Figure 2: Illiquidity component of asset return volatility and expected REIT stock volatility 

 

Note: This graph shows the relationship between loan to value ratio (LTV), Illiquidity component of asset return 

volatility due to market illiquidity (𝜎𝑥𝐿), and expected REIT equity volatility (𝜎0𝐸).   
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Figure 3: Average Liquidity Measures across Property Markets 

 

 

Note: This graph shows the average turnover rate based on NCREIF data across 144 MSAs from 1996 to 2005. For 

comparison and robustness testing, we include the average of an alternative liquidity measure, developed by van 

Dijk and Francke (2019), based on RCA data. The latter indices cover 31 U.S. regions; however, Dijk and Francke’s 

liquidity measurement is only available since 2015. 
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Figure 4: Number of REITs in our sample and their market capitalization between 1996 and 2015  

 

Note: This graph shows the number of REITs in our sample (left axis) and total market capitalization (right axis) in 

billion USD. 
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 Figure 5: Coefficient of Distance as the Instrument 

 

Note: This figure plots the distribution of the coefficient for the distance in the auxiliary regression for the 

instrumented proportion of properties in each MSA. The proportion of properties for a certain MSA is regressed on 

the average distance of all properties held by this firm located in a certain MSA to the headquarters of the firm.  The 

regression is run separately for each firm.  

 

Figure 6: 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 

the y-axis is the frequency of each p-value. Of the 20,431 month-firm observations, 8,332 (40.73%) have a p-value 

lower than 10%.  
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Table 1: MSAs with Highest Turnover 

The table shows summary statistics for MSAs with the highest turnover and return statistics in these MSAs. Mean 

stands for the average annual returns of NCREIF total returns, and std stands for the standard deviation of NCREIF 

total returns. GDP stands for the average gross domestic product for all industries for each MSA from 2001 to 2015 

(millions of current dollars). Ump. rate stands for the average unemployment rate for each MSA from 2001 to 2015. 

HP stands for the average FHFA house price index change during this period. 

 

CBSA/ DIV 

Turn-

over 
Mean Std 

No. 

Prop. 
GDP Ump HP 

12060 Atlanta-Sandy Springs-Marietta, GA  0.107 2.10% 2.13% 181 276695 5.78 0.7% 

38060 Phoenix-Mesa-Scottsdale, AZ  0.107 2.23% 2.87% 88 181825 5.25 1.0% 

47894 Washington-Arlington-Alexandria, DC-

VA-MD-WV 
0.099 2.24% 2.37% 159 400773 4.17 1.3% 

31084 Los Angeles-Long Beach-Anaheim, CA  0.097 2.56% 3.09% 197 750884 7.10 1.5% 

16974 Chicago-Naperville-Joliet, IL-IN-WI  0.094 2.03% 2.13% 201 532513 6.65 0.6% 

19124 Dallas-Fort Worth-Arlington, TX  0.094 1.97% 2.41% 168 360164 5.32 0.9% 

41940 San  Jose-Sunnyvale-Santa Clara, CA  0.088 2.92% 3.33% 74 158279 6.12 1.5% 

26420 Houston-Baytown-Sugar Land, TX  0.086 1.66% 2.86% 103 362057 5.68 1.2% 

11244 Anaheim-Santa Ana-Irvine, CA 

Metropolitan Division 
0.079 2.38% 2.89% 91 750884 7.10 1.4% 

15764 Cambridge-Newton-Framingham, MA 

Metropolitan Division 
0.074 2.42% 2.57% 49 317974 4.58 1.1% 

19740 Denver-Aurora, CO  0.072 2.07% 3.22% 85 149277 5.17 1.2% 

41740 San Diego-Carlsbad-San Marcos, CA  0.064 2.38% 2.75% 72 175391 5.89 1.4% 

22744 Miami-Fort Lauderdale-Miami Beach, FL  0.063 2.07% 2.40% 60 256776 6.03 1.2% 

42644 Seattle-Tacoma-Bellevue, WA  0.062 2.36% 2.37% 116 236810 5.61 1.2% 

48424 Miami-Fort Lauderdale-Miami Beach, FL  0.060 1.81% 3.00% 37 256776 6.03 1.2% 

35614 New York-Newark-Edison, NY-NJ-PA  0.059 2.66% 5.07% 117 1287693 6.29 0.9% 

12420 Austin-Round Rock, TX  0.059 1.63% 2.88% 70 85079 4.58 1.2% 

12580 Baltimore-Towson, MD  0.057 2.34% 2.27% 54 146022 5.37 1.0% 

33460 Minneapolis-St. Paul-Bloomington, MN-

WI  
0.054 1.86% 1.89% 75 197426 4.33 0.9% 

36740 Orlando, FL  0.052 2.21% 2.45% 43 98633 5.59 0.9% 
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Table 2: Descriptive Statistics  

This table shows descriptive statistics. Turnover stands for MSA turnover rate according to NCREIF transaction 

records. RCA liquidity is based on indices derived from demand and supply reservation prices. MSA level 

unemployment rate is collected from the Bureau of Labor Statistics, and house price change is based on FHFA MSA 

house price index. Stock illiquidity measures, including Amihud, Roll illiquidity, and price spread, are described in 

Section 4.2. Exposure to property market illiquidity risk is calculated as the MSA property market illiquidity multiplied 

by percentage of properties located in the corresponding MSA (Section 4.1). We also use instrumented variables to 

address potential self-selection and/or reversal causality issues (See section 5.1). Three asset liquidity measures are 

defined according to Gopalan et al. (2012). Other firm-level variables include REIT monthly return, volatility, debt to 

equity ratio, size (in million USD), Herfindahl index for property geographic (MSA) concentration, book to market 

ratio, and real estate investment growth (in percentage).  

 
Mean Std. Dev. Max Min 

Property Market Variables     

Turnover 0.0214 0.0536 0.4290 0 

RCA Liquidity -0.0131 0.1553 0.2802 -0.5363 

Unemployment Rate 0.0607 0.0286 0.4000 0.0070 

House Price Change 0.0083 0.0278 0.1321 -0.1657 

     

Firm Characteristics      

Stock Illiquidity      

Amihud Illiquidity Measure 0.2092 0.2608 9.9178 0 

Roll Illiquidity  0.0055 0.0106 0.2829 0 

Price Spread  0.0252 0.0201 0.2852 0.0011 

Exposure to Property Market Illiquidity Risk   

Property Market Illiquidity_NCREIF 0.8928 0.0713 1.0000 0.4742 

Property Market Illiquidity_RCA 0.4069 0.1755 0.9161 0.0255 

Property Market Illiquidity_self-selection  0.9154 0.0622 1.0094 0.4742 

Property Market Illiquidity_reversal 

causality 0.7814 0.0853 0.9803 0.2852 

Property Market Illiquidity_self-selection 

and reversal causality  0.7809 0.0847 0.9803 0.2852 

Asset Liquidity      

Weighted Asset liquidity (WAL1) 0.0292 0.0534 0.6683 0.0000 

Weighted Asset liquidity (WAL2) 0.0450 0.0625 0.8745 0.0000 

Weighted Asset liquidity (WAL3) 0.5988 0.6941 1.0000 0.1048 

Other Variables     

Return 0.0077 0.0988 1.1511 -1.1996 

Volatility 0.3824 0.3929 9.6864 0 

Debt to Equity 1.5648 1.8395 14.2105 0 

Market Capitalization (Million USD)  2920 4501 57337 0.3500 

MSA Herfindahl Index 0.1982 0.2407 1.0000 0.0148 

Book to Market Ratio 0.8269 1.3236 50.0000 0 

RE Investment Growth (%) 0.1800 0.3861 3.6612 -0.9838 

Institutional ownership (%) 72.47 29.20 107.04 0.000 
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Table 3: REIT stock illiquidity and underlying property market illiquidity  

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Amihud illiquidity measure. RE Mkt Illiquidity stands for the average illiquidity of 

the underlying property market each REIT exposes. Control variables include debt to equity ratio; three asset liquidity 

measures: the percentage of cash and equivalent to past total assets (WAL1), the percentage of cash and other current 

assets to previous total asset (WAL2), and the percentage of cash, other current assets, and fixed assets to previous 

total asset (WAL3); return volatility in last month; return in past 6 months (MOM); market value (size); book to 

market ratio; real estate investment growth rate; MSA focus; and institutional ownership. Firm fixed effect and time 

fixed effect are also included. Clustered standard errors are reported in parentheses. ***, **, and * denote 

significance at the 1%, 5%, and 10% level, respectively.  

 

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

RE Mkt Illiq 0.1239*** 0.1205*** 0.1209**    

(NCREIF) (0.0519) (0.0503) (0.0529)    

RE Mkt Illiq     0.2328*** 0.2323*** 0.2329*** 

(RCA)    (0.0213) (0.0212) (0.0212) 

WAL1 -0.0364   0.0065   

 (0.0931)   (0.0302)   

WAL2  -0.0290   0.0299  

  (0.1075)   (0.0330)  

WAL3   0.0324*   0.0031 

   (0.0179)   (0.0120) 

Volatility 0.1358*** 0.1371*** 0.1354*** 0.1644*** 0.1644*** 0.1644*** 

 (0.0218) (0.0214) (0.0226) (0.0069) (0.0069) (0.0069) 

MOM -0.1122*** -0.1115*** -0.1136*** -0.0827*** -0.0828*** -0.0828*** 

 (0.0194) (0.0192) (0.0207) (0.0068) (0.0068) (0.0068) 

Debt to Equity -0.0016 -0.0015 -0.0009 0.0050*** 0.0050*** 0.0050*** 

 (0.0023) (0.0024) (0.0021) (0.0010) (0.0010) (0.0010) 

Size -0.0159*** -0.0158*** -0.0159*** -0.0266*** -0.0265*** -0.0265*** 

 (0.0044) (0.0044) (0.0046) (0.0034) (0.0034) (0.0034) 

Book to Market 0.0294*** 0.0295*** 0.0282*** 0.0114*** 0.0113*** 0.0114*** 

 (0.0090) (0.0089) (0.0079) (0.0032) (0.0032) (0.0032) 

RE Investment  -0.0191*** -0.0196*** -0.0249*** -0.0029 -0.0030 -0.0034 

Growth (0.0046) (0.0047) (0.0058) (0.0042) (0.0042) (0.0047) 

HHI_MSA 0.0071 0.0083 0.0023 -0.0129 -0.0160 -0.0125 

 (0.0334) (0.0342) (0.0293) (0.0212) (0.0213) (0.0209) 

Institutional  -0.0056 -0.0048 -0.0049 -0.1118*** -0.1120*** -0.1117*** 

Ownership (0.0159) (0.0158) (0.0160) (0.0118) (0.0118) (0.0118) 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 9,011 9,011 9,011 5,265 5,265 5,265 

Adj. R2 0.9164 0.9165 0.9164 0.9428 0.9428 0.9428 
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Table 4: Instrumented Regressions 

Note: This table reports results of the unbalanced panel with fixed effects. The dependent variable is REIT stock liquidity, which is measured as the Amihud 

illiquidity measure. RE Mkt Illiquidity stands for the average illiquidity of the underlying property market each REIT exposes. Model 4 is based on the instrumented 

weights, Model 5 is based on the instrumented NCREIF turnover rate, and Model 6 uses both instrumented weights and instrumented NCREIF turnover rate. 

Control variables include debt to equity ratio, weighted average asset liquidity measure (WAL3), return volatility, return in past 6 months (MOM), market value 

(size), book to market ratio, real estate investment growth rate, MSA focus, and institutional ownership. REIT common illiquidity is the average Amihud illiquidity 

of all REITs. RE Mkt Illiquidity_Av is average illiquidity of all MSAs. MSA_ump is the weighted average MSA level unemployment rate according to the firm’s 

property allocation. Clustered standard errors are reported in parentheses. The F-test for Model 4 is illustrated in Figure 6. In Models 5 and 6, firms and periods 

with an insignificant F-test for the instrument at the 10% level are excluded. The F-test for Model 7 is the F test for the instrument in the first-stage regression (Eq 

31). The standard error for RE Mkt Illiquidity is measured using 100 bootstraps. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. 

 

 Model 7: 

Instrument

ed Weights  

Model 8: 

Instrumented 

Weights 

(Sig. F-test) 

Model 9: 

Instrumented 

Weights 

(Sig. F-test) 

Model 10: 

Instrumented 

Turnover 

Model 11: 

Instrumente

d Turnover 

(ex. Home)  

Model 12: 

Instrumented 

Turnover 

(ex. 

Residential) 

Model 13: 

Instrumented 

Weights and  

Turnover 

Model 14: 

Instrumented 

Weights and  

Turnover 

RE Mkt  0.1727*** 0.2898*** 0.2284*** 0.2738*** 0.3076*** 0.2531*** 0.2742*** 0.3335*** 

Illiquidity (0.0198) (0.0285) (0.0389) (0.0166) (0.0174) (0.0171) (0.0374) (0.0211) 

WAL3 0.0325* 0.0774 0.0843 0.0255 0.0168 0.0233*** 0.0259 0.0163 

 (0.0178) (0.0489) (0.0616) (0.0170) (0.0184) (0.0090) (0.0168) (0.0117) 

Volatility 0.1326*** 0.1638*** 0.1781*** 0.1418*** 0.1374*** 0.1360*** 0.1415*** 0.0639*** 

 (0.0226) (0.0263) (0.0293) (0.0158) (0.0152) (0.0050) (0.0164) (0.0046) 

MOM -0.1133*** -0.1419*** -0.2096*** -0.0981*** -0.1023*** -0.0937*** -0.0953*** -0.0550*** 

 (0.0207) (0.0291) (0.0612) (0.0169) (0.0169) (0.0058) (0.0168) (0.0062) 

Debt to Equity -0.0011 0.0003 0.0242*** -0.0011 0.0024 -0.0011 -0.0012 -0.0004 

 (0.0021) (0.0087) (0.0072) (0.0018) (0.0030) (0.0008) (0.0018) (0.0012) 

Size -0.0165*** -0.0202*** -0.0184** -0.0176*** -0.0213*** -0.0166*** -0.0184*** -0.0011 

 (0.0046) (0.0087) (0.0081) (0.0047) (0.0048) (0.0022) (0.0048) (0.0027) 

Book to Market 0.0286*** 0.0235 0.0059 0.0191*** 0.0188*** 0.0216*** 0.0176*** 0.0101*** 

 (0.0076) (0.0187) (0.0224) (0.0073) (0.0072) (0.0027) (0.0073) (0.0037) 

RE Investment  -0.0255*** -0.0336*** -0.0775*** -0.0231*** -0.0197*** -0.0218*** -0.0231*** -0.0219*** 

Growth (0.0057) (0.0134) (0.0310) (0.0056) (0.0057) (0.0032) (0.0054) (0.0041) 
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HHI_MSA 0.0060 -0.0319 -0.2504** 0.0045 0.0049 0.0132 0.0036 -0.0003 

 (0.0296) (0.0675) (0.1241) (0.0240) (0.0278) (0.0143) (0.0247) (0.0228) 

Institutional  -0.0060 0.0316 0.0188 -0.0276* -0.0261* -0.0337*** -0.0291** -0.0024 

Ownership (0.0161) (0.0296) (0.0260) (0.0143) (0.0149) (0.0072) (0.0141) (0.0104) 

Prob_Sig    2.2005*      

F_test   (1.1530)      

REIT common        0.6675*** 

Illiquidity        (0.0132) 

RE Mkt        0.4867*** 

Illiquidity_Av        (0.0640) 

MSA_ump        0.0020*** 

        (0.0008) 

Density        -0.0406*** 

        (0.0095) 

Time FE Yes Yes Yes Yes Yes Yes Yes No 

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes 

No. of obs 8987 3599 3073 8507 8202 7940 8506 8506 

Adj. R2 0.9168 0.8987 0.9000 0.9242 0.9248 0.9265 0.9243 0.4769 

F-test in First Stage - - - 8.29***   -  
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Table 5: Alternative Stock Illiquidity Measure 

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Roll illiquidity measure (Panel A) and interday price spread (Panel B). RE Mkt 

Illiquidity stands for the average illiquidity of the underlying property market each REIT exposes. Models 9 and 10 

are based on the instrumented weights. Model 11 is based on the instrumented NCREIF turnover rate. Control 

variables include debt to equity ratio, weighted average asset liquidity measure (WAL3), return volatility, return in 

past 6 months (MOM), market value (size), book to market ratio, real estate investment growth rate, MSA focus, and 

institutional ownership. Firm fixed effect and time fixed effect are also included. Clustered standard errors are 

reported in parentheses. The F-test for Model 11 is illustrated in Figure 6. In Model 12, firms and periods with an 

insignificant F-test for the instrument at 10% level are excluded. F-test for Mode 13 is the F test for the instrument in 

the first stage regression (Eq 32). The standard error for RE Mkt Illiquidity is measured using bootstrapping.  ***, 

**, and * denote significance at the 1%, 5%, and 10% level, respectively. 

 

 Model 15: 

No Instrument 

Model 16:  

RCA 

property 

illiquidity 

Model 17: 

Instrumented 

Weights  

Model 18: 

Instrumented 

Weights (Sig. F-

test_Heckman) 

Model 19: 

Instrumented 

Turnover 

(ex. Home) 

Model 20: 

Instrumented 

Turnover 

(ex. 

Residential) 

Model 21: 

Instrumented 

Weights and  

Turnover 

Panel A:  Roll 

RE Mkt  0.0048*** 0.0084*** 0.0033*** 0.0039** 0.0125*** 0.0108*** 0.0107*** 

Illiquidity (0.0021) (0.0018) (0.0013) (0.0021) (0.0012) (0.0012) (0.0010) 

Control Variables Yes Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes 

No. of obs 9480 5510 9456 3397 8566 8273 8874 

Adj. R2 0.7541 0.8180 0.7531 0.7526 0.7734 0.7923 0.7729 

Panel B: Spread 

RE Mkt  0.0067*** 0.0314*** 0.0073*** 0.0121*** 0.0340*** 0.0262*** 0.0303*** 

Illiquidity (0.0023) (0.0024) (0.0027) (0.0033) (0.0022) (0.0020) (0.0031) 

Control Variables Yes Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes 

No. of obs 9478 5509 9454 3397 8565 8272 8873 

Adj. R2 0.9250 0.9606 0.9250 0.9146 0.9338 0.9331 0.9315 
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Table 6: Time Difference in the Impact  

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as Amihud Illiquidity Measure (Panel A), Roll Illiquidity Measure (Panel B) and interday 

price spread (Panel C). RE Mkt Illiquidity stands for the average illiquidity of the underlying property market each 

REIT exposes, instrumented by distance to headquarters and MSA level house price changed. Control variables 

include debt to equity ratio, weighted average asset liquidity measure(WAL3), return volatility, return in past 6 months 

(MOM), market value (Size), book to market ratio, real estate investment growth rate, MSA focus and institutional 

ownership. Firm fixed effect and time fixed effect are also included. Clustered standard errors are reported in 

parentheses. The standard error for RE Mkt Illiquidity is measured using bootstrapping. ***, **, and * denote 

significance at the 1%, 5%, and 10% level, respectively. 

 Model 22: 

1996-2006 

Model 23: 

2007-2009 

Model 24: 

2010-2015 

Panel A: Amihud 

RE Mkt Illiquidity 0.0212*** 0.9275*** 0.1219*** 

 (0.0072) (0.1487) (0.0162) 

Control Variables Yes Yes Yes 

Time FE Yes Yes Yes 

Firm FE Yes Yes Yes 

No. of obs 3510 1554 3354 

Adj. R2 0.9112 0.9466 0.9406 

Panel B: Roll 

RE Mkt Illiquidity 0.0024*** 0.0445*** 0.0064*** 

 (0.0004) (0.0060) (0.0013) 

Control Variables Yes Yes Yes 

Time FE Yes Yes Yes 

Firm FE Yes Yes Yes 

No. of obs 3728 1679 3373 

Adj. R2 0.5253 0.8295 0.7305 

Panel C: Spread 

RE Mkt Illiquidity 0.0019 0.0843*** 0.0127*** 

 (0.0013) (0.0079) (0.0005) 

Control Variables Yes Yes Yes 

Time FE Yes Yes Yes 

Firm FE Yes Yes Yes 

No. of obs 3727 1679 3373 

Adj. R2 0.8797 0.9644 0.9707 
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Table 7: Liquidity and Information Advantage 

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Amihud illiquidity measure, Roll illiquidity measure, and interday price spread. 

Panel A groups REITs according to size and Panel B according to the proportion of properties located in the same 

MSA as the headquarters of the firm. RE Mkt Illiquidity stands for the average illiquidity of the underlying property 

market each REIT exposes, instrumented by distance to headquarters and MSA-level house price change.  Control 

variables include debt to equity ratio, weighted average asset liquidity measure (WAL3), return volatility, return in 

past 6 months (MOM), market value (size), book to market ratio, real estate investment growth rate, MSA focus, and 

institutional ownership. Firm fixed effect and time fixed effect are also included. Clustered standard errors are 

reported in parentheses. The standard error for RE Mkt Illiquidity is measured using bootstrapping. Diff. Coef. is the 

difference in the coefficient for RE Mkt Illiquidity between the gray column and the white column. Significance is 

based on one-tailed T statistics.  ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. 

 

  Panel A: Size  

 Amihud Roll Spread 

 Size >1816 Size ≤1816 Size >1816 Size ≤1816 Size >1816 Size ≤1816 

RE Mkt  0.2021*** 0.3133*** 0.0087*** 0.0096*** 0.0260*** 0.0265*** 

Illiquidity (0.0228) (0.0411) (0.0011) (0.0012) (0.0027) (0.0035) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 4114 4392 4262 4612 4261 4612 

Adj. R2 0.9633 0.9029 0.8712 0.7075 0.9628 0.9143 

Diff. Coef.   0.1112**  0.0009  0.0005 

Panel B: Proportion of Assets in Home MSAs 

 Amihud Roll Spread 

 HQ MSA > 

0.058 

HQ MSA 

≤0.058 

HQ MSA > 

0.058 

HQ MSA 

≤0.058 

HQ MSA > 

0.058 

HQ MSA 

≤0.058 

RE Mkt  0.1872*** 0.5775*** 0.0068*** 0.0247*** 0.0223*** 0.0551*** 

Illiquidity (0.0212) (0.0620) (0.0007) (0.0030) (0.0020) (0.0133) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 5314 3192 5555 3319 5554 3319 

Adj. R2 0.9273 0.9253 0.8032 0.7440 0.9352 0.9363 

Diff. Coef.  0.3903***  0.0179***  0.0328** 

 

 



 

49 

 

Table 8: Liquidity and Investment Growth  

Note: This table reports results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Amihud illiquidity measure. Roll illiquidity measure, and interday price spread. 

Panel A groups REITs according to the dividend to taxable income ratio, and Panel B according to real estate 

investment growth ratio.  RE Mkt Illiquidity stands for the average illiquidity of the underlying property market each 

REIT exposes, instrumented by distance to headquarters and MSA-level house price change. Control variables include 

debt to equity ratio, weighted average asset liquidity measure (WAL3), return volatility, return in past 6 months 

(MOM), market value (size), book to market ratio, real estate investment growth rate, MSA focus, and institutional 

ownership. Firm fixed effect and time fixed effect are also included. Clustered standard errors are reported in 

parentheses. The standard error for RE Mkt Illiquidity is measured using bootstrapping. Diff. Coef. is the difference 

in the coefficient for RE Mkt Illiquidity between the gray column and the white column. Significance is based on one-

tailed T statistics. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. 

 

Panel A: FFO payout Ratio 

 Amihud Roll Spread 

 Payout 

<67% 

Payout 

≥67% 

Payout 

<67% 

Payout 

≥67% 

Payout 

<67% 

Payout 

≥67% 

RE Mkt  0.2184*** 0.4049*** 0.0089*** 0.0156*** 0.0292* 0.0398*** 

Illiquidity (0.0203) (0.0766) (0.0007) (0.0061) (0.0182) (0.0034) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 4570 3936 4699 4175 4699 4174 

Adj. R2 0.9348 0.9148 0.7976 0.7562 0.9354 0.9325 

Diff. Coef.  0.1865**  0.0067  0.0106 

Panel B: Real Estate Investment Growth 

 Amihud Roll Spread 

 RE Invest 

<16% 

RE Invest 

≥16% 

RE Invest 

<16% 

RE Invest 

≥16% 

RE Invest 

<16% 

RE Invest 

≥16% 

RE Mkt  0.1802*** 0.3548*** 0.0061*** 0.0146*** 0.0205*** 0.0391*** 

Illiquidity (0.0421) (0.0282) (0.0013) (0.0013) (0.0037) (0.0035) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 3172 5334 3312 5562 3312 5561 

Adj. R2 0.9117 0.9347 0.7589 0.7890 0.9173 0.9440 

Diff. Coef.  0.1746***  0.0085***  0.0186*** 
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Table 9: Liquidity and Financial Constraints 

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Amihud illiquidity measure, Roll illiquidity measure, and interday price spread. 

Panel A divides REITs according to debt to equity ratio. Panel B uses cash interest coverage ratio. RE Mkt Illiquidity 

stands for the average illiquidity of the underlying property market each REIT exposes, instrumented by distance to 

headquarters and MSA-level house price change. Control variables include debt to equity ratio, the weighted average 

asset liquidity measure (WAL3), return volatility, return in past 6 months (MOM), market value (size), book to market 

ratio, real estate investment growth rate, MSA focus, and institutional ownership.  Firm fixed effect and time fixed 

effect are also included. Clustered standard errors are reported in parentheses. The standard error for RE Mkt 

Illiquidity is measured using bootstrapping. Diff. Coef. is the difference in the coefficient for RE Mkt Illiquidity 

between the grey column and the white column. Significance is based on one-tailed T statistics.  ***, **, and * denote 

significance at the 1%, 5%, and 10% level, respectively. 

 

Panel A: Debt to Asset Ratio 

 Amihud Roll Spread 

 Debt Ratio < 

55% 

Debt Ratio ≥ 

55% 

Debt Ratio < 

55% 

Debt Ratio ≥ 

55% 

Debt Ratio < 

55% 

Debt Ratio ≥ 

55% 

RE Mkt  0.2146*** 0.3381*** 0.0090*** 0.0121*** 0.0292*** 0.0309*** 

Illiquidity (0.0308) (0.0412) (0.0011) (0.0016) (0.0029) (0.0046) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 4776 3730 5001 3873 5000 3873 

Adj. R2 0.9446 0.9094 0.8169 0.7405 0.9443 0.9236 

Diff. Coef.   0.1235**  0.0031  0.0017 

Panel B: Cash Interest Coverage Ratio 

 Amihud Roll Spread 

 Cash Ratio 

>3.1 

Cash Ratio 

≤3.1 

Cash Ratio 

>3.1 

Cash Ratio 

≤3.1 

Cash Ratio 

>3.1 

Cash Ratio 

≤3.1 

RE Mkt  0.1618*** 0.3485*** 0.0083*** 0.0124*** 0.0242*** 0.0285*** 

Illiquidity (0.0354) (0.0316) (0.0017) (0.0008) (0.0025) (0.0061) 

Control Variables Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 4746 3760 4904 3970 4903 3970 

Adj. R2 0.9448 0.9118 0.8055 0.7517 0.9624 0.9127 

Diff. Coef.  0.1876***  0.0041**  0.0043 
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Table 10: REIT Value and Real Estate Market Illiquidity  

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is the REIT’s 

annual Tobin’s Q. RE Mkt Illiquidity stands for the average illiquidity of the underlying property market each REIT 

exposes, instrumented by distance to headquarters and MSA-level house price change.  Control variables include debt 

to equity ratio, the weighted average asset liquidity measure (WAL3), return volatility, return in past 6 months (MOM), 

market value (size), book to market ratio, real estate investment growth rate, MSA focus, and institutional ownership.  

Firm fixed effect and time fixed effect are also included. Clustered standard errors are reported in parentheses. The 

standard error for RE Mkt Illiquidity is measured using bootstrapping.  ***, **, and * denote significance at the 1%, 

5%, and 10% level, respectively. 

 

 Model 25: 

Tobin’s Q  

Model 26: 

Tobin’s Q 

1996-2006 

Model 27: 

Tobin’s Q 

2007-2009 

Model 28: 

Tobin’s Q 

2010-2015 

RE Mkt Illiquidity -0.2121* 0.1456 -3.7516*** -0.8034*** 

 (0.1102) (0.2071) (0.1908) (0.1328) 

WAL3 1.0003*** 1.4120*** 1.8394*** 0.3108 

 (0.1726) (0.3401) (0.3770) (0.2002) 

Volatility -0.4669*** -1.1083*** 0.6341*** -0.0015 

 (0.1189) (0.4052) (0.2680) (0.1157) 

MOM 0.5385*** 1.5111*** 1.1083*** 0.4075*** 

 (0.1224) (0.3234) (0.2394) (0.1155) 

Debt to Equity -0.0010 0.0072 -0.0400 -0.0268*** 

 (0.0066) (0.0121) (0.0294) (0.0103) 

Size 0.0837*** 0.0656 0.3119*** 0.0644*** 

 (0.0249) (0.0653) (0.0845) (0.0273) 

RE Invest. Growth -0.1480*** -0.1750*** -0.6088*** -0.2659*** 

 (0.0444) (0.0719) (0.1050) (0.0629) 

MSA Focus -0.1660 -0.7880*** 1.2058*** 0.2032 

 (0.1639) (0.3289) (0.3985) (0.1802) 

Institutional  -0.2981*** -0.2257 -0.9613*** 0.0875 

Ownership (0.0997) (0.2532) (0.2189) (0.1366) 

Time FE Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes 

No. of obs 830 293 142 395 

Adj. R2 0.9602 0.9493 0.9918 0.9850 
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Appendix 1: Stock Turnover 

Note: This table reports the results of the unbalanced panel with fixed effects. The dependent variable is REIT stock 

liquidity, which is measured as the Roll illiquidity measure (Panel A) and interday price spread (Panel B). RE Mkt 

Illiquidity stands for the average illiquidity of the underlying property market each REIT exposes. Models 9 and 10 

are based on instrumented weights. Model 11 is based on the instrumented NCREIF turnover rate. Control variables 

include debt to equity ratio, the weighted average asset liquidity measure (WAL3), return volatility, return in past 6 

months (MOM), market value (size), book to market ratio, real estate investment growth rate, MSA focus, and 

institutional ownership.  Firm fixed effect and time fixed effect are also included. Clustered standard errors are 

reported in parentheses. The F-test for Model 11 is illustrated in Figure 6. In Model 12, firms and periods with an 

insignificant F-test for the instrument at the 10% level are excluded. The F-test for Model 13 is the F test for the 

instrument in the first-stage regression (Eq 32). The standard error for RE Mkt Illiquidity is measured using 

bootstrapping.  ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively. 

 

 Model A1: 

No Instrument 

Model A2: 

RCA 

property 

market 

illiquidity 

Model A3: 

Instrumented 

Weights  

Model A4: 

Instrumented 

Weights 

(Sig. F-

test_Heckma

n) 

ModelA5: 

Instrumented 

Turnover (ex. 

Home) 

Model A6: 

Instrumented 

Turnover (ex. 

Residential 

REITs) 

Model A7: 

Instrumented 

Weights and  

Turnover 

RE Mkt  -0.0491*** -0.0168* -0.0336*** -0.0236*** -0.0065 -0.0071 -0.0125*** 

Illiquidity (0.0069) (0.0093) (0.0082) (0.0083) (0.0062) (0.0068) (0.0039) 

Control Variables Yes Yes Yes Yes Yes Yes Yes 

Time FE Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes 

No. of obs 9,539 5,509 9,515 3,397 8,870 8,272 8,872 

Adj. R2 0.7600 0.6345 0.7595 0.8139 0.7605 0.7514 0.7606 

 



 

53 

 

Appendix 2: Alternative RE Market Illiquidity   

Note: This table reports results of the unbalanced panel with fixed effects. The dependent variable is REIT annual 

stock liquidity, which is measured as the Amihud illiquidity measure, Roll illiquidity measure, and interday price 

spread, respectively. RE Mkt Illiquidity stands for the average illiquidity of the underlying property market each REIT 

exposes. Control variables include debt to equity ratio, the weighted average asset liquidity measure (WAL3), return 

volatility in last month, return in past 6 months (MOM), market value (size), book to market ratio, real estate 

investment growth rate, MSA focus, and institutional ownership. Firm fixed effect and time fixed effect are also 

included. Clustered standard errors are reported in parentheses. ***, **, and * denote significance at the 1%, 5%, 

and 10% level, respectively. 

 

 Model A8: 

Amihud  

Model A9: 

Roll 

Model A10: 

Spread 

Model A11: 

Amihud  

Model A12: 

Roll 

Model A13: 

Spread 

RE Mkt Illiq 0.0885*** 0.0038*** 0.0116***    

(adjusted cost) (0.0170) (0.0012) (0.0021)    

RE Mkt Illiq    0.1326*** 0.0036*** 0.0075*** 

(size)    (0.0191) (0.0013) (0.0023) 

WAL3 0.0240*** -0.0004 0.0006 0.0379*** -0.0003 0.0015 

 (0.0081) (0.0006) (0.0010) (0.0090) (0.0006) (0.0011) 

Volatility 0.1538*** 0.0084*** 0.0219*** 0.1536*** 0.0082*** 0.0223*** 

 (0.0047) (0.0003) (0.0006) (0.0050) (0.0003) (0.0006) 

MOM -0.0874*** -0.0016*** -0.0112*** -0.0966*** -0.0023*** -0.0118*** 

 (0.0053) (0.0004) (0.0006) (0.0056) (0.0004) (0.0007) 

Debt to Equity -0.0025*** -0.0000 -0.0001 -0.0028*** -0.0000 -0.0002* 

 (0.0008) (0.0001) (0.0001) (0.0008) (0.0001) (0.0001) 

Size -0.0197*** -0.0002 -0.0011*** -0.0207*** -0.0003** -0.0017*** 

 (0.0019) (0.0001) (0.0002) (0.0022) (0.0001) (0.0003) 

Book to Market 0.0002 -0.0001 0.0002* -0.0008 -0.0001** 0.0001 

 (0.0008) (0.0001) (0.0001) (0.0010) (0.0001) (0.0001) 

RE Investment  -0.0161*** -0.0000 -0.0024*** -0.0207*** -0.0000 -0.0024*** 

Growth (0.0029) (0.0002) (0.0004) (0.0032) (0.0002) (0.0004) 

HHI_MSA -0.0284** -0.0026*** -0.0126*** -0.0299* -0.0024*** -0.0156*** 

 (0.0142) (0.0010) (0.0017) (0.0156) (0.0010) (0.0018) 

Institutional  -0.0075 0.0006 0.0001 -0.0204*** 0.0011** 0.0015* 

Ownership (0.0065) (0.0005) (0.0008) (0.0073) (0.0005) (0.0009) 

       

Time FE Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes 

No. of obs 8,712 9,146 9,144 8,904 9,325 9,323 

Adj. R2 0.9315 0.7797 0.9352 0.8743 0.7607 0.9241 
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Appendix 3: Fama MacBeth Cross-Sectional Regression with Annual Data   

Note: This table reports the results of Fama MacBeth cross-sectional regression with annual data. The dependent 

variable is REIT annual stock liquidity, which is measured as the Amihud illiquidity measure, Roll illiquidity measure 

and interday price spread, respectively. RE Mkt Illiquidity stands for the average illiquidity of the underlying property 

market each REIT exposes. Control variables include debt to equity ratio, the weighted average asset liquidity 

measure (WAL3), return volatility in last month, return in past 6 months (MOM), market value (size), book to market 

ratio, real estate investment growth rate, MSA focus, and institutional ownership. Firm fixed effect and time fixed 

effect are also included. Clustered standard errors are reported in parentheses. ***, **, and * denote significance at 

the 1%, 5%, and 10% level, respectively. 

 

 Model A14: 

Amihud  

Model A15: 

Roll 

Model A16: 

Spread 

RE Mkt Illiq 0.2245** 0.0027** 0.0104** 

 (0.1260) (0.0015) (0.0046) 

WAL3 0.1015** -0.0022*** 0.0059 

 (0.0404) (0.0006) (0.0062) 

Volatility 0.4105*** 0.0099*** 0.0519*** 

 (0.0742) (0.0013) (0.0103) 

MOM -0.1360** -0.0011** -0.0435* 

 (0.0627) (0.0006) (0.0307) 

Debt to Equity 0.0038*** -0.0001 0.0000 

 (0.0009) (0.0001) (0.0001) 

Size -0.0266*** -0.0002 -0.0006*** 

 (0.0042) (0.0002) (0.0001) 

Book to Market 0.0211** 0.0001 0.0025** 

 (0.0093) (0.0003) (0.0010) 

RE Investment  -0.0515*** 0.0002 -0.0026 

Growth (0.0099) (0.0002) (0.0020) 

HHI_MSA -0.0039 -0.0001 -0.0022* 

 (0.0127) (0.0005) (0.0013) 

Institutional  -0.0284** -0.0011*** 0.0007 

Ownership (0.0110) (0.0003) (0.0008) 

Constant  -0.0034 0.0022 0.0002 

 (0.0703) (0.0018) (0.0008) 

No. of obs 769 798 797 

Adj. R2 0.8169 0.8592 0.9059 

 


