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ABSTRACT 

How should executives discount commercial real estate cash flows up to 30 years in the future? In 

this paper, we develop a novel methodology to estimate the term structure of discount rates for 

commercial real estate cash flows. We find that the average term structure is downward sloping: 

longer maturity cash flows carry less risk, and the appropriate discount rate for these cash flows is 

quite often lower than that estimated from the unconditional single period CAPM. These findings 

are consistent with recent theory suggesting that rare-catastrophic events can lead to an inverted 

term structure of discount rates in real estate. 
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SHORT-TERM AND LONG-TERM DISCOUNT RATES 

  FOR COMMERCIAL REAL ESTATE 

 

1.   INTRODUCTION 

Corporate finance textbooks teach us that for capital budgeting decisions, expected cash 

flows may be discounted with a constant risk-adjusted discount rate. This rate represents the cost 

of equity capital, thus it may be set equal to the investors’ expected return on the firm’s equity. A 

practical problem arises however because, unlike stock prices or interest rates, expected equity 

returns are not observable in the market. Therefore, to determine an appropriate required rate of 

return, one must rely on theoretical models such as the Capital Asset Pricing model (CAPM) of 

Sharpe (1964), or the three-factor Fama-French (1992). The classic paper by Fama (1977) provides 

the theoretical foundation for discounting cash flows under uncertainty with the CAPM. 

This methodology has worked well over the past forty years and has become an integral 

part of applied corporate finance. For example, Graham and Harvey (2001) report that the common 

practice among large corporations is that, when making capital budgeting decisions, future cash 

flows are discounted with a cost of equity obtained from the security market line. This model 

requires data on the risk-free rate, the market risk premium, and an estimate of the specific firm 

beta. 

There is, however, a major problem with this methodology. Recent studies suggest that 

expected returns, and therefore, discount rates are time-varying variables. In a comprehensive 

study of REITs, Van Nieuwerburgh (2018) highlights the importance of allowing for factor-

loading variation to capture expected return dynamics. Relatedly, Sing, Tsai, and Chen (2016) 

provide extensive evidence of time-variation in equity and mortgage REIT betas during the sample 
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period from 1972 to 2013. In addition to changes in systematic risk, expected returns react also to 

changes in market risk. Brennan (1997) and Fama and French (2002) argue that the market risk 

premium fell from the eight percent range in the 1980s to around two percent by the 2000s. Ang 

and Liu (2004) point out that firm cash flows may be correlated with movements in the riskless 

rate, beta and the market risk premium.1  

We show, both in theory and in practice, that an important implication of this literature is 

that the cost of equity capital should vary both across time and across the spectrum of maturity 

dates for each expected cash flow. In other words, a rigorous reading of modern financial theory 

implies a term structure of discount rates for risky cash flows, similar to the term structure of 

interest rates for risk-free bonds.2  

Our objective is to provide empirical estimates of the term structure of long-term discount 

rates for commercial real estate. To this end, we take advantage of a unique feature of the 

commercial real estate market, which is populated both by private entities and otherwise-similar 

publicly-listed real estate firms, such as REITs.3 Using our term structure model, in combination 

with market-based return data for REITs, we are able to estimate discount rates up to 30 years 

away. These rates can be used as inputs to discount REIT cash flows but can also serve as suitable 

guidance for other entities in the commercial real estate domain.    

                                                 
1 Financial managers realize the importance of getting the right estimate for the cost of capital. Downward biased 

estimates lead managers to overestimate the market value of a project; in turn, if such investments have a negative net 

present value, then firm value may be destroyed in the capital budgeting process. Alternatively, biased-up cost of 

capital estimates may lead firms to reject some positive net present value projects, and potentially lose market shares 

to competitors. 
2 In Section 2.C, we present a numerical example to illustrate how time-varying betas and market risk premium lead 

to a term structure of discount rates. 
3 Government regulation is another unique feature: REITs are required to pay out at least 90% of their taxable income 

as dividends; they are also required to generate at least 75% of their gross income from rents (e.g., Steiner and 

Riddiough, 2018; Ott, Riddiough, and Yi, 2005). However, our analysis is performed within the REIT industry or 

across-REIT property segments that are similarly affected by regulation. Therefore, regulation is unlikely to have any 

implications for our results.  

 Electronic copy available at: https://ssrn.com/abstract=3315679 



3 

 

  The theory behind the cost of capital term structure goes back to a seminal paper by 

Brennan (1997). This paper assumes that expected equity returns may be obtained from the CAPM 

with a time-varying riskless rate and market risk premium, but constant beta. A more general 

approach is developed by Ang and Liu (2004); their model is based on the conditional CAPM 

(Harvey, 1989, Ferson and Harvey, 1999), therefore, all three CAPM parameters are time-varying. 

 Another potential line of research, based on dividend swap derivatives, has evolved in the 

past couple of years (e.g., van Binsbergen, Brandt, and Koijen, 2012, and Boguth et al. 2011). The 

appeal of this approach is that no theoretical model is needed for expected returns; the only 

required condition is the absence of arbitrage opportunities. But the lack of active trading in these 

securities for REITs poses a challenge for implementation.4 Last, we note several contributions 

that use housing data to compute discount rate curves with maturity dates up to 100 years (e.g., 

Giglio, Maggiori, Stroebel, and Weber, 2015, and Bracke, Pinchbeck, and Wyatt, 2018). 

Theoretically, Giglio, et al. (2015) show that climate change can explain why the term 

structure of discount rates is downward sloping for housing. In their model, economic conditions 

partially mean revert after a catastrophic climate-change event because the economy is able to 

adjust to the new environmental status. As a consequence, short-term cash flows in housing are 

more exposed to environmental risk than long-term cash flows. These theoretical insights suggest 

that climate change and other catastrophic events should also lead to an inverted term structure of 

discount rates in the context of commercial real estate. Further, these insights suggest that 

catastrophic events are likely to affect cash flows for real-estate intensive firms, such as REITs 

and commercial real estate companies, differently from the general universe of non-financial firms 

                                                 
4 Boguth et al (2011) is an in-depth analysis of potential problems.  
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(who generally own limited amounts of real estate). These reasons motivate why in this paper we 

focus on the term structure of discount rates for commercial real estate firms.5  

Our term structure model is based on the methodology of Ang and Liu (2004). Therefore, 

the time series dynamics of the riskless rate, firm beta, the market risk premium, and expected cash 

flows are modeled with a vector autoregressive process (VAR). We use “Clean Surplus” 

accounting to model net cash flows; this relationship implies that cash flow growth is determined 

by return on equity and the change in book equity value. Pastor and Veronesi (2003) and Feltham 

and Ohlson (1995), among others, are interesting applications of this cash flow model. 

 In the spirit of dynamic programming, we apply the conditional CAPM to find the risk-

adjusted present value of each expected cash flow. Next, assuming that the cost of capital is known, 

we find an analogous expression for the present value of the same expected cash flow.  We set 

these two values equal to one another and solve for the risk adjusted cost of capital appropriate for 

each maturity date.  

We use the resulting model to estimate the term structure for the REIT industry as a whole, 

and three sub sectors: Equity, Mortgage, and Hybrids. Unconditional estimates show substantial 

differences between the single period CAPM, which by definition is constant for all cash flow 

maturities, and term structure effects detailed in the empirical section. We find that the term 

structure can be upward or downward sloping; the level itself can vary quite a bit over the business 

cycle. For example, an average firm in the REIT industry may discount a single cash flow expected 

in one year at 10.88 percent, using our model, vs. 8.90 percent using the unconditional CAPM rate 

– a difference close to 200 basis points. The difference for cash flows expected thirty years ahead 

                                                 
5 It is because of the unique investment characteristics that the financial industry now recognizes REITs as a separate, 

and therefore non-redundant, asset class. A new Real Estate sector was created in 2016 for inclusion in equity indices 

provided by Standard and Poor, Dow Jones, and MSCI. 
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is not as large, 10.39 percent vs. 8.90 percent, but the impact on estimated present values can be 

quite substantial. We use a number of numerical examples to illustrate the consequences for 

present value analysis. We find a much steeper, but still negative, slope in the average term 

structure for mortgage REITs: discount rates range from 10.65 for a one year horizon down to 4.57 

percent for thirty years. The constant rate from the single period CAPM is 8.92 percent. The 

implication of these results is that short and intermediate term cash flows generated by the average 

mortgage REIT carry more risk than measured by the traditional CAPM.  

The paper is organized as follows. In the next section we review the main arguments raised 

in the real estate literature for rejecting the single period CAPM to estimate the cost of capital. One 

of these arguments is that CAPM parameters, such as beta and the market risk premium, may not 

be constant. Indeed, we review the extensive empirical literature on the temporal stability of beta, 

and find a consensus that REIT betas are time-varying. We use a simple numerical example to 

show that these results lead to a cost of capital that varies by both time and cash flow maturity. 

Sections 3 and 4 present the theoretical model and the econometric methods needed to estimate 

the model, respectively. Section 5 describes the data and results. Conclusions are in section 6. 

 

2.   RELATED LITERATURE ON THE SINGLE PERIOD COST OF CAPITAL 

The real estate finance literature has evolved over time in the direction of two closely 

related strands. The first is concerned with the cost of equity capital, and the second asks whether 

market betas, or more generally correlations across markets, are time invariant. In this section we 

review this body of work, and then examine the consequences for the cost of capital. 

 

2.A   CAPITAL ASSET PRICING MODEL 
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An early but influential study by Draper and Findlay (1982) presented a skeptical view on 

the use of CAPM to estimate the cost of capital. They point out that a few key assumptions 

underlying the CAPM may not be realistic. For example, real estate assets are typically illiquid 

and not divisible, and the market for real estate may not be efficient. An additional criticism is that 

real estate is in general a multi-period asset, whereas the CAPM assumes a single period 

investment horizon. On the other hand, Decain (1994), and Breidenbach, Mueller, and Schulte, 

(2006) argue that relying on investor surveys to estimate discount rates is not a panacea for all 

investment decisions. Both studies argue that perhaps CAPM deserves a second look especially 

because from the early 1990s on, publicly traded equity and mortgage REITs have become an 

integral part of the U.S. equity market (e.g., Ling and Naranjo (2003), Ott, Riddiough, and Yi 

(2005), and Case, Yang, and Yildirim (2012) ). 

Corgel and Djoganopoulos (2000) provide an early comprehensive study of betas and the 

cost of capital for a sample of 60 REITs from January 1993 thru November 1997.  They find the 

average beta is around 0.32, the annualized risk-free rate during this period is 0.0426, and the 

average market return is 0.2084. The CAPM then implies a 9.6% average cost of capital estimate. 

This study also reports that the Fama-French (1992) three factor model yields an average cost of 

capital 1.74% higher than single factor CAPM. 

Another interesting application of CAPM is provided by Breidenbach, Mueller, and 

Schulte (2006). This paper uses the NAREIT Equity Index data from 1979 to 2000 – a time period 

that covers two real estate cycles, to estimate the cost of capital for direct investments in 13 

different office markets. They find that the risk adjusted discount rate for institutional quality office 

buildings ranges from 6.6% for Washington D.C. to 10% for Denver.  The last entry in this area is 

a comprehensive study by Van Nieuwerburgh (2018). While the goal of this study is to explain 
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why REIT prices are currently high relative to dividends; it does shed light on conditional and 

unconditional expected returns using factor models ranging from the single factor CAPM to a six 

factor model.  

 

2.B   TEMPORAL STABILITY OF REIT BETAS 

A financial manager looking at academic research for help on estimating the cost of capital 

for real estate investments would find a dearth of published theoretical analysis or empirical 

evidence. On the other hand, this manager would be surprised to discover a large body of academic 

research related to beta and, more broadly, the correlation between real estate returns and the stock 

market.  

The literature on the temporal (in)stability of REIT betas is extensive, and with few 

exceptions the hypothesis that betas remain constant over time is not supported by the data. Early 

studies by McIntosh, Liang and Tompkins (1991) and Khoo, Hartzell and Hoesli (1993) document 

evidence that shows a declining market beta throughout the 1970s and 1980s. Clayton and 

Mackinnon (2003) provide additional evidence of instability over the sample period 1979 through 

1998. REITs appear to have higher betas with respect to large cap stocks in the early part of their 

sample, while becoming more sensitive to small cap stocks during the late 1980s. Hoesli and 

Serrano (2007) provide international evidence for large variation in estimated betas during their 

sample period: 1990 to 2004. In contrast to this literature, Chiang, Lee, and Wisen (2005) find 

weak evidence for downward beta direction between 1972 and 2002 within a single factor CAPM; 

moreover, this effect is not evident when beta is estimated within a Fama-French (1992) three 

factor model.  
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More recent research by Yang, Zhou, and Wai (2012) shows that during the sample period 

from 1999 to 2008 the correlation between equity REITs and the overall stock market is generally 

becoming stronger. This finding is extended by Zhou (2013) with daily data for the FTSE NAREIT 

index from January 1999 thru December 2011. Using a dynamic conditional correlation GARCH 

model, Zhou (2013) shows the REIT index beta to rise from roughly 0.3 to 2.0 between 2001 and 

2009, and then falling to 1.0 by 2011. Relevant and highly sophisticated analysis of dynamic 

correlations between REITs and the overall stock market (rather than beta itself) is provided Case, 

Yang, and Yildirim (2012) and Case, Guidolin, and Yildirim (2013). Additional studies have 

examined changes in betas caused by inclusion of REIT firms in the S&P500 Index (e.g., Feng, 

Ghosh, and Sirmans (2006) and Ambrose, Lee, and Peak (2007)).6 

 Another strand of the literature presents strong evidence that REIT betas vary with the 

business cycle. These studies include Glascock (1991), Goldstein and Nelling (1999), and Clayton 

and Mackinnon (2001); however, the evidence is mixed on whether this time variation is pro-

cyclical (positive correlation with the state of the economy) or counter-cyclical (higher during bad 

economic times).  

In sum, empirical evidence overwhelming supports the hypothesis that beta is not constant 

over time. Similarly, Case, Guidolin, and Yildirim (2013) present strong evidence that the expected 

risk premium for REITs and the overall equity market premium are time varying. But the question 

remains: what are the implications of this research for the cost of capital?  

In the next subsection we explore, by way of example, two immediate consequences. The 

theoretical model is in section 3. First, suppose both beta and the market risk premium vary over 

time, but at the same time, an asset’s expected return is a linear function of its conditional beta. 

                                                 
6 Bollerslev, Engle, and Wooldridge (1988) provide early evidence of time-varying betas for a general sample of non-

financial firms. More recent evidence can be found in Engel (2016). 
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That is to say, the static CAPM is assumed to hold period by period. Our first example then shows 

that cash flows expected at different points in the future should be discounted with a different cost 

of capital. That is, the cost of capital differs across maturity dates – just like the yield curve for 

interest rates. The second example shows that if one ignores the dynamic nature of beta and the 

market risk premium, then in contradiction to the static CAPM we may find that two assets with 

different betas may have the same expected return. This result was actually observed by Pai and 

Geltner (2007). An appropriate application of the conditional CAPM shows that the cost of capital 

should be allowed to vary in both dimensions: time and maturity. 

 

2.C   IMPLICATIONS OF DYNAMIC BETA AND MARKET RISK PREMIUM 

 To illustrate the first example, suppose the static CAPM holds in every period, but beta and 

the market risk premium change from period to period; the risk-free rate is set at zero for simplicity. 

We assume there are only four periods in the economy, and the risk premium for the overall market 

is expected to be 3 percent in period 1, followed by 9, 7, and 12 percent in periods 2, 3, and 4, 

respectively.  

Consider a stock with beta of 0.5, 1.3, 0.6, and 1.5 in the corresponding periods. These 

values imply the following four expected returns: 1.5 percent, 11.7 percent, 4.2 percent, and 18 

percent. The average return is 8.85 percent. If the firm uses this average for the CAPM cost of 

capital, then the present value of a $100 expected single cash flow is estimated to be $91.87, 

$84.40, 77.54, and $71.23, respectively if the cash flow is expected one, two, three, or four periods 

in the future. 

 But these present values can be improved upon by using the term structure of discount rates 

implied by single period expected returns from the CAPM. For example, the discount rate for a 
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single cash flow of $100 expected two years from now should be 6.6 percent ( = (0.015+0.117)/2), 

and the corresponding present value becomes $88. For this example, the $84.40 estimated earlier 

is an error of -4 percent. In a similar fashion we find that a better estimate for the current price of 

$100 expected one year from now is $98.52 (=100/1.015), which is $6.65 higher than the value 

obtained by discounting with the average cost of capital. For a single cash flow three periods hence, 

the discount rate is 5.8 percent ( =(0.015+0.117+0.042)/3). Taken together the four rates -- 1.5, 

6.6, 5.8, and 8.85 percent may be viewed as the “yield curve” for equity risky cash flows. In 

contrast, the typical application of the single period CAPM would discount flows with a constant 

rate of 8.85 percent. The point of this example is to show that the cost of capital is dynamic both 

over time and across maturity dates – just like the yield curve for riskless cash flows. Sections 3, 

4, and 5 explore this issue both with theory and empirical evidence.   

 Our second example is intended to show that if beta and the market risk premium are time-

varying, then it is possible that the unconditional CAPM may not capture the trade-off between 

risk and return. That is, two assets with different betas may still have the same expected return. 

Continuing with our example, we observe that for the asset discussed above its average beta is 

0.975, and its average risk premium is 8.85 percent. Consider now a second asset with beta of 0.26, 

1.4, 0.4, and 1.6 in periods 1, 2, 3, and 4 respectively. The corresponding expected returns are 0.8, 

12.6, 2.8 and 19.2 percent, with an average of 8.85 percent. Thus, both assets have the same 

average return, but the beta for the second asset is lower at 0.915.  

This result is very similar to what is observed in ex-post risk analysis by Pai and Geltner 

(2007). In the next subsection we argue that most popular single period models are inadequate 

tools for long term investment decisions. In contrast, the conditional CAPM may be used to 

develop a time-varying cost of capital that depends also on the maturity of each cash flow. 
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2.D    DO WE NEED A TERM STRUCTURE OF DISCOUNT RATES? 

There exist in the literature a variety of theoretical models that one might use for the cost 

of capital. These models may be classified as single-period – such as, unconditional CAPM 

(Sharpe, 1964), arbitrage pricing theory of Ross (1976), Fama and French (1992, 2015) three or 

five factors, and others. One may choose also from multi-period models including Merton’s (1973) 

Intertemporal CAPM, the Consumption CAPM (Breeden, 1979, Geltner, 1989), or the Conditional 

CAPM (e.g., Ferson and Harvey, 1999, Petkova and Zhang, 2005). 

The major obstacle for capital budgeting applications is that these models do not solve for 

the price or present value of a multi-period asset. The first order condition, from the CAPM or any 

multi-factor model, tells us only that there exists a relationship between an asset’s expected return 

and its covariance with priced factors in the economy. But these theories have little to say about 

expected returns more than one-period ahead. In other words, existing models do no tell us how to 

discount cash flows two or more periods into the future. The motivation of our paper is to provide 

empirical estimates for multi-period discount rates for traded REITs.    

3.   TERM STRUCTURE COST OF CAPITAL 

To derive the term structure of discount rates, we need to model the joint behavior of cash 

flows, and the individual elements in the conditional CAPM such as the riskless rate and firm beta. 

We describe the cash flow model first. The “Clean Surplus” accounting relationship may be used 

to model the dynamic behavior of corporate cash flows. Let 1tNI  represent net income from 

period t to t+1, and let tB  stand for the book equity value at the end of period t. Clean surplus 
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accounting is based on the principle that net cash flow is given by accounting earnings minus the 

change in book value: )( 111 tttt BBNICF   .  

We restate this condition in terms of growth in book equity (continuously compounded) 

)( 11 ttt BBn g    , and return on book equity )1( 11 ttt BNIn ROE    : 

    ][ 11
1

 
tt gROE

tt ee B CF             (1)  

Applying this formula recursively, yields a cash flow model for any future date t+τ as a function 

of return on equity and growth in the book value of equity:  

    ][
...... 111 


 

  ttttt ggROEgg
tt ee B CF         (2) 

Given the cash flow model, a new methodology for discounting cash flows with a time 

varying discount rate is required. Let t)(  be the cost of capital as of end-of-period t for a cash 

flow expected at a future date t+τ; then the theoretical price tV )(  of a single cash flow tC , 

may be obtained by discounting the expected value with the corresponding discount rate: 

][)(
)(


 


 ttt CEe  V t . The similarity between this formula for the discounted cash flow, and 

the present value of a zero coupon bond, lead Lettau and Wachter (2007) to describe assets that 

pay a single risky cash flow tC  as ‘zero coupon equity’. If dividend swaps on REITs were 

actively traded one could infer discount rates from these swaps, but that is not the case so far. 

Therefore, one must rely on theoretical models to extract and analyze the implicit term structure 

cost of capital  },...,1)({ Nfort  . The next two subsections outline the derivation.7  

 

 

 

                                                 
7 Our methodology for deriving discount rates is analogous to that used for asset pricing in linear and quadratic 

economies, such as Ang and Liu (2004).  
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3.A    Valuation of Zero Coupon Equity with a Conditional CAPM 

Let ]))(/)1(([ 1 tttt VVnE     be the continuously compounded expected return 

generated by holding a τ-period zero coupon equity from t to t+1. Given that the terminal value 

must equal the cash flow itself ( tt C  V )0( ), we obtain the well-known present value formula 

][)(
)...( 1


  

  ttt CeE  V tt .  

We model expected returns with a conditional CAPM. The main feature of this model is 

that the riskless rate, market beta and market risk premium are time-varying: 

ttftmttft RRER   ][ ,1,,                                  (4)  

where tfR , is the risk-free rate observed at the end-of-period t, ][ ,1, tftmt RRE   is the market risk 

premium, and t  is current value of beta. For example, Cosemans, et al. (2016) show that firm 

betas are dynamic, and may be estimated more accurately by including characteristics such as book 

to market ratio and firm size. An alternative set of conditioning variables for predicting the risk 

premium on the market as well as beta, proposed by Ferson and Harvey (1991), include interest 

rates, growth in GDP, and inflation. 

In line with modern finance literature (e.g. Cochran, 2011, Ang and Liu, 2004) we use a 

vector autoregressive process (VAR) to capture dynamic interactions between variables such as 

return on equity, growth in book equity, beta, and the market risk premium. We define the state 

variable tY  as a five variable vector: 𝑌𝑡′ = (𝑅𝑂𝐸𝑡, 𝑔𝑡, 𝑅𝑓,𝑡, 𝛽𝑡, 𝐸𝑡[ 𝑅𝑚,𝑡+1 − 𝑅𝑓,𝑡  ] ), where the 

first two variables are related to the cash flow itself, and the remaining three relate to the 

conditional CAPM, but this order is for convenience only. We specify a first-order VAR to model 

the time series dynamics of the state vector: 

       11 )(   ttt YYIY                    (5) 
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where Y  is the long run (unconditional mean) vector,   is the autoregressive coefficient matrix, 

and tY  represents observed sample values at time-t. The idiosyncratic shocks { t } form a time-

series of normal variables with zero mean and variance matrix . In addition to the VAR process, 

we specify 𝑒𝑖′ as a 1x5 vector of 0s except for a 1 in the ith place. Then, growth in book equity is 

just a linear function of the state vector:  𝑔𝑡+1  = 𝑒2′𝑥𝑡+1 . Similarly, the return on book equity 

is:  𝑅𝑂𝐸𝑡+1  = 𝑒1′𝑥𝑡+1 . Lastly, we note that the risk premium 𝐸𝑡[𝑅𝑚,𝑡+1 − 𝑅𝑓,𝑡] 𝛽𝑡 is analogous 

to the quadratic form 𝑌𝑡′Θ𝑌𝑡, where the 5x5 matrix  is defined as follows: the first three rows 

consist of 0s, the 4th row is set as (0, 0, 0, 0, ½), and the 5th row is (0, 0, 0, ½, 0). 

 To preclude arbitrage across time and maturity dates, the current price of zero coupon 

equity must equal the discounted value of next period’s price: ])1([)( 1


 ttt VeE  V t   . We 

conjecture that the solution is (proof in Appendix A): 

][)(
)(')'()()(')'()( tttttt YGYYDCYGYYBA

tt eeB V
 

            (6) 

where the coefficients 𝐴(𝜏) thru 𝐺(𝜏) follow recursions:  
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and the matrix 11 )]1(2[   GV .  The initial conditions )1(   are: 𝐴(1) = 𝑒1′(𝐼 −

𝜙)�̄� + (½)𝑒1′Ω 𝑒1 , 𝐵(1)′ = −𝑒3 + 𝑒1′𝜙 , 𝐶(1) = 𝑒2′ (𝐼 − 𝜙) �̄� + (½)𝑒2′Ω 𝑒2 , 𝐷(1)′ =

−𝑒3′ + 𝑒2′𝜙, and 𝐺(1) = −𝛩. Equation (6) combines both the expected cash flow and the risk 

adjustment needed to discount cash flows for each maturity date. In the next section, these two 

aspects of the valuation process are separated and the cost of capital is made explicit.  

 

3.B   Asset Valuation with a Known Cost of Capital 

 In this section we assume that the cost of capital t)(  is known; therefore, to obtain the 

current price of a single future cash flow we need only its conditional expectation: 

][)(
)(


 


 ttt CEe  V t . We conjecture the solution is (proof in Appendix B): 

        ][
'*)(*)('*)(*)( tt YDCYBA

ttt eeB CFE





                        (7)  

where the recursions are: 
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and initial values: 𝐴(1)∗ = 𝑒1′(𝐼 − 𝜙)�̄� + (½)𝑒1′Ω 𝑒1 , 𝐵(1)∗′ = 𝑒1′𝜙 , 𝐶(1)∗ = 𝑒2′ (𝐼 −

𝜙) �̄� + (½)𝑒2′Ω 𝑒2, and 𝐷(1)∗′ = 𝑒2′𝜙. Thus, we have a second representation for the time-t 

value of zero coupon equity with an expected cash flow   periods later: 

][{)(
'*)(*)('*)(*)()( ttt YDCYBA

tt eeeB V
 

                                                        (8) 
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2.C    Cost of Capital Term Structure 

We set Eq. (6) equal to (8) to obtain a closed form solution for the term structure cost of 

capital implied by the conditional CAPM and the dynamic model for the state variables. To 

discount a single cash flow with maturity date t+τ we may use the discount rate:  

 𝜌(𝜏)𝑡 =
1

𝜏
{ℓ𝑛 [

𝑒𝐴(𝜏)∗+ 𝐵(𝜏)∗′𝑌𝑡  −𝑒𝐶(𝜏)∗+ 𝐷(𝜏)∗′𝑌𝑡    

 𝑒𝐴(𝜏)+ 𝐵(𝜏)′𝑌𝑡+ 𝑌𝑡
′ 𝐺(𝜏) 𝑌𝑡    −    𝑒𝐶(𝜏)+ 𝐷(𝜏)′𝑌𝑡+ 𝑌𝑡

′ 𝐺(𝜏) 𝑌𝑡    
]}                (9) 

Note that both level and shape of the cost of capital term structure change as current market 

conditions, summarized by tY , may change over time. Also, the term structure, graphed as a 

function of τ, follows similar patterns observed in the term-structure of interest rates: rising, falling, 

hump-shaped, or U-shaped. 

 

4.   ECONOMETRIC METHODOLOGY 

 The cost of capital methodology developed in the previous section is based on the empirical 

evidence that expected market returns vary over the span of the business cycle. We develop a 

predictive model for the market risk premium in the first subsection below. Then to obtain a time-

varying beta, we use a method proposed by Cosemans et al. (2015) that combines time series beta 

estimates with estimates based on firm characteristics. 

4.A   MARKET RISK PREMIUM 

 Our model of expected returns for the market risk premium is a linear function of five 

macro variables related to the business cycle. Specifically, we use the one-period riskless interest 

rate, the difference between the yield on ten-year U.S. Treasury bonds and the one-year Treasury 

yield, the so called TERM spread. The third variable is the dividend yield on the market portfolio 

(DIV), and fourth the default spread (DEF). This choice of macro variables is rooted in the 

 Electronic copy available at: https://ssrn.com/abstract=3315679 



17 

 

empirical literature on models to forecast market returns. Keim and Stambaugh (1986) examine 

the evidence that the level of the short term interest rate helps predict expected returns on equity; 

they provide similar finding for the default spread. Evidence in favor of the dividend yield as a 

predictor of equity returns is in Fama and French (1989). Campbell (1987) shows that the equity 

risk premium is in part related to the TERM factor. Besides these four macro variables, we add 

Lettau and Ludvigson’s (2001) deviation from trend of consumption-asset-labor fluctuations 

(CAY) to the standard model for the market risk premium, following Ang and Liu (2004). Thus, 

our model is: 

            tttftttftmt CAYTERMRDEFDivRRE 54,3210,1, ][      

To estimate the unknown coefficients we run a predictive regression of the observed market 

risk premium during period t+1 on the time-t observed values of the five macro variables plus a 

regression error: ttttftttftm eCAYTERMRDEFDivRR  54,3210,1,  . Given 

the parameter estimates, and the time-t observed macro values, we obtain the ex-ante expected 

market risk premium. 

 

4.B     EMPIRICAL MODEL FOR MARKET BETA 

 Our empirical model combines two beta estimates: one based on a rolling window 

regression to capture short term information, and a second one (conditional beta) that incorporates 

long term firm characteristics. We discuss these in turn starting with the conditional beta. 

 Simple intuition suggests that a firm’s beta should be related to firm characteristics such 

as firm size, operational and financial leverage, and book-to-market ratio. The seminal paper by 

Galai and Masulis (1976), is one of the earliest studies to link the firm’s systematic risk to 

fundamental characteristics such as financial leverage, debt maturity, and volatility of earnings. 
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More recent studies include the papers by Gomes, Kogan, and Zhang (2003), Carlson, Fisher, and 

Giammarino (2004), Zhang (2005). This literature shows that book-to-market ratio may be used 

to measure risk of the firm's assets in place, while systematic risk is affected by the conversion of 

growth options into assets in place, and firm size captures the link between growth options and 

market beta. Therefore, as economic conditions change, firm’s characteristics change and so does 

systematic risk. 

We follow the empirical literature (e.g., Petkova and Zhang, 2005, and Cosemans et al., 

2015) and model time-varying beta as a linear function of firm size (SIZE), book-to-market (BM), 

Operating leverage (OP_LEV), and Financial leverage (FIN_LEV). The literature also indicates 

that the relationship between beta and firm characteristics changes with the economic 

environments. We use the default spread (DEF) to measure general business conditions. The 

default spread, measured as the difference in yield to maturity between Baa rated corporate bonds 

and Aaa rated bonds, is lower during economic expansions and higher in recessions. Thus, our 

specification for a fundamentals-beta model is: 

     

11,611,51,4

1,31,21,11,1,0
*

1|

**_

_









ttittiti

titititiitit

DEFBMDEFSIZELEVFIN

LEVOPBMSIZEDEF




    (10)   

To capture unobserved variation across firms, the intercept i,0   and slope coefficient on 

the variable DEF, i,1 , are specified to vary across our sample of REITs. The slope coefficient 

vector ),,,,,(' 654321    does not carry the i subscript as we assume that the relationship 

between beta and firm characteristics is constant across firms. This specification should yield more 

efficient parameter estimates. To estimate  𝛽𝑖𝑡| 𝑡−1
∗   we use a panel time-series regression for each 

period ending in month t (further details are in Appendix C). We denote the estimated 

“Fundamental Characteristics” beta by �̂�𝑖,𝑡
𝐹𝐶 , and its variance as 𝑉[�̂�𝑖,𝑡

𝐹𝐶].    
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 The second method to estimate time-varying betas, first proposed by Fama and McBeth 

(1973), is to use a rolling window regression with monthly observations. However, Cosemans et 

al. (2015) point out that estimation based on daily data can be useful to capture short term variation 

in beta. Define stir ,  as the daily return for portfolio i for day s, in excess of the riskless rate, and 

stmr ,  as the corresponding excess market portfolio return. The time index s covers a six months 

period ending on the last trading day of month t and beginning 125 trading days earlier. The rolling 

window regression is specified as:  

       stistmtitisti rr ,,,,,      

The residual sti , is modeled as a random variable with zero mean and variance ][ iV  . Assuming 

actual and idiosyncratic returns are normally distributed, the estimated rolling window (RW) betas 

RW
ti,̂  are also normal with mean ti,  and variance  12

,
2

, )(ˆ]ˆ[ 

s

sm
RW

ti rV  , where 
2ˆ  is the 

residual error variance estimate for the month t regression. 

 Our final empirical beta model is based on the combination of two estimates: rolling 

window (RW), and fundamental firm characteristics (FC): 

        �̂�𝑖𝑡|𝑡
∗ = 𝑤𝑖,𝑡�̂�𝑖,𝑡

𝐹𝐶 + (1 − 𝑤𝑖,𝑡)�̂�𝑖,𝑡
𝑅𝑊            (11) 

where the corresponding shrinkage weight tiw ,  is based on the variance ratio 

       𝑤𝑖,𝑡 =
𝑉[�̂�𝑖,𝑡

𝑅𝑊]

𝑉[�̂�𝑖,𝑡
𝐹𝐶]+𝑉[�̂�𝑖,𝑡

𝑅𝑊]
                  (12) 

Equation (11) may be given a Bayesian interpretation. The estimator 
*

|
ˆ

tti  may be viewed as the 

posterior mean and is a weighted average of the beta, conditional on firm characteristics, and the 

rolling window beta. Equation (12) shows that if the variance ]ˆ[ 1,
FC

tiV   is relatively small, then 
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firm characteristics play a dominant role in determining the posterior beta. Conversely, precise 

estimates from the rolling window beta lead to a larger role for time series information.  

5.     EMPIRICAL ANALYSIS 

 

This section includes a description of the data, empirical estimates of the “yield curve” for 

risky cash flows, and the implications of our results for the REIT industry. 

5.A   DATA SAMPLE AND DESCRIPTIVE STATISTICS 

 We collect quarterly data on all U.S. publicly traded Real Estate Investment Trusts (REITs) 

during the time period from 1975 Quarter 4 to 2016 Quarter 3; while the data are observed at 

quarterly intervals, variables such as net income (measured by income before extraordinary items) 

are aggregated to an annual level. Thus, the time t earnings per share represent annual earnings 

observed as of end of quarter t.  

 Firms are identified based on the Standard Industrial Classification System codes (SIC 

code 6798). For these REIT firms, we first gather their financial variables from Compustat 

quarterly database. To measure Earnings we use income before extraordinary items (data item #8). 

Book equity value (BVt) is extracted from Compustat data item #59. We calculate the rate of return 

on book equity (ROEt) using these two variables. We also obtain net sales at the end of each quarter 

(data item #2); we use these data to obtain the annualized growth rate in book equity value ( tg ). 

To mitigate the impact of extreme outliers we winsorize the one-percent tails of Income before 

Extraordinary Items, book equity value, and sales. 

Data on equity market values and stock returns come from the Center for Research in 

Security Prices (CRSP). Each firm’s equity market value is obtained by multiplying the number 

of shares outstanding by its share price at the end of each quarter. We also obtain risk-free rates 
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(based on 30-day Treasury bill, TB) and the market risk premium from Professor Ken French’s 

Library; both are annualized to match the rest of the data.  

 We also collect data on four macro variables: DIV measures the annual dividend yield on 

the market portfolio (sum of dividends to all CRSP stocks over the previous 12 months divided by 

last year price), and is obtained from CRSP as the difference between cum-dividend and ex-

dividend market returns. Default spread (DEF) is the yield spread between Moody’ Baa and Aaa 

corporate bonds. The term spread (TERM) is the yield spread between the ten-year and one-year 

Treasury bonds; the CAY variable is Lettau and Ludvigson’s (2001) deviation from trend of 

consumption-asset-labor fluctuations.  Data for calculating DEF and TERM are obtained from the 

FRED database at the Federal Reserve Bank at St. Louis; data on CAY are from Sydney 

Ludvigson’s Library. 

To obtain our final sample, we merge data from Compustat with stock returns, price and 

shares outstanding data from CRSP. The sample consists of 533 REITs and 59,497 firm-quarter 

observations; however, after merging this sample from Compustat with the CRSP/Ziman Real 

Estate Database we are left with 510 REITs and 20,573 firm-quarter observations. Table 1 presents 

summary statistics (all $ amounts in Millions). We report data for the overall industry and three 

subsectors: Equity, Mortgage and Hybrid REITs. Equity REITs, with 16,232 firm-quarter 

observations, by far comprise the largest group; Mortgage have 2,652 and Hybrids display the 

smallest sample with 1,689 observations. The most striking feature in the data is that a number of 

very large firms skew-right the sample distribution across the industry. For example, the median 

Income before extraordinary items is 12.5 (millions) but the average is more than three times larger 

at 45.3; for Market Cap (SIZE) the spread across all REITs is even more impressive – 375.5 vs. 

1,541.5. The book to market ratio shows that, in general, REITs may be classified as value firms. 
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The mean ratio across the industry is 0.994 – the market values one dollar of book value at roughly 

$1 (median ratio across the industry is only 0.710). The evidence is similar across different 

subsectors. Measured by total assets, Mortgage REITs tend to be bigger and display higher levels 

of financial leverage than both Hybrid and Equity REITs. Interestingly, both Mortgage and Hybrid 

REITs are valued by the market at book to market ratio close to 1.4, on average; for equity REITs 

this ratio is only 0.88. 

The sample period from 1975 thru 2016 may be characterized as a rather turbulent one. 

Following the long period of runaway inflation in the 1970s, starting in October 1979 the Federal 

Reserve engaged in a new monetary policy designed to bring inflation expectations under control. 

The stock market crashed in 1987 and again in 1989, but in spite of these events, the U.S. economy 

experienced a decade of steady growth with low inflation until the dot-com bubble crash in 2000, 

and the September 11 attacks. Our sample period includes also the so called “Great Recession” -- 

the longest economic decline since the Great Depression.8 This wide range of economic cycles 

provides a great opportunity to study the cost of capital for the REIT industry. 

Table 2 presents descriptive statistics on the five state variables. Panel A reports data on 

book equity rate of return (ROE), growth rate in book equity (g), and β is the Bayesian posterior 

beta estimated following the method in section 4.D. The ROE variable is annualized from the 

quarterly data with the formula: 
1

4/32/14/1



 


t

tttt

t
BV

IBIBIBIB
ROE , where the numerator is 

the yearly income before extraordinary items, and BVt-1 is  Book value of common equity observed 

at the beginning of the year. We also compute the annualized book equity growth rate as: 𝑔𝑡 =

 𝐵𝑉𝑡/ 𝐵𝑉𝑡−1, where the Book values are observed one year apart. 

                                                 
8 According to the National Bureau of Economic Resarch (NBER) the great depression lasted from September 1929 

thru March 1933, while the Great Recession was from December 2007 thru June 2009. 
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 The average Return on book equity is 10.91% for the REIT industry and displays little 

variation across the three subsectors. Similarly, the mean industry growth rate is 2.91 percent, but 

a much larger standard deviation of 5.62 percent. The most interesting result in Panel A of Table 

2 relates to beta: the mean industry beta is 0.5381, but the time series standard deviation is 0.2696. 

The 5th and 95th percentiles cover the range from 0.2349 to 1.0161. This evidence is consistent 

with the empirical literature on the lack of temporal stability of REIT betas; our Bayesian estimates 

show that systematic risk varies not only with the business cycle but also with firm characteristics 

such as size and book to market ratio. This phenomenon is evident especially for mortgage REITs 

with an average beta of 0.5158 and a much larger time series standard deviation of 0.3649.  

 Panel B presents data on several macro variables used in the computations of the 

conditional CAPM. RM is obtained from the Center for Research in Securities Prices (CRSP), and 

represents the annualized return on the value-weighted market portfolio. Rf is the annualized 

Treasury bill rate. DIV is the yearly dividend on the market portfolio; it is obtained as the sum of 

previous 12 months dividends divided by the level of the market index at the beginning of the 12 

month period. DEF is the spread between Moody’s Baa and Aaa corporate bond yields, TERM is 

the difference in yields between the ten-year and one-year Treasury bond. DEF and TERM are 

from FRED at the Federal Reserve Bank of St. Louis. CAY is Lettau and Ludvigson’s (2001) 

deviation from the long run trend in consumption, labor income, and asset wealth. 

 

5.B    THE AVERAGE TERM STRUCTURE COST OF CAPITAL 

 

Figure 1 plots the average term structure  𝜌(𝜏)̅̅ ̅̅ ̅̅  for cash flow with maturity τ ranging from 

1 to 30 years. The first Panel is for the REIT industry, while Panels 2 thru 4 are for the equity, 

mortgage, and hybrid subsectors, respectively. Included in each graph is a horizontal (dotted) line 

for the unconditional single period CAPM.  
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We observe two interesting features in these graphs: first, for the most part our estimated 

term structures imply a higher cost of capital than the traditional CAPM; and second, the shape of 

the yield curve is downward sloping. We discuss these findings next. 

The first feature in the data is a consequence of the counter-cyclical nature or REIT betas 

(e.g., Case, Yang, and Yildirim, 2012). The conditional CAPM allows for time variation in beta 

as well as the market risk premium, and may be stated as follows: 

    𝐸𝑡[ 𝑅𝑅𝐸𝐼𝑇 𝑡+1 − 𝑅𝑓 𝑡]  = 𝐸𝑡[ 𝑅𝑚 𝑡+1 − 𝑅𝑓 𝑡 ] 𝐸𝑡[ 𝛽𝑡+1 ] + 𝐶𝑜𝑣𝑡[ ( 𝑅𝑚 𝑡+1 − 𝑅𝑓 𝑡), 𝛽𝑡+1 ] 

We note that the traditional CAPM of Sharpe (1964) does not allow random behavior in beta and 

the market risk premium, therefore the second term on the right side of the equal sign is zero. Even 

if one allowed a time-varying beta, but a constant market risk premium, the traditional CAPM 

would still set the second term at zero. But the 𝐶𝑜𝑣𝑡[ ( 𝑅𝑚 𝑡+1 − 𝑅𝑓 𝑡), 𝛽𝑡+1 ]  is likely to be 

positive because REIT betas and the market risk premium tend to go up in bad economic times 

and fall during the expansionary side of the business cycle (e.g., Fama and French, 1989). The 

higher cost of capital estimates we observe in Figure 1 is in agreement with the additional risk 

present in the data and in the conditional CAPM.  

 The second notable feature in the data is the inverted cost of capital curve, on average, for 

the industry and the three subsectors. This result is consistent with the finding in the literature (e.g., 

Lettau and Wachter, 2007) that short- and intermediated- horizon cash flows require a higher 

discount rate than long-dated flows. In other words, if REITs are classified as value firms rather 

than growth firms, then cash flows generated by REITs require a higher cost of capital, on average. 

From figure 1, panel 1.1 we observe that the cost of capital for the REIT industry is 10.88 percent 

for one year cash flows, and gradually converges to 10.39 percent for a 30 year zero coupon equity 

strip. The average difference between the short and long rates is relatively small, but the impact 
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on discounted sequences of cash flows may be substantial. The difference between our term 

structure and the constant estimate of 8.90 percent from the unconditional CAPM is much more 

substantial: it ranges from roughly 2 percent at the short end to 1.5 percent for long rates. The 

economic implication is that cost of capital estimates based on the single period CAPM, on 

average, lead to upward biased net present values estimates.   

We observe a similar pattern for the two subsectors in Panel 2 for Equity and 4 Hybrid 

REITs. But for the mortgage REIT sector two aspects of Panel 3 deserve special attention. First, 

we observe that the slope of the yield curve is much steeper for one year cash flows the cost of 

capital is 10.65. But falls to 4.57 percent for long maturity flows. And second, for  equal to 8 

years our estimate of t)( = 8.92 percent is virtually the same as the single period CAPM cost of 

capital. The cross-over point at 8 years is remarkably close to the average life of a mortgage, 

therefore for a mortgage REIT discounting with the single period CAPM may be a satisfactory 

solution. We discuss this point further in section 5.D. 

5.C   TEMPORAL BEHAVIOR OF THE TERM STRUCTURE 

 In section 5.A we described our sample period from 1975 thru 2016 as a rather turbulent 

one. In this section we show that the cost of capital for REITs was indeed quite variable over this 

period. Figure 2 plots the time series of t)(  for cash flow maturity of 1-, 10-, and 30-years 

over the sample period from 1975Q4 thru 2016Q3. The solid line plots the cost of capital for 1-

year maturity, dash line is for 10-years, and the dotted line is the time series for the 30-year mark. 

 Panel 2.1 shows that in the 1970s and early 80s, when the U.S. economy was in a period 

of high unemployment and inflation (the so-called stagflation), the cost of capital was high and 

very volatile. Our term structure estimates were consistently greater than 10 percent across the 
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maturity spectrum. We note also that during this period the cost of capital yield curve was 

constantly inverted: short term projects required a higher discount rate. 

 It is interesting to find that the yield curve becomes upward sloping during the early 1990s 

at the same time that the modern REIT era got underway. For a dozen years starting in 1995, the 

short end of the yield curve falls to the 5 to 6 percent range, while the long rate stays below 10 

percent. It is no coincidence that during this period the REIT industry (along with commercial real 

estate) enjoyed a strong bullish market. This outcome is predicted by the conditional CAPM: if 

beta for REIT firms is countercyclical, then we should expect a lower cost of capital during good 

economic times. The unconditional CAPM, based on constant beta and constant market risk 

premium, cannot capture cost of capital variation across business cycles. 

The good economic times for real estate came to an end in 2007 with the collapse of the 

housing market. The chaos experienced by financial markets between 2008 and 2009 can be seen 

in Figure 2: our cost of capital estimates, for τ = 1, range from minus 9 percent in 2008Q4 to +30 

percent in 2009Q3. Negative estimates are possible because our theoretical model belongs to the 

class of essentially affine asset pricing models, and therefore our model does not restrict the cost 

of equity capital to be positive for all time periods and τ. This outcome is well known in the bond 

pricing literature (e.g., and Backus, Foresi, Mozumdar, and Wu, 2001, and Dai and Singleton, 

2003). The view expressed in this literature is that linear/quadratic asset pricing models are 

invaluable tools for theory and empirical analysis, therefore the possibility of negative cost of 

capital estimates is taken as a small inconvenience. 

 The more interesting result, however, is the behavior of the term structure after the great 

recession. The shape looks like that observed in the early 1990s at the start of the modern REIT 
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era. The slope is again positive with long term rates falling to roughly 10 percent, and short rates 

falling to the 5 percent range.  

 Panels 2 for Equity REITs and 4 for Hybrids reveal similar time series variability as the 

overall industry. But for Mortgage REITs in Panel 3 we find that the cost of curve is almost always 

inverted. The only exception is the great recession, where the 1 year discount rate is -11.49 percent. 

The main take away from Figures 1 and 2 is that the cost of capital is highly variable both 

across time, maturities and sectors. In the next section we examine the size of the potential error 

when discounting cash flows with a constant cost of capital, such as the CAPM, vs. our term 

structure estimates.  

5.D    DISCOUNTED CASH FLOW ANALYSIS 

Survey evidence by Graham and Harvey (2001) suggests that large U.S. based corporations 

discount expected future cash flows with a constant cost of equity capital obtained from the single 

period CAPM. An alternative rule of thumb to obtain discount rates is to add a constant risk 

premium to the going rate of interest. The empirical evidence just presented shows that discount 

rates display substantial variability across the business cycle, maturity date, and sectors of the 

REIT industry. It is a worthwhile question to ask: What is the error in using a constant cost of 

capital to discount cash flows?  

 Suppose a financial manager would like to discount an annuity where the expected annual 

cash flow is $1 for 30 years. Let  𝑃𝑉CAPM stand for the present value when the manager relies on 

the traditional CAPM to determine risk adjusted discount rates, and let 𝑃𝑉Term Structure  be the 

present value obtained from our term structure. We define the mispricing error as: 

Pricing Error = 
𝑃𝑉CAPM−𝑃𝑉Term Structure

𝑃𝑉Term Structure
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We examine potential errors in three time periods: 2016Q3, which corresponds to the last quarter 

in our sample, 2009Q2, the bottom of the great recession, and 2007Q3 corresponding to the top of 

the last business cycle before the great recession.  

The results are presented in Table 3 for the REIT industry as a whole, followed by Equity, 

Mortgage, and Hybrid REITs. First of all, we observe that the level of mispricing is even more 

pronounced than we expected from our numerical example is section 2.C. For example, we find 

that the pricing errors range from a low of -61% for Equity REITs in 2007 to +51 percent in 2016 

for Hybrids. The second observation, before a detailed discussion of Table 3, is that there is a large 

degree of variability even in present values obtained with the unconditional CAPM. The reason 

for this outcome is that while the theoretical beta is a constant parameter, empirical estimates are 

based on a rolling window regression; as the sample changes, beta estimates will change also. 

Present value estimates based on our term structure model are consistently higher in 

2007Q3 than those obtained by the unconditional CAPM. The Pricing error for the overall industry 

is -27.40 percent and is even greater, in absolute value, for mortgage REITs at -60.86 percent. This 

result may be explained as follows: From the beginning of the modern REIT era until 2007 the 

industry experienced a remarkable bullish market. During this period, REIT betas were relatively 

stable and low; the market risk premium predicted by our model was unusually low at 4.89 percent. 

Our estimated yield curve is conditional on the state of the economy as reflected in these values; 

therefore, it is a natural outcome that discounted cash flow values would be higher. 

The results for 2009 capture the cost of capital spike during the great recession: discounted 

values are for the most part substantially lower than at the peak of the business cycle in 2007. The 

one exception is Mortgage REITs for both models. Mortgage REITs benefited greatly from the 
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drop in level and slope of the yield curve. Our own term structure was downward sloping starting 

at 12.6% for τ =1 and ending at 3.96% for τ=30. 

 Last peculiar observation is for 2016. PV with our term structure across the industry, Equity 

and Hybrid are very similar. Not so for Mortgage. Again, the term structure of Mortgage REITs is 

downward sloping: for τ=1, the cost of equity capital is 6.75% while for τ=30, the cost of equity 

capital is 2.87%. Similarly, for 2016. PV with CAPM, Industry, Equity and Mortgage are very 

similar. Not so for Hybrid. Hybrid REITs has an unusually low beta with a value of 0.383. 

 

 

 

 

6.     CONCLUSION 

 

The static or unconditional CAPM appears to have been rejected by the real estate literature 

as a model for the cost of equity capital for REITs. There are many reasons for this outcome but 

the most important one is that markets are dynamic, and betas for real estate firms have been shown 

to be anything but constant. Our paper starts with two assumptions: first, betas and the market risk 

premium are time-varying, and second the CAPM holds period by period. We then show, both in 

theory and in practice, that the cost of capital must be time-dependent and must obey a term 

structure similar to the term structure for zero coupon bonds. 

The main contribution of our paper is to estimate the “yield curve” for the REIT industry, 

and three subsectors: Equity, Mortgage, and Hybrids. On average, we find the yield curve to be 

inverted, but the average masks quite a bit of variability over the business cycles. During the entire 

sample period we find the slope to be both positive and negative depending on the state of the 

macro economy. In fact, we observe that both level and slope are highly variable. A consequence 
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of these results is that capital budgeting decisions, based on unconditional cost of capital estimates 

and for all cash flow maturity dates, may be seriously flawed.  

We hope this paper will inspire more research on the cost of capital and topics related to 

asset valuation. We offer several ideas for future research. First, instead of the conditional CAPM, 

one could use a stochastic discount factor approach with one or two priced factors to simplify our 

model. A second line of research might explore how to compute the yield curve for non-traded 

REITs. Third, and last, we believe our model can be used to estimate the duration of equity REITs. 

Such estimates could then be compared to typical duration estimates based on a constant cost of 

capital model. 

 

References  

Ambrose, B., D. Lee and J. Peak. 2007. “Comovement After Joining an Index: Spillovers of Non 

Fundamental Effects,” Real Estate Economics, 35: 57–90. 

 

Ang, A., and J. Liu, 2004. “How to discount cash flows with time-varying expected returns,” 

Journal of Finance, 59: 2745-2783. 

 

Bracke, P., Pinchbeck, E., and Wyatt J., 2018, “The time value of housing: historical evidence on 

discount rates,” The Economic Journal, 128, 1820-1843. 

 

Breeden, D., 1979. “An Intertemporal Asset Pricing Model with Stochastic Consumption and 

Investment Opportunities,” Journal of Financial Economics 7: 265-296. 

 

Breidenbach, M., G. Mueller and K. Schulte. 2006. “Determining Real Estate Betas for Markets 

and Property Types to Set Better Investment Hurdle Rates,” Journal of Real Estate Portfolio 

Management 12: 73-80. 

 

Brennan, M., 1997. “The Term Structure of Discount Rates.” Financial Management, 26: 81-90.  

 

Boguth, O., M. Carlson, A. Fisher, and M. Simutin, 2011, “Dividend Strips and the Term Structure 

of Equity Risk Premia: A Case Study of the Limits of Arbitrage,” WorkingPaper. 

 

Bollerslev, T., R. F. Engle and J. M. Wooldridge, 1988, “A Capital Asset Pricing Model with 

Time-Varying Covariance.” Journal of Political Economy 96, 116-131. 

 

 Electronic copy available at: https://ssrn.com/abstract=3315679 



31 

 

Campbell, J., 1987, “Stock Returns and the Term Structure,” Journal of Financial Economics, 18: 

373–399. 

 

Case, B., M. Guidolin and Y. Yildirim. 2013. “Markov Switching Dynamics in REIT Returns: 

Univariate and Multivariate Evidence on Forecasting Performance,” Real Estate Economics 

42: 279-342. 

 

Case, B., Y. Yang and Y. Yildirim. 2012. “Dynamic Correlations among Asset Classes: REIT and 

Stock Returns,” Journal of Real Estate Finance and Economics 44: 298–318. 

 

Chiang, K., M. Lee and C. Wisen. 2005. “On the Time-Series Properties of Real Estate Investment 

Trust Betas,” Real Estate Economics 33: 381-396. 

 

Clayton, J. and G. Mackinnon. 2001. “The Time-Varying Nature of the Link Between REIT, Real 

Estate and Financial Asset Returns,” Journal of Real Estate Portfolio Management, 7: 43-54. 

 

Clayton, J., and G. Mackinnon. 2003. “The Relative Importance of Stock, Bond and Real Estate 

Factors in Explaining REIT Returns,” Journal of Real Estate Finance and Economics 27: 39-

60.   

 

Corgel, J. and C. Djoganopoulos. 2000. “Equity REIT Beta Estimation,” Financial Analyst 

Journal, 56: 70-79.  

 

Cosemans, M., R. Frehen, P. Schotman, and R. Bauer, 2016, “Estimating Security Betas Using 

Prior Information Based on Firm Fundamentals.” Review of Financial Studies, 29: 1072-1112. 

Dai, Q. and K. Singleton, 2003, “Term Structure Dynamics in Theory and Reality.” Review of 

Financial Studies, 16: 631-678. 

 

Draper, D. and M. Findlay. 1982. “Capital Asset Pricing and Real Estate Valuation, Journal of the 

American Real Estate and Urban Economics Association, 10: 152–83. 

 

Decain, P., 1994. “Determining the Discount Rate from a CAPM Equation,” Real Estate Review, 

24: 33-35. 

 

Engle, R. F. 2016 “Dynamic Conditional Beta.” Journal of Financial Econometrics, 14(4), 643-

667. 

 

Fama, E., and J. MacBeth, 1973, “Risk, return and equilibrium: Empirical tests.” Journal of 

Political Economy 71: 607-636. 

 

Fama, E., 1977, “Risk-Adjusted Discount Rates and Capital Budgeting Under Uncertainty,” 

Journal of Financial Economics, 5 (August): 3-24.  

 

Fama, E., and K. French, 1989, “Business Conditions and Expected Returns on Stocks and Bonds,” 

Journal of Financial Economics, 25, 23–49. 

 

 Electronic copy available at: https://ssrn.com/abstract=3315679 



32 

 

Fama, E., and K. French, 1992, “The cross-section of expected returns,” Journal of Finance 47, 

427–465. 

 

Fama, E., and K. French, 2002, “The Equity Premium,” Journal of Finance 57, 637–659. 

 

Fama, E., and K. French, 2015, “A Five-Factor Asset Pricing Model,” Journal of Financial 

Economics, 116, 1–22. 

 

Feltham G. and Ohlson J., 1995, “Valuation and Clean Surplus Accounting for Operating and 

Financial Activities,” Contemporary Accounting Research 11, 689-731. 

 

Feng, Z., C. Ghosh and C. F. Sirmans. 2006. “Changes in REIT Stock Prices, Trading Volume and 

Institutional Ownership Resulting from S&P REIT Index Changes,” Journal of Real Estate 

Portfolio Management, 12: 59–71. 

 

Ferson, W., and C. Harvey, 1999, “Conditioning Variables and the Cross Section of Stock 

Returns,” Journal of Finance 54, 1325-1360. 

 

Galai, D. and R. Masulis, 1976, “The Option Pricing Model and the Risk Factor of Stock”, Journal 

of Financial Economics, 3:  53-81. 

 

Geltner, D. 1989, “Estimating Real Estate's Systematic Risk from Aggregate Level Appraisal 

Based Returns”, AREUEA Journal 17, 463-481. 

 

Giglio, S., M. Maggiori, J. Stroebel, and A. Weber, 2015. Climate Change and Long-run Discount 

Rates: Evidence from Real Estate. National Bureau of Economic Research. 

 

Goldstein, A. and E. Nelling. 1999. “REIT Return Behavior in Advancing and Declining Stock 

Markets,” Real Estate Finance, Vol. 15, 68-77. 

 

Gomes, J., L. Kogan, and L. Zhang. 2003. “Equilibrium cross-section of returns.” Journal of 

Political Economy 111: 693-732.  

Graham, J., and C. Harvey, 2001, “The Theory and Practice of Corporate Finance: Evidence from 

the Field,” Journal of Financial Economics, 60, 187-244. 

Harvey, C., 1989, “Time-varying Conditional Covariances in Tests of Asset Pricing Models,” 

Journal of Financial Economics 24, 289-317. 

Hoesli, M. and C. Serrano. 2007. “Securitized Real Estate and Its Link with Financial Assets and 

Real Estate: An International Analysis,” Journal of Real Estate Literature, 15: 59-84.  

Khoo, T., D. Hartzell, and M. Hoesli. 1993. “An Investigation of the Change in Real Estate 

Investment Trust Betas,” Journal of the American Real Estate and Urban Economics 

Association, 21: 107–130. 

 

 Electronic copy available at: https://ssrn.com/abstract=3315679 



33 

 

Lettau, M., and J. Wachter, 2007, “Why is Long-horizon Equity Less Risky? A Duration-based 

Explanation of the Value Premium,” Journal of Finance 62, 55 –92. 

 

Ling, D. and A. Naranjo. 2003. “The Dynamics of REIT Capital Flows and Returns,” Real Estate 

Economics, 31: 405-434. 

 

Livdan, D., H. Sapriza, and L. Zhang. 2009. “Financially constrained stock returns.” Journal of 

Finance 64:1827-1862. 

 

McIntosh, W., Y. Liang and D. Tompkin. 1991. “An Examination of the Small-Firm Effect within 

the REIT Industry,” Journal of Real Estate Research, 6: 9-17. 

 

Merton, R., 1973, An Intertemporal Capital Asset Pricing Model, Econometrica, 41: 867-887. 

 

Ott, S., T. Riddiough and H. Yi. 2005. “Finance, Investment, and Investment Performance: 

Evidence from the REIT Sector,” Real Estate Economics 33: 203-235. 

 

Pai, A. and D. Geltner. 2007. “Stocks Are from Mars, Real Estate Is from Venus,” Journal of 

Portfolio Management, 33:134-144. 

 

Pastor, L., and P. Veronesi, 2003, “Stock Valuation and Learning About Profitability,” Journal of 

Finance 58, 1749–1789.  

 

Petkova, R., and L. Zhang, 2005, “Is Value Riskier than Growth?” Journal of Financial 

Economics, 78: 187-202.  

 

Ross, S. 1976. “The arbitrage theory of capital asset pricing,” Journal of Economic Theory 13: 

341–360. 

 

Sing, T., I. Tsai, and M. Chen, 2016, “Time-varying Beta of US REITs from 1972 to 2013,” The 

Journal of Real Estate Finance and Economics 52, 50–72. 

 

Sharpe, W., 1964, “Capital Asset Prices: A Theory of Market Equilibrium under Conditions of 

Risk,” Journal of Finance 19, 425-442. 

 

Steiner, E., and T. Riddiough. 2018. “Financial Flexibility and Manager-Shareholder Conflict: 

Evidence from REITs.” Real Estate Economics. Forthcoming. 

 

Van Binsbergen, J., M. Brandt, and R. Koijen, 2012, “On the Timing and Pricing of Dividends.” 

American Economic Review, 102: 1596-1618. 

 

Van Nieuwerburgh S., 2018, “Why are REITS Currently So Expensive?,” forthcoming in  Real 

Estate Economics. 

 

 Electronic copy available at: https://ssrn.com/abstract=3315679 



34 

 

Yang, J., Y. Zhou, and L. Wai. 2012. “Asymmetric Correlation and Volatility Dynamics among 

Stock, Bond, and Securitized Real Estate Markets,” Journal of Real Estate Finance and 

Economics, 45: 491-521.  

 

Zhou, J. 2013, “Conditional market beta for REITs: A comparison of modeling techniques,” 

Economic Modelling, 30: 196-204.      

  

 Electronic copy available at: https://ssrn.com/abstract=3315679 



35 

 

Table 1: Descriptive Statistics for the Real Estate Investment Trust (REIT) industry; this sector 
includes all U.S. publicly traded firms with SIC code 6798. Our sample consists of 510 REITs and 
20,573 firm-quarter observations over the period 1975Q4 thru 2016Q3. All $ amounts in millions. 
The table includes statistics for the overall industry and three subsectors: Equity, Mortgage and 
Hybrid REITs. We report the 5th, 50th, and 95th percentile as well as mean and standard deviation. 
 

Variables  P5 P50 P95  Mean STD 

        

REIT  Industry (N = 20,573)  
   

 
  

Income Before Extra. Items  -25.7 12.5 220.2  45.3 152.2 

Market Capitalization  9.5 375.7 6,300.6  1,541.5 3,745.6 

Total Assets  26.7 777.6 10,387.9  2,658.7 6,603.3 

Book to Market Ratio  0.231 0.710 2.345  0.994 1.418 

Financial Leverage  0.700 1.730 12.359  3.813 10.497 

  
   

 
  

Equity REITs (N = 16,232)  
   

 
  

Income Before Extra. Items  -23.8 14.8 214.3  47.0 140.3 

Market Capitalization  11.6 507.8 7,062.2  1,768.2 4,064.8 

Total Assets  28.7 875.3 9,101.6  2,305.6 3,923.5 

Book to Market Ratio  0.208 0.642 2.001  0.88 1.403 

Financial Leverage  0.674 1.564 6.684  2.569 4.311 

        

Mortgage REITs (N = 2,652)        
Income Before Extra. Items  -97.5 10.9 310.0  52.2 232.9 

Market Capitalization  7.7 202.0 3,227.2  802.8 1,694.8 

Total Assets  21.9 1,450.6 20,486.1  6,035.0 15,005.5 

Book to Market Ratio  0.523 1.101 3.676  1.413 1.260 

Financial Leverage  1.032 5.565 28.66  10.67 24.795 

        

Hybrid REITs  (N = 1,689)        

Income Before Extra. Items  -10.6 4.9 79.4  17.9 84.7 

Market Capitalization  2.9 59.5 1,359.3  522.0 2,280.9 

Total Assets  22.3 173.1 2,454.2  750.3 2,647.6 

Book to Market Ratio  0.333 1.008 4.593  1.431 1.570 

Financial Leverage  0.816 2.349 16.265  5.005 10.419 
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Table 2: Descriptive Statistics for the state variables. Panel A reports statistics for: ROE, 

annualized return on book equity. Growth Rate (g), the annualized growth rate in book value, and 

Beta. ROE is calculated by dividing the sum of 4 quarterly earnings by the book value of common 

equity at the beginning of the first quarter. Growth Rate is the log of growth in book value from 

the previous year to the current year. Beta is the posterior beta calculated from models in 

section 4.D. Panel B reports statistics for macro variables used to estimate Bayes Beta and the 

expected conditional market risk premium from the model in section 4.A. 

 

  Panel A      
P5 P50 P95  Mean      STD 

REITs Industry 

   
 

  

ROE 0.0475 0.1027 0.1747  0.1091 0.0404 

Growth Rate -0.0861 0.0310 0.1224  0.0291 0.0562 

Βeta 0.2349 0.4745 1.0161  0.5381 0.2696     
 

  

Equity REITs 
   

 
  

ROE 0.0481 0.1010 0.1803  0.1095 0.0434 

Growth Rate -0.1237 0.0266 0.1223  0.0264 0.0667 

Βeta 0.2178 0.5061 1.0110  0.5561 0.2838     
 

  

Mortgage REITs 
   

 
  

ROE -0.1489 0.1021 0.2406  0.1004 0.1873 

Growth Rate -0.1689 0.0202 0.2135  0.0405 0.1905 

Βeta 0.0238 0.4449 1.2088  0.5158 0.3649 

       

Hybrid REITs 
   

 
  

ROE 0.0074 0.1185 0.1828  0.1138 0.0503 

Growth Rate -0.0442 0.0426 0.1299  0.0449 0.0553 

Βeta 0.1426 0.3623 0.9880  0.4416 0.3027 

       

 

 

 
 

 

  Panel B     

       Variable P5 P50 P95  Mean STD 

RM-Rf -0.163 0.136 0.371  0.125 0.171 

Rf 0.000 0.051 0.113  0.048 0.036 

DIV 1.322 2.515 5.074  2.882 1.184 

DEF 0.610 0.965 2.050  1.105 0.463 

TERM -0.660 1.480 3.000  1.259 1.187 

CAY -0.029 0.006 0.029  0.004 0.019 
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Table 3: Discounted Cash Flow Analysis This table compares the present value of a $1cash 

flow expected annually for 30 years. 𝑃𝑉CAPM  stands for the annuity present value when the 

discount rate is obtained from the unconditional CAPM. 𝑃𝑉Term Structure stands for the present 

value obtained using our term structure model. The mispricing error is: 

Mispricing = 
𝑃𝑉CAPM−𝑃𝑉Term Structure

𝑃𝑉Term Structure
  

 

REIT Type 
Time 

Period 
 

𝑃𝑉Term Structure   𝑃𝑉CAPM  Mispricing Errors % 

      

Industry 2007 Q3  9.11 6.61 -27.40% 

 2009 Q2  5.57 5.34 -4.14% 

 2016 Q3  11.50 14.35 24.85% 

      

Equity 2007 Q3  9.10 6.81 -25.10% 

 2009 Q2  5.09 5.11 0.36% 

 2016 Q3  11.28 14.53 28.85% 

      

Mortgage 2007 Q3  12.72 4.98 -60.86% 

 2009 Q2  13.30 8.01 -39.74% 

 2016 Q3  16.51 14.65 -21.06% 

      

Hybrid 2007 Q3  9.68 6.19 -36.00% 

 2009 Q2  6.78 5.35 -4.14% 

 2016 Q3  11.54 17.47 51.38% 
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Figure 1  Term Structure Cost of Capital for REITs 

We plot the cost of capital t)(  as a function of risky cash flow maturity measured in years. 

Figure 1.1 shows the term structure for the REIT industry, Figures 1.2 thru 1.4 are estimates for 

Equity, Mortgage, and Hybrid REITs, respectively. Each figure includes a horizontal (dotted) line 

for the unconditional single period CAPM. The estimates are based on data for all U.S. publicly 

traded real estate investment trusts from 1975Q4 to 2016Q3.  

 

 

Panel 1.1 REITs Industry 

 
 

 

 

 

Panel 1.2  Equity REITs 
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Panel 1.3 Mortgage REITs 

 

 
 

 

Panel 1.4 Hybrid REITs 
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Figure 2  Time Series Behavior of the Term Structure Cost of Capital.  We plot the 

cost of capital t)(  as a function of time for cash flow maturity of 1-, 10-, and 30-years. The 

solid line is for 1-year, dash line is for 10-years, and the dotted line is the time series for the 30-

years to maturity. Panel 1 shows the term structure for the REIT industry, while Panels 2 thru 4 

describe Equity, Mortgage, and Hybrid REITs, respectively. The data sample spans the period 

from 1975Q4 to 2016Q3.  

 

Panel 2.1 REITs Industry 
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 Electronic copy available at: https://ssrn.com/abstract=3315679 



41 

 

 

Panel 2.3 Mortgage REITs 
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APPENDIX A:  Proof of Equation (6)   

The proof is by induction. The initial conditions may be derived by determining the present value 

of a cash flow expected one period from now: ][)1( 1


 ttt CeE  V t
 . Assuming that expected 

returns follow the conditional CAPM, and cash flows obey clean surplus accounting, the current 

value equals ][ 11  
 ttt gROE

tt eeEBe
 . To find a closed form solution in terms of the current 

variables in the state vector tY , observe that the single period discount rate t  is analogous to 

ttt YYYe  ''3 . Moreover, return on equity is the first element of the state vector, 

11 '1   tt YeROE , and growth in book equity is the second element, 11 '2   tt Yeg . Therefore, the 

current price is ][)1( 11 '2'1)''3(  
 ttttt YeYe

tt
YYYe

t eeEBe V . By log-normality,  

)'1()2/1()'1('1 111 ][  
 ttttt YeVarYeEYe

t eeE , 

 and the conditional mean and variance are, respectively: ])[('1)'1( 1 ttt YYIeYeE   ,  and 

1'1)'1( 1 eeYeVar tt  . Similar logic applies to the expected growth in book equity ][ 1'2 tYe
t eE ; 

the solution for the price of a one period equity is: 

 

][)1(
)1('')1()1()1('')1()1( tttttt YGYYDCYGYYBA

tt eeB V


                                                (A1) 

where the coefficients )1(A  thru )1(G  are:  
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                                        (A2) 

Equation (A2) verifies the initial conditions. Next, we assume the solution holds for the price of a  

1  zero coupon equity, and show that it holds for   as well. Note that 
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We show that the expectation of the first term inside the square bracket, related to the return on 

book equity, is as follows: 
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where )1('])[(2)'1('2'   GYYIBeH t . To obtain this expectation, we note that ε is a 

multivariate normal random variable, thus the expected value may be computed by completing the 

square. Define the mean vector VHm '' , and the matrix GV 211  
; then, the solution is: 
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The last equality follows from the fact that the integral inside the square brackets is the total 

probability of a normal variable with mean vector m and variance matrix V, hence it must add up 

to 1.9 Therefore,   
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Matching coefficients separately on the constant, the row vector multiplying tY , and the matrix for 

the quadratic form with the coefficients in ttt YGYYBA
e

)('')()(  
shows that the recursions for 

𝐴(𝜏), 𝐵(𝜏)′ , and 𝐺(𝜏) hold. A similar exercise may be use to show that the coefficients in the 

exponential ttt YGYYDC
e

)('')()(  
 obey the recursions for 𝐶𝜏)  and (𝜏)′  , and the proof is 

complete. 
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APPENDIX B:  Proof of Equation (7)  

 

The proof is by induction. For τ=1, assuming cash flows obey clean surplus accounting, the 

conditional expected value equals ][ 11   tt gROE
tt eeEB . Return on equity is 11 '1   tt YeROE , 

and growth in book equity is 11 '2   tt Yeg . By log-normality, 𝐸𝑡[𝑒𝑒1′𝑌𝑡+1] =

𝑒𝐸𝑡(𝑒1′𝑌𝑡+1)+(1/2)𝑉𝑎𝑟𝑡(𝑒1′𝑌𝑡+1) ; the conditional mean and variance are, respectively: 

])[('1)'1( 1 ttt YYIeYeE   , and 1'1)'1( 1 eeYeVar tt  . We set the intercept  

1'1½)()('1)*1( eeYIeA    and slope vector '1'*)1( eB  , from which we obtain the 

                                                 
9  This result was first obtained by Constantinides (1992) in continuous time for univariate ε, and generalized to 

multivariate normal variables by Ang and Liu (2004).    
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expected return on equity: tt YBA
t

ROE
tt eBeEB

)*'1(*)1(
][ 1 
 . Repeat for 11 '2   tt Yeg  to show 

that the initial conditions are valid.  

 Next, we show that the solution holds for arbitrary zero coupon equity strips with 1  

periods to maturity. Note that ][][ 1111 '*)(*)('2)...(  
 ttttt YBAYe

t
ROEgg

t eeEeE
 , by 

the rules of log-Normal variables we need the mean and variance: 
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Setting coefficients equal we obtain the recursions for *)1( A  and '*)1( B . A similar process 

may be used to show that for the cumulative growth rate in book equity we have  

 ttt YDC
t

gg
t eBeE

'*)(*)(...
][ 1  
 , and the proof for Equation (7) is complete. 

 

 

APPENDIX C:  Estimation of Market Beta  

C.1     PRIOR DISTRIBUTION MODEL FOR MARKET BETA 
We follow the empirical literature (e.g., Petkova and Zhang, 2005, and Cosemans et. al., 2015) 

and model time-varying beta as a linear function of firm size (SIZE), book-to-market (BM), 

Operating leverage (OP_LEV), and Financial leverage (FIN_LEV). The literature also indicates 

that the relationship between beta and firm characteristics changes with the economic 

environments. We use the default spread (DEF) to measure general business conditions. The 

default spread, measured as the difference in yield to maturity between Baa rated corporate bonds 

and Aaa rated bonds, is lower during economic expansions and higher in recessions. Thus, our 

prior information for beta is a conditional model specified as follows: 

     

11,611,51,4

1,31,21,11,1,0
*
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ttittiti

titititiitit
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        (C1)   

We assume that the intercept term i,0   and slope coefficient on the business cycle variable DEF, 

i,1 , vary across our sample of REITs to capture unobserved variation across firms. The slope 

coefficient vector ),,,,,(' 654321    does not carry the i subscript as we assume that the 

relationship between beta and firm characteristics is constant across firms. This specification 

should yield more efficient parameter estimates.  
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C.2    TIME SERIES SPECIFICATION FOR TIME-VARYING BETA 
We define stir ,  as the daily return for portfolio i for day s, in excess of the riskless rate, and stmr ,  

as the corresponding excess market portfolio return. The time index s covers a six months period 

ending on the last trading day of month t and beginning 125 trading days earlier. Consider the 

rolling window regression of portfolio return i on a constant and the market return:  

       stistmtitisti rr ,,,,,                 (C2) 

The intercept i  is the risk-adjusted return, and the slope i  measures systematic, or market, risk. 

The idiosyncratic return sti ,  is modeled as a sequence of identically, independently distributed 

random variables with zero mean and variance ][ iV  . Assuming actual and idiosyncratic returns 

are normally distributed, the estimated rolling window (RW) betas 
RW

ti,̂  are also normal with 

mean ti,  and variance  12
,

2
, )(ˆ]ˆ[ 

s

sm
RW

ti rV  , where 
2ˆ  is the residual error variance 

estimate for the month t regression. 

 

C.3     BAYES CONDITIONAL BETA MODEL 
The Bayesian beta model proposed by Cosemans et. al. (2015) is based on the combination of two 

estimates: rolling window, and market beta based on fundamental firm characteristics (FC). In the 

spirit of Bayesian analysis we take the prior distribution to be normal with mean 
*

1| tti (Equation 

C1) and variance ]ˆ[ 1,
FC

tiV  , where 
FC

ti 1,
ˆ

  is the fundamentals beta estimator. Then, the posterior 

beta for portfolio i at the end of month t is  

       
RW

titi
FC

tititti ww ,,1,,
*

|
ˆ)1(ˆˆ               (C3) 

where the corresponding shrinkage weight tiw ,  is based on the variance ratio 
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ti

ti
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           (C4) 

We discuss the methodology to obtain 
FC

ti 1,
ˆ

  and its variance below; but first we note that 

Equation (C3) is standard Bayesian econometrics. The posterior mean 
*

|
ˆ

tti  is a weighted average 

of the prior beta, conditional on firm characteristics, and the rolling window beta. Equation (C4) 

shows that if the variance ]ˆ[ 1,
FC

tiV   is relatively small, then firm characteristics play a dominant 

role in determining the posterior beta. Conversely, precise estimates from the rolling window beta, 

low variance ]ˆ[ ,
RW

tiV  , lead to a larger role for time series information. 

To obtain 
FC

ti 1,
ˆ

  and its variance, we use a panel time-series regression for each period 

ending in month t. We define the excess returns column vector i with sth element sfsi RR ,,  , (s 

= t, t-1, t-2, . . . , t–T+1). Define 1  as a matrix with sth row given by ])[,1( ,,1 sfsms RRDEF  , 
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and let i2  be a matrix of macro and firm specific characteristics for portfolio i with sth row given 

by (𝑆𝐼𝑍𝐸𝑖,𝑠−1, 𝐵𝑀𝑖,𝑠−1, 𝑂𝑃𝐿𝐸𝑉𝑖,𝑠−1
, 𝐹𝐼𝑁𝐿𝐸𝑉𝑖,𝑠−1

, 𝑆𝐼𝑍𝐸𝑖,𝑠−1 ∗ 𝐷𝐸𝐹𝑠−1, 𝐵𝑀𝑖,𝑠−1 ∗ 𝐷𝐸𝐹𝑠−1)[𝑅𝑚,𝑠 −

𝑅𝑓,𝑠] . Then the panel regression model to estimate prior distribution parameters is   
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                             (C5) 

where *
i  is a column vector of constants. The idiosyncratic returns ti  are identically distributed 

with zero mean and variance 
2
 . We assume also independence across time and across firms. 

The firm characteristic beta may be easily obtained as a linear combination of the least 

squares estimators of the slope coefficients in the panel regression, ( ̂ , î ) and two data (row) 

vectors for the month prior to the current month t (
'
11 t , 

'
1,2 ti ): 

        ˆ2ˆ1ˆ '
1,

'
11,   tiit

FC
ti             (C6) 

where ),1(1 1
'
1   tt DEF , and 

'
1,2 ti ,_,_,,( 1,1,1,1,  sisititi LEVFINLEVOPBMSIZE  

)*,* 11,11,  ttitti DEFBMDEFSIZE . Using standard arguments as in Fama and French (1997), 

this beta estimator has mean 
*

1| tit . For the variance, we know from Equation (C6) that 

1,
''

11,
'

1, 2]ˆ,ˆ[122]ˆ[2   tiittiti CovV  . The individual components ]ˆ[,]ˆ[  VV i  and 

]ˆ,ˆ[ 'iCov  may be obtained from the panel regression error variance   1'2ˆ


 , where   is 

the data matrix on the right hand side of equation (C5), and 
2ˆ  is the sample variance of the error 

terms. 
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