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Abstract
This paper uses variation in real estate prices to study Chief Executive Officer (CEO)
pay for luck. We distinguish between pay for luck and pay for responding to luck
(action) by exploiting US GAAP accounting rules, which mandate that real estate
used in the firm’s operations is not marked-to-market. This setting allows us to empir-
ically disentangle pay for luck from pay for action, as a change in the value of real
estate is only accounted for when the CEO responds to changes in property value.
We show that CEO compensation is associated with the following two managerial
responses to changes in real estate values: (i) real estate sales and (ii) debt issuance.
Overall, we show that CEOs are rewarded for taking value-enhancing actions in
response to luck.

Keywords Real estate · Pay for luck · Pay for action · CEO pay
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1 Introduction

Agency theory suggests that boards design efficient compensation schemes to pro-
vide chief executive officers (CEOs) with incentives to maximize shareholder value
(Murphy 1999; Core et al. 2002). In a traditional optimal contracting framework,
shareholders should not compensate CEOs for firm performance driven by exoge-
nous factors (luck) (Holmström 1979). However, several papers show evidence of
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pay for luck, that is, pay that is due to observable lucky events, such as industry or
market performance, and not under the CEO’s control (Bertrand and Mullainathan
1998, 2001; Bebchuk and Fried 2003; Garvey and Milbourn 2006; Bizjak et al. 2008).
More recent agency models suggest that pay for luck can be optimal if the principal
wants to incentivize the agent to forecast or respond to lucky events on the basis of
her or his informational advantages (Axelson and Baliga 2008; Göx 2008; Noe and
Rebello 2011) or to reinforce effort incentives (Chaigneau et al. 2014). In these mod-
els, pay for luck can be interpreted as the CEO being rewarded for his or her response
to a lucky event (which we refer to as pay for action).1 Empirical studies have not
distinguished between pay for luck from pay for responses to luck. In this paper, we
propose a new setting that enables us to make this distinction and study the sensitivity
of CEO compensation to responses to luck.2

We use the variation in the value of firm’s real estate as well as CEO’s actions
in response to this variation to identify pay for luck versus pay for action. In the
absence of financial frictions, actions related to real estate assets (buying or selling)
are value neutral for firms since all transactions are made at fair value and therefore
have zero net present value (NPV). However, when firms are financially constrained,
these transactions can be NPV positive, and firms may be expected to respond to the
favorable real estate market conditions to alleviate these constraints (Chaney et al.
2012; Cvijanović 2014).

We estimate the sensitivity of CEO pay to lucky events and responses to these
events. Building on the identification strategy used in the collateral channel literature
(Balakrishnan et al. 2014), we compare how changes to real estate prices impact CEO
pay for firms that have different amounts of real estate assets on their balance sheets
in 1992. We measure exposure to real estate price changes prior to our estimation
period to alleviate concerns that exposure is endogenously chosen by the manager.
Our empirical models include CEO-firm fixed effects to deal with the endogeneity
of CEO-firm matching and omitted variables at the firm, CEO, and CEO-firm levels,
which implies that time-invariant characteristics of the firm or the manager, such as
talent, are unlikely to drive our results. Consistent with the empirical literature, we
find that CEOs are rewarded for luck. The magnitude of the effect is economically
significant: the sensitivity of CEO pay to real estate luck suggests that a one standard
deviation change in the value of firm real estate is associated with an increase in CEO
compensation of $57,052, evaluated at the mean.

We proceed to estimate the sensitivity of CEO compensation to actions, focusing
on three specific responses to real estate luck: sales of real estate assets, debt issuance,
and sale-and-leaseback (SLB) transactions. We also use changes in accounting
returns to comprehensively capture any action the CEO might have taken in response
to changes in real estate prices. We exploit the fact that, under US accounting
principles (GAAP), real estate asset values are not marked-to-market to identify CEO

1Chiu et al. (2016), for example, examine fluctuations in interest rates, exchange rates, and inflation as
sources of luck in CEO compensation.
2Work on relative performance evaluation (RPE) (Albuquerque 2009; Gong et al. 2011; Bettis et al. 2010;
2018; Lobo et al. 2018; De Angelis and Grinstein 2011) states that the firm performance measures used to
structure CEO pay contracts should exclude the component driven by luck and reflect CEO actions.
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responses in a firm’s financial statements. In response to changes in the value of
firms’ real estate holdings, one should expect to observe changes in firm account-
ing performance only if the CEO takes action.3 Using this procedure, we capture the
sensitivity of pay to action by testing the sensitivity of pay to changes in accounting
returns associated with changes in real estate prices.

Controlling for peer effects (Albuquerque et al. 2013; Bizjak et al. 2008), we find
that the sensitivity of CEO compensation to responses to real estate price changes is
positive and significant, which suggests that CEOs are rewarded for these responses.
The economic magnitude of these rewards is relevant: for instance, a one standard
deviation increase in real estate value induced change in return on assets (ROA) is
associated with an increase of $32,733 in total CEO compensation. After considering
CEOs’ responses to real estate value changes, our estimates of pay for luck remain
overall economically and statistically significant. Note that, in cases when the optimal
response of the manager to changes in real estate value is “no action,” say, not selling
a property, the “no action” response to luck is still embedded in the estimate of pay
for luck. For this reason, our measure is conservative in capturing actions associated
with real estate value changes.4

Next we investigate whether the responses to luck are valuable for shareholders.
Shareholders are expected to reward a CEO for responding to a lucky event when that
action increases shareholder value (Murphy 1999; Core et al. 2002). Even though it
is arguably difficult to evaluate and directly test whether actions are optimal, because
we cannot observe the counterfactual in our setting, we can still evaluate whether,
on average, common responses to real estate luck add value for shareholders. To
do this, we explore cross-sectional variation in firms’ financing constraints and the
quality of their corporate governance. The rationale is that most actions taken as a
response to real estate luck, such as debt issuance using real estate as collateral, are
more valuable for financially constrained firms. We find that rewarding CEOs for
responses to real estate luck is more pronounced for financially constrained firms
and for well-governed ones, suggesting that these firms incentivize their CEOs to
respond to lucky real estate events or compensate them ex post for their actions.
We also run an event study on SLB transactions. We find that these transactions are
associated with significant positive cumulative abnormal returns (CARs) around the
announcement date, suggesting that these CEO actions are value increasing. Taken
together, these results suggest that these actions create value for shareholders.

3Real estate luck might still be reflected in accounting returns in the following situations: extremely neg-
ative real estate shocks, when the firm can write off real estate assets, and real estate rentals. We deal with
the first case by excluding extreme negative shocks from the analysis and the second by adjusting account-
ing returns for the effect of rental expenses. Further, since real estate assets held for sale or investment
property are marked-to-market, both accounting and market performance are expected to be affected by
real estate changes, despite managerial actions. These assets typically represent a very small fraction of
the firms’ assets, and most of firms do not hold them.
4With our identification strategy, we still cannot capture the ability of the CEO to forecast real estate price
changes, and therefore compensating for this ability may still be part of the estimated pay for luck.
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To address the concern that real estate prices are correlated with an unobserved
variable not under the CEO’s control but correlated with CEO compensation (e.g.,
aggregate demand), we use the inelasticity of land supply as an exogenous regressor
for real estate prices. To mitigate measurement error related to real estate holdings
outside the headquarters’ location, which we use to capture real estate value changes,
we use data on a firm’s location-specific real estate holdings from Garcı́a and Norli
(2012). This test also addresses the concern that exposure to real estate markets is
time-invariant in our baseline analysis by creating a time-varying measure from 1994
onward. Our results remain unchanged. In addition, we propensity-score match our
treatment and control observations, based on industry and real estate exposure in
1992, and use the Bertrand and Mullainathan (2001) approach to estimate pay for
luck and pay for actions. These two different approaches provide consistent empirical
results. Overall, our results are robust with respect to alternative methodologies and
measurement concerns. Lastly, we explore how our results vary with types of real
estate news. We find that our results are mostly driven by good real estate luck and
large real estate price changes. Taken together, the totality of evidence suggests that
managers are compensated for responding to real estate luck.

We build on the work of Gopalan et al. (2010), who show, in the context of sector
performance, that managerial decisions relate to sector-performance luck. We also
contribute to the debate between the managerial-power and competitive-market views
of CEO compensation (Murphy 1999; Core et al. 2002). Pay for luck is typically used
as an argument in favor of the managerial-power hypothesis, as it occurs mostly in
weakly governed firms (Bertrand and Mullainathan 2001; Chhaochharia and Grin-
stein 2009; Garvey and Milbourn 2006; Bebchuk et al. 2010). Our paper is one of the
first to show that CEOs are rewarded for taking value-enhancing actions in response
to luck.

The fact that real estate assets are not marked-to-market provides some assurance
that a change in accounting returns associated with a change in the value of real
estate only occurs if the manager acts. We rely on the assumption that, in the context
of real estate assets, accounting returns can be informative about managerial actions
beyond market returns. Absent frictions, market returns are fully informative about
managerial action as well as any information contained in accounting returns. How-
ever, in a setting such as the one proposed by Axelson and Baliga (2008), where
managers can have an informational advantage, this is not necessarily the case. In our
setup, all managers observe the same public signal (an aggregate real estate market
change) but are assumed to interpret that signal differently and respond accordingly.
Because the manager can choose whether and how to respond, contracts are expected
to incentivize optimal responses. We propose that earnings-based performance mea-
sures better capture the individual response of the manager to these lucky events,
which is consistent with the notion that accounting returns and market returns are not
perfect substitutes and that the former may, in some cases, offer a better signal-to-
noise ratio (Sloan 1993) to capture actions. Interestingly, we find that most evidence
of pay for luck is observed through equity compensation, while evidence of pay for
action is mostly observed in cash compensation, which tends to be more linked to
accounting measures of performance.
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The rest of the paper is organized as follows. In Section 2, we provide the theoreti-
cal and institutional background to our analysis. In Section 3, we explain the data and
methodology and, in Section 4, discuss the main findings. In Section 5, we address
robustness tests and, in Section 6, we conclude.

2 Theoretical and institutional background

2.1 Theoretical background

Given the extensive empirical evidence on pay for luck (Bertrand and Mullainathan
2001; Garvey and Milbourn 2006), a number of studies offer a rationale for this phe-
nomenon. Several studies propose pay for luck as an incentive, for instance, for effort
to generate informative signals about the market. Axelson and Baliga (2008) argue
that, when managers receive private signals about industry or market performance,
it is optimal to pay them for exogenous performance, so that they act on the private
signal in a way to maximize firm value. Gopalan et al. (2010) similarly argue that
pay for industry performance is optimal when the principal wants to incentivize an
optimal exposure to sector movements and this exposure is under the CEO control.
Empirically, they find that pay for industry performance is mostly found in firms in
which the CEO has greater strategic flexibility with respect to sector exposure.

Our paper supports the theory of Gopalan et al. (2010) by showing that pay for
luck might be optimal when the board wants to provide incentives for an optimal
response to a lucky event that is presumably under the CEO’s control, as evidenced,
for example, by SLB transactions or sales of real estate. Evidence of pay for luck can
also be rationalized by the CEO being compensated for responding optimally to a
lucky event, assuming the response is observable to the board. We explicitly identify
these responses and test whether managers are paid for responding to changes in the
real estate market conditions.

Similar to Axelson and Baliga (2008), in our setup, all managers observe a public
signal (aggregate real estate price changes); however, managers have different private
interpretations of the same public signal. Depending on the managers’ private inter-
pretation, they then choose whether to respond to a (positive) exogenous (real estate)
event in such a way as to improve the firm’s performance. This is consistent with the
argument of Axelson and Baliga (2008): contracts should tie compensation not only
to measures that relate to pure effort but also to those about which the manager is
likely to have better information than the market. This is precisely the case in our set-
ting: because the manager can choose whether and how to respond to the exogenous
events, contracts should incentivize optimal responses.5

5An alternative explanation draws on the arguments of Axelson and Bond (2015) and DeMarzo et al.
(2012), who predict that rewarding the manager for luck is optimal in good times, because boards then want
to incentivize managers to seek positive NPV projects. To do so, they may tie managerial compensation
to measures that are beyond managers’ control. We show that CEOs are indeed compensated for taking
value-increasing actions during good (real estate) times.
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2.2 Institutional background

2.2.1 Accounting treatment of long-lived assets under US GAAP

Real estate assets are typically recognized on the balance sheet as property, plant, and
equipment, at acquisition cost, and depreciated systematically. Changes to the value
of firm real estate are reflected in its market and accounting performance in different
ways. When the value of a firm’s real estate changes as a result of an increase in real
estate prices, this change in firm value should be reflected in its market capitaliza-
tion (and therefore in its stock market performance) immediately, assuming markets
are efficient. However, according to US GAAP, the exact same change should not be
reflected in the firm’s accounting performance. Based on the historical-cost principle,
under GAAP, long-lived assets (such as real estate) are recorded on the balance sheet
at historical cost, even if their values have significantly increased over time. Histor-
ical cost is a measure of value in which the price of an asset on the balance sheet
is based on its nominal or original cost when acquired by the company. Given that
the value of a firm’s real estate is not marked-to-market, any changes to the firm’s
accounting performance due to a real estate value change must come from a firm (or
its CEO) reacting to that change in some way: for instance, selling the real estate
and realizing a capital gain (or loss). The US GAAP historical-cost principle thus
provides a setting that allows us to estimate the sensitivity of CEO pay to responses
to luck, because accounting performance is unaffected by real estate value changes,
unless the CEO acts.6

2.2.2 Reactions to events that are not under CEO control

Following an increase in the value of the firm’s real estate holdings, the CEO can
respond in several ways. As an example, the CEO can sell the real estate assets and
relocate. Alternatively, the CEO can sell the real estate assets and lease them back
(to perform an SLB) or change the financing policy of the firm by issuing more
debt while exploiting the increase in collateral value. In this section, we discuss the
institutional details behind SLBs, as the process of issuing debt following an increase
in real estate values is well understood in the collateral channel literature (Chaney
et al. 2012; Cvijanović 2014).

6A real estate asset can also be accounted for as property held for sale, when the firm holds the asset with
the purpose of selling it. In this case, the asset is measured at the lower of its carrying amount or fair value,
less costs to sell, and the asset is not depreciated as it is not being used in the firm’s operations. For this
kind of asset, because it is marked-to-market, both accounting and market performance are affected by
real estate value changes, despite managerial actions. Noncurrent real estate assets held for sale typically
represent a very small fraction of firms’ assets, and most of firms do not hold them. (In our sample, only
four firm-year observations had such assets.) Significant decreases in real estate prices can lead firms to
perform impairments of their property. An asset is impaired when its market or fair value is less than its
value recorded on the firm’s balance sheet. In this case, the value of the asset is written down to its current
market price and could result in ROA containing losses attributable to substantial declines in fair value.
We re-estimate our main analysis while excluding from the analysis the top 1 percent largest declines in
real estate prices and obtain similar results.
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As argued by Whitby (2013), the choice to enter into an SLB is an example of an
instance where the manager decides to change the way the firm finances its assets.
In an SLB, an asset is sold to a third party at a gain, usually a real estate investment
trust (REIT), and then simultaneously leased back with little or no impact to the
daily operations of the firm and the use of that asset. For an SLB under ASC 840 the
accounting treatment requires that the amount of the gain recorded at the time of the
sale depends on the significance of the lease in comparison to the fair value of the
property.7

Most corporate SLBs involve real estate (Whitby 2013). Ben-David (2005) reports
that the most common assets involved in SLB transactions in his sample were the
company’s headquarters, followed by retail locations. As he shows, the top two
declared motives for entering into an SLB are to use the cash proceeds to reduce debt
and for expansion.

As anecdotal evidence, Sotheby’s announced in a press release in 2002 that it
had entered into an SLB deal involving its New York headquarters. The CEO, Bill
Ruprecht, was clear about the motivation: “This is an outstanding opportunity for
Sotheby’s. ... The attractive price of $175 million reflects the high asset quality, desir-
able location and Sotheby’s bright future prospects. Sotheby’s ... decided to enter into
an SLB transaction as a means of financing to provide long-term liquidity for our
business. It will also allow Sotheby’s to pay down $100 million in short-term debt.
...”

Studies show that corporate real estate SLBs add value to shareholders (see, for
instance, Slovin et al. (1990), and Rutherford (1990) and, for more recent evidence,
Ben-David (2005) and Whitby (2013)). In addition, shareholder activists often push
firms to monetize the increase in value of their real estate by entering into SLBs,
which allow firms to generate cash for stock buybacks, dividends, investments in
valuable projects, or debt repayment. Additional evidence that SLBs can be value
increasing for firms is the fact that compensation committees explicitly mention their
completion when evaluating CEOs’ performance.

To assess whether CEOs are rewarded for pursuing SLBs, we parsed all DEF 14A
filings (proxy statements) obtained from the SEC website for our sample firms. We
devised an algorithm to classify a firm-year observation as mentioning an SLB if, in
the company’s proxy statement, we found the word “leaseback.” This resulted in a
sample of 1,167 firm-year observations. Given that firms are expected to enter into
SLBs following increases in real estate value, this means that about 38% of the firm-
year observations with an yearly change in real estate prices in the top quartile (good
real estate luck) in our sample mention an SLB in their proxy statements. We then
read the proxy statements to confirm that CEO compensation was associated with
an SLB. We found that, for 113 firm-year observations, SLBs were mentioned when

7Under ASC 840 if the future rental payments, as a percentage of the fair value of the property, are
less than 10%, the full gain is recognized. If the percentage is between 10% and 90%, a partial gain is
recognized. And if the percentage is above 90%, then recognition of the gain occurs through amortization
over the lease term. For details, see https://asc.fasb.org. Also note that, during the period of study, 1992-
2016, operating leases were off balance sheet. A new FASB rule, effective Dec. 15, 2018, requires that all
leases – unless they are shorter than 12 months – must be recognized on the balance sheet.
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discussing CEO performance and, for 13 firm-year observations, the fact that the
CEO was being compensated for such a transaction was mentioned. (See Appendix B
for examples.) Similar to the findings of Ben-David (2005), the most often cited
reason mentioned by firms in our sample for doing an SLB was the use of cash
proceeds to repay debt.8

3 Data andmethodology

Many studies analyzed whether CEOs are rewarded for luck. The standard approach
by Bertrand and Mullainathan (2001) consists of estimating the sensitivity of CEO
compensation to changes in firm performance driven by luck, using exogenous deter-
minants of firm performance, such as oil prices or exchange rates. However, when
estimating the sensitivity of compensation to luck in this framework, one cannot dis-
entangle the sensitivity of pay to luck from the sensitivity of pay to responses to luck
(actions) because the luck and responses are empirically indistinguishable.

The accounting treatment of real estate assets described in Section 2.2.1 allows us
to distinguish luck from responses to it: given that any changes to the value of a firm’s
real estate should only be reflected in the firm’s financial statements if there was an
action in response to the change. Thus we can identify the sensitivity of CEO pay
to luck (measured by the change in the market value of its real estate assets) as well
as the sensitivity of pay to reactions to luck (measured by the changes in accounting
outcomes).

3.1 Data

Our initial sample consists of a CEO-firm year panel of Standard and Poor’s (S&P)
1,500 firms drawn from the Execucomp database, from 1992-2016. We then match
this sample to the CRSP and Compustat databases to obtain stock returns and
accounting data and to the Federal Housing Finance Association’s (FHFA) database
of CBSA-level house price data. We exclude firms in the finance, insurance, real
estate, construction, and mining industries as well as those involved in a major
takeover operation, following the literature (Chaney et al. 2012). By excluding these

8To assess whether CEOs are rewarded for gains associated with real estate sales, we also parsed all
DEF 14A filings for our sample firms using the following terms: “real estate sale,” “gains on sale of
real estate,” “gains on sale of property,” “gains on sale of pp&e,” “gains on sale of ppe,” and “gains on
sale of assets.” We found only 18 firm-year observations. We found examples where the gain on sale of
property is explicitly mentioned as being included when deciding on the compensation of the CEO as
it was “pursuant to the long-term strategic plan for the Company” (e.g. Churchill Downs Incorporated
(CDI) for fiscal year 2016). However, in other cases, gains on sale of assets were excluded (e.g., Service
Corporation International for fiscal year 2014). The fact that we find cases where gains on sales of assets
are both excluded and included is consistent with prior work (Black et al. 2020; Curtis et al. 2021; Potepa
2020).
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firms, we ensure real estate assets are not marked-to-market, which is key to our
identification. Our SLB data corresponds to the data in Whitby (2013).

A key construct in our research design is the effect of changes in real estate
prices on the value of a firm’s real estate holdings. To construct this variable, we
first measure the market value of a firm’s real estate assets. There are three major
categories of property, plant, and equipment included in the definition of real estate
assets: buildings, land and improvement, and construction in progress. To arrive at
the measure of a firm’s real estate assets, we follow two steps. In Step 1, we mea-
sure a firm’s owned real estate assets in 1992 as the total net book value of property,
plant, and equipment (Compustat variable PPENT) less the net book value of leased
assets (Compustat PPENLS), less the net book value of equipment and machinery
(Compustat PPENME), thus yielding the total net book value of a firm’s land and
improvements, buildings, and construction in progress. Under US GAAP, these items
represent the respective capitalized values, less accumulated depreciation. Net book
value of property, plant and equipment (Compustat variable PPENT) excludes land
and property held for sale. We replace missing observations with zeros. This variable
is scaled by total assets to obtain the portion of the firm’s assets related to its real
estate holdings, as measured in 1992. In Section 5.1, we explicitly follow Chaney
et al. (2012) and Balakrishnan et al. (2014) to construct a more precise measure of
the firm’s real estate holdings that accounts for the acquisition year and discuss the
trade-offs we consider.

In Step 2 and following Balakrishnan et al. (2014), we use real estate price indices
to estimate the market value of real estate assets in 1992 and then track the change
in the market value of these assets over the sample period as a function of changes in
real estate prices. We obtain the house price data from the Federal Housing Finance
Association (FHFA). These data are calculated at the level of a core-based statistical
area (CBSA).9 The data contains a quarterly CBSA-level house-price index for 369
CBSAs from 1986 to 2016. The choice to use residential prices, instead of commer-
cial real estate prices, is driven by the lack of availability of reliable commercial real
estate data at MSA level for the period in question. Most publicly available sources
report state prices indexes for offices, excluding other types of commercial real estate.

We estimate the market value of real estate assets in 1992 as the book value of
real estate assets in 1992 from Step 1 multiplied by the value of the MSA real estate
price index of the firm’s headquarters.10 We then estimate the market value of real

9A CBSA is a geographic area defined by the Office of Management and Budget (OMB) based around an
urban center of at least 10,000 people and adjacent areas. CBSAs largely overlap with Metropolitan Sta-
tistical Areas (MSA) also defined by the OMB, and we use the two acronyms interchangeably throughout
the paper. For further details, see: https://www2.census.gov/geo/pdfs/reference/GARM/Ch13GARM.pdf.
10The assumption here is that most of a firm’s real estate holdings are located in the same MSA as its
headquarters and that this is time-invariant, as measured in 1992. We relax these two assumptions in
Section 5.2.
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estate assets in each subsequent year as the market value of a firm’s real estate assets
in 1992 multiplied by the cumulative real estate price increase from 1992 to a given
year. The CEO-firm year data is merged to the house price data by linking each firm’s
headquarters zip code (from Compustat) with its particular CBSA using data from
US Department of Housing and Urban Development (HUD) database. HUD provides
HUD-USPS crosswalk files, which allocate zip codes to CBSAs.

We use ExecuComp to obtain or calculate the following variables used in our anal-
ysis: cash compensation, equity compensation, total compensation, tenure, and age.
Our primary dependent variable is total pay, which consists of salary, bonus, non-
equity incentive payout, value of restricted stock granted, value of options granted,
and other compensation (ExecuComp item TDC1). In our regressions, we control for
firm size using the logarithm of firm total assets, firm growth opportunities using
Tobin’s Q, accounting profitability using ROA and stock return, and stock price
volatility. Following Bertrand and Mullainathan (2001), we also control for CEO age
and CEO age squared. Finally, we obtain blockholder data from Thomson Reuters.

The final dataset includes 14,838 CEO-firm year observations from 1992–2016.
All variables are winsorized at the first and 99th percentile values. Appendix A
provides variable definitions and data sources.

3.2 Methodology

3.2.1 Pay for luck

In the spirit of the literature (Aggarwal and Samwick 1999; Bertrand and Mul-
lainathan 2001; Garvey and Milbourn 2006; Chhaochharia and Grinstein 2009), we
start by testing whether CEOs are compensated for lucky events, as proxied by
changes in real estate values. We estimate the following baseline specification.

log(T otalCompc,i,t ) = α+β1RE V aluei,t +β2HPIm,t−1+
∑

x

βXXi,t +γi,c+δj,t +εc,i,t , (1)

where T otalCompc,i,t is total CEO compensation of CEO c in firm i at time t .
RE V aluei,t is the market value of real estate in 1992 multiplied by the MSA-level
real estate price index from 1992 to year t :

RE V aluei,t = (RE V aluei,1992xHPIm,t ). (2)

Following Chaney et al. (2012) and Balakrishnan et al. (2014), we measure the
value of a firm’s real estate in 1992, RE V aluei,1992, prior to our estimation sample,
thus excluding any acquisitions or dispositions in subsequent years. An advantage of
this approach is that it mitigates potential endogeneity concerns in that the variation
in market value of a firm’s real estate is driven solely by changes in real estate prices
(which are outside the manager’s control) and not by firm’s investments (which are
under the manager’s control). A disadvantage of this approach is that it creates a
potential measurement bias, since the value of a firm’s real estate in any given year
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will not be precisely estimated. We address this issue and use a time-varying exposure
measure in Section 5.2.11

The variable RE V aluei,t has two sources of variation, given that firms had dif-
ferent exposure to real estate market fluctuations in 1992, as indicated by different
amounts of real estate assets in that year. The first source is cross-sectional varia-
tion stemming from the initial value of real estate assets in 1992. The second source
is driven by time-series variation in the market value of these assets due to time-
variation in real estate prices. Our identification uses this source of variation to
capture events that are outside of the CEO’s control. Since real estate prices are not
under managerial control, RE V aluei,t in Eq. 1 thus represents the firm-specific
luck measure.12

To control for changes in real estate prices in an MSA where the firm is located,
we include HPIm,t−1 in Eq. 1. This variable also serves as a control for MSA-level
economic conditions, which might be driving our variable of interest. Xi,t are firm
and CEO-specific controls, such as ROA, total assets, market-to-book of assets ratio,
stock return volatility, stock return, CEO age, and CEO age squared. Following prior
studies (Faulkender and Yang 2010), we also control for lagged performance metrics:
ROA and stock returns.

To address a potential concern that there is matching between a firm’s real estate
exposure and CEO type or between its location and CEO type that might be driving
our results, we include firm-CEO fixed effects, γi,c, as noted above. In this way, our
main source of variation comes from tracking the same CEO-firm pair over time. In
addition, the inclusion of firm-CEO fixed effects controls for time-invariant unob-
servable characteristics of the CEO, such as talent or risk preferences, that have been
shown to explain much of the variation in CEO compensation (Graham et al. 2012).

As noted by Albuquerque et al. (2013), Bizjak et al. (2008), and Cadman and
Carter (2013), boards tend to structure CEO compensation contracts based on peer

11Note that Eq. 1 resembles the Aggarwal and Samwick (1999) specification, except that their measure
of luck is industry performance, whereas ours is changes in real estate value. Similarly, we measure firm
performance using both stock and accounting returns, whereas they measure firm performance using the
dollar return to shareholders. In untabulated results, we replicate our tests via the Aggarwal and Samwick
(1999) specification by using the dollar return to shareholders returns and further controlling for the per-
formance of firms in the same industry, measured by the dollar return of the (weighted average) industry
performance to shareholders, and find qualitatively similar results.
12To address the concern that firms can drive real estate prices, that is, that CEOs actions can affect local
RE prices, we perform two tests. First, we create an exogenous source of variation in MSA-level real
estate prices using a measure of land supply inelasticity interacted with aggregate changes in real estate
prices at the national level, as captured by the U.S. Case-Schiller House Price Index (see Section 5.4), and
obtain similar results. Second, in the spirit of Chaney et al. (2012), we address potential reverse causality
concerns whereby a large firm’s actions may increase local real estate prices. We re-estimate our main
specifications using a subsample of small firms located in large MSAs. We consider only firms in the
lower three quartiles of size and in the largest 20 MSAs. Untabulated results of this analysis are similar to
our baseline estimates.
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CEO (firm) compensation. The inclusion of industry-year fixed effects, δj,t , serves as
a control for peer effects: thus β1 captures the general sensitivity of pay to (real estate)
luck, relative to other CEO-firm pairs that operate in the same industry.13 By includ-
ing industry-year fixed effects δj,t , we also implicitly control for macroeconomic
conditions that vary across industry and time. Note that, since our model includes
firm-CEO fixed effects, this gives the coefficients a changes interpretation. The coef-
ficient of interest is β1, which captures the sensitivity of CEO pay to (real estate) luck
for a given firm-CEO pair over time, controlling for time-varying industry-specific
characteristics that might be driving our results.14

Without the appropriate cross-sectional and inter-temporal fixed effects (e.g., firm
and year effects), the correlation between CEO pay and real estate values could sim-
ply be driven by industry or time series variation. For example, tests without these
controls would compare relatively lower pay for executives in the utilities industry
away from the coasts, where real estate prices are low, with relatively higher pay
for executives in the technology industry in Northern California, where real estate
prices are high. Further, CEO compensation and real estate prices increase through
time. This would deliver a positive correlation between the two, but we cannot inter-
pret that correlation as pay for luck. At the same time, finding a negative correlation
between compensation and market value of real estate would not be incompatible
with CEOs being paid more when real estate prices increase (pay for luck) or CEOs
being paid more when they respond to luck, as this correlation could be driven by
variation across firms and not within the firm.

3.2.2 Pay for action

As described in Section 2.2.1, given that any changes to the value of a firm’s real
estate are reflected in its financial statements only if there is an action in response to
the change, we can disentangle the sensitivity of CEO pay to luck (measured by the
change in market value of its real estate assets) from the sensitivity of pay to reactions
to luck. Given that the value of a firm’s real estate assets is not marked-to-market
in financial statements, any changes to the firm’s accounting performance associated
with a change in real estate value must come from a firm (or its CEO) responding to

13In untabulated robustness tests, we alternatively include industry-size-year fixed effects, which assumes
that peers are firms in the same industry, size quartile (measured by the firm’s market value of equity),
and obtain similar results. We also obtain similar (untabulated) results when we include the average stock
return of peer firms in the same industry-size quartile to capture the impact that relative performance
evaluation has on CEO pay while including industry-year fixed effects.
14In the presence of high dimensional fixed effects, the within-firm estimation may absorb relevant (true)
variation, exacerbating the weight of measurement error, which works toward finding a significant corre-
lation (rejecting the null hypothesis). Jennings et al. (2020) argue that measurement error does not always
bias the estimates against finding statistically significant effects (not rejecting the null). We deal with
measurement error in Sections 5.1 and 5.2.
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that change in some way: for instance, the CEO buys or sells real estate and realizes
a gain (or a loss) for the firm. This motivates the following specification.

log(T otalCompc,i,t ) = α + β1RE V aluei,t + β2RE V aluei,t xActioni,t

+β3Actioni,t + β4HPIm,t−1

+
∑

x

βXXi,t + γi,c + δj,t + εc,i,t , (3)

where Actioni,t is one of our four proxies for responses to luck: return on assets
(ROA), real estate sales, debt issuance, and SLB transactions. The coefficient of
interest is β2, which captures the sensitivity of CEO pay to reactions to real estate
luck, as proxied by the interaction of one of the action measures (Actioni,t ) with
firm-specific real estate luck (RE V aluei,t ). As in Eq. 1, we include a vector
of time-varying firm- and CEO-specific controls. The inclusion of time-varying
industry-specific characteristics δj,t ensures that we are comparing the CEO pay sen-
sitivity to responses to luck, relative to other CEO-firm pairs that operate in the same
industry and year. As above, we also include firm-CEO fixed effects, γi,c.

Following Chaney et al. (2012) and Balakrishnan et al. (2014), we cluster standard
errors at the MSA and year level. Our clustering is appropriate because executive pay
levels and real estate values are likely (serially) correlated within an MSA (Bertrand
et al. 2004). Clustering the standard errors addresses the concern that the error term
is correlated within groups. Because we use two-way clustering (MSA and year), our
inferences are robust to the possibility of correlation in the error term within MSAs
over time and within each year across MSAs.

Note that real estate price changes could proxy for changes in growth opportu-
nities. If a company’s real estate ownership decision is correlated with its expected
growth opportunities, the estimated sensitivity of CEO pay to real estate prices will
be biased upward. To address this, we conduct a series of tests. First, we exclude
from our estimation sample firms that operate in real estate and construction indus-
tries. Second, we include controls for future growth opportunities in our baseline
estimation: Tobin’s q, MSA-level real estate prices, and year fixed effects. Further, in
Section 5.4, we explicitly control for a firm’s decision to own real estate.

3.2.3 Measures of responses to real estate luck

We use four alternative proxies to capture managerial responses (or actions) to
real estate luck (Actioni,t ). We measure our first proxy, real estate asset sales
(RE Sales), based on RE Change, which is calculated using the difference in the
balance sheet value of a firm’s real estate assets between year t and year t − 1 plus
depreciation, scaled by lagged total assets:

RE Change = (RE Assetst − RE Assetst−1 + DepreciationExpenset )/T otalAssetst−1,

where RE Assets is the sum of the balance sheet values for buildings, land
and improvement, and construction in progress net of accumulated depreciation
(RE Assets = (PPENT - PPENLS - PPENME)). We add back depreciation to ensure
that decreases in net real estate assets do not capture instances where depreciation
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expense exceeds capital expenditures. Variable RE Sales then takes RE Change

and assumes either a value of zero (when RE Change > 0) or the assumed value
of the real estate sale (absolute value of RE Change if negative). Because this is
a conservative measure of real estate sales, as depreciation expense also includes
depreciation for nonreal-estate assets, we also rely on the value of Compustat vari-
able SPPE “Sale of Property” scaled by lagged total assets to measure sales when
RE Sales = 0.15

We calculate our second proxy, long term debt issues (LT Debt Issues), as the
change in long-term debt (Compustat item DLTIS), scaled by lagged total assets.
Cvijanović (2014) shows that there is a spillover effect of real estate markets on
firm investment through the value of the firm’s collateral, which influences its debt
capacity. Issuing new debt is therefore a possible response of the CEO to a positive
real estate shock. In our tests, we focus on long-term net debt issuance, since changes
in firm collateral values are more likely to affect long-term borrowing secured by real
estate assets.

Our third proxy is a sale and leaseback (SLB) transaction, which is another pos-
sible response to real estate shocks. Using data from Whitby (2013), which covers
the period of 1992 to 2011, we identify firms that used an SLB in a particular year.
We construct an indicator variable SLB that takes the value of one if a firm used an
SLB in a particular year and zero otherwise.

Finally, we perform an additional test that examines changes in accounting perfor-
mance of the firm, our fourth proxy, as measured by its ROA, in a catchall approach
that can include gains from sales of real estate or a decrease in interest expense.16

ROA is defined as net income divided by total assets. We use net income to ensure
we capture any type of action that the manager might have taken in response to real
estate value changes. Since changes in value of a firm’s real estate assets are not
marked-to-market, we should only observe changes in its ROA associated with real
estate changes if a CEO responds to the real estate luck. All continuous variables
are winsorized at the first and 99th percentiles, and their detailed descriptions are
provided in Appendix A.

4 Results

4.1 Descriptive statistics

Table 1 reports summary statistics for CEO compensation, firm characteristics, and
real estate market variables. The average CEO in this sample has a total compensation
of $5.3 million. The average cash component is $2.2 million, while the average equity

15We thank the reviewer for suggesting that we add depreciation expense and rely on SPPE to also identify
real estate sales.
16If instead the CEO exploits the increase in collateral to issue more debt, then ROA could decrease, due
to the higher interest expense. The conflicting predictions regarding the impact of the real estate value
change on ROA impedes detection of any association between CEO pay and changes in ROA that relate
to the real estate value change.
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component is $3.1 million. These numbers comport with the literature on CEO com-
pensation using similar data (Chhaochharia and Grinstein 2009; Fahlenbrach 2008;
Gopalan et al. 2010). The average real estate holdings as a percentage of assets is
30.4%.

Table 2 Pay for luck - total compensation

(1) (2)

RE Value 0.065*** 0.028**

[4.311] [2.015]

ROA 0.026*** 0.021***

[3.953] [3.733]

Stock Return 0.009*** 0.008***

[3.834] [3.511]

ROA(t-1) 0.031*** 0.024***

[5.184] [4.210]

Stock Return(t-1) 0.014*** 0.014***

[7.556] [7.535]

Log(Assets) 0.042*** 0.042***

[16.697] [13.828]

HPI(t-1) − 0.020*** − 0.011

[− 3.124] [− 1.567]

Tobin’s Q 0.012*** 0.011***

[8.520] [7.130]

Volatility − 0.057 − 0.094

[− 0.331] [− 0.547]

CEO Age 0.007** 0.007**

[2.503] [2.543]

CEO Age Squared − 0.000** − 0.000**

[− 2.319] [− 2.077]

Observations 14,838 14,706

R-squared 0.811 0.829

CEO-Firm FE Y Y

Yr FE Y N

Ind-Yr FE N Y

Cluster MSA & Year Y Y

This table examines the role of real estate luck in CEO compensation. It presents estimates of OLS
regressions of the logarithm of CEO total compensation on the market value of a firm’s real estate assets
RE V alue and other CEO and firm-level control variables. Independent variable RE V alue is defined
in Section 3.2.1. HPI denotes CBSA-level house prices obtained from the Federal Housing Finance Asso-
ciation’s (FHFA) database. The sample consists of all firms in Execucomp and Compustat for which real
estate assets data and HPI data are available for the years 1992–2016 inclusive. All variables are winsorized
at the first and 99th percentile values. Remaining variables are defined in the Appendix A. Asterisks
indicate statistical significance at the 1% (***), 5% (**), or 10% (*) levels
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4.2 Pay for luck

Table 2 Panel A presents our initial test of the effect of real estate value changes
on CEO pay. The independent variable of interest is the market value of real estate
assets RE V alue, as defined in Eq. 2. The baseline specification includes CEO-firm
fixed effects, which means that identification is achieved through within firm-CEO
variation. Thus the variation in the variable of interest results from changes in the
market value of the real estate assets over time for the same firm-CEO pair. The
estimated coefficient is 0.065 in Column 1 and 0.028 in Column 2. This suggests
that, for a one standard deviation change in the value of a firm’s real estate holdings,
CEO compensation increases by between approximately $132,443 and $57,052, eval-
uated at the mean.17 In Column 2, we estimate pay for luck in a specification that
includes industry-year fixed effects.18 The coefficients reported are obtained using
heteroscedasticity-adjusted standard errors, which are double clustered at the MSA
and year levels (Balakrishnan et al. 2014).19

4.3 Pay for action or responses to luck

In Table 3, we test whether CEO compensation is correlated with specific responses
to changes in real estate asset value (luck). In Column 1, the coefficient of interest
is the interaction between ROA and real estate value: RE V alue x ROA. The esti-
mated coefficient is 0.105, and it is significant at the 5% level, which means that, for a
one standard deviation increase in RE V alue x ROA, CEO compensation increases
by $32,733, when evaluated at the mean. This result suggests that CEOs are rewarded
for their responses to changes in real estate prices, as proxied by ROA. Our interpre-
tation is that this variable can capture, in a more comprehensive manner, responses
to changes in real estate prices.20

In Column 2, the coefficient of interest is the interaction between real estate asset
sales and the value of real estate RE V alue x RE Sales. This term captures real
estate asset sales associated with changes in the market value of the firm’s real estate
assets. Since real estate assets are not marked-to-market but held at book values,
negative changes in a firm’s real estate assets only occur if there is a managerial
response to real estate prices (sale of real estate assets). Therefore we interpret the
coefficient of this variable as the sensitivity of pay to responses to real estate luck.
The estimated coefficient is 0.085, but it is not precisely estimated (the associated

17Using the estimated coefficient in Column 1: (0.065)(0.381) x $5.35 million = $132,443. Using the
estimated coefficient in Column 2 yields $57,052.
18In untabulated tests that exclude cross-sectional fixed effects, we find a negative association between
CEO pay and RE V alue. As mentioned above, this negative association could capture variation across
firms and not within firms.
19Despite including the same control variables across specifications, the number of observations is not
the same because of the different fixed effects structure. We use reghdfe command in Stata, which drops
singleton observations.
20We make use of ROA as our main action variable in the setting proposed by Bertrand and Mullainathan
(2001) and find consistent results in Table 10.
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t-stat is 1.57). In Column 3, we estimate the same specification without the non-
interacted RE Sales term, since the Pearson (Spearman rank) correlation between
this variable and the interacted term is 0.78 (0.99), as reported in Panel B, Table 1.
The estimated coefficient is now 0.056 and statistically significant at the 1% level.
The estimated monetary effect for a one standard deviation increase in RE V alue x
RE Sales when evaluated at the mean is between $2,996 and $4,548.

Due to high correlation between action variables (RE Sales, LT Debt Issues,
and SLB) and their interaction with RE V alue, we do not include the non-interacted
terms in the rest of the analysis. As shown in Table 1, the Pearson (Spearman) cor-
relation between these action variables and their interaction with RE V alue ranges
between 0.74 and 0.78 (0.97 and 1.00). Untabulated results show that the correla-
tion between the action variables demeaned by CEO-firm and industry-year and their
interaction with the demeaned RE V alue resemble raw Pearson (Spearman) correla-
tions. The exception is LT Debt Issues where the Pearson (Spearman) correlation
drops from 0.74 (0.97) to 0.55 (0.57) for the demeaned variables, likely due to the
fact that leverage tends to be industry and year specific. In addition, likelihood ratio
tests (whether a model without the non-interacted term provides as good a fit to the
data as the model that includes it) suggest that the inclusion of the non-interacted
term does not provide a statistically significant improvement to the model.

Columns 4 and 5 show similar results for LT Debt Issues: the estimated coeffi-
cients on the interaction term RE V alue x LT Debt Issues range between 0.017
in Column 5 and 0.037 in Column 4. The economic effect of a one standard devia-
tion increase in the interacted term on total compensation is estimated to be between
$3,931 and $8,595. Column 5 shows the results without the non-interacted debt term
LT Debt Issues.

Lastly, Columns 6 to 7 show the results for SLB transactions: the estimated coef-
ficient on the interaction term, RE V alue x SLB, is positive but not statistically
significant. We note that firms tend to “monetize” the increase in value of their
real estate with SLB transactions, which means these transactions can result from
past increases in real estate values. The estimated coefficient on SLB is positive
(0.028) and significant at 5% level, which means that CEO compensation increases
by $149,744, when evaluated at the mean, following an SLB transaction, regard-
less of real estate luck in the most recent period. Since we run all regressions with
industry-year fixed effects, we filter out the common yearly industry component of
these action variables, which means that our results only capture responses to real
estate value changes that are not common to the whole industry.21

As mentioned before, standard errors are calculated using two-way cluster at MSA
and year. Conley et al. (2018) specifically raise the issue regarding a small number of
clusters in Balakrishnan et al. (2014), who have a similar setting to ours. In our case,
approximately 90% of our observations correspond to firms that have between 10
and 24 years of data, which mitigates this concern. Nevertheless, in Appendix D, we

21In untabulated tests that exclude cross-sectional fixed effects, we find that the interaction terms of
RE V alue with various measures of action (i.e., ROA, RE Sales, and LT Debt I ssues) are positive
and significant. The interaction term of RE V alue and SLB is no longer significant at conventional levels.

2421CEO compensation and real estate prices: pay for luck or pay for action?
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restrict our sample to firms that have more than 10 years of data and show consistent
results.

The results of this section further support the notion that CEOs are rewarded for
their responses to real estate luck, across different measures of action: RE Sales,
the catchall variable ROA, and LT Debt Issues transactions.

4.4 Cash and equity pay

In Table 4, we repeat our analysis differentiating between cash and equity compen-
sation. We expect most of pay for luck to occur through equity compensation, as
the stock price of the company, assuming some degree of market efficiency, should
reflect the market value of the real estate assets of the firm. We measure equity grants
using the fair value at grant date, which can occur at different times throughout the
fiscal year for different firms. The equity grants thus relate mechanically to stock
returns and thus can incorporate higher RE V alue. On the other hand, we do not
expect CEOs to be rewarded for luck using cash compensation, as that would be
harder to justify to shareholders.

Columns 1-7 show the regression results for cash compensation. We do not find evi-
dence of pay for luck through cash compensation, as the coefficient on RE V alue is
negative and insignificant across the different specifications. But we do find that CEOs are
rewarded in cash compensation for taking actions using three of our action measures:
sales of real estate RE Sales, SLBs, and through the catchall measure, ROA.

Columns 8-14 show regressions using equity compensation. As expected, we
find evidence of pay for luck through equity compensation, despite accounting for
responses to luck in the regressions. We also find that equity pay is positively associ-
ated with the action variable LT Debt Issues, which is consistent with debt issues
being in general positively perceived by investors.

Overall, the results presented in this section suggest that CEOs get rewarded using
equity, not cash, for real estate luck. In contrast, when we test pay for action, we find
that cash compensation is associated with most responses to luck, whereas equity
compensation is not, suggesting that compensation responses to changes in real estate
prices happens mostly through cash bonuses.22 Since the evidence using total com-
pensation suggests that CEO’s are rewarded for SLB transactions, regardless of luck,
we exclude this variable from the rest of the analysis.

4.5 Is pay for luck optimal?

It only makes sense for the board to incentivize the CEO to respond to luck if such
responses are optimal for shareholders. Even though it is arguably difficult to eval-
uate and directly test whether these actions are optimal, since we cannot observe a

22In untabulated analysis, we test whether CEOs are rewarded for pay for action using discretionary
bonuses (the variable “Bonus” from Execucomp captures discretionary bonus after 2006), which are avail-
able for about half of our sample (6,896 firm-year observations). We find a positive association between
discretionary bonus and the action variables ROA, RE Sales and LT Debt I ssues, although the results
are not precisely estimated for RE Sales.

2424 A. Albuquerque et al.



counterfactual, we can evaluate whether, on average, responses to real estate luck
add value to shareholders. To do this, in this section, we explore cross-sectional vari-
ation in the level of financial constraints and corporate governance. In Appendix E,
we run an event study on SLB transactions. We find that these transactions in general
generate significant cumulative abnormal returns (CAR) between 1.3% and 1.4%.

4.5.1 Pay for responses to luck and financing constraints

In this section, we study heterogeneous effects of responses to changes in real estate
prices for firms with different levels of financial constraints. We focus our analy-
sis on the action variable LT Debt Issues, which is arguably an optimal response
to increases in real estate values when firms are financially constrained. In addition,
issuing debt does not have a direct impact on a firm’s operations. In contrast, a firm’s
decision to relocate its headquarters (captured by the action variables RE Sales and

Table 5 Pay for action - financial constraints

(1) (2) (3) (4)

Financial constraints No financial constraints

Div Payout W-W Div Payout W-W

RE Value 0.031 0.019 0.026 0.028

[1.171] [1.213] [1.248] [1.058]

RE Value x LT Debt Issues 0.039** 0.037** 0.018 − 0.001

[2.456] [2.326] [1.010] [− 0.047]

Observations 6,773 6,557 7,379 6,638

R-squared 0.800 0.852 0.885 0.859

Other Controls Y Y Y Y

CEO-Firm FE Y Y Y Y

Ind-Yr FE Y Y Y Y

Cluster MSA & Year Y Y Y Y

This table examines the role of responses to real estate luck in CEO compensation by level of financing
constraints across companies. It presents estimates of OLS regressions of the logarithm of CEO total com-
pensation on the market value of a firm’s real estate assets, RE V alue, interacted with LT Debt I ssues,
and other CEO- and firm-level control variables. Independent variable RE V alue and CEO action vari-
able LT Debt I ssues are defined in Section 3.2.1 and in Appendix A. HPI denotes CBSA-level house
prices obtained from the Federal Housing Finance Association’s (FHFA) database. We classify firms with
(without) financial constraints if their Whited-Wu (W-W) Index is above (below) the median for the year
or if their dividend payout is below (above) the median for the year. HPI denotes CBSA-level house prices
obtained from the Federal Housing Finance Association’s (FHFA) database. All specifications include
CEO-firm and industry-year fixed effects. All specifications include all control variables used in Table 3,
but for brevity, their coefficients are suppressed (Controls include Stock Return (t), Log(Assets), HPI (t-
1), Tobin’s Q, Volatility, ROA(t-1), Stock Return (t-1), CEO Age, and CEO Age Squared). All variables
are winsorized at the first and 99th percentile values. Remaining control variables and financial constraints
indices are defined in the Appendix A. Asterisks indicate statistical significance at the 1% (***), 5% (**),
or 10% (*) levels
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ROA) results from strategic considerations, such as labor market conditions, cor-
porate taxes, the proximity to business services (e.g., airport), or a merger. For this
reason, we focus this analysis on the action variable LT Debt Issues.

Table 5 shows the results for firms with different levels of financial constraints.
Following the literature (Almeida et al. 2011; Campello and Hackbarth 2012; Had-
lock and Pierce 2010), we use the firms’ previous year’s dividend payout and the
Whited and Wu (2006) index (W-W), as proxies for the level of financial constraints.
In the spirit of Almeida et al. (2011), for each year in our sample, we classify firms
as financially constrained (unconstrained) if their dividend payout is below (above)
the median within the year. We also employ the Whited-Wu index: each firm with
Whited-Wu index value above (below) the median within the year is assumed to
be constrained (unconstrained). We find that evidence of pay for responses to luck
in the form of LT Debt Issues is more pronounced for financially constrained
firms, irrespective of the measure of financing constraints used. The coefficient on
RE V alue x LT Debt Issues ranges from 0.037 and 0.039, at 5% significance
level. On the other hand, for the financially unconstrained firms, we find that the pay
for responses to luck coefficient is insignificant when using both measures. These
results are consistent with responses to luck being more valuable for financially con-
strained firms, whose managers use increases in the value of real estate assets to relax
these constraints.

4.5.2 Pay for responses to luck and corporate governance

In this section, we explore cross-sectional variation in the level of corporate gov-
ernance. Following the literature (Bertrand and Mullainathan 2001; Dittmar and
Mahrt-Smith 2007), we use the following measures to draw inferences about corpo-
rate governance strength: the Herfindahl index (HHI) of industry concentration and
the presence of institutional blockholders. In our first test, we analyze the role played
by the product market competition of the firm’s industry: we construct the HHI index
for each firm in our sample following Giroud and Mueller (2011). We expect to see
stronger responses to luck in industries with low industry concentration. In less con-
centrated industries, managers have greater competitive pressure to maximize firm
value or, in other words, less slack to behave sub-optimally. Therefore we should
expect them to more actively respond to real estate luck. In our second test, in the
spirit of Core et al. (1999), we use outside blockholder ownership, defined as the
ownership by external blockholders with at least 5% of the outstanding shares, as
a further measure of firm governance. Holderness (2003), among others, argue that
blockholders have incentives to improve corporate management, and their presence
indicates sound corporate governance. While we recognize that other aspects of cor-
porate governance may influence our setting, we focus on these measures because
they are well founded in the literature and offer clear predictions for what constitutes
good governance.

Table 6 shows the results of pay for responses to luck in subsamples of strongly
and weakly governed companies. We proceed by splitting our sample into high and
low HHI firms (Panel A), based on the annual median value of HHI. The estimated
coefficients on pay for responses to luck are positive and mostly significant in the
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Table 6 Pay for action - corporate governance

Panel A (1) (2) (3) (4) (5) (6)

High Competition = Low HHI Low Competition = High HHI

RE Value 0.044 0.043 0.044 0.007 0.009 0.008
[1.670] [1.629] [1.670] [0.461] [0.589] [0.533]

RE Value x ROA 0.115* 0.097
[1.911] [1.259]

RE Value x RE Sales 0.047** 0.055
[2.175] [0.657]

RE Value x LT Debt Issues 0.014 0.030
[0.908] [1.222]

Observations 7,258 7,258 7,258 7,134 7,134 7,134
R-squared 0.828 0.828 0.828 0.853 0.853 0.853

Other controls Y Y Y Y Y Y
CEO-Firm FE Y Y Y Y Y Y
Ind-Yr FE Y Y Y Y Y Y
Cluster MSA & Year Y Y Y Y Y Y

Panel B (1) (2) (3) (4) (5) (6)

High Block Ownership = High Gov. Low Block Ownership = Low Gov.

RE Value 0.042 0.043 0.043 0.028 0.027 0.028
[1.476] [1.479] [1.483] [0.971] [0.971] [1.027]

RE Value x ROA 0.071 0.079
[0.641] [1.366]

RE Value x RE Sales 0.122*** 0.048
[3.412] [1.454]

RE Value x LT Debt Issues −0.001 0.014
[−0.085] [0.630]

Observations 4,735 4,735 4,735 5,095 5,095 5,095
R-squared 0.828 0.828 0.827 0.894 0.894 0.894

Other controls Y Y Y Y Y Y
CEO-Firm FE Y Y Y Y Y Y
Ind-Yr FE Y Y Y Y Y Y
Cluster MSA & Year Y Y Y Y Y Y

This table examines the role of responses to real estate luck in CEO compensation by level of corporate
governance across companies. It presents estimates of OLS regressions of the logarithm of CEO total
compensation on the market value of a firm’s real estate assets RE V alue interacted with four CEO action
variables: ROA, RE Sales, and LT Debt I ssues, and other CEO- and firm-level control variables.
Independent variable RE V alue and CEO action variables are defined in Section 3.2.1 and in Appendix A.
HPI denotes CBSA-level house prices obtained from the Federal Housing Finance Association’s (FHFA)
database. Panels are differentiated by whether firms have below/above median Herfindahl Index (HHI)
in each year (Panel A) or high/low blockholder ownership (Panel B). High (Low) blockholder ownership
firms are those above (below) the median blockownership in each year. All specifications include CEO-
firm and industry-year fixed effects. All specifications include all control variables used in Table 3, but for
brevity, their coefficients are suppressed (Controls include Stock Return(t), Log(Assets), HPI(t-1), Tobin’s
Q, Volatility, ROA(t-1), Stock Return(t-1), CEO Age, and CEO Age Squared). All variables are winsorized
at the 1th and 99th percentile values. Remaining control variables and corporate governance indices are
defined in the Appendix A. Asterisks indicate statistical significance at the 1% (***), 5% (**), or 10% (*)
levels
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subsample with low industry concentration (low HHI) across different measures of
action (as captured by ROA, and RE Sales). On the other hand, for more concen-
trated industries (as proxied by high HHI), the results are insignificant. In Panel B,
we split the sample into high and low block ownership firms, if their aggregate block
ownership is above (below) the median block ownership in each year. We find that
the firms with high blockholder ownership compensate executives for responses to
luck, as captured by RE Sales transactions, whereas those with low blockholder
ownership do not.

Overall, the results presented in Table 6 suggest that better governed firms seem
to be more likely to reward their CEOs for responding to (real estate) luck, which is
consistent with the evidence of Bertrand and Mullainathan (2001). Taken together,
the results presented in this section suggest that responses to luck are perceived as
valuable from a shareholder’s point of view.

5 Robustness tests and discussion

5.1 Alternative measures of RE Value

We re-estimate our baseline results using an alternative definition of a firm’s real
estate holdings, which accounts for accumulated depreciation of real estate. We fol-
low Balakrishnan et al. (2014) and Chaney et al. (2012) and start with the sample
of US-based Compustat firms in 1993 with nonmissing total assets. The year of
1993 was the last one in which the Securities and Exchange Commission (SEC)
required that firms report the accumulated depreciation of buildings; this is also
the year in which the CEO compensation information became available in Execu-
comp for a larger number of firms. We define real estate assets as buildings, land
and improvement, and construction in progress (Compustat variables FATB, FATC,
and FATP). In essence, this is the property and plant subset of property, plant, and
equipment. To compute the market value of a firm’s real estate (buildings, land and
improvement, and construction in progress), we measure the ratio of the accumu-
lated depreciation of buildings (in 1993) to the historic cost of buildings, which gives
us the relative proportion of the original value of a building that has been depreci-
ated. Based on a depreciable life of 40 years (Chaney et al. 2012), we compute the
average age of buildings for each firm. We infer the market value of a firm’s real
estate assets for each year (RE V alue CST ) in the sample period (1993 to 2016)
by inflating their historical cost with MSA-level residential real estate inflation after
1975 and CPI inflation before 1975.23 Using this approach gives us a smaller sam-
ple, resulting in a dataset of around 5,000 observations (when we combine the firms
active in 1993 with the Execucomp data), relative to our main approach described in
Table 2.

23For firms with missing book value of real estate assets in 1993, we assign a book value of 0 in 1993 if
they have a 0 book value of real estate assets in 1994.
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Panel A in Table 7 presents the results of re-estimating the baseline regressions,
using the RE V alue CST measure of a firm’s real estate holdings. Results of esti-
mating pay for luck using Eq. 1, shown in Column 1, confirm our finding that there is
a positive association between CEO pay and the value of a firm’s real estate holdings,
further suggesting the presence of pay for (real estate) luck. The estimated coefficient
of 0.012 is positive and significant at 10% level. Columns 2 to 4 show results of esti-
mating Eq. 3 for different proxies for CEO actions. The estimated coefficients of β2,
on the interaction of CEO action proxies and RE V alue CST are positive and sig-
nificant at common significance levels in most specifications, with the exception of
LT Debt Issues. In sum, the results in this section suggest that CEOs are rewarded
for (real estate) luck and for responses to luck, irrespective of the computation of the
value of the firm’s real estate holdings.

5.2 Location of firms’ real estate holdings and time-varying real estate exposure

In the main analysis, we assume that the majority of a firm’s real estate holdings
are located in the same MSA as its headquarters, and we measure exposure to real

Table 7 Robustness tests

(1) (2) (3 (4)

Action measure ROA RE Sales LT Debt Issues

Panel A: Alternative Measure RE Value using Chaney et al. (2012) Approach

RE Value CST 0.012* 0.011 0.014** 0.012*

[1.842] [1.509] [2.180] [1.756]

RE Value CST x Action Measure 0.012*** 0.016*** 0.001

[3.911] [3.519] [0.913]

Observations 4,998 4,998 4,998 4,998

R-squared 0.817 0.818 0.818 0.818

Panel B: Geographical Footprint and Time-Varying Real Estate Exposure

RE Value 0.077** 0.066** 0.077** 0.076**

[2.744] [2.478] [2.779] [2.542]

RE Value x Action Measure 0.024** 0.096* 0.060*

[2.570] [1.884] [1.657]

Observations 8,319 8,319 8,319 8,288

R-squared 0.813 0.814 0.813 0.814

Panel C: Exogenous Variation in Real Estate Prices - IV

RE Value 0.023* 0.017 0.022 0.001

[1.674] [1.259] [1.133] [0.031]

RE Value x Action Measure 0.057** 0.119** 0.003*

[2.196] [2.137] [1.700]

Observations 12,364 12,364 12,315 12,364

R-squared 0.082 0.083 0.100 0.083
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Table 7 (continued)

(1) (2) (3 (4)

Action measure ROA RE Sales LT Debt Issues

Controls Y Y Y Y

CEO-Firm FE Y Y Y Y

Ind-Yr FE Y Y Y Y

Cluster MSA & Year Y Y Y Y

This table presents estimates of OLS regressions of the logarithm of CEO total compensation on the
market value of a firm’s real estate assets interacted with four CEO action variables: ROA, RE Sales,
and LT Debt I ssues, and other CEO- and firm-level control variables. Panel A: Independent vari-
able RE V alue CST is defined following Balakrishnan et al. (2014) and Chaney et al. (2012), as
in Section 5.1. Panel B: Independent variable RE V alue is defined in Section 5.2. Computation of
RE V alue in this table is based on the location of all of firms’ real estate assets, using data sample pro-
vided by Garcı́a and Norli (2012), covering the period of 1994 through 2008. State-weighted HPI for each
firm is based on its real estate holdings across the United States instead of only using the real estate hold-
ings in the state of its headquarters. Relative state-weights are calculated in each year based on the firm’s
real estate assets in each state. Panel C: This panel presents the results of the second stage regressions
following the IV approach of Cvijanović (2014), as described in Section 5.4. Results of the first-stage
regressions are shown in Appendix F, Table 13. Independent variable RE V alue is defined in Section 5.4.
Both first- and second-stage specifications include all control variables used in Table 3. We also control
for the firm ownership decision, by including interactions between firms’ initial characteristics and the
HPI: we include five quintiles of firm age, firm size, ROA, as well as two-digit SIC industry dummies and
MSA indicators. Action variables are defined in Section 3.2.1 and in Appendix A. All specifications in all
panels include all control variables used in Table 3, but for brevity, their coefficients are suppressed (Con-
trols include Stock Return (t), Log(Assets), HPI(t-1), Tobin’s Q, Volatility, ROA(t-1), Stock Return(t-1),
CEO Age, and CEO Age Squared). All variables are winsorized at the first and 99th percentile values.
Remaining control variables are defined in the Appendix A. Standard errors are clustered at the MSA and
year level. Asterisks indicate statistical significance at the 1% (***), 5% (**), or 10% (*) levels

estate markets using real estate holdings of the firm in 1992, which is prior to our
estimation period. To address a potential concern that a firm’s geographic footprint
extends beyond the location of its headquarters and that exposure to real estate mar-
kets can be time-varying, we re-estimate our main results using a more granular
measure of a firm’s real estate holdings, which accounts for the location of firm’s real
estate assets across all states.

We run our baseline specification using a state-weighted HPI for each firm based
on its real estate holdings across the United States. Since Compustat does not contain
data on the location of each piece of a firm’s real estate holdings, we test the valid-
ity of previous results by using state-level data on firms’ operations obtained from
Garcı́a and Norli (2012), who extract state name counts from annual reports filed
with the SEC on Form 10-K. The authors parse all 10-Ks filed with the SEC from
1994 through 2008, which gives them information on firm real estate holdings, such
as factories, warehouses, and sales offices. This procedure yields a count of the num-
ber of times each 10-K mentions a U.S. state name. Based on the state name counts,
we construct a relative exposure of each firm to the state-level real estate market, as
captured by state-level house price indices HPI.

In this test, we follow the empirical strategy of Cuñat et al. (2018), whereby HPI
is not measured at the MSA level, where the company’s headquarters is located,
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but is now calculated as a weighted average of the state-level HPIs in which the
firm operates. The relative weights are based on the time-varying firm exposure to
that state’s real estate market obtained using Garcı́a and Norli (2012) data. In this
procedure, we construct measures of time-varying firm-level real estate values that
account for the different weights that each location represents in the firm’s overall
business and construct firm-specific real estate price indices that aggregate prices
across all the locations where a firm operates. Although this test helps address the
measurement issues mentioned above, it introduces the concern that time-varying
real estate exposure measures can be confounded with CEO’s actions.

Results from replicating the tests of Tables 2 and 3 with this revised measure
of real estate market values are shown in Panel B of Table 7. The results are con-
sistent in significance and almost two times larger in the case of RE Sales and
LT Debt Issues than in our baseline analysis. We find evidence of pay for luck as
well as evidence of pay for responses to luck.

5.3 Measuring responses to luck

Our identification strategy relies on the fact that, under US GAAP, a firm’s account-
ing performance is unrelated to real estate market dynamics, unless the CEO responds
to those dynamics in some way. The interaction term using one of our action
variables, ROA, captures the sensitivity of CEO compensation to accounting per-
formance that relates to changes in real estate values. This identification can be
compromised by measurement error concerns, which we discuss in this section.

The first is the idea that the manager’s optimal response to a real estate price change
can be no action at all. For instance, the optimal response to an increase in prices
might not be to sell and realize the capital gain but instead to hold onto the property, if
prices are expected to increase even more in the future. In such cases, this “no action”
response is captured by market performance but not by accounting performance.
Thus the observed sensitivity of compensation to responses to luck is underestimated.

Although unlikely, there may also be instances where accounting performance is
linked to real estate prices, irrespective of responses. This is the case when real estate
property is accounted for as investment property or as an asset available for sale. In
these cases, real estate assets can be marked-to-market. We address this concern in
two ways. First, in all our tests, we focus only on real estate property used in the
firm’s operations and accounted for in property, plant, and equipment to estimate
the sensitivity of compensation to responses to luck. These assets are not marked-to-
market, and therefore the interaction term of ROA with RE V alue will be nonzero
only if a manager responds to real estate prices.

By excluding investment property, again we are providing a lower bound for the
coefficient of responses to luck. Note that CEOs can also respond to real estate prices
by buying or selling property that is not for the use of the company but for investment
purposes. However, it is also not clear whether investing in real estate assets for
investment purposes is an optimal action, given that this does not belong to the
business operations of a nonreal-estate company (non-REIT). These cases are
extremely rare: only four firm-year observations in our entire sample have such
investment assets on their balance sheets.

2431CEO compensation and real estate prices: pay for luck or pay for action?



Note as well that the pay for action that is measured is limited to firms that retain
assets over the sample period. Since the real estate exposure measure is captured in
1992, if a CEO reacts to an increase in real estate by conducting for instance an SLB
transaction, the manager is less able to react to a second increase in real estate prices.24

Overall, our estimated coefficients represent a lower bound for the true sensitivity
of compensation to responses to luck. Both issues discussed above suggest that our
coefficient is underestimated due to “no actions” not being captured and actions over
investment property also being ignored.

5.4 Endogeneity concerns

There are two potential sources of endogeneity in our analysis. The first is that real
estate prices might not be exogenous to the performance of firms and hence CEO
compensation. That is, there might be an unobservable variable (e.g., an increase in
demand or an influx of new firms to the region) that drives both location-specific real
estate prices and CEO compensation, which would in turn affect our results. The sec-
ond concern relates to the real estate ownership decision: firms more likely to own their
real estate may also be more likely to compensate their CEOs for responses to luck.

To address the first concern, the omitted variable bias, we follow the instrumental
variable approach of Cvijanović (2014) and Chaney et al. (2012). To capture the
variation in the market value of a firm’s real estate assets RE V aluei,t , we inflate the
market value of its real estate holdings in 1992 with a growth in MSA-level residential
(land) price index from 1992 to year t , HPIm,t , as instrumented by interacting local
land supply elasticity with aggregate real estate prices. The instrument in the first-
stage regression is land supply inelasticity interacted with the growth in aggregate
U.S. real estate prices from 1992 to year t , as measured by the S&P/Case-Shiller U.S.
National Home Price Index, and RE V aluei,1992, a measure of the market value of
a firm’s real estate assets in 1992, as shown in the following first-stage specification.

HPIm,t = β1P
US
t em

0 + β2P
US
t em

0 RE V aluem
i,1992 +

∑

x

βXXi,t + γi,c + δj,t + εc,i,t

RE V aluem
i,t = β1P

US
t em

0 +β2P
US
t em

0 RE V aluem
i,1992+

∑

x

βXXi,t+γi,c+δj,t+εc,i,t

where P US
t denotes the growth in S&P/Case-Shiller U.S. House Price index from

1992 to year t , em
0 denotes land supply elasticity in MSA m, and HPIt,m denotes the

growth in the house price index in MSA m from 1992 to year t . As in Eq. 1, Xi,t are
firm and CEO-specific controls as defined in Section 3, and we include firm-CEO
fixed effects, γi,c and industry-year fixed effects, δj,t .

We then use the predicted RE V aluei,t and MSA real estate prices HPIm,t from the
first stage in our tests with compensation as the dependent variable, as specified in Eqs. 1
and 3, with the same fixed effects structure and control variables as used in Table 3.

24Jennings et al. (2020) raise a related issue regarding measurement error among the control variables in
the context of models with high dimensional fixed effects. Considering that our set of control variables
consists mostly of accounting items, this is arguably a minor concern.
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The results of the first-stage regression are shown in Table 13 of Appendix F.
As expected, the interaction of housing supply elasticity and the Case-Schiller
index has a positive and statistically significant coefficient at the 1% confidence
level (0.007) when used to instrument for HPIm,t . Importantly, its interaction with
RE V aluei,1992 has a positive and statistically significant coefficient at the 1% con-
fidence level (0.008) when used to instrument for RE V aluei,t . A high value of the
associated F-statistic (36.69) suggests that the chosen IV does not suffer from the
weak instrument problem.

Our identification assumes that the elasticity of the land supply affects CEO com-
pensation of real-estate owning firms only through its effect on real estate values. The
exclusion restriction will be violated if land supply elasticity (interacted with a mea-
sure of demand for real estate, as captured by national real estate prices, and with a
measure of firm-level real estate holdings) is correlated with CEO compensation for
reasons other than real estate price growth. While we cannot test the exclusion restric-
tion explicitly, the robustness of our findings to a comprehensive series of rigorous
control variables and rich fixed effects structure partially mitigates this concern. Sim-
ilar approaches have also been used extensively in the literature (Chaney et al. 2012;
Cvijanović 2014; Mian and Sufi 2011; Adelino et al. 2015).25

The second potential source of endogeneity is that firms that are more likely to
own real estate are also more sensitive to local demand shocks. Thus finding that
CEOs are compensated for real estate changes could reflect the board’s attempt to
compensate the CEO for responses to demand shocks. To address this concern, we
follow the standard procedure (Chaney et al. 2012) and further include interactions
between firms’ initial characteristics and the HPI: in particular, we include five quin-
tiles of firm age, firm size, and ROA as well as two-digit SIC-industry and MSA
dummies. The results of these second-stage regressions are shown in Panel C in
Table 7. Overall, we find significant evidence of pay for luck and significant pay for
responses to luck. The estimates found using this setting resemble those in Table 3.

To provide additional evidence related to the second concern, that firms that own
their real estate may also be more likely to compensate their CEOs for responses to
luck, we run a propensity-score-matching test, where we match firms into treatment
and control groups by their real estate holdings in 1992, their industry, and location.
The first-stage regression is a probit regression where the independent variable cor-
responds to the treatment variable (action) and the independent variables correspond
to the real estate exposure (RE V alue), industry indicators, and MSA indicators.
The treatment is defined using each of the action variables as previously defined:
ROA, RE Sales and LT Debt Issues interacted with RE V alue. The treatment

25In a recent critique, Davidoff (2016) argues that land supply elasticity is not a good instrument for house
prices, as it is not useful for comparisons across MSAs (and will produce biased estimates). However, he
notes that identification strategy such as the one used here, which includes the interactions of HPI with
firm characteristics, will not suffer from the bias. Furthermore, his critique does not apply to comparisons
between real-estate-owning and nonreal-estate-owning firms that operate within the same MSA, as we do
here and throughout the paper.
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Table 8 Propensity-score-matching analysis

ROA RE Sales LT Debt Issues

Treated group 2.094 2.059 2.087

Control group 2.030 2.032 2.023

Difference 0.064*** 0.027*** 0.064***

[8.78] [3.21] [12.61]

N 14,261 14,458 14,564

This table presents the average treatment effect estimates of action variables on CEO compensation mak-
ing use of propensity-score matching. Matching variables include industry and the amount of real estate
holdings in 1992 and MSA. Treatment dummy is equal to one if the value of action variable interacted with
the value of real estate (for ROA, RE Sales and LT Debt I ssues) is above the median. All variables are
winsorized at the first and 99th percentile values. N corresponds to the number of matched observations.
Asterisks indicate statistical significance at the 1% (***), 5% (**), or 10% (*) levels

indicator equals one when the value of the action variable is above the sample median
and zero otherwise. Controls are matched with replacement, and we use the single
nearest-neighbor matching algorithm. Results are shown in Table 8. We find a posi-
tive treatment effect on CEO compensation across the different action variables. The
average treatment effect on the treated ranges from 0.027 to 0.064 and is always
statistically significant at 1%. Because our dependent variable is the logarithm of
pay, these estimates represent percentage differences between treatment and control
groups. For instance, for firms in the treatment group defined with ROA (firms for
which ROA interacted with RE V alue is above median), there is a 6.4 percentage
point compensation premium when compared to firms in the control group. This
result is consistent with CEOs being rewarded for responses to luck.

5.5 Types of news

In this subsection, we explore how our results vary with the types of real estate luck.
In the spirit of Balakrishnan et al. (2014), we split our sample into firm-years in
which the yearly change in real estate prices was above (below) the median change
in our sample, which serves as a proxy for good (bad) real estate luck. We then re-
estimate our regressions separately for years with above (below) the median change
in the MSA price index. Further, we analyze the effect of large changes in real estate
values, by re-estimating our regressions using only firm-year observations for which
the yearly changes in MSA real estate prices (HPI) are in the top quartile of our
sample. The results of these tests are presented in Table 9. Overall and when consid-
ering ROA and LT Debt Issues, our results are driven by positive real estate luck
(changes in HPI above the median), and they also seem to be driven by large changes
in real estate prices (changes in HPI in the top quartile).26 Interestingly, managers are

26In Appendix G, we find similar results for SLBs.
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also compensated for responding to below median changes in HPI when it comes to
RE Sales but not when responding to above median changes. As selling real estate
assets, including headquarters, is a strategic decision for firms, we conjecture that
real estate prices are not the only factor to be considered. As an example, Ljungqvist
and Smolyansky (2018) suggest that state corporate income taxes can also affect
decisions to relocate headquarters.

6 Conclusion

We use variation in real estate values as a measure of luck to test whether CEOs are
paid for factors outside their control (luck) and for responding to luck (action). To
identify CEO actions, we propose a novel empirical strategy that relies on the differ-
ent exposure of firms to changes in real estate values and on the fact that market and
accounting performance do not reflect changes in the value of real estate in the same
way. While stock market returns should promptly reflect any changes in the value of
real estate assets of the firm, accounting returns should not, unless the manager takes
some action. When we explore this difference, we find that CEOs are rewarded for
their responses to luck, such as their sales of real estate or issuance of debt to exploit
increased collateral value. We find that firms that are more financially constrained
are the ones that reward CEOs for action, suggesting that the CEO’s response to the
luck is more valuable for these firms. While evidence of pay for luck only occurs
through equity pay, CEOs seem to be compensated for action mostly using cash and
in well governed firms.

Our results provide consistent evidence of pay for action or response to luck.
Nonetheless, they are subject to the common caveats in the literature that studies real
estate value dynamics. First, our sample is subject to a survivorship bias, since we
measure exposure to real estate changes at the beginning of the sample period, to alle-
viate concerns that exposure is endogenous. Second, although a firm’s headquarters
is typically one of its largest real estate holdings, it is likely not its only holding. To
the extent that firms have significant amounts of real estate property in states other
than of their headquarters state, the change in the value of those real estate assets
can be an omitted variable introducing noise in our results. We perform a robustness
test using a smaller sample size for which we can identify the location of each of the
firm’s real estate assets and obtain similar results. This test also allows us to construct
a time-varying measure of a firm’s real estate exposure. Third, following Chaney
et al. (2012), we rely on the residential price index to proxy for changes in commer-
cial real estate property values, as that information is not readily available. Both are
highly correlated. We also show that the results are robust to doing a propensity-score
match and to exploring whether pay for action occurs when there is good real estate
luck (i.e., yearly changes in MSA real estate prices in the top quartile or above the
median value of our sample).

This paper brings a new perspective on the debate over pay for luck. Using our
setting, we can identify responses to luck and show that CEOs are rewarded for these
responses, which are arguably optimal from the point of view of the shareholders.
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Appendix A: Variable definitions

CEO level variables
Total compensation Total CEO pay in thousand $, which consists of salary, bonus, value

of restricted stock granted, value of options granted, long-term incentive
payout, and other compensation (ExecuComp TDC1)

Cash compensation Salary plus bonus plus long-term incentive payout (before 2006) (Execu-
Comp SALARY + BONUS + LTIP) and salary plus bonus plus non-
equity incentive pay (after 2006) (ExecuComp SALARY + BONUS +
NONEQ INCENT) in thousand $

Equity compensation Value of restricted stock granted plus value of options granted in thou-
sand $ (ExecuComp RSTKGRNT + OPTION AWARDS BLK VALUE
before 2006 (pre adoption of FAS 123R) and STOCK AWARDS FV +
OPTION AWARDS BLK VALUE after 2006.)

CEO age Age of CEO in years (ExecuComp)
CEO tenure Number of years as CEO in the current position (ExecuComp)

Firm-level variables
Log MVE Log of market capitalization in thousands of $ (Compustat PRCC F x

CSHO)
LT Debt Issues Change in long-term debt in thousands of $ (Compustat DLTT) scaled by

lagged total assets (Compustat AT)
RE Sales The absolute value of RE assets plus depreciation (Compustat (PPENT -

PPENLS - PPENME + DP) less previous year’s real estate assets scaled by
lagged total assets (Compustat lagged AT) if negative and otherwise zero.
When this variable is zero, but the value for the sale of property (Compustat
variabel SPPE) is positive, we replace it with its value scaled by lagged total
assets (SPPE/lagged AT)

Tobin’s Q Sum of total assets plus market value of equity minus book value of equity
divided by total assets [Compustat (AT + CSHO x PRCC F - CEQ) / AT]

ROA Net income plus rental expenses multiplied by one minus income
taxes scaled by pretax income divided by total assets (Compustat
(NI+XRENT*(1-TXT/PI))/AT)

Volatility Annualized standard deviation of monthly stock returns (CRSP)
Stock return Annual stock return [Compustat (PRCC F(t) / AJEX(t) + DVPSX F(t) /

AJEX(t)) / (PRCC F(t-1) / AJEX F(t-1))]
RE Value For a comprehensive description, see Section 3.1
HPI Level of the House Price Index for a particular Core Based or Metropolitan

Statistical Area (Federal Housing Finance Association), obtained from the
Federal Housing Finance Association’s (FHFA)

SLB An identifier variable that assumes the value of one, if the firm has entered
into a sale and lease back transaction in the prior calendar year. SLBs are
obtained from Whitby (2013) for the sample period of 1992 to 2011

Classification variables
WW The Whited-Wu Index. We calculate the WW index value for each sample

firm and place firms with index values above (below) the median within the
year cohort in the constrained (unsconstrained) category

Dividend payout Dividends to common stockholders scaled by common shares outstanding
[Compustat DVC / CSHO]. For each year in the sample, we rank firms based
on their payout ratio and assign them to the financially constrained (uncon-
strained) groups based on whether their annual payout is below (above) the
median of the annual payout distribution

HHI Herfindahl Hirschman Index computed as the sum of the squared market
shares within an SIC2 digit industry and year

Blockholder ownership Total ownership of blockholders, where a blockholder is defined as an
outside owner of 5% or more of the total shares outstanding
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Appendix B: Examples of cases where SLB are explicitly mentioned
when discussing CEO pay

Example 1: TOUCHSTONE APPLIED SCIENCE ASSOCIATES, INC. Proxy State-
ment filled on March, 31, 2004 (bold added for emphasis)

“The Compensation Committee reviews the performance of Mr. Andrew L. Simon,
the Company’s Chief Executive Officer, by evaluating the achievement of the corpo-
rate and personal objectives set each year in conjunction with the Board’s approval
of the annual budget and the Company’s strategic plan. The Committee considered
the positive effects of the consummation of the disposition of the Company’s discon-
tinued operations during Fiscal 2003. Other positive achievements of the Company
during Fiscal 2003 included significant growth in revenues from sales, the comple-
tion of the sale-leaseback of the Company’s headquarters, and the early repayment
of the Company’s outstanding subordinated indebtedness. With respect to the Com-
pany’s performance in Fiscal 2003, Mr. Simon was awarded a cash bonus of $50,000
which will be paid in Fiscal 2004, and options to purchase 20,000 shares of Common
Stock at $2.10 per share, the market price at the time of the grant. In addition, Mr.
Simon’s base salary was modestly increased to $234,945, from $227,000.

The Compensation Committee believes that Fiscal 2003 was a year of solid perfor-
mance by the Company, especially in a somewhat lackluster business environment.
The completion of the disposition of the discontinued operations, the consummation
of the sale-leaseback of the Company’s headquarters and the early repayment
of the Company’s outstanding subordinated indebtedness combined to enable the
Company to refocus its resources on the assessment products market. The results of
operations for Fiscal 2003 reflected all of these positive accomplishments, and the
Committee feels that the salary adjustments and incentive compensation awarded to
the Chief Executive Officer and other members of senior management were appro-
priate, and would provide further incentive to management to strive for continued
improvements in revenues and profitability. The Compensation Committee believes
that the compensation program of the Company properly serves to align the interests
of the management with the interests of the stockholders.”

Example 2: QUIDEL CORP, Proxy Statement filled on April, 13, 2000 (bold added
for emphasis)

“The Chief Executive Officer’s total cash compensation for the nine-month period
ended December 31, 1999 was $292,300 in base salary. No incentive compensa-
tion was awarded. Specific accomplishments that were considered by the Board and
occurred under Mr. de Bruin’s leadership during this period are as follows: (1) the
acquisition of Metra Biosystems, Inc., a leader in the diagnosis and management of
metabolic bone diseases and disorders, (2) the acquisition of a urine test strip busi-
ness from Dade Behring Marburg GmbH which will allow for leverage of global
sales, (3) the receipt of United States Food and Drug Administration clearance and
initiated marketing of the QuickVue Influenza test, a point-of-care diagnostic test that
provides accurate diagnosis of Influenza A and B in ten minutes, (4) the sale and
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leaseback of the corporate headquarters facility that provided the cash to reduce
the debt incurred in the Metra and Dade Behring acquisitions, (5) the imple-
mentation of a new enterprise resource planning business operating system which is
expected to allow the operations of the business to become more efficient and provide
a strong platform for business growth, (6) the increase of production capacity to meet
increased demand for products, and (7) the implementation of our long-range strate-
gic mission to drive future product development and partnerships. The Corporate
earnings goal for this period was not met.”

Appendix C: Estimating pay for luck and pay for action using
Bertrand andMullainathan (2001) approach

In this section, we estimate pay for luck and pay for action following the Bertrand
and Mullainathan (2001) empirical setting. The standard approach of Bertrand and
Mullainathan (2001) consists of estimating the sensitivity of CEO compensation to
changes in firm performance driven by luck, using exogenous determinants of firm
performance, such as oil prices or exchange rates. However, when estimating the
sensitivity of compensation to luck in this framework, one cannot disentangle the
sensitivity of pay to luck from the sensitivity of pay to reactions to luck (action). As
Bertrand and Mullainathan (2001) point out, finding pay for luck in their setting can
still be consistent with the possibility that “boards tie pay to luck to motivate CEOs
to forecast or respond to luck shocks.”

Using the accounting treatment of real estate assets described in Section 2.2 allows
us to do just that: given that any shocks to the value of a firm’s real estate should
only be reflected on the firm’s balance sheet if a firm responded to the shock, we can
disentangle the sensitivity of CEO pay to luck (measured by the market value of its
real estate assets) from the sensitivity of pay to reactions to luck. Bertrand and Mul-
lainathan (2001) run a two-stage model, where, in the first stage, firm performance
is explained by luck and, in the second stage, performance driven by luck explains
CEO pay. In their setting, accounting performance and market performance are used
as substitutes to show evidence of pay for luck because both measures are similarly
affected by changes in oil prices, which is their main luck variable. In our setting,
accounting performance does not correlate with real estate prices unless there is
action. For this reason, we use market performance to estimate pay for luck and action
and ROA to estimate solely pay for action. Table 10 shows the results. Columns (1)
and (2) show evidence of pay for luck and action. In Column (1), following Bertrand
and Mullainathan (2001), we use market value of equity as our main performance
variable, which is instrumented with market value of real estate in the first stage. We
find a positive and significant coefficient, which is consistent with CEOs being paid
for luck and potentially for action. In Column (2), we use real estate market prices
as an instrument for stock returns. We find a positive and significant coefficient for
stock returns, which again can be interpreted as pay for luck. In Columns (3) and (4),
we use real estate prices as an instrument for ROA. We find a positive and signifi-
cant coefficient for ROA, which is consistent with pay for action, since, as pointed
out, ROA is not expected to correlate with real estate prices in the first stage unless
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Table 10 Bertrand and Mullainathan (2001) pay for luck and pay for action estimates

(1) (2) (3) (4)

Log(MVE) 0.148** 0.005

[2.209] [0.437]

ROA 0.279** 0.347**

[2.121] [2.209]

Stock return 0.194* − 0.011

[1.924] [− 1.154]

ROA(t-1) − 0.042 0.073** − 0.013 − 0.022

[− 1.315] [2.446] [− 0.661] [− 0.736]

Stock return(t-1) − 0.004 0.047*** 0.005 0.001

[− 0.554] [2.633] [1.601] [0.211]

Log(Assets) − 0.090 0.050*** 0.037*** 0.040***

[− 1.437] [15.965] [4.357] [10.330]

Tobin’s Q − 0.031 − 0.027 0.009*** 0.012***

[− 1.521] [− 1.293] [3.227] [7.353]

Volatility 1.040** − 1.684** 0.240** 0.361

[1.988] [− 1.960] [2.070] [1.423]

CEO age 0.009*** 0.005** 0.004*** 0.004***

[3.264] [2.354] [2.760] [2.603]

CEO age squared − 0.000*** − 0.000*** − 0.000*** − 0.000***

[− 3.617] [− 2.871] [− 3.430] [− 3.277]

Observations 15,397 15,397 15,397 15,397

Firm FE Y Y Y Y

Yr FE Y Y Y Y

Cluster Firm Y Y Y Y

This table presents estimates of two-stage panel regressions of the Log(Total Compensation) on luck and
responses to luck. The first-stage regressions use HPI to predict firm performance as measured by MVE
(Column 1), Stock Return (Column 2), and ROA (Columns 3 and 4). The second-stage regressions include
the predicted firm performance as measures of luck in the case of MVE and Stock Return (Columns 1 and
2) and action in the case of ROA (Columns 3 and 4). The sample consists of all firms in Execucomp and
Compustat for which real estate assets data and HPI data are available for the years 1992 - 2016 inclu-
sive. HPI denotes CBSA-level house prices, as obtained from the Federal Housing Finance Association’s
(FHFA) database. All variables are winsorized at the 1th and 99th percentile values. Variables are defined
in the Appendix A. Asterisks indicate statistical significance at the 1% (***), 5% (**), or 10% (*) levels.
Note: Since R-squared has no statistical meaning in the context of 2SLS/IV, we do not tabulate it

the CEO responds to luck. Interestingly, when we instrument for accounting perfor-
mance, the coefficients on stock market performance are not significant, which casts
doubts on the evidence of pay for luck. A potential limitation of this approach con-
sists of the possible violation of the exclusion restriction, necessary for the validity
of the instrumental variable approach. The idea being that CEO compensation can
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only be affected by changes in real estate prices through firm performance and not
any other channel.

Appendix D

Table 11 Pay for action with a minimum of ten observations per firm

(1) (2) (3) (4) (5) (6) (7)

RE Value 0.029* 0.030* 0.031* 0.032** 0.031** 0.042** 0.042**

[1.845] [1.932] [1.942] [2.111] [2.006] [2.554] [2.565]

RE Value x ROA 0.100**

[1.999]

RE Value x RE Sales 0.097** 0.053***

[2.176] [2.668]

RE Sales − 0.054

[− 0.868]

RE Value x LT Debt Issues 0.032** 0.011

[2.041] [1.009]

LT Debt Issues − 0.011

[− 1.096]

RE Value x SLB − 0.037 0.037*

[− 0.972] [1.866]

SLB 0.045***

[2.860]

ROA 0.018* 0.033*** 0.033*** 0.032*** 0.031*** 0.029*** 0.028***

[1.828] [4.160] [4.289] [4.458] [4.268] [2.973] [2.970]

Stock return 0.008*** 0.008*** 0.008*** 0.008*** 0.008*** 0.008** 0.008**

[2.970] [3.043] [3.066] [2.940] [3.040] [2.651] [2.650]

ROA(t-1) 0.022*** 0.022*** 0.022*** 0.020** 0.022*** 0.022** 0.022**

ROA(t-1) 0.022*** 0.022*** 0.022*** 0.020** 0.022*** 0.022** 0.022**

[3.235] [3.082] [3.222] [2.617] [3.287] [2.307] [2.333]

Stock Return(t-1) 0.014*** 0.014*** 0.014*** 0.014*** 0.014*** 0.014*** 0.014***

[6.824] [6.962] [6.974] [6.940] [7.003] [6.723] [6.667]

Log(Assets) 0.043*** 0.042*** 0.042*** 0.041*** 0.042*** 0.042*** 0.042***

[12.155] [12.360] [12.302] [12.256] [11.606] [10.133] [10.090]

HPI(t-1) − 0.013* − 0.012 − 0.012* − 0.012* − 0.012* − 0.017** − 0.017**

[− 1.827] [− 1.715] [− 1.724] [− 1.721] [− 1.720] [− 2.149] [− 2.170]

Tobin’s Q 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011***

[6.855] [7.021] [6.918] [6.993] [6.925] [5.744] [5.746]

Volatility − 0.169 − 0.176 − 0.176 − 0.172 − 0.171 − 0.164 − 0.161

[− 0.908] [− 0.947] [− 0.940] [− 0.935] [− 0.920] [− 0.818] [− 0.802]

CEO age 0.006** 0.006** 0.006** 0.006** 0.006** 0.004 0.004

[2.086] [2.216] [2.175] [2.097] [2.188] [1.354] [1.365]

CEO Age Squared − 0.000* − 0.000* − 0.000* − 0.000* − 0.000* 0 0

[− 1.772] [− 1.889] [− 1.840] [− 1.761] [− 1.853] [− 1.003] [− 1.012]
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Table 11 (continued)

(1) (2) (3) (4) (5) (6) (7)

Observations 12,231 12,231 12,231 12,169 12,231 9,708 9,708

R-squared 0.828 0.828 0.828 0.829 0.828 0.818 0.818

Firm-CEO FE Y Y Y Y Y Y Y

Ind-Yr FE Y Y Y Y Y Y Y

Cluster MSA & Year Y Y Y Y Y Y Y

This table replicates Table 3 in the paper and examines the role of responses to real estate luck in CEO
compensation when we restrict our sample to firms that have more than 10 years of observations. Asterisks
indicate statistical significance at the 1% (***), 5% (**), or 10% (*) levels

Appendix E: Event study: sale and leaseback transactions

In Table 12, we perform an event study around the announcement dates of SLBs
and find significant positive abnormal returns, suggesting that this CEO action, on
average, creates value for shareholders. For these tests, we use the sample of SLBs

Table 12 Cumulative abnormal returns at the announcement of sale-and-leasebacks

Mean Pos/Neg Patell Z

Full Sample of Sale-Leasebacks (N = 358)

CAR (−1,1) 0.0127 194/164 4.183***

CAR (−2,2) 0.0134 192/166 3.583***

CAR (−3,3) 0.0137 192/166 3.382***

Sale-Leasebacks of Real Estate only (N = 206)

CAR (−1,1) 0.0205 115/91 4.349***

CAR (−2,2) 0.0229 117/89 3.744***

CAR (−3,3) 0.0216 111/95 3.153***

Sale-Leasebacks of Headquarters only (N = 69)

CAR (−1,1) 0.0094 39/30 1.895**

CAR (−2,2) 0.0112 44/25 2.019**

CAR (−3,3) 0.0019 40/29 1.272

Sale-Leasebacks following Positive Real Estate Shocks (N = 240)

CAR (−1,1) 0.0185 127/113 3.525***

CAR (−2,2) 0.0204 126/114 2.777***

CAR (−3,3) 0.0187 122/118 2.519***

The table presents the return effects associated with the announcement of a sale and leaseback transaction.
The cumulative abnormal return (CAR) is calculated using the market model, which is estimated using
the CRSP equally weighted stock returns over the prior 252 days. Day 0 is the announcement date of
the sale and leaseback (SLB). The sample consists of SLBs from 1980–2011 and is from Whitby (2013).
Significance at the 1%, 5%, and 10% levels is denoted by ***, **, and *, respectively
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from Whitby (2013). We find that SLBs in general generate significant cumulative
abnormal returns (CAR) between 1.3% and 1.4%. When restricting the sample to
SLBs of real estate assets only, CAR are between 2.1% and 2.3%. As for SLBs that
occur as responses to increases in real estate prices (meaning change in HPI>0), we
find CAR between 1.9% and 2%.27 These results are consistent with the idea that
incentivizing managers to respond to real estate luck or paying them ex post if the
action is observable might be optimal.

Appendix F

Table 13 First-stage results

RE Value HPI

(1) (2)

RE Value92 x Case-Shiller Index x Inelasticity 0.008*** − 0.000

[8.064] [− 0.179]

Case-Shiller Index x Inelasticity − 0.001*** 0.007***

[− 2.924] [4.959]

Observations 12,364 12,364

R-squared 0.992 0.973

Controls Y Y

Firm-CEO FE Y Y

Ind-Yr FE Y Y

Cluster MSA & Year Y Y

This table shows results of the first-stage regression of the IV specification shown in Section 5.4. The
dependent variables are HPIm,t , the growth in CBSA/MSA level real estate prices from 1993 to year t,
and RE V aluei,t , defined as the market value of a firm’s real estate assets in year t . The instrument in
the first-stage regression is land supply inelasticity interacted with the growth in aggregate U.S. real estate
prices from 1992 to year t , as measured by the S&P/Case-Shiller U.S. National Home Price Index, and
RE V aluei,1992, a measure of the market value of a firm’s real estate assets in 1992. As in Eq. 1, we
include firm and CEO-specific controls as defined in Section 3, and we include firm-CEO fixed effects, γi,c

and industry-year fixed effects, δj,t . We further include interactions between firms’ initial characteristics
and the HPI : in particular, we include five quintiles of firm age, firm size, and ROA as well as two-digit
SIC-industry and MSA dummies. Standard errors are clustered at the MSA and year level

27In an additional (untabulated) analysis, we test the CAR around SLBs following positive real estate
shocks, relative to CAR around SLBs following negative real estate shocks, and obtain similar results, as
the CAR around SLBs following negative real estate shocks are indistinguishable from zero. This suggests
that not only are the CAR around SLBs following positive real estate shocks significantly different from
zero, but they are also significantly different from the CAR around SLBs following negative real estate
shocks. We thank one of the reviewers for this suggestion.
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Appendix G

Table 14 Types of news

(1) (2) (3)

CHG HPI above median CHG HPI below median CHG HPI top quartile

RE Value 0.049 0.038 0.056

[1.555] [1.094] [1.359]

RE Value x SLB 0.047* − 0.103 0.195*

[1.771] [− 1.476] [1.920]

Observations 5,635 5490 2,379

R-squared 0.824 0.869 0.830

Other Controls Y Y Y

Firm-CEO FE Y Y Y

Ind-Yr FE Y Y Y

Cluster MSA & Year Y Y Y

This table examines a series of sensitivity analyses with respect to the extent and type of real estate
changes, following Balakrishnan et al. (2014), for sale and leasebacks (SLBs). All specifications include
all control variables used in Table 3, but for brevity, their coefficients are suppressed (Controls include
Stock Return(t), Log(Assets), predicted HPI(t-1) from the first stage, Tobin’s Q, Volatility, ROA(t-1),
Stock Return (t-1), CEO Age, CEO Age Squared). All variables are winsorized at the 1th and 99th per-
centile values. Remaining control variables are defined in the Appendix A. Asterisks indicate statistical
significance at the 1% (***), 5% (**), or 10% (*) levels
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Göx, R. F. 2008. Tax incentives for inefficient executive pay and reward for luck. Review of Accounting
Studies 13(4): 452–478.

Graham, J. R., S. Li, and J. Qiu. 2012. Managerial attributes and executive compensation. The Review of
Financial Studies 25(1): 144–186.

Hadlock, C. J., and J. R. Pierce. 2010. New evidence on measuring financial constraints: Moving beyond
the kz index. The Review of Financial Studies 23(5): 1909–1940.

Holderness, C. G. 2003. A survey of blockholders and corporate control. Economic Policy Review 9(1).
Holmström, B. 1979. Moral hazard and observability. The Bell Journal of Economics 10: 74–91.
Jennings, J. N., J. M. Kim, J. A. Lee, and D. J. Taylor. 2020. Measurement error and bias in causal models

in accounting research. Available at SSRN 3731197.
Ljungqvist, A., and M. Smolyansky. 2018. To cut or not to cut? On the impact of corporate taxes on

employment and income. On the Impact of Corporate Taxes on Employment and Income (October 3,
2018).

Lobo, G. J., M. Neel, and A. Rhodes. 2018. Accounting comparability and relative performance evaluation
in ceo compensation. Review of Accounting Studies: 1–40.

Mian, A., and A. Sufi. 2011. House prices, home equity-based borrowing, and the us household leverage
crisis. American Economic Review 101(5): 2132–56.

2446 A. Albuquerque et al.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=276425


Murphy, K. J. 1999. Executive compensation. Handbook of Labor Economics 3: 2485–2563.
Noe, T. H., and M. J. Rebello. 2011. Optimal corporate governance and compensation in a dynamic world.

The Review of Financial Studies 25(2): 480–521.
Potepa, J. 2020. The treatment of special items in determining ceo cash compensation. Review of

Accounting Studies: 1–39.
Rutherford, R. C. 1990. Empirical Evidence on Shareholder Value and the Sale-Leaseback of Corporate

Real Estate. Real Estate Economics 18(4): 522–529.
Sloan, R. G. 1993. Accounting earnings and top executive compensation. Journal of Accounting and

Economics 16(1-3): 55–100.
Slovin, M. B., M. E. Sushka, and J. A. Polonchek. 1990. Corporate Sale–and–Leasebacks and Shareholder

Wealth. The Journal of Finance 45(1): 289–299.
Whitby, R. 2013. Market responses to sale-and-leasebacks. Real Estate Finance 29: 2–6.
Whited, T. M., and G. Wu. 2006. Financial constraints risk. The Review of Financial Studies 19(2): 531–

559.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

2447CEO compensation and real estate prices: pay for luck or pay for action?


	CEO compensation and real estate prices: pay for luck or pay for action?
	Abstract
	Introduction
	Theoretical and institutional background
	Theoretical background
	Institutional background
	Accounting treatment of long-lived assets under US GAAP
	Reactions to events that are not under CEO control


	Data and methodology
	Data
	Methodology
	Pay for luck
	Pay for action
	Measures of responses to real estate luck


	Results
	Descriptive statistics
	Pay for luck
	Pay for action or responses to luck
	Cash and equity pay
	Is pay for luck optimal?
	Pay for responses to luck and financing constraints
	Pay for responses to luck and corporate governance


	Robustness tests and discussion
	Alternative measures of RE_Value
	Location of firms' real estate holdings and time-varying real estate exposure
	Measuring responses to luck
	Endogeneity concerns
	Types of news

	Conclusion
	Appendix A A: Variable definitions
	 B: Examples of cases where SLB are explicitly mentioned when discussing CEO pay
	Appendix B B: Examples of cases where SLB are explicitly mentioned when discussing CEO pay
	 C: Estimating pay for luck and pay for action using Bertrand and Mullainathan (Bertrand2001) approach
	Appendix C C: Estimating pay for luck and pay for action using Bertrand and Mullainathan (Bertrand2001) approach
	 D
	Appendix D D
	 E: Event study: sale and leaseback transactions
	Appendix E E: Event study: sale and leaseback transactions
	 F
	Appendix F F
	 G
	Appendix G G
	References


