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Abstract 

 
This paper examines how executives’ compensation structure interacts with firm debt 

structure and proposes an investment channel to explain this relationship. Based on the 

compensation contracts, executives make corresponding investment and financing decisions 

for their firms. Therefore, different compensation structures may lead to different firm debt 

structures. First, a theoretical model is built to analyze the relationship between executive 

compensation and firm debt structure. Then US Equity Real Estate Investment Trusts (REITs) 

data is used to test the empirical implications of the model. Evidence shows interesting links 

among the sensitivity of executive pay to firm stock price (also known as Delta), firm 

investment, and firm capital structure. Results show that when executive pay is more sensitive 

to firm stock price (a higher Delta), the firm has more secured debt within its capital structure. 

The positive relationship could be explained by the investment channel, as we show  that firms 

with higher Delta have a significantly higher level of risky investment, and risky investments 

are associated with more use of secured debt. The above results are robust with alternative 

tests. These findings offer a new perspective on firm collateral use and provide insight into 

using executive compensation to mitigate the principal-agent problems between equity 

shareholders and executives. 
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1    Introduction 
 

Executive compensation has long attracted a great deal of attention from researchers. Agency theory 

suggests that using stock grants and options as a part of executive compensation helps to align the 

interests of firm shareholders with executives. However, it is unclear how executive compensation, 

especially the use of stock grants and options, affects firms’ investment and financing decisions. 

Executive compensation may affect the executives’ exposure to firm risk, and hence affect the 

investment behavior of the firm, as well as the financing structure behind the investment decisions. 

A better understanding of the role of executive compensation in these decisions making processes 

allows boards of directors to design policies that mitigate agency problems between shareholders 

and executives and provides a more comprehensive understanding of matching or mismatching of 

firm investment strategies and capital structure. 

This research examines the connection between executive compensation and firm debt 

financing choices of secured versus unsecured debt. Most previous literature on CEO compensation 

and capital structure focuses on the firms’ leverage ratio (Jensen and Meckling, 1976, Dybvig and 

Zender, 1991, John and John, 1993, Sundaram and Yermack, 2007, Cassell et al., 2012, Eisdorfer 

et al., 2013, Brisker and Wang, 2017), borrowing costs (Shaw, 2012, Kabir et al., 2013, Du et al., 

2019, Bardos et al., 2021, Ghosh et al., 2023) and maturity (Brockman et al., 2010, Ghosh et al., 

2023). Some find that high equity compensation can lead to overinvestment (Jensen and Meckling, 

1976, Eisdorfer et al., 2013, Brisker and Wang, 2017) and overleverage of the firm, which can be 

explained by the fact that equity compensation induces managerial effort and risk-taking (Edmans 

and Liu, 2011). Others use the sensitivity of compensation to a firm’s stock performance as a 

measurement of risk incentives, and find that high incentives lead to higher risk investments (in the 

form of research and development expenditures) and greater amounts of financial leverage (Coles 
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et al., 2006). Recent literature focuses on the tournament theory and uses the CEO pay gap to 

measure tournament incentives  (Du et al., 2019, Bardos et al., 2021, Ghosh et al., 2023). They find 

a negative relationship between the CEO pay gap and the cost of debt and default risk, providing 

evidence that creditors view tournament incentives favorably and are willing to offer better debt 

terms. 

However, the choice of secured or unsecured debt has not been studied intensively yet. As 

mentioned by Rampini and Viswanathan (2020), “The extant literature on collateral assumes that 

debt is subject to collateral constraints, that is, debt has to be collateralized, without drawing a 

distinction between secured and unsecured debt. At times, collateralized debt is interpreted as 

synonymous with secured debt, and at times collateral constraints are interpreted as applying to all 

debt, whether such debt is secured or not.”  

From a theoretical perspective, distinguishing between secured and unsecured debt can shed 

light on the information asymmetry theory, because the use of collateral is related to the adverse 

selection (e.g, (Bester, 1985, Chan and Kanatas, 1985, Besanko and Thakor, 1987a, Besanko and 

Thakor, 1987b) and the moral hazard (e.g., (Chan and Thakor, 1987, Boot et al., 1991) between 

agents and lenders.  In reality, debt indeed comes from a large variety of sources that can be roughly 

classified as short versus long term, public versus private, and unsecured versus secured (e.g., Rauh 

and Sufi (2010), Colla et al. (2013), and Lou and Otto (2020)). Based on a US sample from 1993 to 

2011, Lin (2016) records an average of 51.6% public debt and 42.8% private debt; Boubaker et al. 

(2018) find that 42.2% of the total debt is sourced from banks with a sample of 3,675 US firms from 

2001 to 2013; with a longer sample period spanning from 1990 to 2016, Ben-Nasr (2019) records 

on average 24% bank debt in total debt for US firms; meanwhile, it is a different picture for 

unsecured versus secured debt: according to Benmelech et al. (2020), secured debt as a share of total 
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debt has been declining monotonically in the past century from 80% in 1926 to around 10% in the 

last decade. The heterogeneity of debt structure should not be underestimated.  

So far as we searched, the only paper that investigates the choice of secured or unsecured 

debt and CEO compensation is Alderson et al. (2014), who found a negative relationship between 

managerial volatility sensitivity and the use of secured debt. Our paper extends the literature by 

proposing and testing the channel for this relationship – the investment channel.   

In our theoretical model, we derive how executives make financing decisions based on their 

compensation structure, especially how executive compensation affects the debt structure through 

its effects on firm investment decisions. In our model, firms seeking to borrow a fixed amount of 

capital from outside lenders to finance a new project can choose either secured or unsecured debt. 

Lenders offering both types of debt expect to earn zero expected profit. Firm executives make 

financing decisions based on their compensation structure. Our model shows that for projects 

more sensitive to the managerial effort, the corresponding financing structure is a secured debt. 

Financing with secured debt reduces incentives for managers to deviate from exerting high effort 

levels, which are optimal levels for projects that are sensitive to the managerial effort. As a result, 

if executive compensation includes higher incentive payments, the executives will choose the 

projects that offer a higher expected payoff. If the risky project is chosen, then the corresponding 

debt structure will be secured debt. 

In our empirical analysis, we measure risky investments in an explicit and homogenous way. 

Previous literature commonly uses research and development (R&D) expenses or capital 

expenditures as the proxy for the riskiness of investments (Bhagat and Welch, 1995, Kothari et al., 

2002, Coles et al., 2006, Cassell et al., 2012). However, R&D expenses or capital expenditures 

cannot reflect firms’ investment choices in terms of asset classes and markets. Besides, the 

relationship between R&D expenses and productivity efficiency varies across firms and industry 
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sectors. In this paper, using US equity Real Estate Investment Trusts (REITs) as the sample, we 

identify the riskiness of investments by observing REITs’ investment allocations across different 

markets by comparing the demand, risk and return profile, and liquidity of the markets. Moreover, 

provide us with a more homogenous sample. Unobserved confounding factors due to the industry- 

or firm-level heterogeneity in terms of free cash-flow, the riskiness of the sector, collateral 

constraints, etc., can be avoided. 

Using US equity REITs data from 2001 to 2019, we find that firms with higher sensitivity 

of executive compensation to stock price (Delta) tend to hold more secured debt as a percentage of 

total debt. The positive relationship is explained by the investment channel, as we show  that firms 

with higher Delta have a significantly higher level of risky investment, and risky investments are 

associated with more use of secured debt. The risky investment is defined as the shifts in investments 

outside 25 core real estate markets. Our results remain robust when (a) using unsecured corporate 

bonds issuance and mortgage loan-to-value ratio in the property acquisition instead of using the 

ratio of secured debt to total debt, (b) using an alternative incentive measurement  Vega, calculated 

as the change in the dollar value of executive compensation for a 0.01 change in the annualized 

standard deviation of stock returns, (c) using alternative weighting scheme in the net investment 

calculation, (d) using alternative definitions of risky markets based on risk and return profile of the 

market, the liquidity of the market, and the zip code level employment density, (e) and using 

instruments to define the risky markets. 

This paper also contributes to the debate on the relationship between default risk and the 

presence of collateral by proposing and testing the moral hazard channel. Previous literature 

examines this relationship from various aspects, including the legal perspective of claims priority 

(e.g., Bebchuk and Fried (1996) and Cohen (2018)), the cyclical nature of the debt market (e.g., 

(Benmelech et al., 2020, Luk and Zheng, 2022), the credit quality (Denis and Mihov, 2003), the 
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reorganizing power of borrowers with the arm’s length investors (see e.g.,Cantillo and Wright 

(2000), Denis and Mihov (2003), Rauh and Sufi (2010), and Chen et al. (2020)), and the value or 

quality of underlying real estate assets (Cvijanović, 2014, Lin, 2016, Giambona et al., 2018, Chen 

et al., 2020, Campello et al., 2022). In this paper, we focus on the moral hazard channel through the 

risky investments by CEO, which has been largely ignored in the literature.  

Moral hazard models suggest that in the presence of asymmetric information, low-quality 

borrowers are more likely to offer collateral as a risk-reducing contractual feature, consistent with 

the costly contracting hypothesis developed by Smith Jr and Warner (1979). For example, securing 

the loan with collateral may prevent, or at least reduce the probability of asset substitution, resulting 

in a lower probability of loan default, and/or lowering the foreclosure costs in the case of a loan 

default (Booth and Booth, 2006). Therefore, moral hazard models will imply a positive relationship 

between default risk and the presence of collateral. By contrast, the adverse selection model will 

indicate a negative relationship between default risk and the presence of collateral, because pledge 

collateral to signal their quality. High-quality borrowers pledge collateral and avoid being pooled 

with low quality borrowers, but for low quality borrower pledging collateral constitutes a costly 

signal.   

Our theoretical model is built on the moral hazard model. Consisting of the expectation based 

on the moral hazard model, we find that if the compensation structure encourages the executive to 

choose the projects that offer a higher expected payoff (risky projects), the optimal debt structure 

will be secured debt. Our empirical results also validate our theoretical finding. This finding supports 

the argument that the riskier borrowers will pledge more collateral (Chen, 2006), which indicates 

that collateral is used to reduce the higher credit risks of firms (Booth and Booth, 2006, Menkhoff 

et al., 2006). It is different from the argument that borrowers with safer projects will pledge more 

collateral (Bester, 1985, Besanko and Thakor, 1987a).  



7 
 

Our finding helps to understand the design of optimal executive compensation structures 

that motivate executives to make appropriate investment and financing decisions for firms. 

Depending on the characteristics of investment, the effective executive compensation structure may 

take different forms. Incentive compensation, such as stocks and options, may help mitigate agency 

problems between firm shareholders and executives. Different incentive payments may induce the 

manager to make different investment decisions, which further affects the debt structure. The 

connection between executive compensation and the use of secured debt might also be observable 

through time. Variations in the characteristics of investment under different market conditions might 

lead to time-varying executive compensation policies and debt policies. The theory and predictions 

can be applied beyond real estate. Although the importance of secured debt for non-property firms 

declined in the 2000s, it played a significant role in the 1970s, when half of the corporate bonds 

were secured. The collateral still plays a crucial role in a firm’s ability to raise external capital (see, 

for example, Rampini and Viswanathan (2013)), especially for small firms (Benmelech et al., 2020).  

The remainder of the paper is organized as follows. In section 2, we consider related 

literature. Section 3 presents a model and derives propositions. Section 4 presents data and empirical 

results. Section 5 concludes. 

 

2      Literature Review 

There is a large collection of research surrounding executive compensation (Murphy,1999). 

One major research direction in the study of executive compensation is the effect of executive 

compensation schemes on firm-level decision-making. There are two major components of 

executive compensation: cash compensation and non-cash compensation. Cash compensation 

includes salary and bonus, and non-cash compensation includes stock grants, options, and other 
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non-cash incentives.   Due to the “undiversified” position that Chief Executive Officers (CEOs) take 

in the value of the firm, they can suffer big financial, legal, and reputational losses if the firm fails. 

On the other hand, shareholders are more widely diversified in their holdings, so they prefer more 

risk-taking than CEOs. Therefore, incentives should be designed and delivered to firm executives 

encouraging them to take risks (Jensen and Meckling, 1976). Stock option awards, as one 

component of non-cash incentives, became the largest component of CEO compensation during the 

1990s. Stock options have convex payoffs and may affect managers’ incentives to take risks  (Smith 

and Stulz, 1985, Meyer et al., 1992). Empirical findings are generally consistent with this rationale. 

For example, May (1995) shows how a manager’s decision-making is affected by personal risks and 

finds that CEOs who have more personal wealth associated with firm equity tend to take less risk 

and diversify. Coles et al. (2006) provide evidence of the relationship between managerial 

compensation structures and firm investment and debt policies and find that if the CEO’s wealth has 

a higher sensitivity to the firm’s stock volatility, then these firms will take on riskier policies, such 

as investing more in R&D, are more focused, and take on higher leverage. Brisley (2006) finds that 

the stock options exercise schedules of executives affect risk-taking incentives and propose a 

“progressive performance vesting” strategy of options to allow the firm to rebalance more efficiently 

risking-taking incentives for managers. Gibbons and Murphy (1992) find that investment in R&D  

and advertising are all affected during the final years of a CEO’s time in office. Aggarwal and 

Samwick (2003) find that managers diversify the firm’s investment portfolio because of the private 

benefits they can obtain from diversification. All literature review findings imply that due to 

principal-agent problems, firm risk-taking behaviors are affected by executives’ personal interests 

and compensation structure.  

In addition to firm risk-taking, related research studies show that other firm-level activities, 

such as firm performance and firm debt structure, are also affected by managerial compensation 
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schemes. For example, Mehran (1995) finds firms whose executives have more equity-based 

compensation perform better. Findings also suggest the form of executive compensation plays an 

important role in motivating managers to increase firm value. Ortiz-Molina (2007) examines how 

executive compensation is related to capital structure and finds pay-performance sensitivity 

responds differently to varying debt levels. When the leverage ratio changes, pay-performance 

sensitivity changes. The findings suggest capital structure and executive compensation are related. One 

possible explanation for this correlation is the agency problems between executives and 

shareholders are connected to agency problems between debtholders and equity shareholders. 

Studies based on this reasoning include Brockman et al. (2010), whose research shows a negative 

relation between the sensitivity of a CEO’s personal investment portfolio to changes in firm stock 

price and shorter maturity debt, but a positive relationship between the sensitivity of a CEO’s 

portfolio to stock price volatility and short-term debt. Other studies about executive pay and firm 

debt structures include Chava and Purnanandam (2007). The authors find a CFO’s incentives have 

strong influences on the floating-to-fixed rate debt structure of the firm.  If CFOs have incentives to 

increase firm risk, firms adopt a volatility-increasing debt structure, which means more floating-rate 

debt. In the context of REITs, Ertugrul et al. (2008) find CEO’s compensation structure affects the 

derivative usage of REITs. The higher the ratio of CEO cash compensation to total compensation, 

the less hedging activity. Liu et al. (2019) show REITs firms that issue debt have higher asset quality 

than those issue equity. For firms whose assets’ quality is not easily observable, their financing 

choices depend heavily on conditions in the overall real estate market. Campello et al. (2022) use 

firms’ real estate holdings in the US and all debts raised against those assets over the 2000–2017 

period and found that Firms raise new debt following an increase in the value of their real estate but 

use unsecured rather than secured borrowing. Conklin et al. (2018) show that REITs are 4–8% less 

likely to use secured (mortgage) debt when acquiring properties in their primary markets than 
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elsewhere. It is consistent with the hypothesis that REITs avoid mortgage financing in their primary 

markets to preserve operational flexibility in those markets. Using Equity REITs data, Riddiough 

and Steiner (2020) show that lower leverage is associated with higher firm value. In the presence of 

weak managerial governance, unsecured debt covenants function as a managerial commitment 

device that preserves the firm's debt capacity to enhance financial flexibility. 

Despite the importance of secured and unsecured debt in firm financing, research concerning 

them is limited. The choice between secured and unsecured debt can be influenced by several 

factors. Stulz and Johnson (1985) explain the existence of secured debt by focusing on the moral 

hazard problem. They argue the advantage of secured debt is it allows firms to undertake profitable 

projects that otherwise would not be undertaken if only use equity or unsecured debt is used. This 

is because secured debt helps to reduce the under-investment problem caused by the existence of 

the outstanding debt. Secured debt also mitigates the asset substitution problem which may arise 

with unsecured debt. Eisdorfer et al. (2013) find that secured debt helps to mitigate risk-shifting 

(asset substitution) of financially distressed firms. Another factor that is significant in secured debt 

usage is asymmetric information. As the borrower may have some private information about the 

investment, which is not known by the lender, the lender requires collateral to reduce risks. Dennis 

et al. (2000) find that secured debt is used when asymmetric information exists. As the firm grows 

and builds a reputation with lenders, the asymmetric information problem is less severe, and more 

unsecured debt is used.  

Some studies look at the role of collateral when both moral hazard and asymmetric 

information problems exist.   Boot et al. (1991) analyze the economic role of collateral when both 

private information and moral hazard are present. They conclude that if only moral hazard is 

considered, using collateral is a useful instrument to reduce moral hazard problems. Their model 

assumes that banks compete for borrowers, and borrowers take unobservable actions, which affect 
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the project payoffs and cause moral hazard problem. Even with a repossession cost, secured debt 

can mitigate moral hazard. When pre-contract private information is considered, the collateral usage 

specified in the contract increases. The authors then empirically test the model predictions and show 

that larger loans and loans of longer maturity have less collateral. 

Collateral usage is also believed to be influenced by factors other than moral hazard and 

asymmetric information. Inderst and Mueller (2007) show that in an imperfectly competitive loan 

market, riskier borrowers should pledge more collateral. In the context of REITs, Giambona, 

Mello and Riddiough (2017) show both theoretically and empirically that firms of better-quality 

use secured debt to finance new investment opportunities. 

This research extends the current literature by examining the relationship between executive 

compensation, firm investment, and debt structure, specifically, secured debt versus unsecured debt. 

Similar to Coles et al. (2006), in this paper, executive compensation is linked to both firm investment 

and firm financial structures. However, whereas Coles et al. (2006) examine the investment and 

financing decisions separately, this research argues that executive compensation affects debt 

structure through its influence on investment risk-taking. Another addition this research makes to 

the literature is by examining executive compensation and choice between secured and unsecured 

debt. This research analyzes the determinants of the use of secured versus unsecured debt with a 

focus on the moral hazard problem. The ways in which managerial compensation, especially the 

personal portfolio structure of managerial compensation, affects the choice between secured and 

unsecured debt has not been studied before. 

 

3    The Model 
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A research model is developed based on Boot et al. (1991) (BTU). The basic setting of 

the model is a cash-constrained firm that needs to borrow a fixed amount of capital from a lender. 

Major differences between the BTU model and this research are:  i) executives make the decision 

between using secured debt and unsecured debt, while principal-agent problem between 

shareholders and firm executives is not considered in BTU; and ii) the property itself is the collateral 

in this model, as real estate properties are tangible, while collateral used in BTU is outside collateral 

other than the project itself. More specific assumptions used in the model are described below. 

 

3.1     Assumptions 

Consider a research model in which the lender, shareholders and executives are all risk neutral. 

Lenders compete for loans and earn zero expected profit. The model is a one-period model.   At time 

t=0, which is the beginning of the period, the borrower (firm) borrows money, which is normalized 

to 1, from the lender and invests the money in a project.   At time t=1, which is the end of the period, 

the project is finished, and the firm is liquidated. There are two types of projects available for firms, 

�̅�   and 𝜃  . The first type, �̅� , is called the less risky project, with payoffs 𝑅  when the project is 

successful and payoff 𝑅 when the project fails. The second type, 𝜃, is called the risky project, with 

payoffs 𝑅 when the project is successful and payoff 𝑅 when the project fails. The probability of 

project success 𝑝 depends on the risk level of the project and manager’s effort a, which can be 

classified as either a high effort, 𝑎, or a low effort, 𝑎. The executive faces an effort cost of 𝑉(𝑎)and 

𝑉(𝑎) = 𝑉 and 𝑉(𝑎) = 𝑉. The probability of success is defined as follows: 

                                  𝑝(𝜃, 𝑎) = ℎ, 𝑝(𝜃, 𝑎) = ℎ, ℎ > ℎ                                                        (1) 

                                          𝑝(𝜃, 𝑎) = 𝑞, 𝑝(𝜃, 𝑎) = 𝑞, 𝑞 > 𝑞                                                       (2) 

                                                      ℎ < 𝑞, ℎ > 𝑞                                                                          (3) 
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The risky project 𝜃 is defined to be risky due to the fact that the probability of success is 

more volatile and more sensitive to the level of managerial effort. It is important to note that the 

risky project is not necessarily a bad project. When the manager exerts high effort, the risky 

project has a higher probability of success. Since effort is costly for the manager, the firm should 

offer proper incentives in the compensation structure to induce the manager to use high effort. 

To finance the investment, the executive makes decision 𝑑 to choose between two types of 

loans: secured debt and unsecured debt. A secured loan requires assigned collateral.   Unsecured 

debt has no assigned collateral. Secured debt allows the debt holder to have a claim on the 

residual value of the project. If secured debt is used, 𝑑 = 𝑠, otherwise 𝑑 = 𝑢. However, a 

transaction cost C exists for the lender if the project fails, and the lender wants to secure the 

payoff. Such transaction costs may include the loss the lender must face selling the collateral 

quickly, or the discount in the value of the property for lender compared to borrower.   In the first 

best equilibrium with full information, the bank can observe the effort made by the executive. 

With moral hazard, the bank cannot observe the effort made by the executive. The manager of the 

firm has a compensation contract including 𝛼 shares of the firm’s stocks and 𝛽 shares of stock 

options. It is assumed that stock options are exercisable only when the project is successful. 

When the project fails, the manager faces a loss of L, which can be thought of as reputation loss 

or loss in income due to discontinuity of employment when the firm goes bankrupt. This gives 

the manager an incentive to avoid taking too much investment and financial risk. 

 

3.2     Timing of the Model 

The model is a one period model. At time t=0, the players take actions in a sequence 

shown in Figure 1.   The manager is provided with a compensation contract. Then, the manager 

makes firm investment decisions based on the compensation contract given. In the final step, the 
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lender offers a series of debt contracts. At time t=1, the project is finished, and the firm is 

liquidated. 

 

 

 

Figure 1 Timeline of the Model 

 

3.3      Equilibrium 

Given the timeline of the model, the equilibrium is defined as following:  

Definition:  An equilibrium of this game is a set of (𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟), such that:  

(1) Lender breaks even; 

(2)  Manager maximizes his expected compensation by choosing the type of project and the 

corresponding debt structure; 

(3) Shareholder maximizes her payoff by choosing the executive compensation structure. 

Here, 𝛼 is the number of shares in common stocks that the manager is given.  𝛽 is the 

number of stock options the manager is given. 𝜃 is the project type, risky or less risky, 𝑑 is the 

debt structure, 𝑎 is the effort choice and 𝑟 is the interest rate. The lender can observe the project 

type and the compensation contract the executive is given. The project type is common knowledge 

to all the participants. The manager makes investment and financing decisions for the firm 

according to the compensation contract. Shareholder chooses compensation contract with 

anticipation of the investment and financing decisions made by the manager. The following 

sections solve for the equilibrium. 
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3.4 Choice of Debt Structure 

First the debt financing choice is analyzed. The lender’s problem is to design a series of the 

corresponding debt contract according to the project risk type and managerial effort choice. The debt 

contract includes two terms:  the interest rate and the use of collateral or not, i.e., whether it is secured 

or unsecured. 

 

3.4.1 Choice of Debt Structure-Full Information 

Our analysis starts with the equilibrium under full information, which means the lender 

knows the project type and can observe the effort choice of managers. The manager is offered 𝛼 

shares of firm stocks and 𝛽  shares of firm stock options. Note that stock and option 

compensation (𝛼, 𝛽 𝑎𝑛𝑑 𝑧) are assumed to be exogenous.  𝑧 is the exercise price of the stock 

options. Assume stock options are exercisable only when the project is successful.  𝜃 is the 

project type, risky or less risky, 𝑑 is the debt structure, 𝑎 is the effort choice and 𝑟 is the interest 

rate. The lender can observe the project type and the compensation contract for the executive. 

Since lenders compete for loans, they earn zero expected profit. The manager needs to choose 

the effort level, 𝑎, and the debt contract, 𝑑 and 𝑟, for the project. If secured debt is used, 𝑑 =

𝑠, otherwise 𝑑 = 𝑢. A manager that invests in a less risky project maximizes his expected 

payoff: 

max
𝑎,𝑑,𝑟

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿                    (4) 

Subject to: 

𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(�̅�, 𝑎, 𝑑, 𝑟)) = 1                                                                                                 (5) 

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿 ≥ 0                                                  (6)     

𝑤ℎ𝑒𝑟𝑒            
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          𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) = 𝑝(𝜃, 𝑎)[(𝛼 + 𝛽)(𝑅 − 𝑟) − 𝛽𝑧] + (1 − 𝑝(𝜃, 𝑎))𝛼𝑋𝜃,𝑑         (7)       

         𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(�̅�, 𝑎, 𝑢, 𝑟)) = 𝑝(𝜃, 𝑎)𝑟 + (1 − 𝑝(𝜃, 𝑎))(𝑅 − 𝑋𝜃,𝑢)                                           

        𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(�̅�, 𝑎, 𝑠, 𝑟)) = 𝑝(𝜃, 𝑎)𝑟 + (1 − 𝑝(𝜃, 𝑎))(𝑅 − 𝑋𝜃,𝑠 − 𝐶)                                     (8)     

        And 

         𝑋𝜃,𝑢 = 𝑅 if unsecured debt is used (𝑑 = 𝑢); 

         𝑋𝜃,𝑠 = 0 if secured debt is used (𝑑 = 𝑠). 

        Here 𝐸(𝐶𝑜𝑚𝑝)is the expected compensation of the manager.  𝐸(𝐿𝑒𝑛𝑑𝑒𝑟) is the expected 

payoff to lender. 

Similarly, for the risky project, the manager solves:                                              

max
𝑎,𝑑,𝑟

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿                                                  (9) 

Subject to: 

𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(𝜃, 𝑎, 𝑑, 𝑟)) = 1                                                                                                  (10)   

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿 ≥ 0                                                  (11)     

𝑤ℎ𝑒𝑟𝑒            

 𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) = 𝑝(𝜃, 𝑎)[(𝛼 + 𝛽)(𝑅 − 𝑟) − 𝛽𝑧] + (1 − 𝑝(𝜃, 𝑎))𝛼𝑋𝜃,𝑑        (12)       

𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(𝜃, 𝑎, 𝑢, 𝑟)) = 𝑝(𝜃, 𝑎)𝑟 + (1 − 𝑝(𝜃, 𝑎))(𝑅 − 𝑋𝜃,𝑢)                                                        

𝐸 (𝐿𝑒𝑛𝑑𝑒𝑟(𝜃, 𝑎, 𝑠, 𝑟)) = 𝑝(𝜃, 𝑎)𝑟 + (1 − 𝑝(𝜃, 𝑎))(𝑅 − 𝑋𝜃,𝑠 − 𝐶)                                    (13) 

And 

𝑋𝜃,𝑢 = 𝑅 if unsecured debt is used (𝑑 = 𝑢); 

𝑋𝜃,𝑠 = 0 if secured debt is used (𝑑 = 𝑠). 

The results are stated in the following proposition. 
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Proposition 1: Assume there is no moral hazard problem and (ℎ − ℎ)[(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿]<

𝑉 − 𝑉 < (𝑞 − 𝑞)[(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿], then 

(1) The manager of the less risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

ℎ
; 

(2) The manager of the risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

𝑞
 

Proof: See Appendix.  

The intuition underlying this result is straightforward. In the first best equilibrium under 

perfect information, secured debt is unattractive, due to the existence of transaction costs when 

the project fails. Since unsecured debt has no such transaction cost, managers choose 

unsecured debt for both the risky and less risky projects. What is different for the two types 

of projects is the level of effort put forth by managers. The assumption in Proposition 1 

compares the marginal benefit of using high effort with the marginal cost. Since the risky 

project offers a higher marginal benefit to effort, managers utilize high effort for the risky 

project but low effort for the less risky project. 

 

3.4.2     Choice of Debt Structure-With Moral Hazard Problem 

Moral hazard problems exist if the risky project manager finds it more profitable to use low 

effort 𝑎 instead of high effort 𝑎 with unsecured debt, as in the first best equilibrium. This implies 

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟𝜃,𝑎,𝑑)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎)) 𝐿 > 𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟𝜃,𝑎,𝑑)) −

𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿                                                                                                         (14)     

For observable 𝜃, the equilibrium debt contract solves the following problem: 

max
𝑑,𝑟

𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎∗, 𝑑, 𝑟)) − 𝑉(𝑎∗) − (1 − 𝑝(𝜃, 𝑎∗))𝐿                                              (15)                                           

Subject to 
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𝐸(𝐿𝑒𝑛𝑑𝑒𝑟(𝜃, 𝑎∗, 𝑑, 𝑟)) = 1                                                                                                    (16)                                                                               

𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿 ≥ 0                                                    (17)                                                

𝑎∗ = 𝑎𝑟𝑔𝑚𝑎𝑥[𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿]                                   (18)                              

By solving the maximization problem, we can get the following proposition. 

Proposition 2: When manager’s effort levels cannot be observed 

(1) The manager of less risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

ℎ
; 

(2) Given (𝑞 − 𝑞) [(𝛼 + 𝛽) (𝑅 −
1−(1−𝑞)(𝑅−𝐶)

𝑞
) − 𝛽𝑧 + 𝐿] > 𝑉 − 𝑉, the manager of the risky 

investment uses secured debt with interest rate 𝑟𝜃,𝑎,𝑠 =
1−(1−𝑞)(𝑅−𝐶)

𝑞
. 

Proof: See Appendix.  

Proposition 2 states that secured debt helps to mitigate the moral hazard problem associated 

with unsecured debt. The reason secured debt with high effort could reduce the moral hazard 

problem is as followed: with unsecured debt, the manager still has a claim on the firm residual 

value when the project is not successful. While with secured debt, the manager is paid nothing 

if the project fails. This pushes the manager to use higher effort. Therefore, secured debt helps 

to mitigate the moral hazard problem, as the manager has more incentive to work hard. 

In summary, in this moral hazard problem, there exists an equilibrium in which risky 

projects use secured debt with high effort 𝑎, and less risky projects use unsecured debt with low 

effort level 𝑎. 

 

3.5 The Investment Decision 
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At this stage, the executive compensation contract is given by the shareholders, and the 

manager needs to choose the type of investment given the series of contract provided by the 

lender. 

max
𝜃

𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎∗, 𝑑∗, 𝑟∗)) − 𝑉(𝑎∗) − (1 − 𝑝(𝑎∗, 𝜃)) 𝐿                                     (19) 

Subject to  

𝐸(𝐿𝑒𝑛𝑑𝑒𝑟(𝜃, 𝑎∗, 𝑑∗, 𝑟∗)) = 1                                                                                                   (20)                                                                              

𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿 ≥ 0                                                      (21)                                                

𝑎∗, 𝑑∗, 𝜃∗ = 𝑎𝑟𝑔𝑚𝑎𝑥[𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿]                          (22)      

When makes the investment decision, the manager compares the expected payoffs from two types 

of projects and decides which project to choose. If executive chooses the risky project, then the 

final payoff is:     

𝑞 ((𝛼 + 𝛽) (𝑅 −
1−(1−𝑞)(𝑅−𝐶)

𝑞
) − 𝛽𝑧) − 𝑉 − (1 − 𝑞)𝐿                                                             (23) 

If the manager chooses the less risky project, then the final payoff is: 

ℎ ((𝛼 + 𝛽) (𝑅 −
1

ℎ
) − 𝛽𝑧) + (1 − ℎ)(𝛼𝑅) − 𝑉 − (1 − ℎ)𝐿                                                   (24) 

The type of project that will be chosen depends on the difference between equations. (23)-(24) 

equals 

𝛼[𝑞𝑅 + (1 − 𝑞)(𝑅 − 𝐶) − (ℎ𝑅 + (1 − ℎ)𝑅)] + 𝛽[𝑞𝑅 + (1 − 𝑞)(𝑅 − 𝐶) − ℎ𝑅 − (𝑞 − ℎ)𝑧] +

(𝑞 − ℎ)𝐿 − (𝑉 − 𝑉)                                                                                                                    (25) 

If Equation (25) ≥ 0, then choosing a risky project gives the manager higher payoff. On the other 

hand, if Equation (25) < 0, then choosing a less risky project gives the manager higher payoff. It 

can also be easily seen that if 
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𝑞𝑅 + (1 − 𝑞)(𝑅 − 𝐶) > ℎ𝑅 + (1 − ℎ)𝑅,                                                                                  (26) 

Then an increase in 𝛼 will induce the manger to choose the risky project. Similarly, for 𝛽, if  

𝑞𝑅 + (1 − 𝑞)(𝑅 − 𝐶) − 𝑞𝑧 > ℎ𝑅 − ℎ𝑧,                                                                                    (27) 

then an increase in 𝛽 implies that a risky project is more likely to be selected. 

        As higher 𝛼 and 𝛽 lead to investment in risky investment, we also know that secured debt is 

used for risky investment, then a connection between executive compensation structure and firm 

secured debt usage is built.   Higher 𝛼 and 𝛽  implies risky investment and more secured debt. 

 

3.6 Shareholders’ Problem 

The shareholders’ objective function is to maximize shareholders’ value: 

max
𝛼,𝛽

𝑝(𝜃∗, 𝑎∗)𝑅 + (1 − 𝑝(𝜃∗, 𝑎∗))𝑅 − 𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃∗, 𝑎∗, 𝑑∗, 𝑟∗)) − 1                        (28) 

Subject to 

𝐸(𝐿𝑒𝑛𝑑𝑒𝑟(𝜃∗, 𝑎∗, 𝑑∗, 𝑟∗)) = 1                                                                                                  (29) 

𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿 ≥ 0                                                         (30) 

𝜃∗, 𝑎∗, 𝑑∗, 𝑟∗ = 𝑎𝑟𝑔𝑚𝑎𝑥[𝐸(𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑑, 𝑟)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿]                       (31) 

Proposition 3 summarizes the results. 

Proposition 3: The Compensation contract for the risky investment (𝛼𝑟 , 𝛽𝑟) has higher stock and 

options than (𝛼𝑙, 𝛽𝑙), which is the optimal compensation contract for the less risky investment. 

Proof: See Appendix 

The model shows higher uses of stock and options in executive compensation leads to 

investing in risky investment, and the corresponding debt structure is secured debt. Therefore, we 

propose three hypotheses: 
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Hypothesis 1: Higher incentive leads to more secured debt in firm capital structure. 

Hypothesis 2: Higher incentive leads to more risky investments. 

Hypothesis 3: More risky investments lead to more secured debt in firm capital structure.  

 

4    Empirical Analysis 

4.1     Data and Key Variables 

The data for empirical tests comes from several different sources. Executive compensation 

structure is measured by Delta proposed by Core and Guay (2002). It measures the change in the 

dollar value of executive compensation for a 1% change in stock price. Higher Delta implies that 

executive compensation is more sensitive to firm value. Compensation with higher Delta can be 

thought of as having higher incentive compensation. REITs executive compensation data comes 

from the S&P Global Market Intelligence (formerly SNL database) and the Compustat Executive 

Compensation database. Stock return information is from the Center for Research in Security Prices 

(CRSP) database, and accounting variables are from the S&P Global Market Intelligence database. 

Overall, the data includes the annual compensation of top executives and firm financial statement 

data for US equity REITs. Companies with missing data are excluded. The final sample includes 

554 CEO-year observations from 2001 to 2019, and the sample includes office, industrial, specialty, 

multi-family, hotel, diversified, regional mall, and shopping center REITs.  

Regarding risky investments, we use the riskiness of the local property market where the firm 

invests as a measurement. For firms with more investments in markets with lower transaction 

volumes or with a lower employment density, the investment will be subjected to a higher risk. 

Managers need to put more effort into looking for tenants, advertising, and managing the properties. 

Therefore, firms investing more frequently in risky markets require more intensive management 
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effort. In other words, their payoffs will be more sensitive to the managerial effort. Ling et al. (2019) 

selected 25 major US MSAs as the core real estate markets based on the MSA population and 

NCREIF-produced total return indices. Their selection criteria leave with the following 25 MSAs: 

Atlanta, Boston, Chicago, Dallas, Denver, Detroit, Houston, Indianapolis, Kansas City, Los Angeles, 

Miami, Minneapolis, New York, Orlando, Philadelphia, Phoenix, Portland, Sacramento, St. Louis, 

San Antonio, San Diego, San Francisco, Seattle, Tampa and Washington, DC.. Ling et al. (2019)  

show that REITs with a high concentration of these core markets show a higher cross-sectional 

return.  

We use S&P Global Market Intelligence database to identify the location of the property 

investments. Based on this information, we calculate the change in the firm’s portfolio in square feet 

in year t relative to the total building size in square feet of the firm at the beginning of year t: 

𝐼𝑖,𝑡 =
𝐴𝑖,𝑡−𝐷𝑖,𝑡

𝑆𝑖,𝑡−1
,           (32) 

where 𝐴𝑖,𝑡 is the total size of buildings acquired by firm i in year t and 𝐷𝑖,𝑡 stands for the total size of 

buildings sold by firm i in year t. 𝑆𝑖,𝑡−1 is the total size of the property portfolios at the beginning of 

year t. For instance, if firm A owned a total portfolio of 10 million square feet at the beginning of 

2019 and then bought two buildings with a total size of 3 million square feet buildings and meanwhile 

sold one building with a total size of 2 million square feet building, this firm had a net investment of 

10% in 2019. To reflect the tendency to invest in risky projects, we use 𝐼𝑖,𝑡
𝑅 , which reflects the shifts 

of the building portfolio towards risky markets. 𝐼𝑖,𝑡
𝑅  is defined as: 

𝐼𝑖,𝑡
𝑅 =

𝐴𝑖,𝑡
𝑅 −𝐷𝑖,𝑡

𝑅

𝑠𝑖,𝑡−1
,           (33) 

where 𝐴𝑖,𝑡
𝑅  is the total size of buildings acquired by firm i in year t in risky markets and 𝐷𝑖,𝑡

𝑅  stands 

for the total size of buildings sold by firm i in year t in risky markets. We use non-core markets as a 
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measurement of risky markets. We use the same example that firm A owned a total portfolio of 10 

million square feet at the beginning of 2019, then bought a 3 million square feet building and 

meanwhile sold a 2 million square feet building in 2019. If the building (2 million square feet) sold 

by firm A is located in a non-core market and among the two buildings (3 million square feet in total) 

purchased by firm A, 1 million was located in a non-core market, in this case, the shifts in the 

investment toward the risky markets will be -10%. In other words, the asset in less risky markets 

(core markets) increases by 20%.  

Firm characteristics are also collected from S&P Global Market Intelligence database. The 

summary statistics for key variables are listed in Table 1. The definitions of variables are as 

follows. Delta is the dollar change in the executive’s compensation for a 1% change in firm stock 

price. The mean (median) total compensation is $4,368,636 ($2,738,000), the average (median) stock 

price change is 4.13% (19.65%), and the average (median) stock price volatility is 28.40% (29.54%). 

We winsorized Delta at the 1st and 99th percentiles. Mean (median) Delta is $-6,640 ($5,749). Age 

is the current age of the executive in the year of observation. Gender equals one if the executive is a 

male and zero if the executive is a female. Portfolio size is measured as the total size of properties 

owned by the firm in year t, with an average total size of 34 million square feet and an average total 

value of 3.8 billion USD. In our sample, each year, REITs have an average (median) of 2.63% (0%) 

decrease in the total size of the property, but an average (median) of 10.35% (2.79%) increase in the 

total value of the property. The investments shifted towards non-core markets by an average (median) 

of 0.35% (0%) per year.  

The secured debt ratio is the proportion of secured debt in total debt. The average ratio across 

the firms is 53.47%. For other firm characteristics, market capitalization is used to measure firm size. 

The average market capitalization is $6.0 billion. Leverage is measured by the total debt to the market 
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value of total assets, and the average leverage ratio is 39.62%. Profitability is the return on equity, 

measured by the ratio of funds from operations (FFO) over total assets. The average FFO to total 

asset ratio is 5.87%, and the average firm age is 38 months. Cash to the total asset is used to proxy 

for cash holding, and the average cash ratio in our sample is 3.05%. In our sample, REITs have an 

average real estate investment growth rate of 10.32% per year.  

Table 1 also reports the data for REIT bond (unsecured) issuances and the LTV ratio for 

property acquisitions. Over the sample period, we collect 3,579 issuances, 45.7% of which are for 

unsecured debt. We also collect 5,171 property acquisitions during our sample period with an average 

LTV ratio of 59.4%, a property value of $35 million, and a rent-to-asset ratio of 10.3%.  

[Insert Table 1 here] 

 

4.2 Empirical Results 

The compensation estimation equation isolates determinants of executive compensation as it 

interacts with firm risk-taking and firm capital structure. The executive compensation policy might 

be affected by firm investment and capital structure decisions (Coles et al., 2006). Executive age and 

gender are included as instrumental variables in the specification. Therefore, we employ a 2SLS 

estimate under an unbalanced panel regression with fixed effects: 

𝐷𝑒𝑙𝑡𝑎𝑖,𝑡 = 𝛾Z𝑖,𝑡 + 𝜃𝑋𝑖,𝑡 + 𝜑𝑖 + 𝛿𝑡 + 휀𝑖,𝑡,      (34) 

𝑦𝑖,𝑡 = 𝛼𝐷𝑒𝑙𝑡𝑎𝑖,𝑡−1
̂ + 𝛽𝑋𝑖,𝑡−1 + 𝜑𝑖 + 𝛿𝑡 + 𝑒𝑖,𝑡,     (35) 

where  𝑦𝑖,𝑡  stands for the ratio of unsecured debt to total debt. 𝐷𝑒𝑙𝑡𝑎𝑖,𝑡  measures the incentive 
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received by CEOs, as measured by Delta. Z𝑖,𝑡 are the two instruments, including age and gender. 𝑋𝑖,𝑡 

is a matrix of firm characteristics that could also affect the capital structure: log of market value, 

leverage, stock returns, FFO-to-Asset ratio, age of the firm, cash ratio and real estate investment 

growth rate. All control variables are lagged by 1 year. Finally, we control for property type, firm, 

and year fixed effects in all specifications.  

Baseline results are reported in Table 2. In the first stage, the coefficient of CEO age is 

significantly positive, which implies more experienced CEOs are more likely to have more variable 

compensation. The F statistic for CEO age is significantly positive, confirming the validity of the 

instrument. In stage two, the coefficient for the instrumented Delta is significantly positive, 

confirming Hypothesis 1. Firms with a higher incentive in the CEO compensation use more secured 

debt.   

Besides, as shown in stage two regression, younger firms, firms with a lower level of a 

property portfolio or with a lower market capitalization, use more secured debt. Firm size, the amount 

of tangible assets, and firm age tend to positively relate to the firm quality. Thus, this supports the 

argument that poor-quality firms are more likely to issue secured debt, consistent with Giambona et 

al. (2018); Conklin et al. (2018); and Liu et al. (2019). Moreover, Firms with a higher market leverage 

tend to use more secured debt. This is consistent with Riddiough and Steiner (2020), which find that 

the use of secured debt is associated with higher leverage outcomes. This can be explained by the 

fact that unsecured debt contains standardized covenants that place limits on total leverage and the 

use of secured debt. Furthermore, previous stock return is also positively related to the choice of 

secured debt.  

 [Insert Table 2 here] 

We further test the investment channels by estimating the following models: 



26 
 

𝐼𝑖,𝑡 = 𝑎1𝐷𝑒𝑙𝑡𝑎𝑖,𝑡−1
̂ + 𝑏1𝑋𝑖,𝑡−1 + 𝜑𝑖 + 𝛿𝑡 + 𝑒1,𝑖,𝑡,     (36) 

𝐼𝑖,𝑡
𝑅 = 𝑎2𝐷𝑒𝑙𝑡𝑎𝑖,𝑡−1

̂ + 𝑏2𝑋𝑖,𝑡−1 + 𝜑𝑖 + 𝛿𝑡 + 𝑒2,𝑖,𝑡,     (37) 

where Equation (36) estimates whether more incentives lead to more investments, and 𝐼𝑖,𝑡 stands for 

the net investment of firm i in year t. Equation (37) investigates whether more incentives lead to 

more risky investments and 𝐼𝑖,𝑡
𝑅  quantifies the percentage of net investments in non-core markets. We 

also use CEO age and gender as the instruments for the compensation incentives (𝐷𝑒𝑙𝑡𝑎𝑖,𝑡
̂ ). 𝑋𝑖,𝑡 is a 

matrix of firm characteristics, which is the same as in Equation (34) and (35). We also control for 

property type, firm, and year fixed effects.  

The results are reported in Table 3, Columns 1 and 2. As predicted by our theoretical model, 

we find that firms with a more variable compensation (higher Delta) have a significantly higher level 

of investment in non-core markets. As a comparison, the impact of CEO incentives on overall 

investments is insignificant. This confirms Hypothesis 2. More incentives lead to shifts in the 

investments towards non-core markets. Apart from that, the results also show that larger firms (higher 

market capitalization), more profitable firms (higher FFO-to-Asset ratio), and older firms are more 

likely to increase their investments in non-core markets.  

To study the relationship between risky investments and the capital structure of the firms, we 

further estimate the following model:  

𝑦𝑖,𝑡 = 𝑞 𝐼𝑖,𝑡 + 𝑝𝐼𝑖,𝑡
𝑅 + 𝑏3𝑋𝑖,𝑡 + 𝜑𝑖 + 𝛿𝑡 + 𝑒3,𝑖,𝑡,   (38) 

where 𝑦𝑖,𝑡 is the secured debt ratio, 𝐼𝑖,𝑡  is the net percentage investment and 𝐼𝑖,𝑡
𝑅  is the net percentage 

investment in non-core markets 𝑋𝑖,𝑡  is a matrix of firm characteristics, which is the same as in 

Equation (34) and (35). We also control for property type, firm, and year fixed effects. 
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 As shown in Column 3, Table 3, the coefficient of 𝐼𝑖,𝑡 is insignificant, while the coefficient of 

𝐼𝑖,𝑡
𝑅  is significantly positive. This confirms Hypothesis 3. More risky investments are associated with 

more use of secured debt. This finding is in line with the literature which shows that REITs with 

better quality of assets are more likely to use secured debt (Campello et al., 2022, Downs et al., 2022). 

For instance, using contract level data, Campello et al. (2022) find that after an increase in their real 

estate value, firms raise new debt, but use unsecured rather than secured borrowing. The results in 

Table 3 further support the results in Table 2. CEO compensation structure influences the debt 

structure of REITs via the investment channel.   

[Insert Table 3 here] 

 

4.3 Robustness Tests 

4.3.1 Bond Issuance and Mortgage Use 

We also directly test how risky investments affect REITs’ choice between bond (unsecured 

debt) and mortgage (secured debt) when they acquire new buildings. Since corporate bonds can be 

secured, we explicitly exclude the bond issuance that is described as ‘secured’. Specifically, we 

collect bond issuance data for REITs and use a logit model, as in Equation (39): 

𝑃𝑟𝑜𝑏(𝐵𝑜𝑛𝑑𝑖) = 𝜌1𝐼𝑖 + 𝜌2𝐼𝑖
𝑅 + 𝜚𝑋𝑖 + 휀𝑖,      (39) 

where  𝐵𝑜𝑛𝑑𝑖 is a dummy variable that equals 1 for REIT unsecured note issuance and 0 otherwise. 

𝐼𝑖 and 𝐼𝑖
𝑅 are the net investments in all and non-core markets, respectively. The coefficient of 𝜌1 and 

𝜌2 provides the relationship between new investments and the propensity of corporate bond issuance. 

𝑋𝑖 are control variables for firm characteristics, as described above. Year and property type fixed 
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effects are also included.  

Table 4 shows the results. Model (1) is a base model that only includes the liquidity variable 

and Model (2) includes all the other control variables. When we do not control for firm characteristics, 

we see a significantly negative relationship between risky investment and bond issuance. This result 

further supports our argument that when there are more property investments in non-core markets, 

REITs prefer not to use unsecured debt financing. However, when firm characteristics are controlled, 

the relationship becomes insignificant.  

 [Insert Table 4 here] 

In a further step, we use property-level transaction data. When the newly acquired property 

is located in non-core market, we expect the REIT to rely more on mortgage financing, which leads 

to a higher LTV ratio at the property level: 

𝐿𝑇𝑉𝑖 = 𝜓𝐷𝑖
𝑅 + 𝛾𝑋𝑖 + 𝜖𝑖,𝑡,         (40) 

where  𝐿𝑇𝑉𝑖 stands for the loan-to-value ratio of the property acquisition. 𝐷𝑖
𝑅 is a dummy variable 

which equals to one when the property is located in non-core marekts. 𝜓  implies the impact of 

property location on the LTV ratio.  𝑋𝑖 are control variables for three property characteristics: NOI-

to-asset ratio and building value. Year, firm and type fixed effects are also included.  

The results are reported in Table 5, in which Model (1) is the base model and includes only 

the liquidity measure and Model (2) includes control variables for the property characteristics, NOI 

and property value. As expected, we see those property transactions by REITs operating in non-core 

markets on average experience higher LTV, which indicates a higher tendency of REITs to finance 

via secured debt. The combination of results in Tables 4 and 5 further confirm Hypothesis 3.  
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[Insert Table 5 here] 

 

4.3.2 Alternative Measure of Incentives 

In the baseline model, we follow Core and Guay (2002) and use Delta as the measurement. 

Guay (1999) finds stock options, not stock holdings, capture most of the sensitivity of the CEO’s 

wealth to stock volatility. Thus, we calculate Vega (Guay, 1999) as a measurement of incentives, and 

Vega is calculated as the change in the dollar value of executive compensation for a 0.01 change in 

the annualized standard deviation of stock returns. The calculation of Vega is based on the Black-

Scholes formula for valuing European call options with a modification to account for dividend 

payouts. Based on the model propositions, higher Vega implies that executive compensation is more 

sensitive to firm value volatility. As reported in Table 6, higher Vega has a positive effect on firm’s 

secured debt usage. Riskier projects have higher volatility. Therefore, a higher Vega is predicted to 

imply a higher secured debt usage. 

[Insert Table 6 here] 

 

4.3.3 Alternative Measures of Risky Markets 

We consider alternative measurements of risky projects. In our baseline model, we use 

property size in square feet to quantify the net investments. In our robustness test, instead of property 

size, we use the adjusted cost to calculate 𝐼𝑖,𝑡 and 𝐼𝑖,𝑡
𝑅 . The adjusted cost is defined as the maximum 

of (1) the current book value, (2) the initial cost of the property, and (3) the historical cost of the 

property, including capital expenditures and tax depreciation (Ling et al., 2019). The results are 

reported in Panel A of Table 7. We can see that the results remain robust. However, using the cost to 
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calculate the investment change may over-weight the core markets, as properties in core markets 

have a higher value. Therefore, we can see that in Model 3, net investments in all markets have a 

significant negative impact on the secured debt ratio. However, the relationship between investments 

in non-core markets and the use of secured debt remains significantly positive.   

Moreover, we consider other definitions of risky investment by considering the risk and 

return characteristics of a local real estate market. ‘Core’ investment here is synonymous with 

‘income’ stock in the stock market, which provides table income with very low risk. Therefore we 

define real estate core market as the MSAs with the lowest income return volatility and lowest capital 

gain return. National Council of Real Estate Investment Fiduciaries (NCREIF) provides the income 

return and capital gain return for property investment across 144 MSAs since 1978. Using these 

return series, we identify core markets as 14 (34) MSAs with 33% (50%) lowest income return 

volatility and capital gain returns.  𝐼𝑖,𝑡
𝑅  is now defined as the net property investments outside the top 

14 core MSAs  (Panel B) and the top 33  core MSAs (Panel C). Overall, the conclusion that firms 

with a higher variable compensation tend to invest more in risky markets and therefore use more 

secured debt remains robust.  

The liquidity of the underlying real estate market can also be a measure of the riskiness of 

investments. van Dijk and Francke (2021) estimate liquidity indices based on demand and supply 

reservation prices for 31 US regions.1 Liquidity is quantified as the difference between demand and 

supply reservation prices. Analogous to a bid-ask spread, this yields an approximation of the cost of 

trading, in addition to taxes and fees, an investor must pay to execute the trade. Core markets are 

                                                           
1 The 31 regions are Atlanta, Austin, Baltimore, Boston, Charlotte, Chicago, Dallas, Washington DC, Denver, Detroit, 

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

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

Francisco, and Tampa. 
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defined as the top 33% (50%) of regions with the highest liquidity. 𝐼𝑖,𝑡
𝑅  is then defined as the net 

property investments outside the top 33% of regions (Panel D) and the top 50% of regions (Panel E). 

As shown in Table 7, the results remain robust.  

Another feature of the real estate core investment strategy is investing properties in CBD 

locations. We use zip code level employment density to proxy the centrality of the location. Zip code 

area with a higher employment density is likely to be CBD areas. The total employment of all zip 

code areas comes from US Census Bureau. We then sort zipcodes according to employment density 

(jobs per square meter). We then calculate 𝐼𝑖,𝑡
𝑅  based on the net percentage investment outside the top 

10% zipcode with the highest job density (Panel F) and outside the top 25% zip code area with the 

highest job density (Panel G). The results remain qualitatively robust. When the definition of core 

markets extends to the top 25% zip code areas, the relationship between Delta and risky investments 

becomes insignificant.  

[Insert Table 7 here] 

Lastly, we consider the potential endogeneity of the riskiness of real estate markets. The 

riskiness of real estate markets could be driven by some latent local factors which also affect a firm’s 

financing decisions, leading to an omitted variable concern (Lin, 2016); meanwhile, it could also 

respond to local REIT investment activities, leading to a reverse causality concern (Campello et al., 

2022). To address this issue, we consider several instruments, including the land supply elasticity 

Saiz (2010), the average and the standard deviation of income per capita over the period from 1991 

to 2000, and the average and standard deviation of total employment over the period from 1991 to 

2000.  Taking 25 core markets for example, we regress the dummy variable of 25 core markets on 

these instruments: 
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𝑃𝑟𝑜𝑏(𝑀𝑖
25 = 1) = 𝛼 + 𝛽𝑍𝑖 + 𝑒𝑖,       (41) 

where 𝑍𝑖 is the instrument matrix. Among the above-mentioned potential instruments, the coefficient 

for land supply elasticity and the volatility of total employment over the period from 1991 to 2000 

is statistically significant. Thus, Equation (41) includes two instruments. The F statistic is 664, 

significant at the 1% level. This confirms the validity of the two instruments. We then define 

𝑀𝑖
25,𝑇𝑟𝑢𝑒

 equals to one when the estimated probability in Equation 41 is higher than 50%, and zero 

otherwise. Based on 𝑀𝑖
25,𝑇𝑟𝑢𝑒

, we define 𝐼𝑖,𝑡
𝑅,𝑇𝑟𝑢𝑒

 as  

𝐼𝑖,𝑡
𝑅,𝑇𝑢𝑟𝑒 =

𝐴𝑖,𝑡
𝑅,𝑇𝑟𝑢𝑒−𝐷𝑖,𝑡

𝑅,𝑇𝑢𝑟𝑒

𝑠𝑖,𝑡−1
,         (42) 

where 𝐴𝑖,𝑡
𝑅,𝑇𝑟𝑢𝑒

  and 𝐷𝑖,𝑡
𝑅,𝑇𝑢𝑟𝑒

  are the total size of buildings acquired and sold in year t in non-core 

markets, respectively. But the non-core markets here are defined based on the estimated probability 

in Equation 41 (𝑀𝑖
25,𝑇𝑟𝑢𝑒 = 0). The results based on the instrumented risky markets are reported in 

Table 8. As shown in Table 8, the results are robust.  

 

5   Conclusion 

This paper examines the relationship between executive compensation and firm debt 

structure. A theoretical model is constructed to show how executive compensation affects firm 

investment and financing decisions. Depending on the compensation contract, executives make 

investment and financing decisions that maximize their own payoffs. The model shows that 

executive compensation affects firm debt structure through its effect on firm investment. The 

model also shows that for riskier projects, the optimal debt contract should be secured debt. 

The empirical research conducted pulls from REITs data to verify relationships and links 

between executive compensation structure and firm debt structure. The sensitivity of CEO 
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compensation to firm stock price volatility leads to increased use of secured debt by the firm. 

The sensitivity of CEO compensation to firm stock price and use of secured debt shows a similarly 

positive relationship. The empirical analysis confirms these findings, indicating that executives 

use more secured debt if their compensation entails a high proportion of equity incentives. This 

can be explained by the channel of risky investment. More incentives also lead to shifts in 

investments towards non-core markets, and more investments in non-core markets lead to more 

use of secured debt.  

These findings establish an economic relationship between executive compensation and firm 

debt structure. Evidence from this research shows that firm investment links capital structure and 

executive compensation.   Based on the results of this research, studies of compensation and debt 

structure can no longer ignore these close relationships between executive compensation, firm 

investment and capital structure. 

This paper contributes to the literature by connecting executive compensation with capital 

structure of REITs and firm investment decisions. Findings of this paper shed some light into the 

optimal design of executive compensation structure to better align the interests of shareholders 

and managers. Executives should be provided with proper incentives to make the best investment 

and financing decisions for the shareholders of the firms. Optimal executive compensation 

contracts should consider the characteristics of firm assets, and the impact of manager’s 

compensation on firm investment and financing decisions. For example, to give the managers 

more incentives to take risks, a compensation contract with high Delta might be more 

appropriate. The findings also suggest the agency problems between firm executives and 

shareholders should be considered in analyzing the firm debt structure. Lenders may have a 

better understanding of manager’s risking taking and effort choices by analyzing executive 

compensation contract. Managers with different compensation contracts may choose different risk 

levels for firms and use different levels of efforts. Lenders may use this information to have better 

monitoring of the borrowers. 

Future research should carry out more detailed analysis about executive’ incentives, and how 

executives’ incentives affect different aspects of firm investment and financing decisions. It is also 
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interesting to analyze how executive compensation affects the secured debt usage for common 

corporations. An optimal executive compensation structure should be designed to consider the 

influence of executive compensation on firm investment and financing decisions. It should also 

consider firm asset characteristics and manager’s types. The measures of executive compensation 

in this research come from studies on executive compensation for common corporations.   One 

interesting future research topic is to design unique measures of executive compensation for REITs 

based on how we evaluate the performance of REITs managers. 
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Table 1 Summary statistics 

 
 

 Mean Std Max 75% Median 25% Min 

CEO Compensation        

Total Compensation (1000 USD) 4368 7419 137167 5080 2738 1337 1 

Delta (1000 USD) -6.64 851.15 4450.99 70.77 5.749 -30.088 -8140.07 

Vega (1000 USD) 25.76 190.77 1021.95 48.39 6.198 -7.397 -973.16 

CEO age 58 10.18 87 64 57 52 36 

CEO gender 0.961 19.37% 1 1 1 1 0 

Property Investments        

Total Property Size (1000 SF) 34649 51142 253356 41770 16206 3586 10 

Total Property Size (1000 USD) 3802446 4998633 43487382 4389701 2030198 698026 10894 

% Invests. -2.63% 90.31% 161.22% 2.76% 0 -2.002% -2039.55% 

% Invests. out. 25 Core MSAs 0.35% 10.20% 93.78% 0.78% 0 -0.909% -82.27% 

% Invest. out.14 core markets with lowest risk 1.82% 17.50% 161.22% 2.63% 0 -1.883% -95.33% 

% Invest. out. 34 core markets with lowest risk 1.63% 15.15% 135.39% 2.40% 0 -1.722% -95.33% 

% Invest. out. top 33% regions with highest liquidity 1.00% 12.04% 114.87% 1.26% 0 -0.862% -95.33% 

% Invest. out. top 50% regions with highest liquidity 1.64% 14.66% 142.12% 1.92% 0 -0.010661 -55.48% 

% Invest. out. 90% Zipcode with HighestEmp 0.17% 5.10% 25.60% 0.17% 0 -0.068% -42.33% 

% Invest. out. 75% Zipcode with HighestEmp 0.13% 2.04% 14.57% 0.00% 0 0 -15.81% 

% Invest (cost) 10.35% 55.76% 1028.68% 12.45% 2.787% 0 -176.98% 

% Invests. -2.63% 90.31% 161.22% 2.76% 0 -2.002% -2039.55% 

% Invests out. 25 Core MSAs (cost) 3.61% 24.29% 475.58% 3.69% 0 -0.003096 -73.85% 

% Invests out. 25 Instrumented Core MSAs 0.15% 8.46% 55.59% 0.15% 0 -0.657% -49.177% 

Firm Characteristics        

Return 4.13% 24.71% 73.70% 6.67% 19.65% -6.76% -136.59% 

Standard Deviation  28.40% 19.21% 117.26% 21.34% 29.54% 18.35% 11.12% 

Secured Debt Ratio 53.47% 33.34% 100.00% 89.09% 46.65% 23.67% 0.00% 

Market Leverage 39.62% 14.49% 89.70% 46.91% 38.021% 29.380% 0.74% 

Market Capitalization (Million USD) 6001 8587 60164 7112 2693 1078 84 

FFO to total asset 5.87% 2.59% 18.78% 6.87% 5.57% 4.54% -3.68% 

Firm Age 38 18 116 48 35 24 7 

Cash Ratio 3.05% 6.65% 68.00% 2.68% 1.04% 0.37% 0 

Real Estate Investment Growth Rate 10.32% 23.74% 201.51% 13.96% 4.72% -0.47% -66.96% 

Bond Issuance 45.70% 49.82% 1 1 0 0 0 

Property LTV in Acquisition 59.42% 15.92% 100.00% 69.23% 60.00% 51.09% 0.04% 

Non-core Market 50.78% 50.00% 1 1 1 0 0 
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Rent Ratio 10.33% 8.06% 97.39% 11.02% 8.70% 7.12% 0 

Property Value (1000 USD) 35102 72318 2585000 35513 16700 7300 130 
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Table 2 CEO Compensation and Secured Debt Choice 

Note: This table reports results of the unbalanced panel regression with fixed effects using 2SLS estimator. The dependent 

variable is secured debt as a share of total debt. CEO Age and Gender are instruments for CEO incentives (Delta), which is 

measured as the change in CEO compensation by 1% change in stock price. Control variables include leverage in the previous 

year, previous returns, total property size, market value, FFO-to-asset ratio, firm age, cash ratio and real estate investment 

growth rate. Property type, firm, and year fixed effects are also included. ***, **, and * denote significance at the 1%, 5%, 

and 10% level, respectively.  

 Stage 1:  

Delta 

Stage 2: 

Secured Debt 

CEO Age 0.9778**  

 (0.3934)  

CEO Gender 0.1019  

 (0.1360)  

Delta   0.0171** 

  (0.0069) 

Property Size  0.1642 -0.0701*** 

 (0.1849) (0.0064) 

Previous Market  0.0293 0.0201*** 

Leverage (0.0333) (0.0062) 

Previous Return -0.1908 0.0551*** 

 (0.2558) (0.0166) 

Market Cap. 0.1716* -0.0671*** 

 (0.0891) (0.0054) 

FFO to Asset -0.5379 0.1312 

 (1.8657) (0.1377) 

Firm Age -0.3198 -0.3591*** 

 (0.2888) (0.0186) 

Cash Ratio 0.8846 0.1542 

 (1.3569) (0.0980) 

Investment 0.0669 0.0073 

Growth Rate (0.1594) (0.0122) 

   

Firm FE. Yes Yes 

Year FE. Yes Yes 

Asset Type FE. Yes Yes 

No. of obs. 538 538 

Adj. R2 0.1401 0.8475 

F statistic 190.03***  
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Table 3 Investment Channel 

Note: This table reports the results of the unbalanced panel regression with fixed effects using 2SLS estimator. The dependent 

variable is net investments in all markets (Model 1), net investments in non-core markets (Model 2) and secured debt as a share 

of total debt (Model 3). CEO Age and Gender are instruments for CEO incentives (Delta), which is measured as the change in 

CEO compensation by 1% change in stock price. Invest. and Risky Invest. stand for the net investments in all markets and net 

investments in core markets, respectively. Control variables include leverage in the previous year, previous returns, total 

property size, market value, FFO-to-asset ratio, firm age, cash ratio and real estate investment growth rate. Property type, 

firm, and year fixed effects are also included. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.  

 

 Model 1  

Invest. 

Model 2 

Risky Invest. 

Model 3  

Secured Debt 

Delta 0.0166 0.0189***  

 (0.0266) (0.0050)  

Invest.   0.0079** 

   (0.0032) 

Risky Invest.   0.1826** 

   (0.0733) 

Property Size  -0.4390 -0.0392*** -0.0845*** 

 (0.3336) (0.0058) (0.0173) 

Previous Market  -0.1251 -0.0031 -0.0177 

Leverage (0.1322) (0.0029) (0.0128) 

Previous Return 0.0790 -0.0544*** 0.0646* 

 (0.2320) (0.0089) (0.0360) 

Market Cap. -0.0216*** 0.0265*** -0.0738*** 

 (0.0000) (0.0034) (0.0205) 

FFO to Asset 0.0792 0.2350*** -0.6127 

 (0.1185) (0.0670) (0.4338) 

Firm Age -0.4551 0.0362*** -0.3037*** 

 (1.4763) (0.0125) (0.0698) 

Cash Ratio 0.0184 -0.2313*** -0.2476 

 (0.2812) (0.0396) (0.1537) 

Investment 2.3343 0.0014 -0.0496 

Growth Rate (2.5780) (0.0077) (0.0327) 

    

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 538 538 538 

Adj. R2 0.1730 0.1745 0.8486 
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Table 4 Risky Investments and Bond Issuance 

Note: This table reports the results of the logit models based on the sample of REIT security issuances. The dependent variable 

is a dummy variable in which 1 indicates unsecured bond issuance and 0 otherwise. Invest. and Risky Invest. stand for the net 

investments in all markets and net investments in core markets, respectively. Control variables include leverage in the previous 

year, previous returns, total property size, market value, FFO-to-asset ratio, firm age, cash ratio and real estate investment 

growth rate. Property type and year fixed effects are also included. ***, **, and * denote significance at the 1%, 5%, and 10% 

level, respectively.  

 

 Model 1 

Logit 

Model 2 

Logit 

Invest. 0.0632 1.0688** 

 (0.1828) (0.4222) 

Risky Invest. -1.2365*** -0.9528 

 (0.3579) (0.6233) 

Property Size   -0.1662*** 

  (0.0353) 

Previous Market   -0.4951*** 

Leverage  (0.1083) 

Previous Return  -0.0557 

  (0.2796) 

Market Cap  0.7106*** 

  (0.0587) 

FFO to Asset  -7.8170*** 

  (2.4613) 

Firm Age  0.1417* 

  (0.0776) 

Cash Ratio  -7.2003*** 

  (2.0328) 

Investment  -0.8969*** 

Growth Rate  (0.2548) 

   

Time FE. Yes Yes 

Type FE. Yes Yes 

No. of obs. 3579 2249 

PeseudoR2 0.0591 0.2640 

Log Likelihood -2327 -1249 
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Table 5 Risky Investments and Property LTV 

Note: This table reports the results of the model based on property transactions. The dependent variable is the loan-to-value 

ratio in the property transaction. Non-Core stands for a dummy variable equaling to one when the property is located in the 

core market. NOI stands for the ratio of net operating income to property value. Property value is the value of the property. 

Year, firm, and MSA fixed effects are included. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.  

 

 Model 1 

LTV 

Model 2 

LTV 

Non-Core 0.0091** 0.0194** 

 (0.0041) (0.0098) 

NOI   0.3216*** 

  (0.0717) 

Value  -0.0095* 

  (0.0054) 

   

Year Dummy Yes Yes 

Firm Dummy Yes Yes 

Type Dummy Yes Yes 

No. of obs. 5171 1015 

R2 0.3026 0.2737 
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Table 6 Alternative Incentive Measurement  

Note: This table reports the results of the unbalanced panel regression with fixed effects using 2SLS estimator. The dependent 

variable is secured debt as a share of total debt. CEO Age and Gender are instruments for CEO incentives (Vega), which is 

measured as the change in CEO compensation by 1% standard deviation in stock price. Control variables include leverage in 

the previous year, previous returns, total property size, market value, FFO-to-asset ratio, firm age, cash ratio and real estate 

investment growth rate. Property type, firm, and year fixed effects are also included. ***, **, and * denote significance at the 

1%, 5%, and 10% level, respectively.  

 

 Stage 1:  

Vega 

Stage 2: 

Secured Debt 

CEO Age 1.8034*  

 (0.9452)  

CEO Gender -0.4534  

 (0.3233)  

Vega   0.0054** 

  (0.0023) 

Controls Yes Yes 

Firm FE. Yes Yes 

Year FE. Yes Yes 

Asset Type FE. Yes Yes 

No. of obs. 541 538 

Adj. R2 0.0796 0.8594 
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Table 7 Alternative Investment Measurements 

Note: This table reports the results of the unbalanced panel regression with fixed effects using 2SLS estimator. The dependent 

variable is net investments in all markets (Model 1), net investments in non-core markets (Model 2) and secured debt as a share 

of total debt (Model 3). CEO Age and Gender are instruments for CEO incentives (Delta), which is measured as the change in 

CEO compensation by 1% change in stock price. Invest. and Risky Invest. stand  for the net investments in all markets and net 

investments in core markets, respectively. Control variables include leverage in the previous year, previous returns, total 

property size, market value, FFO-to-asset ratio, firm age, cash ratio and real estate investment growth rate. Property type, 

firm, and year fixed effects are also included. ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.  

 

 

 Model 1  

Invest. 

Model 2 

Risky Invest. 

Model 3  

Secured Debt 

Panel A: Cost Weighted 

Delta 0.0851** 0.0485**  

 (0.0345) (0.0199)  

Invest.   -0.0533*** 

   (0.0194) 

Risky Invest.   0.0588* 

   (0.0355) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 573 573 573 

Adj. R2 0.3680 0.3374 0.8242 

Panel B: Outside 14 Core Markets (Bottom 33% Income Return Volatility and 

Bottom 33% Capital Gain Return) 

Delta 0.0166 0.0263***  

 (0.0550) (0.0097)  

Invest.   0.0024 

   (0.0042) 

Risky Invest.   0.1071** 

   (0.0511) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 541 538 541 

Adj. R2 0.1401 0.1730 0.2512 

Panel C: Outside 33 Core Markets (Bottom 50% Income Return Volatility and 

Bottom 50% Capital Gain Return) 

Delta 0.0166 0.0206*  

 (0.0550) (0.0106)  

Invest.   0.0002 

   (0.0044) 

Risky Invest.   0.1483*** 

   (0.0549) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 
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No. of obs. 538 541 537 

Adj. R2 0.1730 0.2485 0.8485 

Panel D: Outside Top 33% Regions with Highest Liquidity 

Delta 0.0166 0.0185**  

 (0.0550) (0.0088)  

Invest.   0.0070** 

   (0.0031) 

Risky Invest.   0.1282** 

   (0.0641) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 538 541 537 

Adj. R2 0.1730 0.2915 0.8381 

Panel E: Outside Top 50% Regions with Highest Liquidity 

Delta 0.0166 0.0096  

 (0.0641) (0.0091)  

Invest.   -0.0015 

   (0.0045) 

Risky Invest.   0.1938*** 

   (0.0673) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 538 541 537 

Adj. R2 0.1730 0.1832 0.8381 

Panel F: Outside Top 10% Zipcodes with Highest Employment 

Delta 0.0160 0.0079*  

 (0.0659) (0.0041)  

Invest.   0.0052 

   (0.0038) 

Risky Invest.   0.3786*** 

   (0.1325) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 

Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 538 538 538 

Adj. R2 0.1747 0.1173 0.8392 

Panel G: Outside 25% Zipcodes with Highest Employment  

Delta 0.0160 0.0017  

 (0.0596) (0.0011)  

Invest.   0.0060 

   (0.0041) 

Risky Invest.   1.0924*** 

   (0.3068) 

Controls Yes Yes Yes 

Firm FE. Yes Yes Yes 
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Year FE. Yes Yes Yes 

Asset Type FE. Yes Yes Yes 

No. of obs. 538 538 538 

Adj. R2 0.1747 0.1646 0.8407 
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Table 8 Instrumented Core Markets 

Note: This table reports the results of the unbalanced panel regression with fixed effects using 2SLS estimator. The dependent 

variable is net investments in non-core markets (Model 1) and secured debt as a share of total debt (Model 2). CEO Age and 

Gender are instruments for CEO incentives (Delta), which is measured as the change in CEO compensation by 1% change in 

stock price. Invest. and Risky Invest. stand for the net investments in all markets and net investments in core markets, 

respectively. The probability of being a core market is instrumented by the land supply elasticity and the volatility of 

employment. Control variables include leverage in the previous year, previous returns, total property size, market value, FFO-

to-asset ratio, firm age, cash ratio, and real estate investment growth rate. Property type, firm, and year fixed effects are also 

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

 

 

 Model 1 

Risky Invest._True 

Model 2  

Secured Debt 

Delta 0.0063**  

 (0.0032)  

Invest.  0.0078** 

  (0.0031) 

Risky Invest._True  0.3307*** 

  (0.0771) 

Controls Yes Yes 

Firm FE. Yes Yes 

Year FE. Yes Yes 

Asset Type FE. Yes Yes 

No. of obs. 538 538 

Adj. R2 0.2152 0.8510 
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6. Appendix  
 

6.1 Proof of Proposition 1 

        Proposition 1: Assume there is no moral hazard problem and (ℎ − ℎ)[(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿]<

𝑉 − 𝑉 < (𝑞 − 𝑞)[(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿], then 

(1)The manager of the less risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

ℎ
; 

(2)The manager of the less risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

𝑞
 

Proof. The interest rate for secured debt and unsecured debt are determined by the lender’s zero expected 

profit condition. For secured debt: 

𝑟𝜃,𝑎,𝑠 =
1−(1−𝑝(𝜃,𝑎))(𝑅−𝐶)

𝑝(𝜃,𝑎)
                                                                                                                (A1) 

For unsecured debt: 

𝑟𝜃,𝑎,𝑢 =
1

𝑝(𝜃,𝑎)
                                                                                                                                  (A2) 

Manager’s payoff when using secured debt equals: 

= 𝑝(𝜃, 𝑎)[(𝛼 + 𝛽)(𝑅 − 𝑟𝜃,𝑎,𝑢) − 𝛽𝑧] − 𝑉 − (1 − 𝑝(𝜃, 𝑎))𝐿                                                       (A3) 

Manager’s payoff for unsecured debt equals: 

= 𝑝(𝜃, 𝑎)[(𝛼 + 𝛽)(𝑅 − 𝑟𝜃,𝑎,𝑢) − 𝛽𝑧] + (1 − 𝑝(𝜃, 𝑎)) 𝛼𝑅 − 𝑉 − (1 − 𝑝(𝜃, 𝑎))𝐿                     (37) 

As we calculated 𝑟𝜃,𝑎,𝑠, 𝑟𝜃,𝑎,𝑢, we can easily find the Equation (36) is less than Equation (37). This implied 

that unsecured debt will be used by the borrower, and this applies to both the high effort choice and the 

low effort choice. The results also hold for risky project. 
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Now, we need to find out the optimal effort choice made by the managers in the first best equilibrium. 

First, we look at the effort choice of the less risky project manager. With high effort choice 𝑎  and 

unsecured debt, the payoff to the manager is: 

= ℎ [(𝛼 + 𝛽) (𝑅 −
1

ℎ
) − 𝛽𝑧] + (1 − ℎ)(𝛼𝑅 − 𝐿) − 𝑉                                                                  (38) 

If low effort 𝑎 is used, then the payoff to the manager is: 

= ℎ [(𝛼 + 𝛽) (𝑅 −
1

ℎ
) − 𝛽𝑧] + (1 − ℎ)(𝛼𝑅 − 𝐿) − 𝑉                                                                 (39) 

For the risky project manager, the payoff with effort 𝑎 and unsecured debt is as following: 

= 𝑞 [(𝛼 + 𝛽) (𝑅 −
1

𝑞
) − 𝛽𝑧] + (1 − 𝑞)(𝛼𝑅 − 𝐿) − 𝑉                                                                  (40) 

The payoff with effort 𝑎 is: 

= 𝑞 [(𝛼 + 𝛽) (𝑅 −
1

𝑞
) − 𝛽𝑧] + (1 − 𝑞) (𝛼𝑅 − 𝐿) − 𝑉                                                                (41) 

Although the other cases are also interesting, we will focus on the case when 

(ℎ − ℎ)[(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿] < 𝑉 − 𝑉 < (𝑞 − 𝑞) [(𝛼 + 𝛽)𝑅 − 𝛽𝑧 − 𝛼𝑅 + 𝐿]                (42) 

That is 𝑎∗ = 𝑎 for the risky project and 𝑎∗ = 𝑎 for the less risky project.   ∎ 

 

6.2 Proof of Proposition 2 

            Proposition 2: When manager’s effort levels cannot be observed 

(1) The manager of less risky investment uses unsecured debt with interest rate 𝑟𝜃,𝑎,𝑢 =
1

ℎ
; 

(2) Given (𝑞 − 𝑞) [(𝛼 + 𝛽) (𝑅 −
1−(1−𝑞)(𝑅−𝐶)

𝑞
) − 𝛽𝑧 + 𝐿] > 𝑉 − 𝑉, the manager of the risky 

investment uses secured debt with interest rate 𝑟𝜃,𝑎,𝑠 =
1−(1−𝑞)(𝑅−𝐶)

𝑞
. 
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Proof.     Since unsecured debt with effort 𝑎 suffers a moral hazard problem, the lender cannot break even 

and suffers a loss. The alternative choices for the debt structure are listed below. 

(1) Unsecured debt with induced effort level 𝑎 

(2) Secured debt with induced effort level 𝑎 

(3) Secured debt with induced effort level 𝑎 

Debt structure (2) is not an optimal choice, as the manager’s payoff is inferior to debt structure (1), 

which has been proven earlier, in case with no moral hazard. 

       If debt structure (3) is used, i.e. secured debt based on effort 𝑎, and  

𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑟𝜃,𝑎,𝑠)) − 𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎)) 𝐿 < 𝐸 (𝐶𝑜𝑚𝑝(𝛼, 𝛽, 𝜃, 𝑎, 𝑟𝜃,𝑎,𝑠)) 

−𝑉(𝑎) − (1 − 𝑝(𝜃, 𝑎))𝐿                                                                                                                (43)     

Then moral hazard problem can be mitigated. Equation (43) can be expressed as: 

𝑞 ((𝛼 + 𝛽) (𝑅 −
1 − (1 − 𝑞)(𝑅 − 𝐶)

𝑞
) − 𝛽𝑧) − 𝑉 − (1 − 𝑞) 𝐿 

< 𝑞 ((𝛼 + 𝛽) (𝑅 −
1−(1−𝑞)(𝑅−𝐶)

𝑞
) − 𝛽𝑧) − 𝑉 − (1 − 𝑞)𝐿                                                            (44)   

That is      

(𝑞 − 𝑞) [(𝛼 + 𝛽) (𝑅 −
1−(1−𝑞)(𝑅−𝐶)

𝑞
) − 𝛽𝑧 + 𝐿] > 𝑉 − 𝑉                                                           (45) 

If Equation (45) holds, then debt structure (3) generates no moral hazard problem. We also find 

that if Equation (45) holds, then debt structure (3) generates higher payoff to the manager than 

debt structure (1). The equilibrium contract for the risk borrower is secured debt and the 

equilibrium effort level is 𝑎.   ∎          

     

6.3 Proof of Proposition 3                                                
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Proposition 3: The Compensation contract for the risky investment (𝛼𝑟 , 𝛽𝑟) has higher stock and 

options than (𝛼𝑙, 𝛽𝑙), which is the optimal compensation contract for the less risky investment. 

Proof.        The optimal compensation structure for the less risky project, (𝛼𝑙, 𝛽𝑙), should satisfy the 

participation constraint, Equation (24) ≥ 0. At the same time, it should satisfy: Equation (25) ≤ 0. The 

optimal compensation contract for risky project, (𝛼𝑟 , 𝛽𝑟 ), should satisfy the participation constraint: 

Equation (23) ≥ 0. At the same time, it should satisfy: Equation (25) ≥ 0.It follows that (𝛼𝑟 , 𝛽𝑟)> (𝛼𝑙 , 𝛽𝑙).    

∎ 

 

6.4 Estimate of Delta and Vega 

Using  the  Black-Scholes  formula  for valuing  European call options,  as modified  by  Merton  (1973)  

to account for dividend  payouts, 

𝑂𝑝𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒 = 𝑆𝑒−𝑑𝑇𝑁(𝑍) − 𝑋𝑒−𝑟𝑇𝑁(𝑍 − 𝜎𝑇1/2)                                                                  (46) 

Where 

𝑍 = [ln (
𝑆

𝑋
) + 𝑇 (𝑟 − 𝑑 +

𝜎2

2
)] /𝜎𝑇

1
2 

N =cumulative probability function for the normal distribution 

S= price of the underlying stock 

X =exercise price of the option 

𝜎=expected stock-return volatility over the life of the option 

r=natural logarithm of risk-free interest rat 

T =time to maturity, in years, of the option 

d=natural logarithm of expected dividend yield over the life of the option.  

The sensitivity with respect to a 1% change in stock price is defined as: 
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[
𝜕(𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒)

𝜕(𝑝𝑟𝑖𝑐𝑒)
] ∗ (

𝑝𝑟𝑖𝑐𝑒

100
) = 𝑒−𝑑𝑇𝑁(𝑍) ∗ (𝑝𝑟𝑖𝑐𝑒/100)                                                                  (47)  

The sensitivity with respect to a 0.01 change in stock-return volatility is defined as: 

[
𝜕(𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒)

𝜕(𝑠𝑡𝑜𝑐𝑘 𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦)
] ∗ (

𝑝𝑟𝑖𝑐𝑒

100
) = 𝑒−𝑑𝑇𝑁′(𝑍) ∗ 𝑆𝑇

1

2 ∗ (0.01)                                                             (48)                                                       

where 𝑁′ is the normal density function. 

For previously granted exercisable and unexercisable stock options, we use the method in Ertugrul, Sezer 

and Sirmans (2008) to determine the exercise price and time-to-maturity data: 

1. For exercisable options: 

a.  the exercise price X = S - [(Realizable value of the exercisable options - realizable value of new granted 

that are exercisable as of the fiscal year end)/(Number of exercisable  options  - number  of newly granted 

options,  which are exercisable  as of the fiscal year end)] 

b. the time-to-maturity, T = time-to-maturity of the unexercisable options - 3; 

2. For unexercisable options: 

a.   the exercisable price X =S -[(Realizable  value  of the  unexercisable  options  - realizable  value  of 

newly granted options  that are unexercisable  as of the fiscal year end)/(Number of unexercisable  options  

- number of newly granted options  that are unexercisable  as of the fiscal year end0] 

b. the time-to-maturity, T = average time-to-maturity of the newly granted options - 1. 

The total sensitivity of the option portfolio is the sum of the sensitivities of newly granted options, 

exercisable options and unexercisable options weighted by the number of their respective shares. 

Total sensitivity = (Sensitivity of newly granted options * Number of newly granted options) 

+ (Sensitivity of exercisable option * Number of exercisable options) + (Sensitivity of unexercisable  

option* Number of unexercisable  options) 
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