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Introduction

Monetary policy transmission has changed in the United 
States in recent decades. Furthermore, after the burst of the 
housing market bubbles in the United States and Europe 
(Boivin et al., 2010; Gambacorta & Marques-Ibane, 2011) 
the banking sector has high leverage, and interest rates 
have decreased substantially to incentivize borrowing. 
Interest rates are at historically low levels, and conse-
quently, there is an increase in credit availability due to an 
expansive macroeconomic policy (Maddaloni & Peydró, 
2011). The short-term nominal interest policy (nearly zero) 
was implemented after the financial crisis of 2007 by the 
US Federal Reserve, causing a zero lower bound (ZLB) 
policy. Consequently, the credit supply increased, affect-
ing the relationships between creditors and managers.

However, managerial compensation has grown dramat-
ically since the 1980s. During this time, there have been 
significant changes in the form of compensation for execu-
tives. Stocks and options have become essential incentives 
for CEOs. However, in spite of the plethora of literature 

studying the determinants and effects of managerial com-
pensation, the influence of macroeconomic policies on the 
risk-taking incentives of executives is still unknown. Our 
objective is to fill this void and study how the managers’ 
risk-taking incentives change due to low-interest-rate 
monetary policies.

Following Brockman et al. (2010), Coles et al. (2006), 
Fich et al. (2014), and Liu and Mauer (2011), among oth-
ers, we focus on the compensation of CEOs due to their 
role in managing the business strategies of the firm. 
Previous literature (Cohen et al., 2000; Coles et al., 2006; 
Dong et al., 2010; Gormley et al., 2013; Guay, 1999) finds 
that managers with high Vega (sensitivity of executive 
compensation to stock return volatility) tend to engage in 
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higher risk-taking behavior since their compensation 
increases when the business is more volatile. In this way, 
the firms’ boards can use CEOs equity compensation to 
align shareholders’ and managers’ interests to solve this 
agency conflict. In fact, empirical evidence has demon-
strated quick adjustment of CEO compensation in response 
to external shocks (Bakke et  al., 2016; Gormley et  al., 
2013; Hayes et  al., 2012; Hong, 2019) and subsequent 
modification of business policies to take or cut business 
risks (Saunders & Song, 2018).

In this article, the external factor under study with 
potential effects on risk-taking compensation incentives is 
a low-interest-rate monetary policy. Given that interest 
rates are the main components of the firm’s cost of capital, 
which is a basic element of the managers’ decision-making 
concerning both the financing and investing policies of the 
firm, that interest rates are the main drivers of the inves-
tors’ expected return, and that interest rates are the funda-
mental macroeconomic variables behind credit, a relevant 
effect can be expected from a new risk-return setting for 
shareholders, managers, and creditors induced by changes 
in interest rate policies.

Specifically, low interest rates have been found to 
encourage investors’ risk-taking through psychological 
mechanisms such as reference dependence1 and salience2 
(Lian et al., 2019). Therefore, as investors searching for 
yield, shareholders would be induced by low interest rates 
to encourage managers to take more risks. In addition, a 
low-interest-rate policy has been found to reduce the per-
ception of credit risk and increase the risk tolerance of 
banks as credit suppliers through different channels 
(Bernanke & Gertler, 1995; Borio & Zhu, 2012; Paligorova 
& Santos, 2017). Therefore, we can expect that the rele-
vant monitoring role of creditors in controlling the man-
gers’ risk-taking incentives (Balsam et al., 2018; Saunders 
& Song, 2018) could be offset or weakened by the credi-
tors’ risk-taking channel. In this way, the agency conflict 
between shareholders and creditors would be attenuated 
in a low-interest setting by the alignment of shareholders’ 
and creditors’ interests to obtain higher returns. Managers’ 
risk-taking incentives would be increased by the board to 
improve business returns and by a relaxation of the bank 
monitoring of excess risks. The manager channel means 
that managers offered risk-taking incentives would use 
their discretion in making financing and investing deci-
sions to adopt riskier policies in line with the sharehold-
ers’ interests. As these riskier policies aggravate the 
creditor–shareholder agency conflict, creditors would use 
their monitoring ability to limit both the managerial risk-
taking incentives and the firms’ riskier policies. In our 
research context, the creditor channel means that CEO 
risk-taking incentives are higher and that riskier policies 
are undertaken by managers only when creditors them-
selves are searching for yield at the expense of higher risk. 
Our empirical work builds on this theoretical framework 

to check if the subsequent business policies and overall 
firm risk indicates the predominance of the manager chan-
nel versus the creditor channel in solving the creditor–
shareholder agency conflict (Hong, 2019; Saunders & 
Song, 2018).

Taking into account the study by Edmans et al. (2012), 
where it is suggested that contract sensitivity is affected by 
the temporal horizon, we have computed a comprehensive 
Vega for each CEO and then distinguished between vested 
and unvested Vega to separately analyze the short-term 
and long-term horizons. Therefore, as a more specific 
objective, we can assess whether the monetary policy has 
differential effects on managers’ compensation incentives 
depending on the compensation horizon.

In summary, this article combines three strands of lit-
erature on monetary policies, CEO pay incentives, and 
risk-taking business policies and uses a panel database of 
1,293 US firms (9,252 firm-year observations) over the 
2000–2016 period to examine whether low-interest-rate 
monetary policies increase short-term risk-taking incen-
tives of managers (proxied by Vega), and whether these 
incentives exacerbate the influence of those monetary pol-
icies on the firms’ risk-taking. Our results are robust to the 
use of alternative proxies for monetary policy and to the 
presence of institutional investors. To our knowledge, this 
study is the first work in which the effects of monetary 
policies on CEO compensation incentives have been 
analyzed.

The main contribution of this article is in the research 
stream on managers’ risk-taking incentives proxied by 
Vega. Our research extends the previous evidence by show-
ing that low-interest-rate policies affect CEOs’ short-term 
risk-taking incentives with an effect on the risk effectively 
taken by the firms. We identify an external factor derived 
from the monetary policy, and our results suggest an align-
ment of interests between creditors and shareholders and 
between shareholders and managers concerning the firms’ 
risk-taking. Specifically, managers’ higher risk-taking 
incentives in a short-term low-interest setting are consistent 
with both the shareholders’ and creditors’ interest in higher 
returns, as both groups of stakeholders may influence man-
agers’ compensation incentives. Furthermore, the contribu-
tion of the short-term risk-taking incentives to the riskier 
policies adopted by the firms under analysis is only seen in 
a low-interest setting, which is consistent with the creditor 
channel. That is, the creditors tend to extend credit in softer 
conditions, which works with the shareholders’ incentive to 
obtain higher profitability in the short run. Consequently, 
both interests would be aligned to encourage (or not avoid) 
undertaking riskier projects by firms’ managers.

The rest of the article is organized as follows. Section 
“Theoretical background and hypotheses” presents a dis-
cussion of the arguments that link managerial risk-taking 
incentives and firms’ risk-taking to low-interest-rate mon-
etary policy. In section “Data overview and variable 
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measurement,” we describe our data, the measurement of 
key variables, and the models used. Section “Empirical 
results ” shows the empirical results, and section 
“Conclusion” presents the article’s conclusions.

Theoretical background and 
hypotheses

Monetary policy and risk-taking

The monetary transmission mechanism has evolved both 
in theory and modeling over time in the United States, pro-
ducing changes in policy behavior as well as in the effects 
that the policy interest rates have on the economy (Boivin 
et al., 2010). In addition, credit provision regulations have 
significantly changed. Gambacorta and Marques-Ibane 
(2011) argue that the changes in banks’ business models 
and market funding patterns were the factors behind the 
modification of the monetary transmission mechanism in 
the United States and Europe before the 2007 crisis, find-
ing that the structural changes deepened during the crisis.

There are several ways in which monetary policy 
influences the economy. According to the interest rate 
channel, the borrowers’ demand for credit increases as 
the price (interest rate) decreases (Paligorova & Santos, 
2017). The strongest effect occurs on short-term interest 
rates, whereas the impact on long-term rates is relatively 
weaker (Bernanke & Gertler, 1995). The credit channel 
theory explains that the effect of interest rates is ampli-
fied by the changes in the external finance premium (dif-
ference in cost between external and internal funds). 
Through the balance sheet channel, the amplifying effect 
comes from the impact of the monetary policy on the bor-
rowers’ financial position3 (Bernanke & Gertler, 1995; 
Paligorova & Santos, 2017), whereas through the bank 
lending channel,4 the amplifying effects come from the 
impact of the monetary policy on the supply of loans by 
banks (Bernanke & Gertler, 1995; Brissimis & Delis, 
2009; Kishan & Opiela, 2000).

Some authors (Den Haan et al., 2007) find a differential 
“balance-sheet effect” for consumers and firms. This effect 
is either attributed to the larger fraction that higher interest 
rates take of consumer expenditures, or to the decreasing 
effect of growing interest rates on property prices. The 
additional consumer risk detected by banks would explain 
the reduction of consumer and real estate loans parallel to 
the increase in firm loans.

From the borrowers’ perspective, through the credit 
channel, a reduction in interest rates modifies the target 
rates of return. Since the effect is stronger for larger gaps 
between market and target rates, they are powerful when 
nominal rates are close to zero, such as with the ZLB inter-
est rates (Borio & Zhu, 2012). Thus, investors search for 
yield, turning to riskier assets due to their previously stab-
lished reference returns and the salience of those higher 

returns from risky assets (Lian et  al., 2019). Finally, in 
addition to the reduced risk perception and the increased 
risk tolerance derived from the higher value of assets, cash 
flows, and profits when interest rates go down (balance 
sheet channel), we highlight the interconnection between 
liquidity and risk-taking in periods of weaker constraints, 
which act as a multiplier effect in monetary policy trans-
mission allowing the counterparts to engage in riskier pro-
jects (Borio & Zhu, 2012).

From the creditors’ perspective, a further step in the 
bank lending channel research stream concerns the mone-
tary policy effects on credit risk-taking, which are labeled 
the “risk-taking channel.”5 It has been empirically detected 
in the euro-area and the United States that low short-term 
interest rates are linked to a softening of the standards for 
household and corporate loans. Securitization and weak 
supervision for bank capital are found to amplify the sof-
tening factor, contributing to a prolonged effect. In con-
trast, low long-term interest rates do not soften lending 
standards (Maddaloni & Peydró, 2011). Similar results are 
found by Jiménez et al. (2014) with an exhaustive credit 
register of Spanish loan applications and contracts.

Concerning the interest rate risk, previous studies 
(Baker et al., 2016; Creal & Wu, 2014) propose different 
measures for the policy uncertainty, highlighting the 
importance of capturing the macroeconomic fluctuations. 
According to Creal and Wu (2014), a highly uncertain 
market could accelerate the ZLB adoption for the short-
term interest rate.

Risk-taking by managers and executive 
compensation

According to the previous literature, the sensitivity of the 
managers’ wealth is one of the main effects of equity-
based compensation related to the risk-taking behavior of 
CEOs. Specifically, the sensitivity of executive compensa-
tion to stock-return volatility, or the Vega effect, encour-
ages managers to take more risks caused by the convex 
remuneration structure of options. Therefore, a higher sen-
sitivity of executive compensation to stock return volatil-
ity or a higher Vega might lead to riskier business choices 
by managers since they can obtain a higher compensation 
when the business is more volatile, as suggested by Cohen 
et al. (2000), Coles et al. (2006), and Guay (1999).

In the literature, firms’ boards have been found to quickly 
adjust compensation incentives to external shocks and new 
settings for firm risk. Thus, for example, after the imple-
mentation of the FAS 123R (accounting regulation), firms 
significantly reduced option-based compensations (Bakke 
et al., 2016; Mao & Zhang, 2018; Hayes et al., 2012; Hong, 
2019). Another example of quick adjustment of incentives 
by boards considering increased risk from an exogenous 
cause was studied by Gormley et al. (2013), who focused on 
the discovery of a carcinogen in a chemical used by the firm. 
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However, the reaction of compensation incentives to 
changes in interest rates has not been previously analyzed. 
We try to fill this void by considering that interest rate 
changes have relevant consequences on both the financial 
and investment policies of the firm. Therefore, the firms’ 
boards would be encouraged to modify incentives due to 
interest rate changes. Furthermore, the boards (sharehold-
ers) themselves, as investors, would be pushed to search for 
yield in the presence of low interest rates.

Another research stream has evidenced that the CEO 
compensation incentives are significantly induced by 
bank monitoring (Balsam et al., 2018; Saunders & Song, 
2018). Due to it, we incorporate the risk-taking channel 
derived from the monetary policy to reason about the 
potential effect of the interest rates on CEO compensation 
incentives.

Regarding the relationship between CEO risk-taking 
incentives and the risk effectively taken by the firm, previ-
ous literature has confirmed a positive effect on compre-
hensive measures of uncertainty (Gormley et al., 2013; K. 
Kim et al., 2017; Serfling, 2014) but also on riskier financ-
ing policies and investing policies (Gormley et al., 2013; 
Hayes et al., 2012). Specifically, a higher Vega is found to 
be associated with greater leverage6 (Coles et  al., 2006; 
Gormley et al., 2013), more R&D expenditures (Gormley 
et  al., 2013), fewer investments in fixed assets (Coles 
et al., 2006), less hedging with derivative securities (Bakke 
et  al., 2016; Knopf et  al., 2002), and less cash reserves 
(Gormley et  al., 2013). Therefore, a higher Vega would 
increase the agency cost between managers and creditors, 
as well as between managers and shareholders.

In the case of creditors, some monitoring instruments 
can be used to control for managers’ risk-taking behaviors. 
Thus, Liu and Mauer (2011) indicate that CEOs with a 
high Vega are required to hold additional cash balances to 
reduce bondholder risk. Brockman et  al. (2010) indicate 
that an increase in Vega is related to a shorter maturity of 
the debt structure. Specifically, they and other authors 
(e.g., Barnea et al., 1980; Leland & Toft, 1996) show that 
short-term debt could reduce managerial incentives to 
increase risk and act as a powerful monitoring tool for 
creditors.

However, how the CEO’s pay contract is designed is 
even more important than the incentive amounts (Jensen & 
Murphy, 1990). The horizon in which the incentives are 
exercised is a relevant aspect in the design of executive 
compensation packages. According to Edmans et  al. 
(2012), CEOs prefer shorter incentive horizons since they 
can obtain higher future rewards by saving privately than 
by obtaining payments planned in contracts. The previous 
literature has debated on the optimal duration of executive 
compensation. For instance, Bebchuk and Fried (2010), 
among others, indicate that pay contracts are focused 
excessively on short-term performance, which could lead 
to self-interested and frequently myopic managerial 

behavior. However, some authors (Bolton et  al., 2006; 
Gopalan et al., 2014) show that optimal compensation con-
tracts might highlight short-term stock performance in line 
with the perspective of the firm’s existing shareholders. 
These incentives will make it attractive for managers to 
select projects that boost short-term performance, which is 
aligned with managerial interests such as early reputation 
enhancement (Thakor, 1990). Thus, CEOs with short-term 
incentives could engage in myopic managerial behavior, 
as they may make decisions with short-term effects that 
amplify risks.

Hypotheses

As discussed in the previous sections, the influence of 
monetary policy on managers’ risk-taking incentives and 
the risks effectively taken by managers is the question, not 
yet studied, for which this work attempts to offer a first 
approach. According to the literature on monetary trans-
mission mechanisms, on the firms’ part, as borrowers, 
lower interest rates mean cheaper loans (interest rate chan-
nel), which induces managers to obtain more funds to be 
invested in the firms’ projects (Paligorova & Santos, 
2017). In the case of firms as investors, a low short-term 
interest rate makes riskless assets less attractive for them. 
Hence, boards (shareholders) may be encouraged to look 
for higher yields by investing in riskier projects (Jiménez 
et al., 2014). After a decrease in interest rates, boards’ and 
managers’ “search for yield” would be addressed by psy-
chological mechanisms, such as reference dependence and 
salience (Lian et al., 2019). Therefore, we can expect an 
alignment of interests: boards would adjust managers’ 
incentives to increase Vega, and managers would choose 
riskier investments to improve the business returns and 
their resulting rewards.

On the creditors’ part, the monetary transmission mech-
anisms work through the risk-taking channel (derived 
from the lending channel and the balance sheet channel), 
by which changes in policy rates modify risk perceptions 
and risk tolerance by banks. Lower interest rates encour-
age banks to soften lending standards (Jiménez et  al., 
2014; Maddaloni & Peydró, 2011). Specifically, Borio and 
Zhu (2012) and Paligorova and Santos (2017) point to sub-
sequent changes in the degree of risk in banks’ portfolios, 
their pricing of assets, and the price and non-price terms of 
the funding. Therefore, the monitoring role of creditors on 
the managers’ risk-taking incentives would be relaxed 
since lenders are expected to provide more funds to invest 
in risky projects. Furthermore, a long period of ZLB would 
cause both a decrease in risk aversion by lenders and a 
deepened search for yield by boards and managers.

From the perspective of the potential agency conflicts 
between creditors and borrowers, two opposite forces are 
triggered by the decrease in interest rates. On one hand, 
lower interest rates could increase the use of bank assets 
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since the debt repayment is less severe for firms, whereas 
boosted asset valuations, cash flows, and profits improve 
collateral and incomes (Borio & Zhu, 2012), and the risk-
taking channel softens the creditors’ conditions. On the 
other hand, lower interest rates could increase agency 
problems between managers and creditors since CEOs 
might look for different choices of investing to obtain high 
yields, increasing moral hazard. According to Hong (2019) 
and Saunders and Song (2018), external shocks on the 
creditor–shareholder agency conflict are solved by the 
creditor channel with preference over the manager chan-
nel. In the case under study, the creditor channel would 
imply a relaxation of monitoring in line with the risk-tak-
ing channel of the creditor.

In sum, considering the board’s ability to adjust the 
CEO compensation incentives in the presence of external 
changes (Bakke et al., 2016; Gormley et al., 2013; Hayes 
et al., 2012; Hong, 2019; Mao & Zhang, 2018), we expect 
a change in Vega in response to interest rate modifications. 
As investors, the boards will be encouraged by interest rate 
cuts to promote higher risks to reach previous benchmarks 
for investment returns. Therefore, we expect an increase in 
Vega because of the yield-searching behavior of the 
boards. Furthermore, we expect that increase in Vega to be 
intensified (or not offset) by monitoring by creditors who 
are in parallel affected by their own risk-taking channel 
derived from the low-interest-rate monetary policy:

H1a. Low interest rates increase the sensitivity of a 
CEO’s compensation to stock return volatility.

In line with the finding that softening lending standards 
in the United States is linked to low short-term interest 
rates but not to low long-term interest rates (Jiménez et al., 
2014; Maddaloni & Peydró, 2011), we tested whether the 
low-interest-rate monetary policy, addressed by short-term 
horizons have a preeminent effect on short-term compen-
sation incentives, and we formulate a more specific 
hypothesis:

H1b. A low interest rate increases the sensitivity of a 
CEO’s short-term compensation to stock return 
volatility.

As a second step, we argue that the managers’ risk-tak-
ing incentives exacerbate the effects of the low-interest-
rate monetary policy on the firms’ policy actions. First, 
following Gormley et al. (2013), Serfling (2014), Cain and 
McKeon (2016), K. Kim et  al. (2017), and Ferris et  al. 
(2017), aggregate risk-taking is measured through market 
return volatility. We predict that lower interest rates induce 
managers to choose riskier policies, which increases the 
volatility of the firm’s returns. This comprehensive effect 
would result from the manager’s preference for riskier 
investment and financial policies. Therefore, we use 

leverage as a proxy for the financial policies (like in Cain 
& McKeon, 2016; Ferris et al., 2017; Karpavicius & Yu, 
2019) and capital expenditures as a proxy for the invest-
ment policies of the firm (like in Andreou et  al., 2017; 
Hayes et al., 2012).

Low interest rates would induce managers to look for 
previous (higher) return benchmarks, turning to riskier 
investment alternatives (with salient interest spread) (Lian 
et  al., 2019). The agency problem driven by career con-
cerns and lack of diversification that pushes managers to 
less risky (suboptimal) policies than those preferred by 
shareholders (Demsetz & Lehn, 1985; Ferris et al., 2017) 
would be offset by the low-interest monetary policy, result-
ing in aligned interests between shareholders and manag-
ers. Therefore, a positive relation is expected between 
risk-taking incentives and the risk effectively taken by the 
firm’s managers, first proxied by the mentioned aggregate 
risk-taking measure, return volatility, and then by leverage 
and capital expenditure as proxies of the financial and the 
investment policies of the firm, respectively:

H2a. Low interest rates induce the sensitivity of a 
CEO’s compensation to stock return volatility to have a 
stronger positive effect on the risk taken by the firm.

We considered that the time horizon of pay incentives 
can influence managerial behavior, as some authors have 
demonstrated (Cadman & Sunder, 2014; Edmans et  al., 
2015). Specifically, Gopalan et  al. (2014) showed how 
CEOs might seek business choices that amplify the risk for 
the firm when managers have short-term incentives. 
Therefore, in the context of our analysis, risk-taking incen-
tives in the short-term horizon could be influenced by 
macroeconomic policies that reduce investment returns 
(low interest rates and monetary policy stability). In 
accordance with the above argument, we formulate a more 
specific hypothesis:

H2b. Low interest rates induce the sensitivity of a 
CEO’s short-term compensation to stock return volatil-
ity to have a stronger positive effect on the risk taken by 
the firm.

Data overview and variable 
measurement

Data sources and sample selection

We use data from a variety of sources: ExecuComp,7 
Compustat, Thomson Reuters, and the Federal Reserve. 
We collect data for the period from 2000 to 2016. Following 
previous studies, we remove financial firms (SIC codes 
from 6000 to 6999) from the list of selected firms. We use 
ExecuComp to collect executive compensation data, and 
then we merge the resulting database with firm-level 
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characteristics extracted from Compustat and institutional 
ownership data from Thomson Reuters. Finally, we use 
data on macroeconomic policies in United States from the 
Federal Reserve and merge them with the characteristics 
of the CEOs, firms, and ownership. Observations with 
missing or zero values for total assets, and firm-years with 
market or book leverage outside the unit interval were 
excluded. The final sample is made up of a panel database 
of 1,293 industrial firms in the United States.

In Panel A of Table 1, we report the sample distribution 
by year. Our final sample contains 9,252 firm-year obser-
vations for 1,293 unique firms. The number of firms ranges 
from a minimum of 258 in year 2000 to a maximum of 691 
in year 2008. In Panel B of Table 1, we report the sample 
distribution by industry breakdown based on the Fama and 
French industry classification. Overall, we observe that the 
“Utilities” and “Oil Petroleum and Natural Gas” sectors 
present the highest number of observations.

Variables

Equity-based incentives.  We measure the sensitivity of the 
CEO’s stock and option portfolio to stock return volatility 
or Vega (VegaCEO). It measures the change in the value 
of the CEO’s option portfolio due to a 1% increase in the 
standard deviation of firm stock returns. Vega is a conven-
tional measure of risk-taking incentives in executive pay 
widely employed in the literature (see Brockman et  al., 
2010; Coles et al., 2006; Core & Guay, 2002; among oth-
ers). We compute Vega following the methodology pro-
posed by Coles et al. (2006) and Core and Guay (2002), 
which is based on the Black and Scholes (1973) option-
pricing model adjusted for dividends by Merton (1973) 
(Appendix 1). Therefore, Vega should capture the incen-
tives for CEOs to undertake investments that increase firm 
risk.

However, for different executives with the same Vega, 
benefits in the short run from an increase in firm volatility 
may differ depending on when their options can be exer-
cised. To consider the horizon of incentives, we observe 
the vesting periods of the portfolio of options held by each 
CEO (Cadman & Sunder, 2014).

We decompose the Vega measure into both vested and 
unvested pay incentives. Vested Vega is defined as the value 
sensitivity to stock return volatility of all exercisable options 
which are the existing vested options. However, unvested 
Vega is the value sensitivity to stock return volatility of all 
unexercisable options, including those of newly granted 
options and existing unvested options. Consequently, a 
higher vested Vega might give prominent benefits to the 
CEO from stock return volatility in the short run.

Estimation method and control variables.  To estimate how 
monetary conditions impact risk-taking incentives in 
executive compensation, we initially employ an econo-
metric approach based on managers with high and low 
risks. As estimation method, we use the generalized 
method of moments—specifically, the system GMM—to 
partially solve the endogeneity (Arellano, 2003; Baltagi, 
2005). Using panel data in our analyses, the biased results 
caused by unobservable heterogeneity can be alleviated. 
Blundell and Bond (1998) and Arellano and Bover (1995) 
support the efficiency of GMM because this estimator 
controls for the correlations among errors over time and 
the heteroscedasticity across firms. Specifically, follow-
ing Munjal et  al. (2018), the instruments we use in the 
estimation process are the lags from t − 2 to t − 5 of all 
explanatory variables and the lag of the dependent varia-
ble. In addition, system GMM reduces the collinearity 
among different explanatory variables, and is more effi-
cient when the underlying economic process itself could 
be dynamic, as in our case
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VegaCEOit is a measure based on the CEO’s option portfo-
lio that indicates the risk-taking incentives of managers. 
Macroeconomic_conditionst are the variables under study. 
The measures we have used in this study as proxies for 
macroeconomic policy are ZLB, growth of interest rates, 
and the difference between long-term and short-term inter-
est rates. First, to study the effect of interest rate policies, 
we use the zero lower bound (ZLB), a dummy equal to one 
if the year is between 2008 and 2012, when the short-term 
nominal interest rate was nearly zero in the United States. 

In the robustness analyses, we use the growth of the bank 
prime loan rate (G_INT) variable and the difference in the 
10-year and the 6-month treasury constant maturity rates 
(Diff_10y_6m).

The control variables used concern CEO and board 
characteristics, the firm’s economic and financial situa-
tion, and the macroeconomic setting. Although the evi-
dence found in the previous literature with respect to the 
effect of those variables on the risk-taking incentives of 
managers and the risk-taking policies of the firms is scarce 
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Table 1.  Sample distribution by year and by industry.

Panel A. Sample distribution by year

Year Observations Percent Percent accumulated

2000 258 2.7886 2.7886
2001 320 3.4587 6.2473
2002 397 4.2910 10.5383
2003 433 4.6801 15.2183
2004 452 4.8854 20.1038
2005 447 4.8314 24.9351
2006 455 4.9179 29.8530
2007 564 6.0960 35.9490
2008 691 7.4687 43.4176
2009 675 7.2957 50.7134
2010 658 7.1120 57.8253
2011 668 7.2201 65.0454
2012 675 7.2957 72.3411
2013 676 7.3065 79.6476
2014 657 7.1012 86.7488
2015 656 7.0904 93.8392
2016 570 6.1608 100.0000
Total 9,252  

Panel B. Sample distribution by industry

Industries Fama–French 
49 sectors

N Percent Percent accumulated

Agriculture 1 22 0.2378 0.2378
Food products 2 158 1.7077 1.9455
Candy and soda 3 31 0.3351 2.2806
Beer and liquor 4 37 0.3999 2.6805
Tobacco products 5 27 0.2918 2.9723
Toys recreation 6 61 0.6593 3.6316
Fun entertainment 7 79 0.8539 4.4855
Books printing and publishing 8 74 0.7998 5.2853
Consumer goods 9 185 1.9996 7.2849
Clothes apparel 10 90 0.9728 8.2577
Healthcare 11 199 2.1509 10.4086
Medical equipment 12 327 3.5344 13.9429
Drugs pharmaceutical products 13 449 4.8530 18.7959
Chemicals 14 381 4.1180 22.9140
Rubber and plastic products 15 108 1.1673 24.0813
Textiles 16 43 0.4648 24.5460
Construction materials 17 317 3.4263 27.9723
Construction 18 172 1.8591 29.8314
Steel works, etc. 19 179 1.9347 31.7661
Fabricated products 20 9 0.0973 31.8634
Machinery 21 425 4.5936 36.4570
Electrical equipment 22 123 1.3294 37.7864
Automobiles and trucks 23 185 1.9996 39.7860
Aircraft 24 142 1.5348 41.3208
Ships shipbuilding, railroad equipment 25 41 0.4431 41.7639
Guns defense 26 25 0.2702 42.0342
Precious metals 27 30 0.3243 42.3584
Mines non-metallic and industrial metal mining 28 64 0.6917 43.0502

(Continued)
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Panel B. Sample distribution by industry

Industries Fama–French 
49 sectors

N Percent Percent accumulated

Coal 29 8 0.0865 43.1366
Oil petroleum and natural gas 30 578 6.2473 49.3839
Utilities 31 775 8.3766 57.7605
Communication 32 169 1.8266 59.5871
Personal service 33 115 1.2430 60.8301
Business service 34 551 5.9555 66.7856
Computer hardware 35 158 1.7077 68.4933
Computer software 36 422 4.5612 73.0545
Electronic equipment 37 528 5.7069 78.7613
Measuring and control equipment 38 301 3.2534 82.0147
Paper business supplies 39 181 1.9563 83.9710
Shipping containers 40 95 1.0268 84.9978
Transportation 41 381 4.1180 89.1159
Wholesale 42 404 4.3666 93.4825
Retail 43 265 2.8642 96.3467
Meals restaurants, hotels, motels 44 210 2.2698 98.6165
Others 49 128 1.3835 100.0000
Total 9,252

Table 1 shows the sample distribution by year for the period from 2000 to 2016. The final sample contains 1,293 US firms (9,252 firm-year 
observations) from 49 industry sectors.

Table 1. (Continued)

and heterogeneous in general, we followed several works 
as references. For CEO and board characteristics, two con-
trol variables are selected considering their potential influ-
ence on corporate hedging (Bakke et  al., 2016): the 
logarithm of the total cash compensation received by the 
CEO (BonusCEO) and the logarithm of CEO age 
(AgeCEO). The percentage of a company’s shares owned 
by the CEO (OwnCEO) is expected to behave similarly to 
a reduction in options and to have a potential effect on both 
compensation contracts and risk-taking (Gormley et  al., 
2013; K. Kim et al., 2017). Two other variables are selected 
as proxies of the CEO’s power: a dummy variable equal to 
one if the CEO is the Chairman of the Board (DualityCEO) 
and the number of executive officers on the board (Board_
size) since powerful managers have discretionary authority 
and can engage in opportunistic investments according to 
their risk preferences (Andreou et al., 2017). We highlight 
the negative influence expected from AgeCEO as a proxy 
for risk aversion in line with the evidence found by Shen 
and Zhang (2013) and Serfling (2014).

For the firms’ economic and financial situation, we 
extend our models with some variables that plausibly 
affect the firms’ risk. The book-to-market ratio 
(BookMarket), the growth of sales (G_Sales), size (Size), 
firm profitability (Profitability), and the degree of asset 
tangibility (Tangibility) are widely recognized determi-
nants of leverage (Cain & McKeon, 2016; Rajan & 
Zingales, 1995). The value of R&D expenses divided by 

total assets (R&D)8 and the logarithm of the number of 
years since appearing in the Compustat database (Firm_
age) are required to control for investment opportunities 
(Cain & McKeon, 2016). Furthermore, R&D, jointly with 
BookMarket and G_Sales, has been found to provide 
CEOs with risk-taking incentives (Ferris et  al., 2017; 
Hayes et al., 2012). Book leverage (Leverage) can affect 
corporate hedging (Bakke et al., 2016), and has been iden-
tified as a mediating factor between risk-taking incentives 
and the risk effectively taken by firms (K. Kim et  al., 
2017). Finally, abnormal returns (Abnearn) is added to 
some of the previous variables to explain the firm’s debt 
maturity (Brockman et al., 2010; Hong, 2019). As already 
mentioned, except in the case of AgeCEO, previous evi-
dence shows contentious or not significant effects on 
Vega for the other variables. Considering the macroeco-
nomic nature or origin of our monetary proxies, used as 
drivers of interest, we have added the growth of US Gross 
Domestic Product (G_GDP) to control for the macroeco-
nomic setting. We provide more detailed definitions of all 
variables in Appendix 2. β0 is the constant term and the 
other βs are the coefficients of the explanatory variables, 
Sk is the set of industry dummies, Yt is a set of time dummy 
variables, and εit is the error term. All variables are win-
sorized at 1% and 99% to remove possible bias due to the 
presence of outliers.

To observe the effect of macroeconomic conditions on 
the optimal duration of executive compensation, we split 
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up the dependent variable into incentives with short-term 
maturities (Ves_VegaCEO) and those with long-term 
maturities (Unv_VegaCEO), studying the Model 1 in both 
cases.

To test our second hypothesis, Model 2 pays attention to 
the firms’ risk as an explained factor and examines how the 
effect of low-interest-rate monetary policy on corporate 

risk policies could change considering the risk taken by 
executives based on their compensation incentives. The 
dependent variable is corporate risk policies (CRP) proxied 
by three different variables: leverage, investment, and stock 
return standard deviation (STD_RET). In all cases, the main 
coefficient of interest is the interaction between the mone-
tary policy proxy and VegaCEO

  

CRP CRP Macroeconomic conditions xVegaCEOit it it i= + + { }−β β β0 1 1 2 _ tt it
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In an additional robustness analysis, whether macro-
economic conditions could alter the influence on CEO 
risk-taking incentives due to the institutional ownership 
structure is examined. To test for institutional ownership 
effects, we examine if the reaction of the managers’ risk-
taking incentives in the presence of changes in the mon-
etary policy varies for different types of institutional 
investors. Therefore, we classify institutional investors 
into two groups according to their interests and monitor-
ing over management. We follow Almazan et al. (2005), 
who classify the proportion of shares owned by banks, 
insurance companies, and others as potentially passive 
monitors (Passive) and the proportion of shares owned 
by investors of other categories, such as investment 
companies and advisors, as potentially active monitors 
(Active).

The summary statistics for our control variables, 
reported in Table 2, are, in general, consistent with those 
reported in previous literature (Balsam et al., 2018; Billett 
et al., 2007; Brockman et al., 2010; K. Kim et al., 2017 and 
Hong, 2019, among others). The correlation matrix for all 
the explanatory variables, reported in Table 3, indicates 
that the selected variables are, in general, far from being 
highly correlated.

To reduce the skewness of the distribution of the meas-
ures of equity pay incentives, we follow J. B. Kim et al. 
(2011) and employ the log transformation of Vega 
(VegaCEO), unvested Vega (Unv_VegaCEO), and vested 
Vega (Ves_VegaCEO) instead of the raw measures in the 
empirical tests. The summary statistics of these variables 
and the other dependent variables used in our models show 
similar values to those in the previous literature (i.e., 
Hayes et  al. (2012), Serfling (2014), and Andreou et  al. 
(2017), for leverage; Hayes et  al. (2012), K. Kim et  al. 
(2017), and Saunders and Song (2018), for Investment; 
and Hong (2019) for STD_RET).

Empirical results

Impact of interest rates on CEO risk-taking 
incentives

In Table 4, we report the empirical results from the GMM 
panel data model where the CEO risk-taking incentives 
are modeled as a function of the low-interest-rate mone-
tary policy. The variable under study is ZLB (interest rates 
close to zero or lower). ZLB is an extreme low-interest 
setting in which the lenders’ incentive to soften lending 
conditions and relaxed monitoring of firms’ credit would 
be stressed. On the boards and managers part, in the pres-
ence of ZLB, they would receive stronger risk-taking 
incentives to obtain higher business returns, and managers 
would be more urged to improve personal wealth via 
incentives.

We find that close-to-zero interest rates increase the 
risk-taking incentives in the form of a higher sensitivity of 
CEO pay to stock return volatility (higher values of 
VegaCEO). The coefficient assigned to our proxy for low 
interest rates is in line with our first hypothesis. This result 
supports the view that low interest rates induce the board 
to adjust the CEO’s risk-taking incentives to obtain higher 
returns. Furthermore, consistent with the creditor channel 
in the creditor–shareholder agency conflicts, a relaxation 
of creditor monitoring would allow an increase in CEOs’ 
risk-taking incentives. Theoretically, we reason that the 
effect is expected from both parts of the agency relation-
ship, what would mean an alignment of interests between 
shareholders and creditors. However, our first model can-
not distinguish the origin of the effect. Therefore, this 
alignment is expected to be confirmed by our subsequent 
tests. As an extension of Model 1, we report here the three 
versions applied to obtain the results displayed in Table 4. 
Note that Xit is a vector gathering all firm, CEO, and mac-
roeconomic control variables
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Table 2.  Summary statistics of explanatory variables.

Variable Mean Std. Dev Min p25 p50 p75 Max

VegaCEO 3.7850 1.9040 0.0000 2.8280 4.0980 5.1690 7.1490
Ves_VegaCEO 3.0240 1.8540 0.0000 1.7350 3.2970 4.4040 6.6430
Unv_VegaCEO 2.8890 1.9610 0.0000 1.0750 3.2420 4.4170 6.5370
ZLB 0.2630 0.4400 0.0000 0.0000 0.0000 1.0000 1.0000
G_INT −0.0170 0.2090 −0.5300 −0.0600 0.0000 0.0700 0.3800
Diff_10y_6m 1.8930 1.1170 −0.3900 1.5400 1.8100 2.8300 3.5800
BonusCEO 7.0080 0.6600 4.2040 6.6030 6.9620 7.3520 9.0650
OwnCEO 0.0150 0.0390 0.0000 0.0010 0.0030 0.0090 0.3170
AgeCEO 4.0170 0.1240 3.3320 3.9320 4.0250 4.0940 4.5110
DualityCEO 0.5670 0.4950 0.0000 0.0000 1.0000 1.0000 1.0000
Board_size 1.5940 0.7420 1.0000 1.0000 1.0000 2.0000 7.0000
G_GDP 0.0390 0.0200 −0.0180 0.0340 0.0400 0.0480 0.0670
BookMarket 1.5970 4.9890 −22.7280 0.5620 0.9410 1.6900 31.0480
G_Sales 0.0710 0.1980 −0.6040 −0.0120 0.0660 0.1520 0.7650
Leverage 0.2610 0.1680 0.0000 0.1390 0.2520 0.3610 0.9920
Size 7.8230 1.5160 2.9830 6.7030 7.6940 8.8160 11.4830
R&D 0.0270 0.0520 0.0000 0.0000 0.0010 0.0320 0.9380
Profitability 0.1350 0.0910 −1.1630 0.0910 0.1290 0.1760 0.4440
Tangibility 0.2990 0.2420 0.0000 0.1040 0.2190 0.4550 0.9490
Firm_age 3.2240 0.6740 1.6090 2.7080 3.2190 3.8710 4.1900
Abnearn 0.0000 0.0100 −0.1890 0.0000 0.0000 0.0000 0.7720
Investment 0.0580 0.0730 −0.0290 0.0210 0.0380 0.0680 2.7870
STD_RET 0.0640 0.0440 0.0030 0.0360 0.0530 0.0780 0.6970

This table presents descriptive statistics for the variables used in the debt concentration model. The sample contains 1,293 US firms (9,252 firm-year 
observations) and covers the 2000–2016 period.
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In terms of control variables, Column 1, reporting the 
general model, shows that the estimated coefficients of 
BonusCeo, OwnCEO, DualityCEO, G_Sales, Leverage, 
R&D, Profitability, and Tangibility are positive and statis-
tically significant at customary levels, whereas the coeffi-
cients of AgeCEO, Board_size, G_GDP, BookMarket, 
Size, and Abnearn show a negative and significant effect 
on the managers’ risk incentives.9 Our results for AgeCEO 
are consistent with the homogeneous previous evidence 
(Serfling, 2014; Shen & Zhang, 2013).

To test our hypothesis H1b, we explore how the hori-
zons of CEO compensation resulting from pay incentive 
contracts are associated with monetary policy. Our baseline 
model is extended by decomposing the dependent variable 
into vested and unvested Vega, as explained in section 

“Data overview and variable measurement.” We find a pos-
itive and significant coefficient for the influence of low 
interest rates (ZLB) on vested Vega (Column 2). In con-
trast, the results for unvested Vega (Unv_VegaCEO) are not 
significant at customary levels. Overall, in line with hypoth-
esis H1b, we find that when the horizon of the pay incen-
tives is short (vested Vega), the low-interest monetary 
policies produce a significant effect as risk-taking determi-
nants, implying that the significant effects of monetary 
policy on VegaCEO reported in Column 1 are driven by 
horizons. This finding is consistent with the fact that the 
risk-taking channel of creditors is especially present under 
low short-term interest rates, hence the creditor channel in 
the creditor–shareholder agency conflict would mean a 
relaxation of monitoring of short-term horizon incentives.
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Table 4.  Executive compensation and macroeconomic conditions.

Vega Vested Vega Unvested Vega

  (1) (2) (3)

VegaCEOt − 1 0.9080***  
[0.0024]  

Ves_VegaCEOt − 1 0.7410***  
  [0.0034]  

Unv_VegaCEOt − 1 0.8600***
  [0.0103]

ZLB 0.0105*** 0.0515*** −0.0078
[0.0036] [0.0050] [0.0144]

BonusCEO 0.2710*** 0.3970*** 0.1590***
[0.0065] [0.0105] [0.0346]

OwnCEO 0.2350*** 0.8970*** −0.7910*
[0.0902] [0.1490] [0.4200]

AgeCEO −0.7930*** −1.1310*** −0.7020***
[0.0346] [0.0562] [0.1670]

DualityCEO 0.2010*** 0.3660*** 0.3570***
[0.0099] [0.0151] [0.0508]

Board_size −0.0012 −0.0443*** 0.1290***
[0.0053] [0.0077] [0.0236]

G_GDP −3.9700*** −4.4010*** −3.1510***
[0.1020] [0.1110] [0.4060]

BookMarket −0.0098*** −0.0070*** −0.0188***
[0.0004] [0.0006] [0.0034]

G_Sales 0.0857*** 0.0647*** 0.2440***
[0.0164] [0.0200] [0.0691]

Leverage 0.1380*** 0.0304 0.2510**
[0.0237] [0.0380] [0.1130]

Size −0.1060*** −0.0740*** −0.0287*
[0.0042] [0.0063] [0.0173]

R&D 0.3210*** 0.3030** −1.1210**
[0.0879] [0.1540] [0.5480]

Profitability 0.5740*** 0.3780*** 0.4860**
[0.0378] [0.0571] [0.2040]

Tangibility 0.1510*** 0.3610*** −0.2790**
[0.0329] [0.0439] [0.1380]

Firm_age 0.0026 −0.0099 0.0132
[0.0068] [0.0100] [0.0255]

Abnearn −8.2780*** −7.6680*** −6.2690**
[0.3110] [0.3790] [2.7950]

Constant 2.2830*** 2.8350*** 1.9170***
[0.1360] [0.2350] [0.6460]

Observations 9,252 9,252 9,252
Number of firms 1,293 1,293 1,293
Sector dummies YES YES YES
Time dummies YES YES YES
Hansen test 917.6 (910) 926.3 (910) 476.8 (447)
Sig. Hansen 0.4230 0.3470 0.1590
m2 0.5570 −0.0085 0.7150
Sig. m2 0.5770 0.9930 0.4740

(Continued)
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Table 4. (Continued)

This table reports the regression results for the relation between the sensitivity of CEO compensation to stock return volatility and low 
interest rates using ZLB, a dummy equal to one if the year is between 2008 and 2012, and controlling for firm and CEO characteristics, industry 
dummies (based on Fama–French 49), and year dummies. The dependent variable is the sensitivity of CEO compensation to stock return volatility 
(VegaCEO) in the first column, and Columns and 3 use the short-term incentives for the CEO (Ves_VegaCEO) and long-term incentives for the 
CEO (Unv_VegaCEO), respectively. The set of controls include BonusCEO (the logarithm of the total cash compensation received by the CEO), 
OwnCEO (number of shares owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO age), DualityCEO (a dummy 
variable equal to one if the CEO is the chairman of the board), Board_size (the number of executive officers on the board), G_GDP (the growth 
of US Gross Domestic Product), BookMarket (total assets over market value of equity plus total debt plus preferred stock liquidating value minus 
deferred taxes and investment tax credit), G_Sales (the growth of sales), Leverage (total debt over total assets), Size (logarithm of total assets 
measured in millions US$), R&D (research and development expenses over total assets), Profitability (operating income before depreciation over 
total assets), Tangibility (net property, plant, and equipment over total assets), Firm_age (the log transformation of one plus the number of years 
since the firm was added to the Compustat database), and Abnearn (abnormal returns). We report the m2 and Hansen tests with the degrees of 
freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

The impact of executive compensation on the 
effect of monetary policies on corporate risk 
policies

To capture the specific effect of the managers’ risk-taking 
incentives on the financing and investing policies of the 
firms and on the global risk of the firm in the presence of 

low interest rates, we modeled the interaction of our mon-
etary policy proxy with VegaCEO. We report the three 
specifications of Model 2 used to obtain the results dis-
played in Table 5. Leverage, investment, and stock return 
standard deviation are the proxies for corporate risk poli-
cies (CRP), and Xit is a vector gathering all firm, CEO, and 
macroeconomic control variables
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Table 5 shows the positive and significant coefficients 
obtained for the VegaCEO*ZLB interaction explaining 
leverage (Column 1), investment (Column 2), and market 
return volatility (Column 3). Therefore, the effect of CEO 
risk-taking incentives on corporate risk policies when 
interest rates are close to zero (ZLB = 1) are significantly 
different from the effect when they are not (ZLB = 0). 
Thus, the negative effect of VegaCEO on leverage (Column 
1) and investment (Column 2) is mitigated in a ZLB sce-
nario, as captured by the positive estimated coefficient for 
the VegaCEO*ZLB interaction term. As for stock return 
volatility (Column 3), the positive effect of VegaCEO on 
STD_RET is intensified in a ZLB scenario, as the positive 
coefficient of VegaCEO*ZLB indicates. Following 
Cantero-Sáiz et al. (2017), we carry out linear restriction 
tests of the sum of the coefficients associated with 
VegaCEO and the coefficients associated with the interac-
tion between VegaCEO and ZLB (reported in Table 5 by 
LR_Test_ZLB). The tests confirm these significant effects 
in all cases. In Columns 1 and 2, the LR_Test_ZLB coef-
ficients mitigate the negative effect of VegaCEO on lever-
age and investment being less negative, and in Column 3, 
the LR_Test_ZLB coefficient emphasizes the positive 

effect of VegaCEO on stock return volatility. Following 
Berger and Bouwman (2013), we computed the coefficient 
of the marginal effects of the difference in the effect of 
stock return volatility (Vega) between ZLB and non-ZLB 
periods. These magnitudes of marginal effects explain how 
the observed variable (leverage, investment or STD_RET) 
changes with respect to variations in managerial risk-tak-
ing incentives (VegaCEO) for ZLB versus non-ZLB peri-
ods. As reported at the end of Table 5, we find that the 
magnitudes of the marginal effects of Vega are positive 
and significantly different between ZLB and non-ZLB 
periods for the three proxies of the corporate risk policies.

Our results are consistent with the alignment of inter-
ests between shareholders and managers due to close-to-
zero interest rates because part of the riskier financing and 
investing policies of the firm and their overall risk is 
related to risk-taking incentives. VegaCEO measures the 
effect of managers’ risk-taking incentives on the firms’ 
financing and investing policies when the interest rates are 
different from zero (ZLB = 0), as there are negative coef-
ficients for leverage and investment and a positive coeffi-
cient for stock return standard deviation. This finding 
implies that the CEO’s risk-taking incentives result in 
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Table 5.  Impact of executive compensation on the effect of monetary policies on corporate risk policies.

Leverage Investment STD_RET

  (1) (2) (3)

Leveraget − 1 0.7680***  
[0.0007]  

Investmentt − 1 0.5350***  
  [0.0034]  

STD_RETt − 1 0.3830***
  [0.0020]

ZLB −0.0148*** −0.0021*** −0.0081***
[0.0002] [0.0005] [0.0001]

VegaCEO*ZLB 0.0008*** 0.0003** 0.0005***
[0.0001] [0.0001] [0.0000]

VegaCEO −0.0024*** −0.0021*** 0.0008***
[0.0001] [0.0001] [0.0001]

BonusCEO −0.0214*** −0.0067*** 0.0054***
[0.0001] [0.0004] [0.0002]

OwnCEO 0.0723*** −0.0421*** 0.0740***
[0.0022] [0.0055] [0.0036]

AgeCEO 0.0535*** 0.0366*** −0.0550***
[0.0011] [0.0024] [0.0009]

DualityCEO −0.0222*** 0.0056*** 0.0054***
[0.0003] [0.0007] [0.0001]

Board_size −0.0045*** 0.0036*** 0.0055***
[0.0001] [0.0003] [0.0001]

G_GDP 0.2220*** 0.0560*** −0.3920***
[0.0020] [0.0059] [0.0021]

BookMarket 0.0001*** −0.0000 0.0002***
[0.0000] [0.0000] [0.0000]

G_Sales −0.0135*** 0.0719*** 0.0104***
[0.0005] [0.0011] [0.0004]

Leverage −0.0171*** 0.0111***
  [0.0018] [0.0010]

Size 0.0211*** 0.0006** −0.0094***
[0.0001] [0.0003] [0.0002]

R&D −0.0140*** 0.0175*** 0.0571***
[0.0030] [0.0039] [0.0037]

Profitability −0.1680*** 0.0564*** 0.0347***
[0.0011] [0.0024] [0.0008]

Tangibility 0.0175*** 0.0814*** 0.0513***
[0.0012] [0.0022] [0.0013]

Firm_age −0.0072*** 0.0008* 0.0002
[0.0002] [0.0004] [0.0003]

Abnearn 0.9490*** 0.0395 0.3750***
[0.0060] [0.0331] [0.0181]

Constant −0.1230*** −0.1300*** 0.2450***
[0.0047] [0.0097] [0.0044]

Observations 9,252 7,568 9,232
Number of firms 1,293 1,110 1,290
Sector dummies YES YES YES
Time dummies YES YES YES
Hansen test 1,103 (1,103) 734.7 (694) 710.4 

(791)
Sig. Hansen 0.6980 0.1380 0.9810
m2 −0.5310 1.0960 4.0960
Sig. m2 0.5950 0.2730 0.6210
LR Test ZLB −0.0016*** −0.001817*** 0.0013***
Marginal effects (ZLB vs. non-ZLB period) 0.0008*** 0.0003** 0.0005***

(Continued)
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This table shows how the relationship between monetary policies and executive compensation affects corporate risk policies. We analyze the 
interaction between the sensitivity of CEO compensation to stock return volatility (VegaCEO) and low interest rates (ZLB). The first column 
shows the effect on leverage, Column 2 shows the effect on investment intensity (Investment), and the last column reports the effect on the 
stock return volatility (STD_RET). The set of controls include BonusCEO (the logarithm of the total cash compensation received by the CEO), 
OwnCEO (number of shares owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO age), DualityCEO (a dummy 
variable equal to one if the CEO is the chairman of the board), Board_size (the number of executive officers on the board), G_GDP (the growth 
of US Gross Domestic Product), BookMarket (total assets over market value of equity plus total debt plus preferred stock liquidating value minus 
deferred taxes and investment tax credit), G_Sales (sales growth), Leverage (total debt over total assets), Size (logarithm of total assets measured 
in millions US$), R&D (research and development expenses over total assets), Profitability (operating income before depreciation over total assets), 
Tangibility (net property, plant, and equipment over total assets), Firm_age (the log transformation of one plus the number of years since the firm 
was added to the Compustat database), and Abnearn (abnormal returns). LR Test ZLB is the linear restriction test of the sum of the coefficients 
associated with VegaCEO and the interaction between VegaCEO and ZLB. We report marginal effects of VegaCEO for ZLB equal to one or zero, 
and the m2 and Hansen tests with the degrees of freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 5. (Continued)

riskier leverage and investment policies only in the pres-
ence of low interest rates, in line with the creditors’ “search 
for yield” that induces the risk-taking channel of creditors 
and softer lending standards (creditor channel). Therefore, 
those results support the alignment of the creditors’ inter-
ests with those of the managers and the shareholders.

In Table 6, we incorporated the horizon of executive 
compensation. In Columns 1 and 2, relative to leverage as 
the explained factor, it can be observed that the interaction 
of vested Vega with ZLB has a significant positive coeffi-
cient, whereas the interaction of unvested Vega with ZLB 
shows a significant negative coefficient. In Columns 3 and 
4, relative to investment as the explained variable, only the 
effect of vested Vega is significant. These results indicate 
that the positive effect of CEO compensation on the firm’s 
financing and investing policies in the presence of low 
interest rates is addressed by the compensation horizon, 
and the short-term horizon is the horizon of interest. In 
Columns 5 and 6, the same pattern is observed to explain 
the market return volatility as a proxy for the global risk of 
the firm. Only the interaction between vested Vega and 
ZLB has a significant positive coefficient, indicating the 
relevant role of compensation horizons for risk-taking 
behavior induced by compensation incentives in low-inter-
est settings. The increase in leverage and the other riskier 
corporate policies is induced only by vested Vega in the 
presence of ZLB policies, which is again consistent with 
an active role of creditors in controlling managerial risk-
taking except in the scenario under study with interest 
rates close to zero and a short-term horizon. Thus, the 
results suggest an alignment of interests with managers 
and shareholders to chase higher returns at the expense of 
higher risk.

As in the previous table, we perform the linear restric-
tion test LR_Test_ZLB and find significant coefficients 
with the same sign as vested and unvested Vega. These 
results support the different influences of vested versus 
unvested Vega on the analyzed corporate policies when 
interest rates are near zero, confirming that the previous 
results obtained for Vega (reported in Table 5) are driven 
by vested Vega.

We also compute the marginal effects of the ZLB and 
non-ZLB periods for the three proxies of corporate risk 
policies for both vested and unvested Vega. The coefficient 
of the marginal effect for vested Vega is significant and 
positive in all cases (Columns 1, 3, and 5), supporting the 
results, and the coefficient for unvested Vega is negative 
(Column 2) or nonsignificant (Columns 4 and 6).

Robustness tests

Alternative measures of low-interest-rate monetary poli-
cies.  To check the robustness of our results, we use alter-
native measures of the low-interest-rate monetary policy. 
First, we use the growth of interest rates, proxied by the 
growth of the bank prime loan rate, and then the uncer-
tainty in the interest rate market, proxied by the difference 
between long-term and short-term interest rates. As the 
second monetary proxy is defined in terms of growth, the 
expected sign is opposite to that of ZLB, with negative or 
lower growth of interest rates producing greater CEO risk-
taking incentives.

Our third monetary proxy is the difference between two 
interest rates with different time horizons, which is a pow-
erful indicator of monetary market stability. During peri-
ods of stability, long-term interest rates are higher than 
short-term ones. However, during unstable periods, short-
term interest rates increase quickly while long-term inter-
est rates remain more stable, resulting in a smaller 
difference between them. Overall, a greater difference 
between the 10-year interest rate and the 6-month interest 
rate indicates better stability in the monetary market. 
However, a smaller difference between the two interest 
rates indicates greater instability in the market since the 
short-term interest rates may dramatically increase. In 
Columns 1 and 2 of Table 7, we can see that the significant 
coefficients support the previous results, meaning a sig-
nificant increase in risk-taking incentives, measured as the 
sensitivity of CEO pay to stock return volatility (higher 
values of Vega) in low-interest-rate settings. As expected, 
the negative and significant coefficient for the growth of 
interest rates and the positive and significant coefficient of 
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Table 6.  Mediating effect of executive compensation horizon on the effect of monetary policies on corporate risk policies.

Leverage Investment STD_RET

  (1) (2) (3) (4) (5) (6)

Leveraget − 1 0.7680*** 0.7970***  
  [0.0007] [0.0032]  
Investmentt − 1 0.5340*** 0.5350***  
  [0.0034] [0.0071]  
STD_RETt − 1 0.4230*** 0.4510***
  [0.0010] [0.0060]
ZLB −0.0143*** −0.0102*** −0.0016*** −0.0016** −0.0086*** −0.0077***
  [0.0002] [0.0007] [0.0005] [0.0008] [0.0001] [0.0004]
Ves_VegaCEO*ZLB 0.0008*** 0.0003** 0.0002***  
  [0.0001] [0.0001] [0.0000]  
Unv_VegaCEO*ZLB −0.0008*** 0.00038 0.0000
  [0.0002] [0.0002] [0.0001]
Ves_VegaCEO −0.0019*** −0.0021*** −0.0013***  
  [0.0001] [0.0001] [0.0000]  
Unv_VegaCEO −0.0017*** −0.0013*** −0.0000
  [0.0002] [0.0003] [0.0001]
BonusCEO −0.0223*** −0.0262*** −0.0070*** −0.0075*** 0.0029*** 0.0019***
  [0.0002] [0.0007] [0.0004] [0.0008] [0.0000] [0.0005]
OwnCEO 0.0723*** 0.1020*** −0.0431*** −0.0297*** 0.0137*** 0.0015
  [0.0023] [0.0101] [0.0054] [0.0106] [0.0008] [0.0056]
AgeCEO 0.0570*** 0.0906*** 0.0388*** 0.0332*** −0.0354*** −0.0303***
  [0.0010] [0.0048] [0.0024] [0.0046] [0.0005] [0.0026]
DualityCEO −0.0230*** −0.0284*** 0.0059*** 0.0022* 0.0089*** 0.0079***
  [0.0003] [0.0012] [0.0007] [0.0013] [0.0001] [0.0008]
Board_size −0.0048*** −0.0042*** 0.0036*** 0.0019*** 0.0039*** 0.0029***
  [0.0001] [0.0006] [0.0003] [0.00062 [0.0001] [0.0004]
G_GDP 0.2180*** 0.1950*** 0.0534*** 0.0498*** −0.4100*** −0.3940***
  [0.0019] [0.0092] [0.0059] [0.0102] [0.0012] [0.0063]
BookMarket 0.0001*** 0.0003*** −0.0000 0.0001 −0.0001*** −0.0000
  [0.0000] [0.0001] [0.0000] [0.0001] [0.0000] [0.0000]
G_Sales −0.0126*** −0.0044*** 0.0728*** 0.0579*** 0.0142*** 0.0150***
  [0.0004] [0.0015] [0.0011] [0.0022] [0.0001] [0.0009]
Leverage −0.0175*** −0.0075** −0.0120*** −0.0075***
  [0.0018] [0.0032] [0.0003] [0.0017]
Size 0.0212*** 0.0208*** 0.0006* 0.0003 −0.0084*** −0.0073***
  [0.0001] [0.0005] [0.0003] [0.0005] [0.0001] [0.0003]
R&D −0.0130*** 0.0137 0.0166*** −0.0048 0.1370*** 0.1530***
  [0.0031] [0.0110] [0.0037] [0.0091] [0.0013] [0.0071]
Profitability −0.1700*** −0.1450*** 0.0525*** 0.0893*** 0.0135*** 0.0151***
  [0.0010] [0.0038] [0.0024] [0.0055] [0.0005] [0.0027]
Tangibility 0.0174*** 0.0074* 0.0814*** 0.0694*** 0.0297*** 0.0284***
  [0.0012] [0.0039] [0.0022] [0.0042] [0.0003] [0.0022]
Firm_age −0.0071*** −0.0052*** 0.0009** 0.0010 −0.0008*** −0.0015***
  [0.0002] [0.0009] [0.0004] [0.0007] [0.0001] [0.0004]
Abnearn 0.9510*** 1.0390*** 0.0475 0.2280*** −0.1330*** −0.1140***
  [0.0057] [0.0566] [0.0336] [0.0833] [0.0027] [0.0172]
Constant −0.1330*** −0.2520*** −0.1380*** −0.1080*** 0.2090*** 0.1840***
  [0.0044] [0.0193] [0.0097] [0.0188] [0.0020] [0.0108]
Observations 9,252 9,252 7,568 7,568 9,232 9,232
Number of firms 1,293 1,293 1,110 1,110 1,290 1,290
Sector dummies YES YES YES YES YES YES
Time dummies YES YES YES YES YES YES

(Continued)
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Leverage Investment STD_RET

  (1) (2) (3) (4) (5) (6)

Hansen test 1,086 (1,103) 867.8 (849) 733.3 (694) 500.7 (472) 1,129 (1,176) 877.7 (746)
Sig. Hansen 0.6390 0.3190 0.1460 0.1740 0.8330 0.2710
m2 −0.5620 −0.4260 1.1000 1.1330 3.5750 3.6200
Sig. m2 0.5740 0.6700 0.2710 0.2570 0.3630 0.2940
LR Test ZLB −0.0011*** −0.0025*** −0.0018*** −0.0010*** −0.0011*** 0.0001
Marginal effects (ZLB vs. 
non-ZLB period)

0.0008*** −0.0008*** 0.0003** 0.0003 0.00023*** 0.0000

This table shows how the relationship between low interest rates and executive compensation horizon affects corporate risk policies. We 
analyze the interaction between ZLB and the sensitivity of CEO compensation to stock return volatility by distinguishing short-term incentives 
(Ves_VegaCEO), reported in odd columns, from long-term incentives, reported in even columns (Unv_VegaCEO). The first two columns show 
the effect on leverage, Columns 3 and 4 report the effect on investment intensity (Investment), and the last two columns show the effect on 
stock return volatility (STD_RET). The set of controls include BonusCEO (the logarithm of the total cash compensation received by the CEO), 
OwnCEO (number of shares owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO age), DualityCEO (a dummy 
variable equal to one if the CEO is the chairman of the board), Board_size (the number of executive officers on the board), G_GDP (the growth 
of US Gross Domestic Product), BookMarket (total assets over market value of equity plus total debt plus preferred stock liquidating value minus 
deferred taxes and investment tax credit), G_Sales (the growth of sales), Leverage (total debt over total assets), Size (logarithm of total assets 
measured in millions US$), R&D (research and development expenses over total assets), Profitability (operating income before depreciation over 
total assets), Tangibility (net property, plant, and equipment over total assets), Firm_age (the log transformation of one plus the number of years 
since the firm was added to the Compustat database), and Abnearn (abnormal returns). LR Test ZLB is the linear restriction test of the sum of the 
coefficients associated with VegaCEO and the interaction between VegaCEO and ZLB. We report marginal effects of VegaCEO for ZLB equal to 
one or zero, and the m2 and Hansen tests with the degrees of freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

(Continued)

Table 6. (Continued)

Table 7.  Robustness analysis. Risk-taking executive compensation and macroeconomic conditions.

Vega Vega Vested Vega Unvested Vega Vested Vega Unvested Vega

  (1) (2) (3) (4) (5) (6)

VegaCEOt-1 0.9050*** 0.9060***  
[0.0024] [0.0025]  

Ves_VegaCEOt-1 0.7390*** 0.7380***  
  [0.0039] [0.0039]  

Unv_VegaCEOt-1 0.8300*** 0.8160***
  [0.0105] [0.0058]

G_INT −0.0723*** −0.1400*** −0.1020***  
[0.0085] [0.0115] [0.0306]  

Diff_10y_6m 0.0400*** 0.0119*** 0.0568***
  [0.0016] [0.0022] [0.0045]

BonusCEO 0.2790*** 0.2600*** 0.4220*** 0.0247 0.4030*** 0.2960***
[0.0065] [0.0068] [0.0109] [0.0270] [0.0105] [0.0147]

OwnCEO 0.2070** 0.3090*** 1.2370*** −0.8040 1.2810*** −1.1770***
[0.0870] [0.0873] [0.1070] [0.5180] [0.1080] [0.2660]

AgeCEO −0.7590*** −0.8070*** −1.0750*** −2.1230*** −1.1460*** −0.7680***
[0.0352] [0.0358] [0.0490] [0.2150] [0.0497] [0.0997]

DualityCEO 0.1980*** 0.1760*** 0.5470*** 0.1570*** 0.5600*** 0.1450***
[0.0097] [0.0101] [0.0139] [0.0591] [0.0144] [0.0299]

Board_size −0.0121** −0.0081 −0.0153* −0.1070*** 0.0115 0.0750***
[0.0055] [0.0053] [0.0087] [0.0227] [0.0084] [0.0146]

G_GDP −3.7240*** −2.4990*** −4.6950*** −1.8500*** −4.9120*** −0.6540**
[0.1120] [0.1200] [0.1430] [0.3280] [0.1410] [0.2660]

BookMarket −0.0101*** −0.0097*** 0.0056*** −0.0027** 0.0061*** −0.0112***
[0.0004] [0.0004] [0.0006] [0.0012] [0.0006] [0.0014]
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Vega Vega Vested Vega Unvested Vega Vested Vega Unvested Vega

  (1) (2) (3) (4) (5) (6)

G_Sales 0.0667*** 0.0664*** 0.2130*** 0.2180*** 0.2720*** −0.0208
[0.0166] [0.0164] [0.0262] [0.0448] [0.0253] [0.0361]

Leverage 0.0957*** 0.1320*** −0.0146 −0.0837 0.0679 0.3400***
[0.0243] [0.0235] [0.0418] [0.1090] [0.0413] [0.0645]

Size −0.1040*** −0.0973*** −0.0892*** 0.0254 −0.0873*** −0.0317***
[0.0042] [0.0045] [0.0065] [0.0208] [0.0067] [0.0104]

R&D 0.2440*** 0.4910*** 2.2710*** −1.4160*** 2.4140*** 1.0940***
[0.0880] [0.0871] [0.1440] [0.3710] [0.1530] [0.2510]

Profitability 0.5560*** 0.6770*** 0.2900*** 0.8880*** 0.3780*** 0.9420***
[0.0371] [0.0383] [0.0583] [0.1440] [0.0594] [0.0896]

Tangibility 0.0967*** 0.0902*** −0.0554 0.2120 0.0104 −0.0463
[0.0328] [0.0323] [0.0493] [0.1520] [0.0482] [0.0816]

Firm_age 0.0008 0.0064 0.0062 0.0553** 0.0094 0.0235
[0.0068] [0.0068] [0.0102] [0.0276] [0.0105] [0.0148]

Abnearn −8.4130*** −8.2770*** −5.8600*** −0.6150 −3.9000*** −5.9310***
[0.3140] [0.3100] [0.6570] [0.6060] [0.6760] [0.4560]

Constant 2.1530*** 2.2560*** 2.6130*** 8.1400*** 2.8620*** 1.0680***
[0.1380] [0.139] [0.2050] [0.8730] [0.2060] [0.3860]

Observations 9,252 9,252 9,252 9,252 9,252 9,252
Number of firms 1,293 1,293 1,293 1,293 1,293 1,293
Sector dummies YES YES YES YES YES YES
Time dummies YES YES YES YES YES YES
Hansen test 922.5 (910) 922.6 (910) 877.7 (850) 548.7 (476) 876 (850) 710.1 (701)
Sig. Hansen 0.3800 0.3790 0.2480 0.1150 0.2610 0.3970
m2 0.5420 0.5750 −0.0815 0.9290 −0.0276 0.8450
Sig. m2 0.5880 0.5650 0.9350 0.3530 0.9780 0.3980

This table shows how the relationship between different proxies of monetary policies and Vega (total, vested and unvested) affects corporate risk 
policies. The proxies for macroeconomic policies are the growth bank loan interest rates (G_INT) and the difference between the 10-year and 
6-month treasury interest rates (Diff_10y_6m) controlling for firm and CEO characteristics, industry dummies (based on Fama–French 49) and 
year dummies. The dependent variable is the sensitivity of CEO compensation to stock return volatility (Ves_VegaCEO) in the first two columns, 
Columns 3 and 4 show the effect on short-term incentives (Ves_Vega), and the last two columns show the effect on long-term incentives (Unv_
VegaCEO). The set of controls include BonusCEO (the logarithm of the total cash compensation received by the CEO), OwnCEO (number of 
shares owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO age), DualityCEO (a dummy variable equal to one 
if the CEO is the chairman of the board), Board_size (the number of executive officers on the board), G_GDP (the growth of US Gross Domestic 
Product), BookMarket (total assets over market value of equity plus total debt plus preferred stock liquidating value minus deferred taxes and 
investment tax credit), G_Sales (the growth of sales), Leverage (total debt over total assets), Size (logarithm of total assets measured in millions 
US$), R&D (research and development expenses over total assets), Profitability (operating income before depreciation over total assets), Tangibility 
(net property, plant, and equipment over total assets), Firm_age (the log transformation of one plus the number of years since the firm was added 
to the Compustat database), and Abnearn (abnormal returns). We report the m2 and Hansen tests with the degrees of freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 7. (Continued)

the difference between long-term and short-term rates sup-
port the results obtained with the ZLB.

In addition, we find significant coefficients for vested 
Vega (Ves_VegaCEO) explained by the growth of interest 
rates (with the expected negative sign) and by the differ-
ence between the 10-year and 6-month interest rates (with 
the expected positive sign) in Columns 3 and 5, respec-
tively. Similar results are found for unvested Vega, but in 
the case of the third monetary proxy, the significant, posi-
tive effect is even stronger, as shown in Column 6. This 
result is consistent with the psychological salience effect 
(Lian et al., 2019) of wider differences between long-term 

and short-term interest rates inducing the horizon of risk-
taking incentives. Therefore, during periods of monetary 
market stability, marked differences in long-term interest 
rates over short-term interest rates would induce share-
holders to extend the compensation horizon to induce the 
managers’ risk-taking to those more profitable horizons.

In Table 8, the impact of Vega is tested on the effect of 
the alternative monetary proxies on corporate risk policies. 
When the growth of interest rates is used as the second 
proxy for the monetary policy, we observe that the mone-
tary policy alone is a stronger factor than the interaction 
with VegaCEO to affect financing (Column 1) and 
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Table 8.  Robustness analysis. The impact of executive compensation on the effect of monetary policies on corporate risk policies.

Leverage Investment STD_RET

  (1) (2) (3) (4) (5) (6)

Leveraget-1 0.7900*** 0.7800***  
[0.0070] [0.0007]  

Investmentt-1 0.5110*** 0.5550***  
  [0.0010] [0.0036]  

STD_RETt-1 0.3420*** 0.4780***
  [0.0074] [0.0146]

G_INT −0.0506*** −0.0039*** −0.0014  
[0.0056] [0.0004] [0.0017]  

VegaCEO*G_INT 0.0010 −0.0000 −0.0017***  
[0.0013] [0.0001] [0.0004]  

Diff_10y_6m −0.0038*** −0.0045*** −0.0075***
  [0.0001] [0.0003] [0.0006]

VegaCEO*Diff_10y_6m 0.0004*** 0.0006*** 0.0006***
  [0.0000] [0.0001] [0.0001]
VegaCEO −0.0010* −0.0030*** −0.0019*** −0.0030*** −0.0006*** −0.0027***

[0.0006] [0.0001] [0.0001] [0.0002] [0.0002] [0.0004]
BonusCEO −0.0116*** −0.0177*** −0.0054*** −0.0064*** 0.0117*** 0.0118***

[0.0017] [0.0002] [0.0001] [0.0004] [0.0006] [0.0009]
OwnCEO 0.0741*** 0.0936*** −0.0100*** 0.0309*** 0.0912*** 0.0956***

[0.0269] [0.0020] [0.0020] [0.0063] [0.0104] [0.0265]
AgeCEO 0.1470*** 0.0526*** 0.0366*** 0.0520*** −0.0466*** −0.0474***

[0.0010] [0.0009] [0.0008] [0.0030] [0.0031] [0.0054]
DualityCEO −0.0383*** −0.0230*** 0.0039*** −0.0062*** 0.0040*** 0.0048***

[0.0029] [0.0002] [0.0003] [0.0008] [0.0009] [0.0017]
Board_size −0.0162*** −0.0057*** 0.0032*** 0.0042*** 0.0010** 0.0034***

[0.0013] [0.0001] [0.0001] [0.0004] [0.0004] [0.0008]
G_GDP 0.5390*** 0.2370*** 0.0944*** −0.0153** −0.3210*** −0.5250***

[0.0221] [0.0023] [0.0023] [0.0074] [0.0078] [0.0154]
BookMarket 0.0001 0.0001*** −0.0001*** −0.0008*** 0.0000 0.0003***

[0.0001] [0.0000] [0.0000] [0.0000] [0.0000] [0.0001]
G_Sales −0.0535*** −0.0163*** 0.0676*** 0.0727*** 0.0043*** 0.0091***

[0.0043] [0.0003] [0.0003] [0.0012] [0.0010] [0.0024]
Leverage −0.0173*** −0.0303*** 0.0053** 0.0178***

  [0.0006] [0.0018] [0.0022] [0.0042]
Size 0.0164*** 0.0211*** 0.0011*** −0.0003 −0.0103*** −0.0070***

[0.0011] [0.0001] [0.0001] [0.0003] [0.0003] [0.0005]
R&D −0.1140*** −0.0049* 0.0070*** −0.0324*** 0.1060*** 0.1140***

[0.0255] [0.0029] [0.0014] [0.0073] [0.0082] [0.0162]
Profitability −0.1880*** −0.1700*** 0.0643*** 0.0683*** 0.0245*** 0.0285***

[0.0104] [0.0009] [0.0007] [0.0025] [0.0030] [0.0066]
Tangibility 0.0341*** 0.0277*** 0.0890*** 0.0966*** 0.0347*** 0.0398***

[0.0085] [0.0010] [0.0008] [0.0024] [0.0027] [0.0054]
Firm_age −0.0093*** −0.0079*** −0.0003** 0.0037*** −0.0002 −0.0015*

[0.0016] [0.0002] [0.0002] [0.0005] [0.0005] [0.00091]
Abnearn −0.0168 0.9610*** −0.0929*** −0.0484 0.2750*** 0.7960***

[0.1480] [0.0071] [0.0095] [0.0344] [0.0415] [0.1020]
Constant −0.5250*** −0.1470*** −0.1430*** −0.1850*** 0.2010*** 0.1840***

[0.0397] [0.0039] [0.0034] [0.0122] [0.0122] [0.0214]
Observations 9,252 9,252 7,568 7,568 9,232 9,232
Number of firms 1,293 1,293 1,110 1,110 1,290 1,290
Sector dummies YES YES YES YES YES YES
Time dummies YES YES YES YES YES YES

(Continued)
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Leverage Investment STD_RET

  (1) (2) (3) (4) (5) (6)

Hansen test 631.5 (610) 1,114 (1,103) 880.4 (900) 678.9 (646) 744.6 (650) 504.8 (411)
Sig. Hansen 0.2650 0.4010 0.6730 0.1790 0.9460 0.9710
m2 −0.7900 −0.4480 1.0750 1.0250 3.8250 5.0110
Sig. m2 0.4300 0.6540 0.2820 0.3050 0.7610 0.8830
Marginal effects  
(Vega [high vs. low G_INT])

0.0001 −0.0000 −0.0002***  

Marginal effects  
(Vega [high vs. low Diff_10y_6m])

0.0004*** 0.0007*** 0.0007***

This table shows how the relationship between monetary conditions and risk-taking executive compensation affects corporate risk policies. We 
analyze the interaction between different proxies for macroeconomic policies and the sensitivity of CEO compensation to stock return volatility 
(VegaCEO). The proxies used are the growth of bank loan interest rates (G_INT) and the difference between the 10-year and 6-month treasury 
interest rates (Diff_10y_6m) controlling for firm and CEO characteristics, industry dummies (based on Fama–French 49) and year dummies. The 
first two columns show the effect on leverage, Columns 3 and 4 report the effect on investment intensity (Investment), and the last two columns 
show the effect on stock return volatility (STD_RET). The set of controls include BonusCEO (the logarithm of the total cash compensation 
received by the CEO), OwnCEO (number of shares owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO 
age), DualityCEO (a dummy variable equal to one if the CEO is the chairman of the board), Board_size (the number of executive officers on the 
board), G_GDP (the growth of US Gross Domestic Product), BookMarket (total assets over market value of equity plus total debt plus preferred 
stock liquidating value minus deferred taxes and investment tax credit), G_Sales (the growth of sales), Leverage (total debt over total assets), Size 
(logarithm of total assets measured in millions US$), R&D (research and development expenses over total assets), Profitability (operating income 
before depreciation over total assets), Tangibility (net property, plant, and equipment over total assets), Firm_age (the log transformation of one 
plus the number of years since the firm was added to the Compustat database), and Abnearn (abnormal returns). This table reports marginal effects 
of VegaCEO for values of G_INT and Diff_10y_6m equal to the 75th (25th) percentile of the sample distribution. We report the m2 and Hansen 
tests with the degrees of freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 8. (Continued)

investing (Column 3) policies. Lower interest rates would 
induce increases in leverage and capital expenditures, 
which is consistent with riskier financing and investing 
policies. Notwithstanding, for the aggregate business risk, 
proxied by market return volatility (Column 5), the inter-
action shows the expected negative coefficient to indicate 
that lower interest rates provide CEOs with risk-taking 
incentives to adopt riskier policies. For the third monetary 
proxy (Columns 2, 4, and 6), the coefficients obtained for 
the interaction with VegaCEO are similar to those obtained 
for the interaction with ZLB, indicating that with higher 
differences between long-term and short-term interest 
rates, managers with risk-taking incentives tend to adopt 
riskier financing and investing policies resulting in higher 
global risk. However, VegaCEO is a continuous variable 
and can have infinite values. Therefore, to overcome this 
limitation, we follow Cantero-Sáiz et al. (2018) to analyze 
how the marginal effect of VegaCEO on the different 
dependent variables varies with the macroeconomic poli-
cies. Figures 1 to 6 report the marginal effects of macroe-
conomic policies on the level of leverage (Figures 1 and 
4), investment (Figures 2 and 5), and stock return volatility 
(Figures 3 and 6) when there is an increase in the growth 
of bank loan interest rates (Figures 1 to 3) and in the differ-
ence between the 10 year and 6 month treasury interest 
rates and (Figures 4 to 6). We can determine the conditions 
under which the macroeconomic policies have a statisti-
cally significant effect on corporate risk policies using the 

90% confidence interval (dotted lines). Supporting the 
results in Table 8, Figures 4 to 6 show how an increase in 
the difference between the 10-year and the 6-month treas-
ury interest rates leads to an increase in the financing and 
investing policies when managers have risk-taking incen-
tives. However, Figures 1 and 2 show a less clear trend due 
to the nonsignificant coefficients found for the interac-
tions. Finally, Figure 3 indicates how an increase in the 
bank loan interest rate leads to a decrease in stock return 
volatility when managers have risk-taking incentives sup-
ported by the negative and significant interaction reported 
in Column 5 of Table 8. We compute the marginal effects 
of VegaCEO on the different dependent variables with the 
magnitudes of the three proxies for monetary policies. 
Specifically, we compute the difference in the marginal 
effect of managers’ risk-taking incentives (VegaCEO) 
computed for low (proxy equal to the 25th percentile of the 
sample distribution) and high growth of bank loan interest 
rates and the difference between the 10-year and the 
6-month treasury interest rates (proxy equal to the 75th 
percentile of the sample distribution). The results shown in 
Table 8 support the coefficients of the interactions terms.

Table 9 shows the results obtained when the disaggre-
gation into vested and unvested Vega is used. The second 
monetary proxy, growth of interest rates, shows clearly 
different behavior when interacted with vested Vega and 
unvested Vega to explain leverage. The expected negative 
coefficient is not significant for vested Vega, but an 
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opposite significant coefficient is found for unvested Vega. 
However, the interactions are not significant to influence 
the investment policies. As previously explained, when the 
growth of interest rates is used, the monetary policy itself 
seems to be a better determinant of the increase in leverage 
and investment than the interaction with VegaCEO. In 
Columns 3 and 4, 7 and 8, and 11 and 12, the results for the 
third monetary proxy are shown. Again, we can appreciate 
that when the difference between long-term and short-term 
interest rates is used, the results are more similar to those 
obtained with ZLB, supporting the adoption of riskier 
financing and investing policies by managers with short-
term risk-taking incentives. Concerning the aggregate risk 
of the firm, proxied by market return volatility (Columns 9 
to 12), our results with the second monetary proxy (growth 
of interest rates) and with the third monetary proxy 

(difference between long-term and short-term interest 
rates) obtain the expected negative sign and positive sign, 
respectively, and support the results obtained with ZLB, 
confirming that the short-term horizon of incentives is a 
factor in addressing the effect induced by the interactions. 
By contrast, with higher differences between long-term 
and short-term interest rates, the long-term compensation 
incentives are related to a reduction in the firm’s risk. As in 
Table 8, we compute the marginal effects of vested and 
unvested Vega on the different dependent variables with 
different magnitudes of the proxies for monetary policies. 
Specifically, we report the difference in the marginal effect 
of managers’ risk-taking incentives computed for low 
(proxy equal to the 25th percentile of the sample distribu-
tion) and high growth of bank loan interest rates and the 
difference between the 10-year and 6-month treasury 

Figure 1.  Marginal effect of macroeconomic policies on 
Leverage in relation to Vega when the growth of interest rates 
increases.

Figure 2.  Marginal effect of macroeconomic policies on 
Investment in relation to Vega when the growth of interest 
rates increases.

Figure 3.  Marginal effect of macroeconomic policies on 
stock return volatility in relation to Vega when the growth of 
interest rates increases.

Figure 4.  Marginal effect of macroeconomic policies on 
Leverage in relation to Vega when the difference between the 
10-year and the 6-month treasury interest rates increases.
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interest rates (proxy equal to the 75th percentile of the 
sample distribution). In this case, we distinguish the short-
term incentives (vested VegaCEO) from the long-term 
incentives (unvested VegaCEO). The results reported in 
Table 9 support the coefficients found for the interaction 
terms.10

Institutional investors and risk-taking incentives.  To ensure 
the robustness of our results, we conduct additional tests to 
study the effect of the presence of intuitional investors. 
Specifically, we analyze whether the effects of low-inter-
est-rate monetary policies on CEO risk-taking incentives 
vary depending on the institutional investor category (pas-
sive vs. active). We are especially interested in passive 

investors as banks take part in this group. In this way, we 
can assess how low interest rates affect their monitoring 
role as investors.

Aggregate institutional ownership (banks, investment 
companies, insurance companies, investment advisors, 
etc.) has significantly grown in recent decades, and these 
groups have been identified as distinctive and better mon-
itors because they have an information advantage 
(Grinstein & Michaely, 2005). Regarding the influence of 
institutional ownership on managers’ risk-taking, Hartzell 
and Starks (2003) find a positive relationship between the 
institutional ownership concentration and the pay perfor-
mance sensitivity of managerial incentives, and a negative 
relationship with the level of executive compensation. 
Concerning the influence of institutional investors on the 
risk-taking behavior of the managers, Chan et al. (2013) 
show a positive relationship between the number of banks 
and earnings volatility, as well as the deviation in monthly 
equity returns.

Institutional investors do not form a homogeneous 
group (Webb et  al., 2003). Pressure-insensitive, foreign 
and large institutional shareholders have a stronger posi-
tive relationship with firm performance than pressure-sen-
sitive, domestic, and small institutional investors (Lin & 
Fu, 2017). Some studies suggest two different institutional 
investor views, depending on their category. Almazan 
et al. (2005) classify them into active monitoring and pas-
sive monitoring. Investment companies and advisors are 
potentially active monitors. Meanwhile, shareholders, 
banks, insurance companies, and others would potentially 
act as passive monitors.

Passive monitors might not intervene in management 
decisions as they are not interested in improving corporate 
governance and firm performance (Lin & Fu, 2017). 
According to Elyasiani and Jia (2010), these institutional 
shareholders may be short-term investors since they act as 
traders without participating in the corporate governance. 
Therefore, a positive relationship should be expected 
between passive monitoring and CEO risk-taking incen-
tives since they have aligned their interests in search of 
short-term performance.

However, active monitors can reduce information 
asymmetries and agency problems between managers 
and shareholders. Furthermore, they may try to maximize 
shareholder value by improving corporate governance 
policies. Lin and Fu (2017) explain that if institutional 
investors act as active monitors, they can influence busi-
ness decisions. Active monitors could boost the firm per-
formance by applying their knowledge and developed 
management skills to influence executives to enhance 
firm efficiency and, consequently, corporate governance 
policy. Therefore, we might expect no relationship or a 
negative relationship between active monitoring and 
CEO risk-taking incentives since active institutional 

Figure 5.  Marginal effect of macroeconomic policies on 
Investment in relation to Vega when the difference between 
the 10-year and the 6-month treasury interest rates increases.

Figure 6.  Marginal effect of macroeconomic policies on 
stock return volatility in relation to Vega when the difference 
between the 10-year and the 6-month treasury interest rates 
increases.
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shareholders can mitigate some of the risky managers’ 
decisions, decreasing the information asymmetry and 
agency problems.

Therefore, we expect passive institutional investors to 
address the CEOs’ incentives to increase their risk-taking 
in the presence of low-interest-rate monetary policies. 
Estimations in Table 10 include, sequentially, interaction 

terms between different proxies of monetary policy and 
the variables for the role played by institutional investors. 
We expand Model 1 by considering the interaction between 
macroeconomic conditions (monetary policies) and the 
passive or active institutional investors as explanatory var-
iables. Note that Xit is a vector gathering all firm, CEO, and 
macroeconomic control variables

VegaCEO VegaCEO Macroeconomic conditions xit it it
= + { }−β β +β0 1 1 2 _ PPassive X S Y

VegaCEO

it it k
k

t
t

it

it

+ + + +

= +

= =
∑ ∑β ε3
1

49

2000

2016

0 1β βVVegaCEO Macroeconomic conditions xActive Xit it it it− { } +1 2 3+β _ β ++ + +
= =
∑ ∑S Yk
k

t
t

it
1

49

2000

2016

ε

Columns 1, 3, and 5 show significant coefficients in all 
cases, indicating that the effect of lower interest rates on 
the CEOs’ risk-taking incentives is intensified to obtain 
even higher levels in the presence of passive monitors. 
This result is obtained for interest rates close to zero or 
ZLB (Column 1) but also for growth of interest rates 
(Column 3) and for wider differences between long-term 
and short-term interest rates (Column 5). Consequently, 
passive investors would be encouraging managers to take 
more risks to improve their performance. By contrast, we 
found opposite or nonsignificant coefficients for the inter-
action of the presence of active institutional investors and 
the monetary proxies. Notwithstanding, we highlight that 
the coefficients for the three monetary proxies maintain 
their sign and significance when both active and passive 
institutional shareholders are present as owners, thus sup-
porting our first hypothesis. In the untabulated results 
(available upon request), we obtained evidence that the 
rest of results found in this work are maintained when 
active versus passive institutional investors are present. 
Furthermore, in all cases, we find that the presence of pas-
sive institutional investors intensifies the effect of low 
interest rates on Vega and the effect of Vega on the risk-
taking policies of the firm. Consistent with the strong 
influence of low interest rates on banking businesses both 
as creditors and investors, we find stressed effects when 
the analysis is made isolating banks as passive institutional 
investors.

To provide more robustness to our results, we compute 
linear restriction tests and marginal effects. In Columns 1 
and 2, the linear restriction tests (LR_Test_ZLB) are posi-
tive and negative, respectively, supporting the results 
obtained for interaction terms. In addition, we show the 
coefficient of the marginal effects of the difference 
between the effect of passive and active institutional 
investors in ZLB and non-ZLB periods on VegaCEO. 
These magnitudes of the marginal effects explain how the 
sensitivity of CEO compensation to stock return volatility 
changes with respect to the variations in shares owned by 
institutional investors during ZLB versus non-ZLB peri-
ods. We compute the marginal effects of passive and 

active institutional investors on VegaCEO with different 
magnitudes of the proxies of monetary policies. 
Specifically, we report the difference in the marginal 
effect of passive and active institutional investors, com-
puted for low (proxy equal to the 25th percentile of the 
sample distribution) and high growth of bank loan interest 
rates and the difference between the 10-year and the 
6-month treasury interest rates (proxy equal to the 75th 
percentile of the sample distribution). The results reported 
in Columns 3 to 6 of Table 10 confirm the sign and signifi-
cance of the interactions terms.11

Conclusion

The current empirical study shows that during the period 
from 2000 to 2016, in the United States, the sensitivity of 
executive compensation to stock return volatility (Vega 
effect) increases in the presence of interest rates close to 
zero (ZLB). Specifically, the increase is found with vested 
Vega but not with unvested Vega, indicating that the posi-
tive impact of the low-interest-rate monetary policy on 
managerial risk-taking incentives is specifically driven by 
short-term horizons. This finding is consistent with an 
alignment of interests between shareholders and creditors 
and with the preeminence of the creditor channel to solve 
the agency conflict between them. As the risk-taking effect 
for creditors works only when the monetary policy reduces 
short-term interest rates (instead of when long-term inter-
est rates are reduced), our results suggest that creditors’ 
monitoring of risk-taking incentives would be relaxed with 
short-term horizons. Therefore, with low short-term inter-
est rates, banks tend to give more loans in softer conditions 
and join with the shareholders’ incentives to obtain higher 
profitability in the short run. Consequently, both interests 
would be aligned to encourage (or not avoid) the firms’ 
managers to undertake riskier projects.

Furthermore, we have tested and confirmed the effect 
of those risk-taking incentives on corporate risk. Our 
results show that risk-taking compensation incentives 
induce managers to undertake riskier policies leading to 
greater market return volatilities, but only in the presence 
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Table 10.  Robustness analysis: The effect of institutional investors.

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

VegaCEOt-1 0.8860*** 0.8730*** 0.8450*** 0.8450*** 0.8580*** 0.8930***
[0.0018] [0.0004] [0.0017] [0.0018] [0.0024] [0.0042]

ZLB 0.0206*** 0.0186***  
[0.0035] [0.0009]  

Passive 1.1460*** 1.3120*** 0.8540***  
[0.0195] [0.0255] [0.0223]  

ZLB*Passive 0.3560***  
[0.0637]  

Active −1.2090*** −1.3110*** −0.9920***
  [0.0073] [0.0254] [0.0457]

ZLB*Active −0.4200***  
  [0.0145]  

G_INT −0.0646*** −0.0642***  
  [0.0064] [0.0063]  

G_INT*Passive −0.4060***  
  [0.0694]  

G_INT*Active 0.4280***  
  [0.0691]  

Diff_10y_6m 0.0229*** 0.0279***
  [0.0018] [0.0032]

Diff_10y_6m*Passive 0.0401***  
  [0.0118]  

Diff_10y_6m*Active −0.0061
  [0.0272]

BonusCEO 0.1540*** 0.1410*** 0.1730*** 0.1780*** 0.1170*** 0.1280***
[0.0050] [0.0016] [0.0059] [0.0059] [0.0048] [0.0119]

OwnCEO 0.3550*** 0.3680*** 0.8330*** 0.8580*** 0.1600** 0.3680***
[0.0614] [0.0272] [0.0639] [0.0638] [0.0759] [0.1360]

AgeCEO −0.2660*** −0.2500*** −0.4940*** −0.4900*** −0.2060*** −0.4680***
[0.0267] [0.0093] [0.0272] [0.0269] [0.0356] [0.0572]

DualityCEO 0.0254*** 0.0580*** 0.1460*** 0.1470*** 0.2440*** 0.0514***
[0.0090] [0.0028] [0.0089] [0.0090] [0.0097] [0.0185]

Board_size −0.0240*** −0.0254*** −0.0117*** −0.0097** −0.1650*** −0.0282***
[0.0044] [0.0012] [0.0042] [0.0042] [0.0042] [0.0093]

G_GDP −5.4120*** −5.4070*** −5.4730*** −5.4930*** −4.1900*** −3.5190***
[0.0754] [0.0272] [0.0826] [0.0850] [0.0967] [0.2120]

BookMarket −0.0105*** −0.0092*** −0.0032*** −0.0031*** −0.0016*** −0.0084***
[0.0004] [0.0001] [0.0003] [0.0004] [0.0002] [0.0010]

G_Sales 0.1170*** 0.0936*** 0.2700*** 0.2730*** 0.1410*** 0.0313
[0.0127] [0.0034] [0.0136] [0.0137] [0.0089] [0.0270]

Leverage 0.1790*** 0.1680*** 0.2180*** 0.2190*** 0.0115 0.2500***
[0.0185] [0.0066] [0.0221] [0.0223] [0.0219] [0.0411]

Size −0.0200*** −0.0050*** 0.0163*** 0.0174*** −0.0096** −0.0117
[0.0035] [0.0010] [0.0034] [0.0035] [0.0044] [0.0072]

R&D 0.5340*** 0.5620*** 1.0740*** 1.0870*** 0.0348 0.5760***
[0.0717] [0.0252] [0.0984] [0.0985] [0.0677] [0.1760]

Profitability 0.6780*** 0.6340*** 0.6020*** 0.5990*** 0.7460*** 0.7210***
[0.0297] [0.0076] [0.0321] [0.0320] [0.0304] [0.0641]

Tangibility −0.1610*** −0.1560*** −0.1860*** −0.2070*** −0.0477 −0.2480***
[0.0214] [0.0067] [0.0251] [0.0249] [0.0321] [0.0490]

Firm_age −0.0053 −0.0127*** 0.0039 0.0012 −0.0249*** −0.0018
[0.0055] [0.0021] [0.0059] [0.0059] [0.0066] [0.0106]

Abnearn −7.6620*** −7.8960*** −4.3250*** −4.3680*** −4.5370*** −7.8350***
[0.2650] [0.0897] [0.5490] [0.5650] [0.1250] [0.5890]

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

Constant 1.0500*** 0.5870*** 1.1150*** 1.0790*** 0.7220*** 1.5160***
[0.1560] [0.0578] [0.1070] [0.1060] [0.1420] [0.2250]

Observations 9,252 9,252 9,252 9,252 9,252 9,252
Number of firms 1,293 1,293 1,293 1,293 1,293 1,293
Sector dummies YES YES YES YES YES YES
Time dummies YES YES YES YES YES YES
Hansen test 991.3 (966) 1,116 (1,173) 901.9 (888) 904.8 (888) 1,007 (985) 763.8 (746)
Sig. Hansen 0.2790 0.8820 0.3650 0.3400 0.3050 0.3170
m2 0.5640 0.5570 0.5160 0.5130 0.6960 0.6020
Sig. m2 0.5730 0.5780 0.6060 0.6080 0.4860 0.5470
LR Test ZLB 1.5020*** −1.6290***  
Marginal effects  
(ZLB vs. non-ZLB period)

0.3561*** −0.4203***  

Marginal effects  
(Vega [high vs. low G_INT])

−0.0610*** 0.0060***  

Marginal effects  
(Vega [high vs. low Diff_10y_6m])

0.0641*** −0.0009

This table reports regression results to examine the effect of institutional investors on the relationship between executive compensation and 
macroeconomic policies. The first two columns report the results for ZLB, the growth of bank loan interest rates (G_INT) is reported in Columns 
3 and 4, and the difference between the 10-year and 6-month interest rates (Diff_10y_6m) is used in the last two columns. All regressions are 
controlled by firm and CEO characteristics, industry dummies (based on Fama–French 49) and year dummies. In Columns 1, 3, and 5, we use the 
interaction between the macroeconomic policies and the proportion of shares owned by passive institutional investors (Passive), and Columns 2, 
4, and 6 show the results of the interaction between macroeconomic policies and the proportion of shares owned by active institutional investors 
(Active). The set of controls include BonusCEO (the logarithm of the total cash compensation received by the CEO), OwnCEO (number of shares 
owned by the CEO scaled by total shares outstanding), AgeCEO (the logarithm of CEO age), DualityCEO (a dummy variable equal to one if the 
CEO is the chairman of the board), Board_size (the number of executive officers on the board), G_GDP (the growth of US Gross Domestic 
Product), BookMarket (total assets over market value of equity plus total debt plus preferred stock liquidating value minus deferred taxes and 
investment tax credit), G_Sales (the growth of sales), Leverage (total debt over total assets), Size (logarithm of total assets measured in millions 
US$), R&D (research and development expenses over total assets), Profitability (operating income before depreciation over total assets), Tangibility 
(net property, plant, and equipment over total assets), Firm_age (the log transformation of one plus the number of years since the firm was added 
to the Compustat database), and Abnearn (abnormal returns). LR Test ZLB is the linear restriction test of the sum of the coefficients associated 
with VegaCEO and the interaction between VegaCEO and ZLB. This table reports marginal effects of VegaCEO for ZLB equal to one or zero and 
for values of G_INT and Diff_10y_6m equal to the 75th (25th) percentile of the sample distribution. We report the m2 and Hansen tests with the 
degrees of freedom in parentheses.
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

Table 10. (Continued)

of a low-interest policy. The positive effects of the interac-
tion between Vega and low-interest monetary policy on 
leverage, capital expenditures, and market return volatili-
ties are consistent with riskier financing and investing 
policies and consequently with an alignment of interests 
between shareholders and managers concerning the search 
for yield in a low-interest setting. The fact that neither the 
low-interest policies nor the risk-taking incentives of any 
maturity as independent variables contribute in isolation to 
this positive effect on the riskier policies of the firm sup-
ports the creditor channel. In the low-interest setting, the 
risk-taking channel by creditors (induced by the balance 
sheet channel and the bank lending channel) materializes 
in reduced risk perception and higher tolerance to risk. In 
these conditions, the “search for yield” pushes creditors to 
finance the firms’ riskier policies promoted by the manag-
ers in line with shareholders’ yield appetite.

Our results are robust to the use of alternative monetary 
policies: the growth of loan interest rates and the differ-
ence between long-term and short-term interest rates. In 
addition, our results are robust when ownership by active 

versus passive institutional investors is tested. The stronger 
positive effect on risk-taking incentives in the interaction 
between the share owned by passive investors and the 
monetary policy proxies supports the role of passive inves-
tors as monitors with a shorter horizon found in the litera-
ture. In addition, the more intense effect detected for banks 
as passive investors suggests the presence of that double 
effect of low interest rates on banks’ policies: the risk-tak-
ing channel in their credit business and the search for yield 
as investors.

This article contributes to the literature by detecting a 
macroeconomic setting that aligns the shareholders,’ the 
managers,’ and the creditors’ interests concerning risk-
taking. Low interest rates would act on both aspects of 
agency conflict, between shareholders and managers and 
between shareholders and creditors, to increase lending to 
fund riskier projects and obtain higher profitability. From 
the creditor’s side, there is a risk-taking channel in mone-
tary policy transmission that softens the standards for 
loans, lending higher volumes to riskier firms and relaxing 
monitoring. From the shareholder and managerial sides, 
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low interest rates would induce borrowers to bear addi-
tional risks, which are rewarded with higher returns. 
Furthermore, as investors, low interest rates induce the 
shareholders’ “search for yield” to try to obtain return lev-
els similar to previous benchmarks. The salient difference 
in returns between risky and riskless investments would 
turn their preferences to the riskier ones. Those sharehold-
er’s incentives are reasoned to be behind the increase in the 
managers risk-taking incentives established by the firms’ 
board. For the managers, low interest rates would also 
induce “search for yield,” pushing them to adopt riskier 
policies to obtain business returns similar to previous 
benchmarks and subsequent rewards.

The findings have clear implications for regulatory and 
supervisory authorities concerning the effects of the mone-
tary policies analyzed and for creditors and borrowers con-
cerning the evolution of their credit relationship under the 
previously unexamined risk-taking incentives of macroeco-
nomic changes. The empirical results suggest caution when 
expansive macroeconomic policies are adopted because, 
although they will increase the credit availability for firms, 
they will also increase CEOs’ risk incentives and the risks 
taken by the rest of actors in the credit and investment mar-
kets. In addition, the model can be used as a framework for 
testing these relationships in the future, using different mac-
roeconomic policies set in other countries.
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Notes

  1.	 Reference dependence alludes to benchmarks for invest-
ment returns formed by investors according to their previous 
experience such that interest rates lower than the benchmark 
would push investors to seek more profitable and riskier 
investments.

  2.	 Salience refers to how the difference between risky and risk-
free returns becomes more attractive for lower interest rates 
since the proportion between them is considerably higher. 
For example, a risky return of 5% compared to a risk-free 
return of 1% is much more attractive (5 times higher) than 
the same absolute difference between a risky return of 8% 
and a risk-free return of 4% (only 2 times higher).

  3.	 After a rise in interest rates, net worth, cash flow, and liq-
uid assets decline. During recessions, short-term borrow-
ing may grow to fund the accumulation of unsold stocks 
and the operating expenses now uncovered by the reduced 
income. Both factors contribute to raising the cost of credit 
intermediation and the requirement of additional collat-
eral, even after the interest rates fall back to baseline lev-
els (Bernanke & Gertler, 1995). In the opposite scenario, 
lower interest rates boost asset valuations, cash flows, and 
profits, improving collateral values and incomes (Borio & 
Zhu, 2012).

  4.	 Due to the decrease in bank liabilities during periods of 
monetary contraction, borrowers are largely affected, given 
that firms have few substitute sources of funds beyond bank 
borrowing due to financial market imperfections (Bernanke 
& Gertler, 1995; Brissimis & Delis, 2009).

  5.	 The risk-taking channel of the monetary policy is found not 
only in banks but also in nonbank lenders, mutual funds and 
structured-finance vehicles (Aramonte et al., 2019).

  6.	 K. Kim et al. (2017) and Karpavicius and Yu (2019) indicate 
that risk incentives and leverage are endogenously deter-
mined, hence it must be taken into account in the empirical 
design.

  7.	 Standard & Poor’s ExecuComp provides executive compen-
sation data collected directly from each company’s annual 
proxy. It provides detailed information about salary, bonus, 
options and stock awards, non-equity incentive plans, pen-
sions, and other compensation items from executives and 
managerial team. In 2006, the FAS 123R changed the 
reporting requirements of the DEF14A form. Under this 
new regulation, the stock options from the employees and 
other equity-based compensation arrangements have to be 
reflected in the financial statements based on the estimated 
fair value of the awards. Our data are adapted to this new 
requirement.

  8.	 Following Edmans et  al. (2015) and Himmelberg et  al. 
(1999), we replace missing R&D values with zero.

  9.	 Although many control variables were not significant or 
produced different results in previous literature, our results 
are consistent with K. Kim et al. (2017) for leverage, and 
R&D and with Saunders and Song (2018) and Hong (2019), 
among others, for book-to-market.

10.	 We have plotted the marginal effects on vested and unvested 
Vega to interpret the results of the interactions properly, and 
checked that they support the results displayed in Table 9.

11.	 We also computed the marginal effects graphically through 
plots, and they support the results displayed in Table 10. 
These charts are not included in this article for brevity, but 
they are available under request.
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Appendix 1

Estimation of Vega

We define the volatility sensitivity or Vega as the change in 
the value of a CEO’s option portfolio due to a 1% increase 
in the standard deviation of the stock return. The sensitivity 
of an option (ϒ and Δ) might be observed as partial deriva-
tives that are based on the Black and Scholes (1973) option 
pricing model adjusted for dividends by Merton (1973). We 
follow the same procedure as Coles et al. (2006) and Core 
and Guay (2002)
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where d is the natural logarithm of the expected divi-
dend yield over the life of the option, T is the time to 
maturity of the option in years, N is the cumulative nor-
mal probability function, and N′ is the density function 
for the normal distribution. S is the price of the underly-
ing stock, X is the exercise price of the option, r is the 
natural logarithm of the risk-free interest rate, and σ is 
the expected stock return volatility over the life of the 
option.

We use six variables to compute the Vega of an option. 
They are the exercise price, the time to maturity, the vola-
tility, the risk-free rate, the dividend yield, and the stock 
price. Because of the FAS 123R issued by the FASB in 
2004 (a change in format for accounting for equity-based 
compensation), following Coles et al. (2006), we use dif-
ferent calculations for fiscal years 2001–2006 and for fis-
cal years 2007 and later.

Variable Pre 2006 Post 2006

Volatility BS_VOLATILITY in ExecuComp We use the annualized standard deviation of stock returns 
estimated over the 60 months prior to the beginning of the 
fiscal period winsorized at the fifth and 95th levels.

Dividend yield BS_YIELD We use the average of DIVYIELD provided by ExecuComp 
over the current year and the two prior years and 
winsorize the values at the fifth and 95th levels.

Risk-free rate Risk-free rate corresponding to the (rounded) maturity of the options as of the fiscal year end. The risk-free 
rate is obtained from historical data provided by the Federal Reserve.

Exercise price Exercise price in ExecuComp.
Time to maturity Expiration date of an option—needed to compute the maturity of the options as of the fiscal year end.
Stock price Stock price at the end of the fiscal year.

Pre-2006.  For the pre-2006 data, we use the approxima-
tion method detailed in Core and Guay (2002) to calculate 
the Vega of the option portfolio.

The executive’s incentives are given by the addition of 
the incentives from three portfolios: the current year’s 
option grants (calculated as the number of options granted 
during that year, the stated exercise price, and maturity), 
the portfolio of unvested options from previously granted 
awards, and the portfolio of vested options.

The process to estimate the exercise price for the portfolio 
of previously granted unvested options requires three steps. 
First, we estimate the total number of options in the portfolio 
and the average exercise price of each option in the portfolio. 

Then, we estimate the intrinsic value of the portfolio of pre-
viously granted unvested options by subtracting the intrinsic 
value of the current year’s grants from the reported intrinsic 
value of all unvested options, and finally, we calculate the 
average exercise price of each previously granted unvested 
option by subtracting the average intrinsic value of each 
option in the portfolio from the stock price.

For vested options, we calculate the average exercise 
price based on the realizable value and the number of 
vested options. Finally, for estimating Vega options, we 
calculate Vega as the sum of the Vega of the current year 
options and previously granted options (both vested and 
unvested).
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Post-2006.  For the period post-2006, in calculating Vega, 
we use only the vested and unvested shares and options, 
with a separate record for each outstanding option tranche. 
We underestimate the true Vega ignoring the unearned 
awards. The unearned shares or options will be classified 
as either shares or options when they are earned, but if the 
executive still held these grants at the end of the year, they 
are included in the Vega calculation at that point.

Using the values of the variables defined in the previ-
ous table, we formulate Vega values according to the meth-
odology provided in Coles et al. (2006) and Core and Guay 
(2002), which in turn is the Black and Scholes (1973) 
option valuation model as modified by Merton (1973) to 
account for dividends.

Therefore, the Vega of all vested and unvested tranches 
of options are summed for each executive-year to give the 
Vega of the option portfolio. Finally, to obtain the Vega of 
the equity portfolio, we use only the Vega of the option 
portfolio calculated previously. We assume, as in Coles 
et al. (2006) and Guay (1999), that the Vega of the share 
portfolio is zero.

Appendix 2

Variables

The table shows the definition of variables used in this 
article and their sources.

Name Definition Source

VegaCEO Natural log of one plus the change in the value of a CEO’s option portfolio 
due to a 1% change in the annualized standard deviation of stock returns 
plus one. Ln (1 + Vega)

ExecuComp

Ves_VegaCEO Natural log of one plus the change in the value of a CEO’s option portfolio 
of vested stocks and options due to a 1% change in the annualized standard 
deviation of stock returns plus one. Ln (1 + Vega Vested)

ExecuComp

Unv_VegaCEO Natural log of one plus the change in the value of a CEO’s option portfolio 
of unvested stocks and options due to a 1% change in the annualized 
standard deviation of stock returns plus one. Ln (1 + Vega Unvested)

ExecuComp

ZLB Dummy equal to one if the year is between 2008 and 2012 when the short-
term nominal interest rates were nearly zero in the United States

US Federal Reserve System

G_INT The growth of the bank prime loan interest rate US Federal Reserve System
Diff_SD_10y_6m The difference in the 10-year and the 6-month treasury interest rates US Federal Reserve System
BonusCEO The logarithm of the total cash compensation received by the CEO ExecuComp
OwnCEO Number of shares owned by the CEO scaled by total shares outstanding ExecuComp
AgeCEO The logarithm of CEO age ExecuComp
DualityCEO A dummy variable equal to one if the CEO is the Chairman of the Board ExecuComp
Board_size The number of executive officers on the board BoardEx
G_GDP The growth of US Gross Domestic Product US Federal Reserve System
BookMarket Total assets over market value of equity plus total debt plus preferred stock 

liquidating value minus deferred taxes and investment tax credit over
Compustat

G_Sales The growth of sales over the previous year Compustat
Leverage Total debt over total assets. Total debt is defined as debt in current 

liabilities plus long-term debt
Compustat

Size Logarithm of total assets measured in millions in US$ Compustat
R&D Research and development expenses over total assets Compustat
Profitability Operating income before depreciation over total assets Compustat
Tangibility Net property, plant, and equipment over total assets Compustat
Firm_age Natural log of one plus the number of years since the firm was added to the 

Compustat database
Compustat

Abnearn (Earnings in year t + 1 − earnings in year t)/(share price × outstanding shares 
in year t).

Compustat

Investment Capital expenditures over total assets at the beginning of the year Compustat
STD_RET Standard deviation of monthly stock return during the fiscal year multiplied 

by the ratio of the market value of equity to the market value of assets
CRSP

Passive The proportion of shares owned by banks, insurance companies, and others Thomson Reuters
Active The proportion of shares owned by investment companies and advisors Thomson Reuters


