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Abstract

This thesis examines the relationship between systematic risk and corporate capital structure,
specifically emphasizing how corporations adjust their leverage in response to asset beta and its

directional components. Expanding upon the framework of Baker, Hoever, and Wurgler (2019), the

research covers a panel of 1,073 non-financial U.S. firms that are publicly traded on the NYSE and
NASDAQ between the years 2015 and 2023. The empirical findings confirm a strong negative link
between asset beta and both net and gross leverage, aligning with the notion that firms with higher
systematic risk prefer reduced debt levels. Notably, the results deviate from existing literature by
demonstrating that upside beta — as opposed to downside beta — exhibits a more pronounced predictive
effect on leverage, suggesting that firms are more responsive to favorable market movements than to
risks associated with distress. In addition, interaction models discover that the relationship between
beta and leverage diminished during the COVID-19 pandemic, potentially because of monetary
interventions and shifts in market dynamics. Robustness checks utilizing equity beta, market-based
leverage, and profitability-based subsamples further enhances the validity of findings. Altogether, this
thesis provides new insights into the developing nature of capital structure decisions and the

sophisticated ways firms perceive and react to systematic risk in modern financial markets.
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1. Introduction

Comprehending the dynamics between corporate leverage, equity & asset betas, and firm performance
is fundamental to corporate finance. Decisions on leverage level — whether a company uses higher debt
or equity in financing itself — have substantial impact on its risk exposure and return profile. Firms with
higher beta tend to be hesitant on magnifying their debt levels, as an asset beta, which represents the
firm’s exposure to market risk, influences the choice of leverage. In this research, I analyze the
relationship between leverage and asset betas in the spirit of Malcolm Baker, Mathias F. Hoeyer, and
Jeffrey Wurgler (2019). I employ a different set of population and time period, expanding the finding
to the most recent period (2015-2023) and examining how COVID-19 affected the risk dynamics and

leverage.
First, I investigate:

How does leverage impact the risk (asset and equity betas) and firm performance of U.S. companies
from 2015 to 2023, and whether the relationship between asset beta and leverage changed after COVID-

19.

Finally, I look on how variations in profitability and other financial characteristics (e.g., market-to-

book ratio, firm size) influence leverage choices in the context of beta anomaly?

This study focuses on U.S.-based firms whose stocks are listed and traded on New York Stock Exchange
(NYSE) and NASDAQ. This sample group ensures that we get the representation of a significant

portion of U.S. market, as it includes the broad range of industries and company sizes. By narrowing



the focus to NYSE and NASDAQ, we capture firms that are widely recognized, influential in the

market, and more likely to have complete data for analysis.

As a next step, we exclude the banks and insurance companies from the sample group, as their unique

capital structures and regulatory frameworks can introduce bias to our further findings. Li, Strahan, and

Zhang (2020) analyze the role of banks as lenders of first resort during the COVID-19 crisis and find
that firms with stronger banking relationships experienced more favorable credit conditions and were
quicker to adjust their capital structures. Their findings underscore the importance of liquidity access
during systemic shocks and suggest that the behavior of financial institutions during crises differs

markedly from that of non-financial firms.

The time period of our analysis is a 9-year range of 2015-2023. This ensures that we analyze the recent

decade and see if the observations from Baker, Hoever, and Wurgler (2019). are held in the context of

the more recent market movement. In addition, the effects of the latest economic recessions and market

conditions, such as the COVID-19 impact, can be assessed.

This thesis is organized as follows:

This literature review provides an outline of crucial theories and empirical evidence related to the asset
beta, leverage choices, and firm performance. It identifies the gap in existing studies, particularly the
need of incorporating the external factors and more recent data into analysis. By replicating the study

of Baker, Hoeyer, and Wurgler (2019), this study investigates the discourse on corporate capital

structure and risk management in context of more recent data.

2. Literature review

Asset Beta, Risk, and The Beta Anomaly



Unlevered beta (asset beta) represents the firm’s inherent risk by measuring its correlation with the
market returns without the influence of leverage. As firms issue debt, their levered beta increases, which

strengthens the exposure to the market risk. Modern Portfolio Theory by Markowitz (1952) and

Intertemporal Portfolio Selection model of Merton (1973) lay down the groundwork for understanding

the relationship in corresponding contexts.

The Beta Anomaly is a crucial piece to understanding the relationship of firm performance, leverage

and the asset beta. The Capital Asset Pricing Model (CAPM), developed by Sharpe (1964) and Lintner

(1965), remains the cornerstone of corporate finance. It suggests that the expected return of an asset is
predicted by its sensitivity to market returns. The Beta Anomaly contradicts the idea — substantial
empirical evidence has emerged challenging the CAPM’s predictive accuracy — particularly in relation
to high-beta assets. The phenomenon describes the observation that low-beta stocks outperform high-
beta stocks on a risk-adjusted basis. Furthermore, it shows that firms with higher asset betas use less
leverage than predicted, thereby lowering their total risk exposure. This empirical evidence is not fully

explained by traditional models and is a central focus of this study.

Numerous theoretical explanations were proposed for the beta anomaly. Black (1972) introduced the
idea that investors are prevented from leveraging low-beta stocks by constraints on borrowing, which

incentivizes them to invest in high-beta stocks. A more recent study by Baker, Bradley, and Wurgler

(2011) contributed with a benchmarking theory, which suggests that institutional investors tend to
invest in high-beta stocks due to benchmark-driven incentives. The concept of betting against beta

(BAB), introduced by Frazzini and Pedersen (2014) further explores the topic, concluding that

constrained investors bid up high-beta assets. This leads to the underperformance of high-beta assets

relative to low-beta stocks. Asness, Frazzini, and Pedersen (2012) further support this view by

introducing the concept of leverage aversion, arguing that many investors avoid using leverage not only



due to institutional constraints, but also behavioral tendencies. This aversion leads to an overvaluation

of high-beta assets and contributes to the persistent outperformance of low-beta stocks.

Salience-based explanations have also emerged recently. Li. Yi, Men, and Li (2023) argue that investor

attention to highly salient stock characteristics contributes to the persistence of the beta anomaly, as

salience biases lead to overinvestment in high-beta stocks and subsequent mispricing.

More recently, Bradrania, Veron, and Wu (2023) found that the outperformance of low-beta stocks

holds internationally and is particularly significant among high-quality firms. This suggests that the
beta anomaly may also depend on other factors such as firm quality, underpinning its persistence across

different markets.

Furthermore, studies such as Chen et al. (2022) and Albuquerque et al. (2020) examined the dynamics

of beta during the COVID-19 crisis and found that high beta firms suffered greater declines and

volatility, thus confirming the persistence of the anomaly during periods of market stress.

Capital Structure, Leverage and Firm Performance

A growing body of research underscores the role of asset beta in shaping leverage decisions. Graham

and Harvey (2001) found that companies with higher-asset betas tend to keep their leverage low due to

increased equity costs. More recent studies, such as Bannier et al. (2023), support the view and suggest

that during crises, firms with higher asset betas adjust their capital structure more cautiously.

Baker & Wurgler (2002) suggested that firms with greater market-to-book ratios have higher growth

potential, while a low ratio may be a sign that the company is undervalued or has poor future prospects,
consistent with the concept that market valuations reflect the likelihood of a firm’s future financial

performance. This ratio reflects the investor sentiment about the firm’s future and can impact firms’



leverage levels, as firms with higher market-to-book ratios can be more confident in taking further debt

or equity based on their perceived market value.

Hundreds of researches have analyzed the relationship between leverage and firm performance. Fama

& French (1998) have found that the chosen capital structure heavily impacts firm performance,

especially, in capital-intensive sectors. The negative relationship between debt and enterprise value is

backed by Rajan & Zingales (1995). They showed that firms with higher leverage usually underperform

due to the increased risk of financial distress. In contrast, some studies found that moderate leverage
levels can increase the firm value by offering a tax shield and a cheaper source of financing, which is

supported by Gertner & Scharfstein (1991).

Moreira and Muir (2017) add to the discussion by showing that risk and volatility are dynamically

priced. They found that volatility-managed portfolios outperform the ones with static strategies,
especially during financial distress periods. Their discoveries contribute to the idea that beta is time-
varying and that leverage decisions must account for changes in perceived risk levels. Supporting the

same notion, Dang. Kim, and Shin (2012) demonstrate that firms adjust their capital structure in

response to changing macroeconomic and firm-specific circumstances, further confirming the concept

that the beta plays a crucial role in leverage decisions.

The findings highlight the complexity of the relationship, as there is no optimal size of a firm in context
of a capital structure choice. However, these studies often overlook the effect of asset beta in

determining the optimal leverage levels.

Asset Beta and Corporate Capital Structure

The notion that the beta plays a crucial role in leverage choices of a company is discovered by later

works of Miller & Modigliani (1963), who suggested that the leverage level is heavily driven by the




asset beta, as it reflects the firm’s risk profile. Companies with high asset betas tend to reduce debt

financing levels to reduce the risk of financial distress.

Substantial literature has linked the unlevered beta with leverage decisions too. Falato and Liang (2024)

suggest that firms with higher asset betas are typically more diligent in choosing the debt level due to
higher associated cost of equity to manage the potential financial distress. The same way, Miller (1977)
emphasized that higher betas lead to higher equity costs, which makes debt options more expensive,

hence, less attractive.

During the COVID-19 pandemic, Chen et al. (2022) observed that highly indebted firms experienced

greater financial distress and volatility, highlighting the significance of risk management and capital

flexibility.

Although the studies have highlighted the role of leverage, literature lacks sufficient analysis of the
significance of the market conditions in impacting the asset beta and leverage levels. Especially, there
are very few studies that investigate the influence of external shocks, such as financial crises, on the
relationship between leverage and betas. This study seeks to analyze data from recent years and events,
specifically the COVID-19 pandemic, to offer insights into the current dynamics within the corporate

finance sector.

2.1 Analytical Framework

The Role of Beta in Capital Structure

In traditional corporate finance, the Capital Asset Pricing Model (CAPM) posits that the expected return
of an asset is contingent upon its sensitivity to the market, represented by the beta coefficient. However,
the beta anomaly, as explored by Baker, Hoeyer, and Wurgler (2019), calls this fundamental principle

into question by showing that the relationship between beta and returns can be skewed by mispricing
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or investor constraints. This framework lays the theoretical foundation for understanding how asset

beta affects a firm’s optimal capital structure.
Cost of Capital Under Beta Anomaly

The cost of capital in the presence of the beta anomaly can be modeled as follows:

WACC(e) = s + Baryp + (Ba — 1)y — (1 — €)(Ba — 1)

Where:

. 17 risk-free rate

. 1. market risk premium
. B,: asset beta

. B4: debt beta

. v: mispricing coefficient (reflects the anomaly)

. e: equity-to-value ratio

This formulation shows that the weighted average cost of capital is not only influenced by the
company’s asset beta but also by how the firm chooses to allocate risk between debt and equity under

market frictions.

Optimal Leverage Condition

Firms choose capital structures that minimize the cost of capital. The first-order condition for optimal

equity ratio e * (3,) under the beta anomaly is:



— {1 _ 6d[6*(5a)] + [1 . 6*(6a)] ] 86d[6*(5a>76a}} -0

Oe

This condition implies that the optimal capital structure must balance the mispricing effects across both
debt and equity components. The degree of sensitivity of debt beta to equity ratio (reflected in the

partial derivative) becomes a key element in determining leverage.
Modeling Debt Beta: The Merton Approach

To understand how debt carries market risk, the paper utilizes the Merton model to approximate debt

beta:

v
ﬁdzﬁa'E'DV

Where:

. V: firm value

. D: debt value

. Dy : sensitivity of debt to firm value (duration measure)

This shows that debt beta is proportional to the firm's asset beta and scales with both the leverage and

the responsiveness of debt value to changes in firm value.

Key Prediction

From this theoretical foundation, the paper arrives at an important empirical implication:

Observation 3: The optimal leverage ratio e * (,): is decreasing in asset beta.



In other words, firms with higher asset betas optimally choose to use less debt in their capital structure

to minimize the combined effects of risk and mispricing.

2.2 Hypotheses

This section outlines hypotheses associated with a beta anomaly tradeoff. Grounded in both theory and
empirical evidence, the following hypotheses are constructed to assess the role of beta in determining
firms’ capital structure decisions and to test the persistence of beta anomaly. The first two points are

preserved from the original paper, while Hypotheses 3 to 5 are the extended parts of the research.
Hypothesis 1: Firms with higher asset betas tend to use less leverage.

This hypothesis is the central focus of the original study by Baker, et al. (2019), which postulates that

capital structure decisions are heavily based on asset beta — firm’s exposure to systematic risk. Firms
with higher systematic risk are more likely to choose lower levels of leverage to avoid compounding

risk.

Corollary 1.2: The relationship between beta and leverage is asymmetric in upside and downside beta.

This hypothesis prolongs the original model by decomposing beta into upside and downside beta. If
firms are more sensitive to downside risk than an upside potential, downside beta should have more

substantial impact on leverage and vice versa. Recent studies such as Chen, et al. (2022) on directional

components of beta have highlighted the importance of downside beta in corporate decisions, especially

during market downturns.

Hypothesis 2: The COVID-19 influenced the relationship between asset beta and leverage.

To assess the impact of macroeconomic shocks, a binary indicator for the COVID period (2020-2023)

variable is presented. In case if firms adjusted their leverage levels during or after crisis, the relationship



between asset beta and dummy variable may yield significant results. This builds on the work of
Ahmed, et al. (2024), who found that non-financial firms in Gulf Cooperation Council (GCC) have
increased their leverage levels and shifted from short-term to long-term financing during the period of

pandemic. This points out a significant impact of COVID-19 on capital structure decisions.

3. Methodology

3.1 Data Sources and Sample Selection

The dataset used in this study consists of publicly listed non-financial companies from the NYSE and
NASDAQ exchanges for the period from 2015 to 2023. The list was retrieved from the Orbis database
(Bureau van Dijk). The initial sample contained 1,219 firms, while a total of 146 companies operating
in the banking or insurance sectors were excluded based on industry classification filters. Additionally,

delisted companies were removed. The resulting final sample comprises of 1,073 firms.

Monthly stock price data from 2010 to 2023 were collected to compute rolling equity betas. Annual
firm-level financial data — including market capitalization, shareholders’ equity, net debt, EBIT, cash
and cash equivalents, and property, plant & equipment (PPE) — were obtained for the period from 2015
to 2023. The dataset was standardized for unit consistency, and monetary values were harmonized (e.qg.,

converting market capitalization from millions to thousands of USD).

The final panel is unbalanced due to varying levels of data availability across firms and years, but it

captures a broad cross-section of large-, mid-, and small-cap companies across a range of sectors.

" Source: Orbis, Bureau van Dijk — https://orbis.bvdinfo.com
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3.2 Variables Construction

This section describes the construction of all the variables utilized in the empirical analysis. The choice
of those variables is based on the original foundation of Baker, Hoeyer, and Wurgler (2019), with

specific variables being adapted to the idiosyncratic characteristics of the dataset.

3.2.1 Beta Estimation

Equity betas were computed using a rolling window of 60 monthly log returns for each firm. The
dependent variables are the firm-specific returns, while the independent variable is the S&P 500 index

return, used as a proxy for the market portfolio.

Additionally, this study calculates the upside and downside betas, capturing the sensitivity of firm

returns on the market performance:

o Full Beta is estimated using all available monthly observations within each rolling window.
o Upside beta only considers months where the S&P 500 return was positive.
o Downside beta only considers months where the S&P 500 return was negative.

Consequently, corresponding asset betas were derived by de-leveraging the equity betas according to

the formula:

Basset = Bequity * (1 — Net Leverage)

Where Net Leverage represents the Net debt to Total Assets ratio. Upside and downside betas were

constructed accordingly.

3.2.2 Firm-level Financial Metrics

The section describes the construction of the asset growth and tax rate parameters in the dataset.

11



Asset growth was calculated using total assets change from year t to t + 1, requiring the data from

2014 onwards.

Additionally, marginal tax rates were not available for the sample, this study follows a standard
approach used in prior research by assigning industry-level average tax rates as a proxy. Firms are
matched to their respective industries using 3-digit SIC codes, and each SIC group is assigned a typical
marginal tax rate based on U.S. corporate taxation data from public sources and academic literature

(e.g., Graham et al., 2001). In cases where an exact SIC match was unavailable, a default average rate

of 21% was applied. While this method does not capture firm-level optimization, it allows for

meaningful variation in expected tax incentives across sectors.

3.2.3 Risk Measures

Identical to beta variables, equity risk measures were computed for the whole period, the upside market
and the downside market returns. The risk is calculated as the standard deviation of firm-specific returns

within the 5-year rolling window.

o Equity Risk is the firm-specific standard deviation of all monthly returns.
J Upside Equity Risk is the standard deviation of returns when the market return was positive.
. Downside Equity Risk is the standard deviation of returns when the market return was negative.

Asset risk variables were derived by de-leveraging equity risks with the following formula:
RisKgsser = RisKequity * (1 — Net Leverage)

Upside and downside asset risks were constructed accordingly.

12



4. Empirical Analysis

4.1 Data Description and Summary Statistics

Table 1, Panels A and B, report the summary statistics of the key variables used throughout the empirical
analysis, distinguishing between profitable and unprofitable firms over the sample period.

Table 1. Summary Statistics: Profitable Firms

Tables 1 introduces the summary statistics for the main variables used in the analysis over the period from 2015 to 2023.
Firms are divided into profitable and unprofitable. A firm is considered profitable if its Profitability ratio (EBIT divided by
total assets) is strictly greater than 0. Avg. N column reflects the number of firms with available data in a corresponding

variable. There are 8,247 observations across 9 years.

N Mean Std. Dev.
Net Leverage 7226 0.24 0.29
Gross Leverage 7217 0.32 0.23
Asset Beta 7171 0.91 0.87
Upside Beta 7228 1.15 0.87
Downside Beta 7177 1.39 1.32
Log Size 7173 15.29 1.69
Book To Market 7171 0.64 8.93
Profitability 7226 0.19 2.36
Asset Growth 7228 0.10 0.37
Fixed Asset Ratio 7107 0.37 0.29

13



Panel B

Variable N Mean Std. Dev.
Net Leverage 1019 0.17 0.41
Gross Leverage 1016 0.29 0.37
Asset Beta 1017 0.99 1.93
Upside Beta 1019 1.37 1.25
Downside Beta 979 1.79 1.63
Log Size 1017 13.86 1.83
Book To Market 1017 1.14 3.74
Profitability 1019 -0.11 0.47
Asset Growth 1018 3.31 104.24
Fixed Asset Ratio 1000 0.40 0.30

Profitable firms usually are larger in comparison to unprofitable firms, with a mean log size of 15.29
of former against 13.86 of latter group. Leverage is also higher for profitable firms, suggesting their
better access to debt markets. Profitability, as expected, is significantly different between groups, with
the positive mean of 0.19 versus -0.11. Interestingly, unprofitable firms reflect high variability in asset

growth, likely due to restructuring processes, distressed acquisitions or denominator effects.

Expectedly, asset and both upside and downside betas are greater for unprofitable firms, showing
greater exposure to systematic and possibly higher market sensitivity in the course of adverse
conditions. These results highlight the importance of controlling for profitability in later stages of

regression analysis.

14



In Panel A of Table A3 (see Appendix), all leverage measures are positively correlated with each other,
with particularly high interaction visible between Net Leverage and Gross Leverage (0.931) and Market
Net Leverage and Market Gross Leverage (0.953). However, the lower correlation between market-
and book-based leverages displays that market valuations add an additional dimension, particularly in

volatile periods.

Panel B presents the interaction between risk measures and key controls. The correlation of 0.421
between Asset Beta and Equity Risk posits that firm-level operating risk is a key determinant of return

variability. This is consistent with theory and prior empirical findings (Graham & Harvey, 2001). The

Upside and Downside Betas exhibit a strong correlation with Equity Risk as well, showing that both

market downturn and rally impact the return volatility.

An interesting observation is that Firm Size is negatively linked to Asset Beta (-0.032) and Equity Risk
(-0.131). It supports the idea that larger firms are perceived as less risky, possibly due to access to better

capital and greater diversification (Fama & French, 1992). Similar to that, Profitability exhibits weak

negative correlations with most risk measures.

The Book-to-Market Ratio is also weakly negatively associated to Asset Beta (-0.094), which are in
line with a notion of firms with higher valuation in relation to their book values tend to display lower

systematic risk (Chan, et al. 2003).

These preliminary observations often support previously mentioned hypotheses defined in Section 4.1.
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Table 2. Firm Characteristics by Leverage and Tax Brackets

Table 22 presents firm-level characteristics sorted by 3 distinct Tax levels crossed with 2 extreme Leverage levels. The Tax

tertiles are as follows: less than 20% - Low tax, 20-22% - Mid Tax, higher than 22% - High Tax. Leverage Levels are

computed in context for Gross Leverage: either less than 20% - Low, and higher than 40% - High.

Panel A reports the results for Leverage and Beta Measures. Panel B reports the results for Profitability, Size, Book-to-

Market, and Tax Rate variables.

Panel A: Leverage and Beta Measures

Net

Leverage Leverage

Low Leverage (<20%) - 0.099

Low Tax (<20%)

Low Leverage (<20%) - 0.099

Mid Tax (20%-22%)

Low Leverage (<20%) - 0.104

High Tax (>22%)

High Leverage (>40%) - 0.346

Low Tax (<20%)

High Leverage (>40%) - 0.368

Mid Tax (20%-22%)

Gross

0.137

0.152

0.150

0.521

0.517

Leverage

0.073

0.065

0.066

0.178

0.190

Leverage

0.106

0.107

0.103

0.331

0.331

Market Net Market Gross Asset

Beta

1.175

0.955

0.959

0.857

0.635

Upside Downside

Beta

1.123

0.926

0.922

0.797

0.610

Beta

1.207

0.979

0.979

0.872

0.652

2 Firms are sorted into tax brackets (<20\%, 20-22\%, >22\%) based on industry-level marginal tax rates assigned
by SIC code. This adjustment was necessary because firm-level marginal tax rates were not available, and the

industry rates do not reach the extremes used in Baker, Hoeyer, and Wurgler (2019).
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Panel B: Control variables

Profitability Log Size Book-to-Market Tax Rate

Low Leverage (<20%) - Low Tax (<20%) 1.776 8.349 0.526 0.195
Low Leverage (<20%) - Mid Tax (20%-22%) 1.108 7.965 0.703 0.212
Low Leverage (<20%) - High Tax (>22%) 1.013 8.201 0.699 0.226
High Leverage (>40%) - Low Tax (<20%) 0.925 8.117 0.745 0.193
High Leverage (>40%) - Mid Tax (20%-22%) 0.893 8.314 0.751 0.211
High Leverage (>40%) - High Tax (>22%) 0.831 8.293 0.748 0.226

Several trends are noticeable. In Panel A, for both leverage levels, firms with lower effective tax rates
have higher asset betas. For instance, low leverage-low tax groups exhibit a mean of 1.175 asset beta,
while mid- and high-tax groups display averages of 0.955 and 0.959, respectively. Similar, but less

pronounced pattern appears also among high-leverage firms. Frank & Goyal (2009) support these

findings by proposing that higher firm risk discourages strong reliance on debt financing.

Additionally, high leverage companies exhibit lower profitability and lower asset betas. The average
beta in the high-leverage and high-tax group is just 0.653, while it equals 0.857 for high-leverage and
low-tax firms. These results suggest that firms with lower tax burdens may tolerate greater business ris,

possibly due to tax benefits or weaker internal controls (Graham, et al., 2015).

Panel B shows that the firm size is relatively stable across leverage-tax variations, the Book-to-Market
ratio tends to increase moderately with leverage. This can reveal that the firms with higher leverage

levels are perceived as more mature or potentially undervalued.
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Lastly, as leverage levels increase, profitability declines, which facilitates the idea of less profitable

firms being more likely to take on more debt, potentially to maintain operations or maximize their tax

benefits (DeAngelo & Roll, 2015).

Collectively, the descriptive statistics support the key elements of the hypotheses indicated in Section
4.1. Specifically, they bolster the hypotheses about the inverse relationship between risk (asset beta)
and leverage and propose the moderating role of the industry-level taxes in shaping capital structure

decisions.
4.2 Empirical Results

Table 3 presents the results of baseline OLS regressions of net leverage and gross leverage on asset

beta (Panel A), upside and downside asset betas (Panel B) and standard control variables.

Panel A displays that across both specifications, asset beta is significantly and negatively associated
with leverage, supporting Hypothesis 1 and most importantly, confirming the central prediction of the
beta anomaly tradeoff. A one-unit increase in asset beta is associated with a 5.0 percentage point
decrease in net leverage and a 4.4 percentage point decrease in gross leverage, respectively. These

findings align with the results of the study by Baker, Hoeyer, and Wurgler (2019).
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Table 33. OLS Regressions of Leverage on Asset Beta and Directional Risk

Components

Table 3 reports OLS regressions of leverage on asset beta and directional risk components. There are a total of 8,037

observations across 9 years. Panel A includes regressions of net and gross leverage on asset beta and firm-level controls.

Panel B replaces asset beta with its upside and downside components to assess asymmetric risk effects. All regressions

use annual firm-level data from 2015 to 2023 and include standard controls for size, profitability, and valuation. Robust

standard errors are reported in parentheses.

Asset Growth and Fixed Asset Ratio were excluded from the regressions to maintain model parsimony and avoid

multicollinearity concerns. Book-to-Market and Profitability were included in all specifications but are not reported in

Panel B for brevity, as their effects were already discussed in Panel A and are not central to the directional beta analysis.

Panel A: Asset Beta

Asset Beta

Log Size

Book-to-Market

Profitability

R-squared

Net Leverage Gross Leverage
-0.0497*** -0.0444***
(0.0027) (0.0023)
0.0263*** 0.0152***
(0.0016) (0.0014)
-0.0007** -0.0007***
(0.0003) (0.0003)
-0.1046*** -0.0393***
(0.0082) (0.0070)
21.2% 13.1%

3 Robust standard errors are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.10.
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Panel B: Upside and Downside Asset Beta

Net Leverage Gross Leverage
Upside Asset Beta -0.0802*** -0.0535***

(0.0041) (0.0034)
Downside Asset Beta -0.0008 0.0067**

(0.0030) (0.0025)
Log Size 0.0186*** 0.0100***

(0.0018) (0.0016)
Book-to-Market -0.0002 -0.0004

(0.0004) (0.0003)
R-squared 10.6% 4.8%

The control variables behave as expected: Firm size is positively correlated with leverage in both
models. This aligns with the notion that larger firms have better access to credit markets and lower
perception of the risk of default. Profitability shows a robust negative relationship with leverage, which
is in line with the pecking-order theory that suggests that firms with higher internal financing capacity
utilize less debt. Finally, the book-to-market ratio is weakly negatively associated with both leverage

measures. This is consistent with the idea of higher-growth firms preferring less leverage.

Panel B explores whether there is an asymmetrical relationship between leverage and asset beta by
decomposing beta into its upside and downside components. The upside beta is significantly and
negatively associated with both leverage measures, exhibiting larger results than in Panel A. A one-unit
increase in upside beta corresponds to an 8.0 percentage point reduction in net leverage and a 5.4
percentage point reduction in gross leverage. Conversely, downside beta shows a very weak

relationship with both net and gross leverage.
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These findings suggest that firms may be more sensitive to positive market exposures (upside risk)
when making capital structure decisions, potentially due to reputational, valuation, or investor
benchmarking effects. The insignificance of downside beta in the net leverage model challenges
traditional views that focus on downside risk and financial distress as primary determinants of debt
policy. Instead, the results support the beta anomaly interpretation that firms respond to perceived

systematic risk in a more nuanced and asymmetric fashion.

This result differs from the original findings of Baker, Hoeyer, and Wurgler (2019), who reported that

downside beta was the more influential component in explaining leverage decisions, particularly for
gross leverage. In contrast, my analysis shows that upside beta plays a stronger role in leverage
adjustment, while downside beta is statistically insignificant or weakly positive. This divergence may
reflect shifts in corporate risk preferences or capital market dynamics over the post-crisis period (2020—
2023), especially in an environment shaped by unconventional monetary policy and extended equity

rallies.

Taken together, the results from both panels of Table 3 provide strong evidence for the prediction that
the firms with higher exposure to systematic risk tend to keep lower levels of debt financing. The
negative and statistically significant coefficients of asset beta in Panel A are consistent with the basis
of beta anomaly hypothesis, which provides that the risk-averse firms reduce their financial leverage
to avoid compounding risk. Panel B further reinforces the idea by showing that the negative relationship
between asset beta and leverage is foremost driven by the upside beta, while downside beta plays a
much-limited role. This asymmetry suggests that firms may be more reactive to upside exposure in
rising markets rather than to distress sensitivity. This can potentially be linked to behavioral factors or

managerial incentives associated with valuation benchmarks (Baker, Bradley, and Wurgler, 2011;

Frazzini and Pedersen, 2014).
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These outputs do not only amplify the core findings of Baker, et al. (2019), using a more recent dataset,
but also provide new insights into the directional sensitivity of leverage decisions. While traditional
capital structure theories underline downside risk and bankruptcy costs, the empirical evidence here
also stresses a more extensive construct of risk — the risk that reflects firms’ tendency to avoid excessive
volatility, stock mispricing, or heightened investor expectations. This backs the idea that capital
structure decisions are not solely based on the balance sheet constructs, but also on how firms position

themselves relative to market sentiment and macroeconomic trends.

4.2.1 Interaction Effects

This section of the study aims to test whether the relationship between leverage measures and asset
beta changed during the COVID-19 pandemic, as outlined in Hypothesis 2. In times of financial distress
and heightened uncertainty, firms may reassess their decisions on capital structure in response to altered
credit conditions, liquidity constraints, and policy requirements. To explore this effect, a binary COVID
dummy was introduced for each of fiscal years 2020-2023. This variable is interacted with asset beta
to investigate whether beta-leverage relationship experienced any structural shift during and after the

pandemic period.
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Table 4. OLS Regressions of Leverage on Asset Beta and COVID Interaction

Table 4 reports OLS regressions of net and gross leverage on asset beta, a COVID-19 period indicator, and their
interaction term. The interaction tests whether the relationship between systematic risk and leverage changed after the
onset of the COVID-19 pandemic, as outlined in Hypothesis 2. All regressions include controls for firm size, book-to-
market, and profitability. Coefficients for book-to-market and profitability are omitted from the table for brevity. Robust
standard errors are reported in parentheses.

Book-to-Market and Profitability were included in all regressions but omitted from the table for brevity, as their effects

are not the focus of this specification and have been consistently reported in prior models.

Net Leverage Gross Leverage

Asset Beta -0.0758*** -0.0600***

(0.0042) (0.0035)
COVID Dummy -0.0162* -0.0090

(0.0085) (0.0071)
Asset Beta x COVID

0.0104* 0.0111**

(0.0061) (0.0051)
Log Size 0.0217*** 0.0107***

(0.0018) (0.0015)

Across both specifications, the asset beta coefficient remains negative and significant, reinforcing the
earlier results from Table 3. This suggests that Hypothesis 1 is supported even in the presence of an

external shock.

The interaction term is positive for both leverage measures. It is also statistically significant for gross
leverage, and marginally significant for net leverage. This suggests that from the onset of the pandemic,

the negative effect of asset beta on leverage was partially mitigated. Better put, firms with higher asset
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beta may have moderated their deleveraging efforts during COVID-19, potentially due to supportive

credit measures, delayed risk pricing, and/or precautionary borrowing carried forward by fiscal policies.

The standalone COVID dummy is weakly negative and marginally significant in the net leverage
division, which indicates a moderate drop in leverage levels post-2020, regardless of asset beta. Firm
size and leverage remain significantly and positively related to each other. These findings are consistent
with Hypothesis 2, revealing that macroeconomic shocks such as the COVID-19 pandemic can change

the strength of the relationship between asset beta an leverage.

4.2.2 Robustness

This part evaluates the robustness of the key empirical results by utilizing alternative model
specifications and definitions of variables. While earlier regressions centered on asset beta and
leverage based on book value, it is crucial to verify that the identified relationships are not artifacts
of particular variable constructions. Initially, we replace asset beta with equity beta to examine if
the negative correlation between leverage and systematic risk continues when employing a directly
observable beta metric (Table 5.1). Subsequently, we substitute book leverage ratios with market-
based leverage metrics, which more accurately capture current investor valuation and market
sentiment (Table 5.2). These robustness analyses offer further evidence for the empirical validity

of Hypothesis 1 under different assumptions and measurement practice.
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Table 5.1. Robustness — Equity Beta Regressions

Table 5.1 reports OLS regressions of net and gross leverage on equity beta as a robustness check. This specification replaces
asset beta with equity beta to verify that the negative relationship observed in prior models is not mechanically driven by
the definition of beta. All regressions include standard controls for firm size, book-to-market, and profitability. Robust

standard errors are reported in parentheses

Net Leverage Gross Leverage

Equity Beta 0.0148* 0.0242*
(0.0048) (0.0100)
Log Size 0.0242*** 0.0127**
(0.0019) (0.0016)
Book-to-Market -0.0005 -0.0006*
(0.0004) (0.0003)
Profitability -0.0208*** -0.0076%**
(0.0015) (0.0012)

In both specifications, the equity beta coefficient is positive and statistically significant, indicating that

firms with higher equity beta levels tend to have higher leverage.

This result is consistent with theoretical expectations: equity beta by construction reflects both the
financial leverage and the operating risk. Therefore, the positive link between equity beta and leverage
measures is expected. This serves as a robustness validation: it confirms that the previously seen
negative relationship between asset beta and leverage (Table 3) is not a mechanical consequence of

how asset beta is defined (via de-leveraging).

Control variables’ behavior is consistent with previous findings: firm size remains positively associated

with leverage, indicating a better access to credit markets. Profitability is negatively linked to leverage,
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which suggests that the pecking order theory holds true. Book-to-market ratio has marginal negative

effect in both leverage models; however, it is statistically significant only in the gross leverage measure.

These results facilitate the central findings of the study — that firms with higher fundamental risk prefer
to position themselves at a lower leverage level — while ruling out the possibility that the relationship

is mechanically induced by the construction of asset beta from leverage ratios.

Table 5.2. Robustness — Market Leverage on Asset Beta

Table 5.2 reports OLS regressions of market-based leverage ratios on asset beta and firm-level control variables. Market
Net Leverage and Market Gross Leverage are calculated using market capitalization instead of book value in the
denominator. The results validate the earlier findings using book-based leverage measures, as asset beta remains
significantly negatively associated with leverage. All regressions include controls for size, valuation, and profitability.

Robust standard errors are reported in parentheses

Market Net Leverage Market Gross Leverage
Asset Beta -0.0769*** -0.0519***
(0.0022) (0.0022)
Log Size -0.0341*** -0.0328***
(0.0013) (0.0013)
Book-to-Market 0.0014*** 0.0012***
(0.0003) (0.0003)
Profitability -0.0072%** -0.0076***
(0.0011) (0.0011)

Table 5.2 displays robustness regressions that substitute book-based leverage metrics with market-
based leverage ratios. In both models, asset beta continues to exhibit a strong and significant negative
relationship with leverage. An increase of one unit in asset beta corresponds to a 7.7 percentage point

reduction in market net leverage and a 5.2 percentage point reduction in market gross leverage. These
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results validate the uniformity of the outcomes across different definitions of leverage and reinforce the

empirical backing for Hypothesis 1.

It is noteworthy that control variables exhibit different magnitudes when compared to earlier models.
Firm size is currently negatively linked to market-based leverage, indicating that bigger companies
frequently maintain greater equity valuations, which lowers the denominator in market leverage ratios.
Profitability continues to have a negative association with leverage, aligning with the pecking-order
theory. Interestingly, the book-to-market ratio is currently positively linked to market leverage, as
companies with low market valuations (high B/M) often seem to be more levered in market terms.
These changes are anticipated and confirm that the fundamental beta—leverage connection is strong

against variations in accounting and market-based measurements.

5. Discussion

This thesis set out to re-examine the relationship between the systematic risk and capital structure
decisions, with a focus on how firms’ leverage ratios affect the asset beta and its directional

components. Building on the study of Baker, Hoevyer, and Wurgler (2019), this thesis introduces

several extensions: an updated sample period (2015-2023), the COVID-19 effect, and multiple
robustness checks. This chapter of the thesis focuses on the results obtained in Chapter 4 and

discusses their broader implications in consideration of existing literature.

Synthesis of findings

The results across all baseline specifications confirm Hypothesis 1: firms with higher asset beta tend to
choose lower leverage levels. This negative relationship is robust in both definitions of leverage (Net
& Gross) and remains statistically significant when controlling for firm size, profitability, and book-to-

market ratios. The effect size is economically meaningful and consistent across all specifications,
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contributing to the idea that firms adjust their capital structure to manage the compounded exposure to

systematic risk.

The decomposition of asset beta into upside and downside components (Corollary 1.2) reveals a
nuanced behavioral pattern. In contrast to the paper in context, where downside beta is the more
dominant predictor of leverage, this study shows that upside beta is more strongly and negatively
associated with leverage, while downside beta is insignificant and even slightly positive. This
asymmetry suggests that firms may respond to positive market conditions more actively — potentially
due to valuation sensitivity or managerial optimism — than to distress-driven market. The results
challenge traditional interpretations that emphasize downside exposure as the central determinator of

leverage utilization.

In consistency with Hypothesis 2, the COVID-19 interaction models suggest that the negative beta-
leverage relationship weakened during and after the pandemic. Although asset beta remains negatively
associated with leverage, the interaction term showed positive and significant results. This implies that
high-risk firms lowered their deleveraging behavior in the pandemic period. This may reflect looser
credit conditions, fiscal support programs, or a shift in risk tolerance under systemic uncertainty. These
findings highlight that macroeconomic shocks can substantially impact capital structure dynamics, not

only by direct firm-level effect, but also through altering the underlying risk-return trade-offs.

Comparison with Literature and Broader Context

The results of the study support the theoretical basis of trade-off theory, where firms balance debt’s
benefits against the risks of financial strain. However, the asymmetry in risk sensitivity, with upside
beta dominating, suggests that traditional framework may minimize the role of market sentiment or

behavioral features in leverage decisions.
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In comparison to Baker et al. (2019), this thesis exhibits similar conclusions on the inverse relationship

between asset beta and leverage. However, the directional components have shown divergent results,
which most probably arise due to updated time frame (2015-2023), which include the exogenous
COVID-19 shock, bull market, and ultra-low interest rates — all factors at once that can determine how

firms respond to systematic risk.

The findings also align with recent studies, which emphasize managerial discretion and risk-taking

behavior by firms in times of economic expansion or distress (e.g., Graham & Harvey, 2001; Campello

et al., 2010). Particularly, the COVID-related moderation in the beta—leverage relationship adds to the

growing evidence that external shocks can reshape corporate finance behavior in subtle but important

ways.

Implications and Directions for Further Analysis

These findings suggest that companies do not only reduce their leverage when faced with financial
distress, but also when exposed to high upside potential — potentially to avoid the overleveraging during
favorable market conditions. For financial analysts and policymakers, this implies that risk

management frameworks should account for both tails of market exposure, not just downside risk.

To further contextualize the results, this thesis can be extended in several directions. One of the potential
extensions is a time-trend analysis of average leverage and beta across the focus years, particularly
around the COVID shock. Another insightful extension would involve an industry level disaggregation
into high- and low-tax sectors and high- and low-volatility industries to evaluate heterogeneity in
relationship of leverage and risk. These analyses could enhance the interpretation of initial findings and

further assess the robustness of the conclusions.
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6. Conclusion

This thesis examined the link between systematic risk and corporate leverage, focusing on how firms

adjust their capital structure to movements of asset beta and its directional components (upside and

downside betas). Building upon the analytical framework by Baker, et al. (2019), the study broadened
the scope of the study to a more recent sample period of 2015-2023. In addition, the COVID-19
shock effects were taken into consideration along with robustness checks, which validated the

empirical findings.

The results support the main hypothesis that firms with higher asset beta tend to choose lower
leverage, which is consistent with the trade-off theory and risk-averse financing behavior. This
inverse relationship persists across various definitions of leverage, including net, gross, and market-
based ratios. After decomposing asset beta into upside and downside components, it was found that
the upside beta has a greater correlation with leverage decisions — a conclusion that contradicts the
previous research yet aligns with the notion that firms have become and are becoming increasingly

responsive to market optimism when managing their risk exposure.

The COVID-19 interaction model has further displayed that this relationship has diminished during
the pandemic, likely due to supportive credit circumstances and policy interventions that altered the
conventional constraints on leverage. These findings underscore the necessity of incorporating

macroeconomic setups when assessing capital structure dynamics.

In addition to linkages to existing literature, this thesis contributes by illustrating how systematic risk
perceptions — particularly regarding potential upside — have influenced firm behavior in the post-
pandemic period. The usage of an extended dataset and various robustness checks adds credibility to
obtained results.
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Nevertheless, the analysis has its limitations. The level of heterogeneity could have been
misrepresented due to the utilization of industry-level tax rates instead of individual Marginal Tax
Rates (MTR). Furthermore, the scope of the study is limited to non-financial firms in US, whose
stocks are listed and traded on NASDAQ and NYSE. Consequently, the results may not be

generalized to other countries or industries with distinct capital market structures.

Future research can enhance the results of this study by incorporating firm-level tax data,
investigating other beta estimation methods (e.g., rolling-window beta), or using machine learning
tools to assess and reveal nonlinearity issues. Cross-sectional analysis or time-trend plots (as one
provided in Appendix) could provide latest insights into evolving dynamics of leverage and risk

exposure.

In general, this thesis confirms and spots the nuances in beta-leverage relationship in modern
financial markets and highlights the complexity of capital structure decisions in world formed by risk

aversion and opportunity sensitivity.
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Appendix

1. Variable Definitions

This appendix provides an extensive overview of variables utilized in the empirical analysis, including

their definitions and construction methods.
Leverage Measures

Net Leverage: net debt divided by total assets. Net debt equals the total debt less cash and cash

equivalents. This ratio captures financial exposure after accounting for liquidity buffers.

Gross Leverage: net debt plus cash and cash equivalents divided by total assets. This measure

includes all debt obligations, regardless of cash and cash equivalent holdings.
Risk Measures
Asset beta: calculated by deleveraging equity beta — 1 minus net leverage times equity beta.

Upside and Downside Betas: estimated using 60-month rolling regressions, with former using

months with positive market returns and latter using months with negative market returns.
Equity Risk: standard deviation of monthly stock returns over a rolling window 5-year window.
Asset Risk: deleveraged equity risk — 1 minus net leverage times equity risk.
Firm Level Variables
Log Size: natural logarithm of market capitalization.
Book-to-Market ratio: book value of equity divided by market capitalization.

Profitability: earning before interests and taxes (EBIT) divided by total assets.

32



Fixed Asset Ratio: property, plant & equipment divided by total assets.

Asset growth: total assets at t less total assets at t-1 divided by total assets at t-1.

Tax Rate: Industry-level marginal tax rate assigned using 3-digit SIC codes, based on sector

averages following Graham et al. (2001).

All the variables were derived using annual firm-level data, unless otherwise specified.

Table Al. Variables matrix

Variable Definition Formula

Log Size Firm size Natural log of  market
capitalization

Book-to-Market Firm valuation Shareholders’ equity / market
capitalization

Net Leverage Leverage after cash Net Debt / Total Assets

Gross Leverage Total debt portion (Net debt + Cash) / Total Assets

Profitability Operating profitability EBIT / Total Assets

Fixed Asset Ratio Asset tangibility PPE / Total Assets

Asset Growth Firm growth Yearly % change in Total Assets
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2. Summary Statistics

Table A2. Descriptive Statistics

Table 2 introduces the summary statistics for the main variables used in the analysis. The data presents additional columns
with minimum and maximum values for corresponding variables without the division of the focus group into profitable and

unprofitable firms.

mean std min max
Net Leverage 0.2270 0.3049 -1.0000 6.5000
Asset Beta 0.9232 1.0605 -35.9444 31.6868
Log Size 15.1083 1.7706 7.7243 20.1315
Book to Market 0.6986 8.4648 -60.4046 753.2972
Profitability 0.1491 2.2154 -13.3023 125.2106
Asset Growth 0.4934 36.6268 -0.8895 3325.7558
Fixed Asset Ratio 0.3729 0.2934 0.0000 0.9996
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Table A 3. Correlation Matrixes

Table 3 introduces the Pearson correlation coefficients for the key variables used in the analysis over the period from 2015
to 2023. Panel A reports correlation between 4 alternative leverage measures. Panel B reports the interaction between asset

beta, equity beta components, risk metrics, and control variables.

Panel A: Correlation Matrix of Leverage Measures

Net Leverage Gross Leverage Market Net Leverage Market Gross Leverage

Net Leverage 1.000 0.931 0.641 0.649
Gross Leverage 0.931 1.000 0.608 0.631
Market Net Leverage 0.641 0.608 1.000 0.953
Market Gross Leverage 0.649 0.631 0.953 1.000

Panel B: Correlation Matrix of Risk and Control Variables

Asset Upside Downside Equity Asset LogSize Bookto Profitability

Beta Beta Beta Risk Risk Market

Asset Beta 1.000 0.329 0.295 0.421 1.000 -0.032  -0.094 -0.024

Upside Beta 0.329 1.000 0.456 0.752  0.329 -0.091 -0.017 0.005

Downside Beta 0.295 0.456 1.000 0.731  0.295 -0.174  -0.063 -0.006

Equity Risk 0.421 0.752 0.731 1.000 0.421 -0.131 -0.030 -0.021
Asset Risk 1.000 0.329 0.295 0.421 1.000 -0.032  -0.094 -0.024
Log Size -0.032 -0.091 -0.174 -0.131 -0.032 1.000 -0.079 0.069
Book to Market -0.094 -0.017 -0.063 -0.030 -0.094 -0.079 1.000 -0.022
Profitability -0.024  0.005 -0.006 -0.021 -0.024 0.069 -0.022 1.000
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3. Time-Trend Analysis
Figure A1 presents a time-trend of average gross leverage, net leverage, and asset beta over the
9-year period (2015-2023). It exhibits a moderate shift during the period of the COVID-19
pandemic, supporting the findings in Chapter 4.
Asset beta falls slightly around 2020, then stabilizes itself, which is consistent with volatility
supression in post-pandemic period. Leverage measures remained quite stable, but experienced
a moderate decline. This suggests a more cautious debt management and a better equity

valuation in a recovery period.

Figure Al . Time-Trend Breakdown
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