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Abstract

Background

The value investing strategy, based on the idea of buying stocks that appear undervalued according to
metrics such as price-to-book (P/B) or price-to-earnings (P/E) ratios, has had mixed success over time.
In particular, it was effective from 1963 to 1981, but has been less reliable since then, underperforming
in the post-financial crisis period from 2007 to 2020 - a period where many studies proclaimed the
"death of value investing". The variability in performance can be linked to changes in the risk-free rate,
which was higher in the former period and low in the latter. Since stock price valuations are influenced
by the risk-free rate through the discounted cash flow (DCF) model and the capital asset pricing model
(CAPM), it's reasonable to connect the success and failure of the value strategy is due to the differences
in the risk-free rate, based on the notion that growth and value stocks differ in the timing of their earnings
and free cash flows, with growth stocks in the future and value stocks in the present and near future.
With interest rates rising from 2020 onwards, this becomes even more relevant as the changing interest
rate environment may lead to a re-pricing of assets.

Purpose/Objectives

This study examines the differential impact of interest rates on growth and value stocks’ returns. The
investigation is based on a comprehensive literature review and analyzing how historical returns are
affected by different measures of interest rates.

Furthermore, the study aims to test these theoretical predictions against empirical data collected from
the S&P 500, employing both inductive and deductive analytical methods to assess the accuracy and
reliability of the theoretical models in predicting real-world outcomes. Using this methodological
approach ensures that the conclusions drawn from the study are well-supported by data, providing
meaningful insights into the interaction between interest rates and stock valuations.

Investors with a nuanced understanding of the impact of interest rates on returns, guided by historical
insights and forward-looking assessments, are better positioned to manage risks, and capitalize on
opportunities created by interest rate fluctuations.

Methodology

This research is based on panel data from the S&P 500, containing all companies currently listed in the
S&P 500 from 1977 to 2023. Linear regression modelling is employed using STATA, applying the
robust method to mitigate the effects of heteroskedasticity. The return from previous years is used as a
proxy for control variables to take account of omitted variable bias. Single-variable models explores the
impact of interest rates, changes in interest rates, and the differences between long-term and short-term
interest rates on future stock returns. Furthermore, a three-variable model is used to examine the
combines effects of the 10-year interest rate and the year-to-year change in the 10-year interest rate and
the spread between the 2-year interest rate and the federal funds rate as independent variables, to assess
their collective influence on the results.

Findings

The study finds that nominal returns are positively correlated with the absolute level of interest rates,
with the trend increasing progressively from growth to value stocks. In addition, the numerical values
of returns also increase from shorter to longer duration interest rates. In terms of excess returns and risk-
adjusted returns, growth stocks are negatively correlated, while value stocks were positively correlated.
Value stocks are also positively correlated with year-on-year changes in 2-year and 10-year interest



rates. Both growth and value stock returns are positively correlated with various interest rate slopes
(defined as the difference between interest rates of different maturities), with the slope between 2-year
rates and the Federal Funds Rate being the most significant factor. In addition, interest rate data is found
to be predictive of future stock performance even two years after the interest rate change.

Recommendations for future research

Future research could benefit from addressing methodological biases to enhance its robustness and
relevance. Including S&P 500 companies from any point in the study period would correct survival bias
and better represent market changes over time. Incorporating real interest rates adjusted for inflation
would clarify the economic impact on stock returns. Analyzing corporate structures with varied equity
and debt contributions between growth and value stocks and expanding the sample to include smaller
companies would provide deeper insights. Additionally, examining effects across different monetary
policies and comparing findings with both developed and emerging markets could validate the trends
observed and their global applicability.

Keywords: Value investing, Interest rates, Stock returns, Panel data model
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| Introduction

Many people in finance believe that it's possible to beat the market consistently, despite the prevailing
efficient market hypothesis (Fama, 1970). This efficient market hypothesis argues that all available
information is already reflected in stock prices and that any arbitrage opportunities that exist in the
financial market are likely to be quickly exploited, reducing these opportunities to zero and thus

eliminating the possibility of consistently outperforming the market (Berk and DeMarzo, 2014, p. 300).

Investors looking to outperform the market may consider value stocks, which are often priced lower
than their peers based on price-to-book (P/B)! and price-to-earnings (P/E) ratios. For this investment
strategy to be successful, two key assumptions must hold, as discussed by Kok, Ribando and Sloan
(2017). First, these stocks are truly undervalued by the market in terms of fundamentals, and second,
this undervaluation will correct itself within the investment time horizon due to mean reversion, bringing
the P/B or P/E ratio in line with market, industry or company-specific averages. However, Book value
and Earnings are based only on recent accounting data and do not take into account future prospects.
Estimation the future accounting data is crucial for making a correct valuation of a company using
discounted cash flows (DCF) (Berk and DeMarzo, 20140, p. 291). Kok, Ribando and Sloan (2017) warn
that a low P/E ratio may not indicate undervaluation but may be a consequence of outdated accounting
data. If a company's future prospects are deteriorating, a falling share price may accurately reflect this
decline. Thus, a low P/E or similar ratio may indicate financial distress rather than potential
undervaluation. Ironically, even if the P/E ratio returns to historical norms via mean reversion, the
adjustment may not be through a rising share price but through falling earnings values. Moreover, even
in cases of genuine undervaluation, where the price does not reflect fundamental value, the market may
not correct this discrepancy quickly, despite the efficient market theory. As Maloney and Moskowitz
(2021) describe, such situations can lead to a "value trap", where the apparent value gap persists for

years while market participants don't feel the urgency to step in and exploit the arbitrage. This highlights

! Throughout the thesis, both conventional valuation multiples such as price-to-book (P/B) and price-
to-earnings (P/E) ratios, as well as their reciprocal forms (B/P, E/P, etc.), are employed. The former are
predominantly used in the introductory and theoretical parts of the study, while the latter are utilized in
the experimental section. Valuation multiples like P/E are favored in scientific literature, media, and by
finance professionals due to convention and because the P/E ratio is intuitively understood as indicating
how many times the earnings are reflected in a stock's price. Despite their widespread use, valuation
multiples like P/E pose challenges for mathematical analysis because of their nonlinearity. For instance,
two companies with P/E ratios of 0.1 and -0.1 can yield an extremely high difference in profitability,
while the difference between P/E ratios of 10 and 11 is much smaller. To facilitate a more
straightforward mathematical treatment, linear reciprocal ratios such as E/P are utilized in the regression
analyses conducted in the experimental part of the thesis.



why thorough investigations of the potential risks and complexities of investing are important rather

than solely focusing on traditional valuation multiples.

The value investing approach has been extensively examined. However, the effectiveness of value
investing has varied significantly across different studies and time frames (Fama & French, 1992;
Athanassakos, 2009; Arnott et al., 2021; Israel, Laursen & Richardson, 2020). For instance, companies
with low price-to-book (P/B) ratios have shown to outperform the market, especially in the case of
smaller companies (Kok, Ribando & Sloan, 2017). Specifically, the period from 1963 to 1981 saw
particularly strong performance for value stocks (Kok, Ribando & Sloan, 2017). Arnott et al. (2021)
identified an increase of value stocks relative valuation compared to growth stocks during the 1970s and
decreases during the tech bubble of 1999-2000 and from 2007 to 2020. During the forementioned years,
1963 to 1981 coincide with increasing interest rates and 2007 to 2020 diminishing interest rates
(Maloney & Moskowitz 2021). This points to a connection between interest rates and valuation of value

stock.

Studies of the relationship between interest rates and stock market performance, reveal significant
discrepancies and underexplored areas, especially in terms of the differential impact on value versus
growth stocks (Arnot et al., 2021; Campbell, Polk & Vuolteenaho, 2010; Koller, Goedhart & Wessels,
2010; Wang, 2019). According to Maloney and Moskowitz (2021), the returns of growth and value
stocks showed sensitivity to interest rates when other ratios, such as CF/P, E/P, and sales-to-enterprise
value, were taken into account, but the significance of this sensitivity was low. In contrast, Wang (2019)
argues that for evaluating value and growth stocks, metrics including cash-based profit-to-price
(COP/P), cash flow-to-price (CF/P), earnings-to-price (E/P), and EBITDA-to-enterprise value
(EBITDA/EV) do offer insightful assessments. Moreover, Wang (2019) suggests that the monthly
rebalancing period implemented by Maloney and Moskowitz (2021) may be too frequent, given the

potential for years-long arbitrage opportunities in value stocks.

The persistence of change in value in relation to interest rates may be better understood through
investment models like the Capital Asset Pricing Model (CAPM). While the CAPM is widely used to
predict excess stock returns relative to the risk-free rate, it has notable limitations. The CAPM primarily
addresses systematic risk but does not adequately account for how changes in interest rates specifically
impact the excess returns of growth and value stocks. A detailed examination of this aspect could shed

light on CAPM’s predictive accuracy concerning the impact of interest rates on stock returns.



These insights emphasize the need to reevaluate how changes in interest rates influence investment

strategies, particularly in value investing, across different rate scenarios.

[.I Problem Statement

The current literature does not provide a consensus on the behavior of value versus growth stocks,
defined by the earnings-to-price (E/P) ratio, in response to interest rate changes. While some studies
suggest an inverted correlation between these stock categories and interest rate metrics (Berk &
DeMarzo, 2014, p. 295; Israel, Laursen & Richardson, 2020; Williams, 1938), others propose a positive
correlation under certain conditions (Eldomiaty et al., 2019; Gali & Gambetti, 2015). Furthermore, there
is an ongoing debate regarding the relevance of value investing in contemporary markets (Arnott et al.,
2021; Israel, Laursen & Richardson, 2020; Maloney & Moskowitz, 2021). This discussion is helpful for
understanding the underperformance of value stocks from 1991 to 2020. Today, this topic gains
additional relevance due to the global trend of rising interest rates, highlighted by the increase in the
yield of US 10-year Treasury notes from 0.5% in 2020 to 4.0% as of January 2024 (FRED, 2024d).
Addressing this gap in research is essential for developing effective investment strategies and financial

models in a dynamically evolving economic landscape.

.2 Purpose and contributions

This study aims to enhance the understanding on how interest rates influence growth versus value stocks
by adopting a refined methodological approach. Instead of the traditionally used book-to-market (B/M)
sorting methods used in previous research (Vuolteenaho, 1999), this research employs an earnings-to-
price (E/P) sorting method. Additionally, this study extends the investment horizon from the shorter
one-month period, as used by Maloney and Moskowitz (2021), to a full year. This extension is in
response to evidence supporting a persistent value gap in stock returns (Nissim and Penman, 2003;
Wang, 2019). The study also encompasses a comprehensive range of interest rate metrics, emphasizing
the renewed urgency of this research triggered by the monetary policy shifts of 2022-2024 and the rapid

rise in interest rates after an extended period of zero-rate policy following the global financial crisis.

1.3 Research Question
This study focuses on answering one main research question. In the section below this question is stated

together with a brief outline of the investigation made in this thesis to answer the question.

Main Research Question
How do different measures of interest rates, namely absolute levels, year-on-year change, and the

interest rate slope, impact the stock returns of growth versus value stocks in the S&P 500?



To answer this question, this study methodically investigates the impact of the various risk-free interest
rate measures on stock returns. As there may be a prolonged effect, the delayed response to these

measures is also investigated.

The research specifically focuses on evaluating the value strategy. For this reason, stocks are categorized

into growth and value stocks.

When investigating the effect of interest rate measures, it is useful to compare these to nominal returns.
This indicates whether there is a direct profit to be made. It is also important to determine how much
higher returns can be obtained in excess of a risk-free investment. Further, a risk adjustment is required
to gain insight into how the excess return can be compared to investments with varying risks. For these
reasons, three types of returns are investigated: nominal total returns, excess returns, and risk-adjusted

(beta-normalized) returns.

As one of the investigated returns, namely the excess return, may be estimated with the CAPM. This
study is expanded by evaluating the predictive power of the CAPM in relation to the evaluated interest

rates measurements.

The cross-sectional data used for the investigation is based on the S&P 500 from the years 1977 to 2024.

1.4 Delimitations

This study uses data from the companies in S&P 500 index, which represents the largest publicly traded
companies in the US today. Therefore, the findings of this study may not be fully applicable to smaller
companies or to other countries. It is important to acknowledge the presence of a survivorship bias in
this dataset, as it only includes companies that currently in S&P 500. While the long-time frame (1977-
2024) provides a robust historical perspective, it also introduces potential temporal biases as more data
is available for more recent years. Changes in market dynamics over this period could affect the
applicability of the results to future market conditions. Given these limitations, while the study aims to
provide meaningful insights into the relationship between interest rates and stock performance in the
context of US large-cap stocks, the results should be interpreted with an understanding of their limited

scope in terms of market and time relevance.



2 Background

This chapter is based on a literature review and explore the valuation of stocks, focusing on the impact
of interest rates on growth and value stocks. It provides a theoretical framework for analyzing the
subsequent results and discussions in this thesis. The literature review employed both conventional
tools, such as the Summon search engine provided by the BTH library (2024) and Google Scholar
(2024), and advanced Al tools including ChatGPT 4 (2024), Consensus (2024), and Elicit (2024). These
tools have proven indispensable for rapidly pinpointing and assessing relevant articles before a more in-
depth examination. The findings from this literature review form the basis the hypotheses outlined in

the last section of this chapter.

2.1 Theory of Valuation

The value of any security, including stocks, is fundamentally the net present value of the cash flows that
an investor receives from owning it (Berk & DeMarzo, 2014, p. 272). The reason for owning a stock
held in perpetuity (assuming capital gains from appreciation are not considered) is that the stock pays
dividends. The total sum of these dividends, discounted to their net present value, will equal the price
of the stock (Berk & DeMarzo, 2014, p. 276). Since most companies do not distribute 100% of their
earnings as dividends and many do not pay dividends at all, the Dividend-Discount Model (DDM) is

not applicable in these cases.

When a company does not distribute all its earnings, it is unreasonable to expect it to hold the excess as
cash on the balance sheet. The company can choose to invest the retained earnings or buy back shares
to reduce the share count, thereby increasing earnings and future dividends per share. Accounting for
both dividends and share repurchases modifies the DDM into the Total Payout Model (Berk & DeMarzo,
2014, p. 283). Extending the model further to include payments to debt holders results in the Discounted

Cash Flow (DCF) model, which is the most comprehensive approach.

While the DCF model should be accurate, changes in WACC can make it difficult to use in practice.
Koller et al. (2010, pp. 103, 121-124) recommend using the Adjusted Present Value (APV) model in
such cases. Another modification of the DCF model is the economic profit-based model, which accounts
for the return on invested capital (ROIC) (Koller et al., 2010, p. 118). For economic profit to occur,
ROIC must be higher than WACC. If a company cannot invest new capital with a return at least equal
to WACC, growth is unprofitable, and it is better to return this capital to shareholders as dividends or
through share buybacks.



Since the DCF model (and its variations) requires visibility into future cash flows, it is not
straightforward or easy to implement. Finance professionals often use multiples, such as Enterprise
Value to Earnings Before Taxes and Amortization (EV/EBITA) or Price to Earnings (P/E) ratios (Koller
et al., 2010, pp. 371-374). Although multiples cannot calculate intrinsic value like the DCF model,
comparing multiples of similar companies in the same industries and markets can help determine if a
company is “undervalued” or “overvalued.” It should be noted that for this benchmarking to be
meaningful, multiples such as EV/EBITA or P/E should be considered in the context of growth rate and
ROIC (Koller et al., 2010, pp. 373-381). Higher growth rates and ROIC drive higher multiples, making

these parameters just as important as in DCF analysis.

Turning back to DCF model, the mathematical formulation used there is similar to the present value of
a perpetuity. It expresses the free cash flow (FCF) and uses the weighted average cost of capital (7;,4cc)
as the discount rate, with g representing growth. This is outlined in Equation 1 (Berk & DeMarzo, 2014,
pp. 116, 285).

Equation 1 Discounted free-cash model of valuation

_ FCF FCF(1+g) FCF(1+ g)? FCF(1+ )" 1+ TV
(1 + 7"W(J.CC) (1 + 7"W(J.L‘C)Z (1 + rWClCC)B (1 + rWClCC)n

z“: (FCF(l + g)t_1t> L
B =1 (1 + rWllCC)t (1 + 7"Wﬂ.CC)n

Where EV is the enterprise value and TV is the terminal value (Equation 2).

EV

Equation 2 Terminal value

FCF(1+ g)"
y - FeFa +g)

"wacc — 9

Calculating company valuation using the Discounted Cash Flow (DCF) approach is mathematically
straightforward, yet has practical challenges of accurately forecasting changes in the discount rate (the
denominator) and the free cash flow and the growth rate (the numerator). While current figures and
near-term forecasts can be derived from financial statements, the company's own guidance, analyses of
its competitive position, analyst projections, and industry trends, forecasting over the long term is
difficult due to substantial uncertainties in predicting both cash flow and discount rates. The issue of

accurately forecasting future parameters relevant to valuation is partially mitigated by the increasing



value of the denominator, which discounts the Free Cash Flow (FCF) for distant years (Koller, Goedhart
and Wessels (2010, pp. 113,166-167). For growth companies, the valuation component that lies far in
the future can represent a substantial portion of the overall intrinsic value, especially if the long term
expected growth rate g approaches the weighted average cost of capital 7,4, (Equation 2). Then the
terminal value could theoretically increase indefinitely although it is unrealistic because the growth rate
cannot consistently exceed WACC over an extended period. Such a continuous outperformance is not

feasible due to economic constraints and competitive pressures (Koller et al, 2010, p. 279).

As in Equation 1, the discount rate employed in the DCF method is usually WACC, which integrates
the costs of both equity and debt, adjusted for the corporate tax rate. This rate reflects the interests of
both equity and debt holders, incorporating the overall capital structure of the company. According to
the Modigliani-Miller theorem (Modigliani & Miller, 1958), the capital structure theoretically should
not influence the company's value. In their updated theory the corporate tax deduction was included
(Modigliani & Miller, 1963). Profitable companies may then choose to shift the optimal capital structure
towards having more debt as they can deduct the interest costs. However, interest rates may still have a
significant impact on companies, especially those that rely on debt financing. For example, value stocks,
which often use high levels of debt to leverage their operations, are particularly sensitive to changes in

interest rates because of increase of the cost of debt (Frank & Goyal, 2004; Arnott et al., 2021).

In an efficient market, as posited by the efficient market hypothesis (Fama, 1970), competition among
investors should eliminate any arbitrage opportunities by ensuring that all securities are priced to reflect
the present value of expected future cash flows, discounted at a rate that matches their risk. Therefore,
securities of equivalent risk are expected to yield the same return. However, this theory is challenged
by the reality that not all market participants assess risk similarly or have access to the same information,
potentially leading to asymmetric information where some information is private or difficult to interpret.
This can create disparities in how stocks are valued and traded. (Berk & DeMarzo, 2014, pp 70-71, 295-
298, 300) Despite these challenges, Koller, Goedhart and Wessels (2010, p.72) argue that over the long
term, the stock market tends to adhere to fundamental economic principles. Their analysis mention that
stock markets in the United States and the United Kingdom can experience large fluctuation, but
typically realign with fundamental values within a few years. Fluctuations may partly be influenced by
interest rates through their impact on the cost of capital. This observation underscores a broader view
that, despite short-term inefficiencies and information asymmetries, market dynamics eventually align

with underlying economic fundamentals over the long haul.

This dynamic creates an interaction between multiple factors, leading analysts to potentially different

valuations for the same stock based on their subjective perspectives. This subjectivity can lead to market



imperfections and possible arbitrage opportunities, where discrepancies arise between what investors

are willing to sell a stock for and what others are willing to pay (Koller, Goedhart & Wessels, 2010).

The capital asset pricing model

Besides the forementioned methods, stock value may be assessed via the capital asset pricing model
(CAPM) (Sharpe, 1964). The model evaluates stocks by comparing their expected returns to the risk-
free rate and the expected return of the market (Equation 7). This model is used to determine if an
investment offers a fair return given its risk level. In CAPM, the risk associated with an investment is
quantified by its beta, which measures the stock's volatility or systematic risk relative to the market risk.
A beta of 1 suggests that the stock's behavior mirrors the market's relative to the risk-free rate. A beta
greater than 1 indicates higher volatility compared to the market, whereas a beta less than 1 suggests

less volatility.

Since its inception in 1964, the Capital Asset Pricing Model (CAPM) has been a fundamental model in
finance. CAPM is favored for its simplicity, relying on only three parameters: the risk-free rate, market
risk, and a stock’s specific beta, all of which are expected parameters. This simplicity provides an

apparent, if surface-level, scientific rationale connecting expected return to risk.

The limitations of the CAPM model have been extensively reviewed. Fama and French (2004) highlight
several critical assumptions, such as the model's reliance on a single-period transaction horizon,
perfectly competitive markets, and the notion that all investors can borrow and lend at the risk-free rate,
which is often unrealistic. Most investors, for instance, do not have access to borrowing rates that match
the risk-free rate. Furthermore, CAPM primarily focuses on systematic risk, encompassing market-wide
influences such as fluctuations in interest rates, inflation, or socio-political changes. The model
simplifies the representation of this systematic risk by incorporating it into the beta value. These beta
values are generally based on historical data, which may not always provide a reliable forecast of future

risks (Berk & DeMarzo, 2014, p. 379).

Fernandez (2015) goes further in his criticisms, suggesting that the difficulties in testing CAPM lie in
the fact that, while the expected risk-free rate can be reliably assumed, the other two required parameters,
the expected market return and expected beta, cannot be objectively measured. The expected market
return may vary among different market participants and may only be loosely related to historical market
returns. Additionally, betas are not stable over time and can vary depending on the time frame of

calculation, introducing a significant source of variance (Fernandez, 2015).



CAPM has been tested multiple times with often questionable results regarding its ability to predict
future events or explain past ones (Elbannan, 2015; Fama & French, 2004). When examining the
correlation between beta and actual returns, it has been observed that the slope is flatter than predicted
by CAPM, with higher actual returns for low beta stocks and lower actual returns for high beta stocks
than the model predicts (Fama & French, 2004).

The assertions about the difficulties of testing the CAPM model also raise concerns that CAPM cannot
be falsified. This lack of falsifiability, combined with its limited predictive power, suggests that CAPM
might not qualify as a scientific theory (Popper, 2002, p. 544).

Another alternative is the Arbitrage Pricing Theory (APT) (Ross, 1976), which includes multiple
variables. However, the three- and five-factor models include the value component HML (High B/M
minus Low B/M ratio or Value minus Growth), presenting a collinearity problem when interpreting E/P
sorted groups in the present study (Fama & French, 1993). The critical question is whether the original
CAPM model is adequate to explain returns; if not, the theory should be deemed refuted rather than
adding ad hoc variables to fit the data better. More complex models, such as APT, may suffer from

overfitting to historical data, limiting their utility in predicting new data (Burnham & Anderson, 2002,
p. 488).

Attempts were made to improve CAPM with additional parameters, such as the three-factor model
(Fama & French, 1993), which incorporates company size and a value factor, and the five-factor model
(Fama & French, 2015), which adds three new factors based on short-term reversal, state ownership,

and institutional ownership.

Given the well-documented shortcomings of CAPM, one might wonder why we choose to apply it
instead of more complex models. The rationale for including CAPM in this investigation is detailed in

the Methodology.

2.2 Growth and value stocks

Stocks can be categorized based on various ways to reflect different investment strategies and
characteristics. In the analysis presented by Fama and French (1992, 1993), stocks are differentiated
based on their earnings-to-price (E/P) ratios. Stocks with high E/P ratios are classified as value stocks
and those with low E/P ratios as growth stocks. Value stocks often pay dividends, appealing to investors
looking for payout. In contrast, growth stocks usually do not offer dividends; instead, they attract
investors on the potential for appreciating stock value to deliver returns. The future prospect of growth

stock result in a lower E/P ratio and a higher price-to-book value (P/B) ratio. On average US growth



stocks over the period from July 1963 to June 2021 have had a P/B ratio about five times that of value
stocks (Arnott, Kelesnik & Wu, 2021).

Historically, value stocks have tended to provide returns that exceed the market average, a phenomenon
attributed to their riskier profiles (Berk & DeMarzo, 2014, p. 456; Fama & French, 1992). According to
Fama and French (1992) value stocks may be risky due to their high sensitivity to economic downturns
and distress risks. They theorize that the higher average returns of value stocks are a compensation for
bearing these additional risks, i.e. the risk premium for value stock. This risk-return trade-off is central
to the explanation for why value stocks outperform the market over long periods, suggesting that
investors demand higher returns for investing in stocks with higher exposure to economic and financial

distress.

The concept of value investing, which originates from the work of Graham and Dodd (1934), is based
on the idea that some stocks are undervalued and that, according to the efficient market hypothesis, they
will eventually revert to their fundamental economic values, thereby yielding returns above the market
average (Fama & French, 1992, 1993, 1996; Fink & Fink, 2024; Israel, Laursen & Richardson, 2020).
This approach assumes that the market will recognize and correct the undervaluation of these stocks
over time, aligning their market prices with their intrinsic values. Supporters of the value investing
strategy, such as Benjamin Graham and Warren Buffett, emphasize the importance of margin of safety,
fundamental analysis, and long-term perspective to mitigate risks when investing in stocks (Graham &

Dodd, 1934; Buftett, 1984).

The growth stock strategy, contrary to value stock, has performed well in the recent low-interest-rate
environments (Alden, 2022). This approach focuses on investing in companies that show potential for
above-average growth, often characterized by low earnings-to-price (E/P) ratios and a tendency not to
pay dividends. These companies often reinvest their earnings into capital projects to drive further
expansion and innovation, making them attractive for their potential capital appreciation (Alden, 2022).
Growth investors focus on strong earnings and revenue growth, emphasizing the company’s future

potential.

Growth stocks are particularly appealing to investors who are optimistic about continuous strong profits
and are often favored during periods of economic growth or in industries marked by innovation and
technological advancements (Fama & French, 1993). These stocks may still perform well during
economic downturns, as their value is more closely tied to future successes and innovations rather than

current events.



However, investing in growth stocks may be considered riskier than value investing due to their price
volatility, which is closely tied to future expectations that may not materialize. This volatility is
particularly pronounced in low-interest-rate environments, where investors, in pursuit of higher returns,

may be more willing to take on increased risks (Lynch & Rothchild, 2000; Fama & French, 1993).

Despite its long history of generating excess returns, research show a decline in the value premium over
the past three decades, with negative returns observed in the most recent decade (Asness et al., 2015;
Arnott et al., 2021; Lev & Anup, 2022; Fama & French, 2020). The underperformance of value stocks
is argued to be influenced by economic downturns, such as the Covid-19 pandemic, which
disproportionately affected sectors typically associated with value stocks due to their modest growth
and slim profit margins (Arnott, Kelesnik, & Wu, 2021). This underperformance has reached historically
low levels, suggests that a mean reversion might be forthcoming, especially if influenced by

macroeconomic changes such as an increase in interest rates (Arnott, Kalesnik & Wu, 2021).

2.3 The impact of Interest Rates

Interest rates affect stock valuations through their impact on the discount rates applied in valuation
models such as discounted cash flow (DCF) and dividend discount method (DDM) (Berk & DeMarzo,
2014, p. 295; Israel, Laursen & Richardson, 2020; Williams, 1938). The discount rate may suggestibly
be chosen to reflect the time horizon of the investment. Value stocks, for instance, characterized as
short-duration assets, are commonly argued to be sensitivity to fluctuations in short-term interest rates
(Maio & Santa Clara, 2017). These stocks are generally argued to react to changes in monetary policies
that target interest rates because their valuations are heavily reliant on current earnings as opposed to
future growth expectations (Arnott, Kalesnik & Wu, 2021; Israel, Laursen & Richardson, 2020; Maio
& Santa Clara, 2017). For instance, an increase in the short-term interest rate is expected to decrease the
value of the value stock. Conversely, growth stocks, characterized as long-duration assets, are
influenced more by variations in long-term interest rates (Campbell, Polk & Vuolteenaho, 2010). This
differentiation is vital as adjustments in long-term rates can considerably alter the present value of

expected future earnings, thus affecting the intrinsic value of these stocks.

From the perspective of value stocks, an increase in inflation and interest rates shifts investor focus to
current earnings over future earnings (Neufeld, 2022). This provides an advantage to value stocks, which
are primarily valued based on their present earnings. During inflationary periods, these companies may
adjust their pricing strategies to sustain profit margins, which may increase their attractiveness to

Investors.



A study by Nissim and Penman (2003) have shown that the effect of the interest rates continues to
materialize one to two years following an adjustment. This effect is diminishing after the second year.
Their finding also indicate that higher interest rates are initially linked to a potential increase in earnings,
however these adjustments are generally insufficient to counterbalance the increased discount rates
required by investors. This results in an overall negative impact on equity values. This observation

warrants further investigation to understand the delayed responses from interest rates in stock valuations.

Not all researchers find that increased interest rates influence stock returns negatively. Some argue that,
contrary to common belief, higher interest rates can instead increase stock values, especially when they
are linked to an overall improvement in the economic environment (Lee & Werner, 2023). This may be
because higher interest rates are often associated with economic recovery, which leads to increased

revenues according to Williams (1956, p. 388).

Further, a study by Eldomiaty et al. (2019) analyzed data from the DJIA30 and NASDAQ100 between
1999 and 2016 and found that inflation-adjusted real interest rates have a positive impact on stock
valuations. It has also been shown using a time-varying coefficients vector-autoregressive (VAR) that

stock prices can sustain growth following an external tightening of monetary policy (Gali & Gambetti,
2015).

It is not only the magnitude of the interest rates that affect the valuation of stock. Many scholars advocate
for the yield curve, the slope of the interest rate curve, as a more definitive indicator in this context
(Fama & French, 1993; Lee & Werner, 2023; Maloney & Moskowitz, 2021). An increasing yield curve,
with a higher long-term interest rates compared to short-term rates, generally signals anticipated
economic growth and can be advantageous for growth stocks, presuming an environment characterized
by robust future earnings (Lee & Werner, 2023). In contrast, a flattening or inverted yield curve might
predict economic slowdowns, potentially benefiting value stocks due to their emphasis on current
earnings and perceived stability in times of economic uncertainty. Maloney and Moskowitz (2021) note

that the yield curve only contributes modestly to the overall returns.

Interest rates are just one of many variables that influence the stock returns. Company-specific factors,
and broader macroeconomic influences such as inflation (Eldomiaty et al., 2019; Kaul, 1990), political
stability (Berk & DeMarzo, 2014, p. 379), exchange rates (Rumasukun, 2024), global economic trends
(Mensi et al., 2023), and investor sentiment (Neves et al., 2021; Lynch & Rothchild, 2000), also play

significant roles.

The investor sentiment, for instance, may also cause rising interest rates to devalue stocks due to

anticipated negative effects on corporate earnings and economic growth, while declining rates could



result in more optimistic valuations (Fama & French, 1993). In bullish markets, a positive sentiment
might lead to stock overvaluation (Neves et al., 2021). Overpaying for stocks may lead to an increased
risk of reduced returns when the stock reverts to market value (Carnevale, 2020). Additionally, lower
interest rates often drive investors towards growth stocks and riskier investments, as these are perceived
to offer better returns compared to bonds or value stocks (Lynch & Rothchild, 2000). This search for
higher yields can potentially form asset bubbles and heighten financial instability (Lee and Werner,
2023). This behaviour occurs particularly when rates are below historical norms and is influenced by

psychological factors like reference dependence and salience (Lian, Ma & Wang, 2018).

2.4 Synopsis of the literature review and the resulting Hypotheses

Basic economic theory, as shown in the discounted free cash flow model, indicates that an increase in
interest rates and its impact on the discount rate should reduce stock valuation in general unless cash
flow is increased concurrently. This raises the question of which factor is most prominent. Specifically,
when it comes to differences between value stock and growth stock. A possible difference in how growth
and value stock may be affected by interest rates lies in their inherited timing of their cash flows. Value
stocks that generally are assumed to generate cash in the present may not be affected by the long-term
interest rates. Whereas growth stocks that generally has a large speculative component based on their
expected future cash flows, logically should be negatively affected by an increase in the long-term
interest rates. It is also indicated that and upturn in economy accompanied with inflation also will
increase the value of stock in general. An indicator to an upturn in economy is the slope of the interest
rate curve. Another interesting aspect may be if the change of the interest rate rather than the actual

value of the interest rate could explain how interest rates affect the return of stock.

These aspects of how interest rates affect stock returns serve as the foundation for the three hypotheses

presented below.

Effect of the Level of the 10-Year Rate on Risk-Adjusted Returns:

H1.0 Hypothesis: The 10-year interest rate at the end of December of the previous year does not
significantly affect the risk-adjusted stock returns for the following year, or there is no difference in the

response to this interest rate between Growth and Value stock.

H1.1 Hypothesis: The 10-year interest rate at the end of December of the previous year negatively
correlates with risk-adjusted stock returns for the following year, particularly affecting Growth stocks

more than value stocks.



Correlation Between Positive Interest Rate Slopes and Risk-Adjusted Returns
H2.0 Hypothesis: There is no correlation between the slope of short-term and long-term interest rates

and risk-adjusted stock returns in the subsequent year.

H2.1 Hypothesis: A positive slope between short-term and long-term interest rates is positively

correlated with risk-adjusted stock returns in the subsequent year.

Impact of the Year-on-Year Change in the |0-Year Rate on Risk-Adjusted Returns:

H3.0 Hypothesis: The year-on-year changes in the 10-year interest rate do not significantly affect risk-

adjusted stock returns, or there is no differential impact between Growth and Value stocks.

H3.1 Hypothesis: The year-on-year increases in the 10-year interest rate, measured between the end of
December two years prior and the end of December one year prior, negatively impact risk-adjusted stock

returns in the subsequent year, with Growth stocks experiencing more severe impacts than Value stocks.



3 Methodology

This thesis uses both inductive and deductive approaches to analyze a panel data set (Ghauri, Grenhaug,
& Strange, 2020). The deductive method is based on general theories and previous research that creates
a foundation for the research question and hypotheses concerning the relationship between interest rates
and value stock investing. These question and hypotheses are subsequently tested using the collected
panel data from the S&P 500 to be validated or refuted. This procedure is in alignment with the
theoretical framework wherein hypotheses are derived from current knowledge and empirically tested

against the data (Elg et al., 2017).

Conversely, the inductive approach in this research entails the observation of patterns within the panel
data and the development of theories based on these observations. For example, the thesis explores the
potential for value investing to yield greater returns as interest rates increases have been seen in recent
years. The choice of variables in the 3-factor model is induced from the 1-factor model investigations.
This approach facilitates the emergence of theories from the specific details of the gathered data

(Bryman and Bell, 2007; Chalmers, 1999; Merton, 1967).

Both approaches are based statistical analysis, ensuring that the conclusions drawn are not solely reliant
on theoretical deductions or inductions, but are also statistically verified. This includes the
comprehensive use of statistical tools via regression analysis to thoroughly analyze the panel data set,
assessing the relationship between interest rates and value stock returns across various economic

contexts.
3.1 Data collection method

Historical S&P500 individual stock returns

The panel dataset was obtained from the Thomson Reuters Eikon database (Refinitiv, 2024) and contains
historical data from 1977 to the present for the 503 companies currently listed in the S&P 500 index. It
is important to acknowledge the possibility of a survival bias within this dataset, as it only includes
companies that were listed when the data was extracted, excluding those that, since 1977, have been
removed due to bankruptcy, merger or delisting. The data for delisted companies were not included in
the study because of poor data quality. The S&P 500 was chosen as it often used as a benchmark for the
large-cap U.S. market, acting as a proxy for the overall U.S. equity market (S&P Dow Jones Indices,
2024). This should also make the S&P 500 a good benchmark for the current study.



For the purpose of this study, several time series measures were extracted from Refinitiv (2024). These
measures include the share price, which is fundamental in calculating the total yearly returns for each
company. The dividend paid per share, that represents the total dividends paid annually and is used in
the computation of total return (Equation 3). Additionally, earnings per share are utilized to classify
stocks into Value or Growth categories. The dataset also provides beta values and index returns, which

are essential components in the Capital Asset Pricing Model (CAPM) (Equation 7).

The annual total return for each company is calculated from data collected at the end of each December,
using both the increase in stock price and dividends paid during the year according to Equation 3. The
end of December was chosen as the reference date because it captures the date when all dividends for

the current year have been paid and includes the final day for which the stock price was recorded.

Equation 3 Nominal rate of return including stock appreciation and dividends.

Ppi— Pr_1;+ Dy

R, ti =

Where R, ¢; is the nominal return, Py, i is the stock price and D;; is the dividend payout (D) for the

year t under consideration for stock i.

The methodology used to analyze the total return for a given year incorporates various interest rate
measures from the end of the previous year. This contrasts the data in for instance the Kenneth R. French
- Data Library (2024) which introduces a six-month delay between the collection of data and the
commencement of return tracking. This difference in timing between the interest rates and returns may
affect the results of the investigation. The temporal dimension is included in the investigation and is

described in section 3.5.

Interest rate data

In the study, various interest rate metrics were selected as independent variables for linear regression
analysis to correlate with the dependent variable, which includes nominal, excess, and risk-adjusted
returns during year ¢. The independent variables included the risk-free rates which in this study were the
Federal Funds Effective Rate (FF), the 3-Month Treasury Bill, and the yields on 2-year (2Y) and 10-
year US Treasury Notes (/07), all sourced from the Federal Reserve Board via the FRED (2024a, 2024b,
2024c, 2024d) website. The yearly averaged interest rates for the Federal funds rate and the 10 years

note are shown in Figure 1.



The interest rates used in the regression was from December 3 1st of the year ¢-/ prior to the return year
t. Moreover, to explore potential lag effects, interest rates from the end of the year two years prior (¢-2)
were included. The study also examined the contemporaneous relationship between the average interest
rates over the entire year ¢ and the corresponding annual returns. These measures capture not only the
current years effect of interest rates on the stock return but also possible lagging effects and is used to
answer the research question “How do different measures of interest rates, namely absolute levels, year-
on-year change, and the interest rate slope, impact the stock returns of growth versus value stocks in the

S&P 500?” and hypothesis 1.

Besides the absolute values of risk-free rates, the year-on-year changes in these rates from two years
prior (z-2) to one year prior (¢-1) compared to the year (t) of the return, as well as the interest rate slopes
were also considered. The interest rate slope is defined as the difference between the yields of longer-
term and shorter-term rates and were calculated as the differences between the 2-year and the Federal
funds rates (2Y-FF), the 10-year and the Federal funds rates (/0Y-FF), and the 10-year and 2-year
Treasury Note rates (/0Y-2Y), respectively. These are used to answer hypothesis 2 and 3.

The mentioned approaches allow for a nuanced understanding of how various interest rate metrics can

impact financial returns.

3.2 Definitions of growth and value stocks

Several accounting metrics can classify stocks as either growth or value, including book-to-market
(B/M), earnings-to-price (E/P), and cash flow-to-price (CF/P) (Wang, 2019). For this study, the E/P
ratio was selected due to the better availability of data points compared to the CF/P ratio. Specifically,
approximately 5,200 data points per tertile were available for data sorted by E/P, in contrast to about
2,300 data points per tertile for CF/P-sorted data. The limited data for the CF/P ratio was due to the
unavailability of cash flow data before 1981 and the fact that some companies do not report their cash
flow. The effectiveness of using the E/P ratio as a factor has been validated by earlier research, such as

the study conducted by Nissim and Penman (2003).

This study defines growth stocks as those with a low earnings-per-price (E/P) ratio and value stocks as
those with high E/P ratio. The principle behind this empirical approach to growth-value classification is
that a firm's intrinsic worth is based on the net present value of its future cash flows. A low E/P ratio
suggests that the market anticipates higher future cash flows or earnings for the firm, labelling it as
'‘srowth’ stock. Conversely, high E/P ratio indicates that market expectations are for stagnant or
diminishing future cash flows or earnings. The current price of ‘value’ stocks reflects a value primarily

derived from near-term cash flows rather than long-term growth.



While acknowledging the merits of predicting stock returns using this framework, the present research
does not focus primarily on this aspect. Rather, the aim is to examine the relationship between stock
returns and various measures of what are conventionally called "risk-free" interest rates, typically
represented by government bonds of different maturities. A core assumption is that value stocks, which
are characterized by immediate cash flows, are less sensitive to interest rate movements than growth

stocks, whose cash flows are projected further into the future.

3.3 Sorting into E/P tertiles

To examine how changes in interest rates affect stock performance, this study stratifies companies into
three groups based on their earnings-to-price (E/P), namely Growth, Middle and Value stock. These

ratios help compare how sensitive value and growth stocks are to interest rate changes.

The stratification process is adapted from the methodology by Fama and French (1992). Stocks were
classified into three groups of equal size for each year based on data from the last day of December.
Therefore, depending on its annual E/P ratio, a company could shift between different groups from year
to year. The cutoff points for assigning companies to these groups varied annually in response to market

conditions. These cutoffs were automatically adjusted each year to maintain equal-sized groups.

An alternative approach using fixed E/P cut-offs for group assignment was considered. However, due
to market fluctuations, this method of classification introduced a significant bias. In particular, during
periods of high corporate earnings, it tended to classify most companies as 'value' stocks, while during

periods of low corporate earnings, it tended to classify most companies as 'growth’ stocks.

3.4 Method of analysis the |-factor-regression-model

This study builds upon the methodology introduced by Fama and French (1992), which correlates
financial ratios from accounting data with subsequent total returns, encompassing both stock
appreciation and dividends. For this analysis, linear regression models is employed (Equation 4,
Equation 8, Equation 10 and Equation 11) using Stata, opting for a robust method to address
heteroskedasticity (Stata, 2024; Kutner et al., 2005). The purpose of the regression analysis is to
determine the nature and strength of the relationship between the dependent and independent variables,
specifically whether the relationship is positive (both variables move in the same direction) or negative
(they move in opposite directions), independently. This analysis, however, does not cover every factor
influencing the dependent variable; instead, it primarily explores the significant relationship between

the variables under study.



While the primary focus of this study is the impact of interest rates on returns, it's important to
acknowledge that other, unaccounted-for variables might also affect the results. To mitigate the risk of
omitted variables, the previous year's results as a lagged variable in the analysis (Equation 4). This
approach serves as a proxy for other control variables and captures company-specific information,
thereby enhancing the robustness of the analysis. The use of lagged variables is a common technique,
especially in studies related to political processes, to address potential omissions and autocorrelation
issues (Keele & Kelly, 2006). Nonetheless, Keele and Kelly (2006) caution that while using a lagged
dependent variable is theoretically sound, it may introduce bias into the estimates of explanatory variable
coefficients. This type of bias arises from residual autocorrelation and could lead to skewed coefficient

estimates.

Equation 4 One variable model for estimating the effect of interest rates on returns with control variable R, ,_ ;
Ryii=Bo+ Pilyt—1+ BaRyt—1i+ €

Where R, ;; is the return and x indicates which return it is that is under consideration. It can be either
nominal return (R;,), excess return (R,), CAPM excess return (R.capum), Or risk adjusted excess returns

(Ren)- B is the coefficient for the independent variables. I, ;_; is the Interest rate as per last of December

year t-2, t-1 or average interest rate for year t under consideration. The interest rates y used are the
Federal Funds Effective Rate, 3-Month US Treasury Note, 2-year US Treasury Note and 10-year US

Treasury Note and €, ; is the error term for the year t under consideration for stock i.

The different interest rates used in the linear regression are described in the following sections.

Nominal total return vs. interest rates

In the simplest approach, the nominal total return (R,,), which includes both the appreciation of the stock
price and dividend payouts, is regressed against the various measures of interest rates mentioned in
section 3.1 (Equation 3). This method provides an analysis that mirrors the actual return to the investor.

However, it does not adjust for risk-free returns or take into account any risk adjustment.

Excess total return vs. interest rates

The excess total return (R, ;), approach involves calculating the total return of a stock and subtracting
the risk-free rate (Ry) (Equation 5). The risk-free rate is typically represented by the return on U.S.
Treasury bills or notes that match the investment's time horizon. For this study, a the 3-month Treasury

bill rate as a benchmark is used. This benchmark is commonly used in previous research (Fama &



French, 1993; Jensen, Fisher & Scholes, 1972; Modigliani & Sutch, 1966; Pastor & Stambaugh, 2003;
Brinson, Hood & Beebower, 1995).

Equation 5. Calculation of excess total returns

Re; = Rp; — Ry

Regressing excess returns against interest rates provides insight into a stock's outperformance of the
risk-free rate. However, this method has limitations. It requires an arbitrary choice of investment
horizon, which affects the choice of the risk-free rate benchmark. Additionally, this approach does not
account for how specific stock react to systematic risk, resulting in uniform treatment of all stocks in

the analysis.

Risk-adjusted excess total return vs interest rates

In this case, excess total returns are adjusted for risk by dividing each stock's excess return by their
respective beta value. This normalized excess returns (R,,) accounts for market-related volatility,

enabling a comparison across stocks with varying volatility levels.

Equation 6. Calculation of risk adjusted total returns

This regression offers insights into comparing the returns of stocks with varying risks without
introducing risk bias. Specifically, it allows for a fair comparison between growth stocks and value

stocks by eliminating the potential for biased results due to different risk levels.

A key limitation of this approach is that it relies on the assumption that beta, a measure of a stock's
volatility relative to the market, remains constant over time. However, beta is empirical and derived
from a stock's historical price movements relative to the market, which may not be consistent. In this
analysis the historical betas sourced from Refinitiv (2024) is used. These betas are dynamic, calculated
based on a rolling period of five years of monthly returns, ensuring that they reflect more recent market
conditions (Refinitiv, 2024). It's important to note that betas close to zero can lead to 'normalised' excess
returns that are technically correct but disproportionately high, resulting in outliers. To mitigate this, the
presented analysis excludes betas between -0.1 and 0.1. This exclusion slightly alters the size of the

different tertiles because some tertiles contained more stocks with low absolute beta values.
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Expected excess total return calculated with CAPM

The Capital Asset Pricing Model (CAPM) provides a formula to calculate expected excess returns
(Recapu), which includes the risk-free rate, the expected market return, and the stock's beta (Equation
7). In the present study, the regression results based on the expected excess returns are compared to the
regression results from the data based excess returns. This comparison acts as a framework to determine
whether the actual returns align with, exceed, or fall short of the theoretical expectations set by the

CAPM.

This investigation is interesting since it facilitates a comparison between actual excess returns against
the expected returns derived from CAPM. This approach allows us to interpret the outcomes of the
regression analyses in the context of established economic theories, offering a clearer understanding of

how theoretical models translate to actual market behavior.

Equation 7. Excess total returns estimated by CAPM
Recarm = E(R;)) — Re = Bi(E(Rp) — Ry)

Where E (R;) is the estimated return of stock i, Ry is the risk-free rate and E (R,,) is the estimated market

return.

It's important to acknowledge that when calculating expected excess returns using the Capital Asset

Pricing Model (CAPM), as mentioned in chapter 2.1.

In the CAPM model, the choice of the risk-free rate should typically align with the investment horizon.
For this analysis, the 3-month rate is chosen, as it is widely recognized as a benchmark. It is important
to note, however, that other timeframes might also be appropriate depending on the specific context of

the investment.

Additionally, the market risk premium is a variable that allows for discretion in its selection. We opted
to use an average value of 10.35%, calculated for the period from 1977 to 2023. This rationale is based
on the assumption that a constant average value based on the historical average may align well with the

value expected by market participants.

Our rationale for proceeding with CAPM rather than more complex models such as the three-factor
model (Fama & French, 1993), the five-factor model (Fama & French, 2015) or the Arbitrage Pricing
Theory (APT) (Ross, 1976) aligns with the principle of Occam's Razor, which suggests that the simplest
solution is often the best. Despite its shortcomings, CAPM remains the primary asset pricing model

taught in MBA investment courses (Fama & French, 2004), making it a prime candidate for testing in

21



the current study. In conclusion, despite its limitations, CAPM's simplicity and foundational role in
finance education justify its use as a starting point for analysis in this study. If CAPM provides an
adequate fit to the actual data, it would support its usefulness; if not, it would provide evidence in favor

of its falsification.

3.5 Temporal Dimensions of Interest Rates as Predictors of Market Returns

An objective of the present study is if there is a prolonged effect of the interest rates on future the returns
as mentioned in chapter 1.3. The approach so far focus has been on examining the relationship between
the interest rates as of December 3 1st of the previous year, year ¢-/ and the total returns for current year,

year ¢. In this section additional temporal dimensions to the analysis are explored (Equation 8).

First, a longer temporal perspective is incorporated by considering the interest rates from the end of two

years prior (December 31st of year ¢-2) as predictors of the total returns for current year.

Second, the correlation between average interest rates within the same year (year #) and the total returns
of that year are analyzed, assuming a scenario where an investor has perfect foresight. This set of
regressions aims to provide a benchmark for the best possible scenario where future average rates are

known, offering a point of reference for the predictive analyses.

Equation 8. One variable model for estimating the effect of lagged interest rates on returns with control variable R, ,_ ;
Ryti =X+l ¢+ PoRyt—1,i + €1

Where I, ;_; is the interest rate (I,,) as per last of December year #-/ or average interest rate for year ¢

under consideration. [ is the lagged factor that is either 1 or 2 years in this investigation.

3.6 Correlation of stock returns with interest rate slope

To test hypothesis 2, the interest rate slop was calculated as the differences between the 2-year and the
Federal funds rates (2Y-FF), the 10-year and the Federal funds rates (/0Y-FF), and the 10-year and 2-
year Treasury Note rates (/0Y-2Y), respectively./ (Equation 10).

Equation 9 One variable model for estimating the effect of the interest rate slope on returns with control variable

Rx t—1,i

R, ti =% +:815y + :BZRx t—1,i + €t,i
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Where Al is the difference in interest rates Interest rate (S,) where y may be either of the interest

rates slopes defined above.

3.7 Year-to-Year changes of interest rates

To test hypothesis 3, the year-to-year change was calculated as the difference between the interest rate
on December 31st of year -2 and December 31st of year #-/ (Equation 10). This approach is built on
the idea that the change of interest rates is important, both considering the direction and size (Nissim &
Penman, 2003). The nominal, excess, and risk-adjusted returns were then correlated with this year-to-

year change in interest rates.

Equation 10 One variable model for estimating the effect of year-to-year change in interest rates on returns with control

variable R, 1 ;
Ryti =X +B1ALy ¢ + BoRy 1 + €

Where Al ; is the difference in interest rates Interest rate (I,,) as per last of December year (z-7) and the

previous year (z-2) or average interest rate for year t and the previous year (z-/) under consideration.

Correlation of stock returns with interest rate slope

3.8 A 3-factor-regression-model for returns vs. interest rate metrics

In the above one variable model the interest rate slope between the 2-year rate and the Federal Funds
rate (2Y-FF), the year-to-year change in the 10-year rate, and the absolute level of the 10-year interest
rate were shown to have the most significant influence in the returns. To investigate how combining
these variables into one model affect the outcomes, an alternative model was evaluated incorporating
them in a three-factor linear regression. Among the previous single factor models, these three factors
emerged as the strongest predictors. Importantly, these three factors demonstrated low correlation with
each other (Table 1) supporting the validity of using them together in a single model. Other combinations
were not considered due to concerns of collinearity and the added complexity they would introduce to

the model's interpretation.
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Table I. Correlation matrix for 3 factor regression

2Y-FF 10-year rate Y/Y  10-year rate
2Y-FF 1
10-year rate Y/Y -0.2454 1
10-year rate -0.2896 0.2139 1

Equation || Three factor model for estimating the effect of the 2-year — fed funds rate slope, |0-year US treasury note

add year-to-year for the |0-year US treasury note with control variable R, ,_ ;

Ryti =X +PB1Ly_pp + B2ALigt + Balior + BaRyt—1,i + €,

3.9 Robustness and internal validity

To evaluate the robustness of the regression results, the 3-factor model was checked implementing a
selection process is in which 50% of the companies were randomly selected from the dataset.
Subsequently, the reduced dataset was organized into E/P tertiles as described in 3.3 and subjected to
regressions with 3 factor model as describes in section 3.8. This random selection process was done
three times, resulting in three sets of regression coefficients, which were subsequently compared to the

tertiles generated from the full dataset (Section 4.3, Table 41, Table 42, Table 43).
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4 Results

The results presented here demonstrate the impact of various risk-free interest rates on stock returns
categorized into Growth, Middle, and Value tertiles based on earnings-to-price (E/P) ratios. Utilizing a
one-factor regression model, the study includes measures such as the federal funds rate, 3-month
Treasury bills, 2-year Treasury notes, and 10-year Treasury notes. It also assesses year-to-year rate

changes and yield curve dynamics.

The findings demonstrate the differential impact of interest rates between growth and value stock,
utilizing metrics like nominal total returns, excess returns, and beta-normalized returns. Additionally,
the effectiveness of the Capital Asset Pricing Model (CAPM) is evaluated by comparing its estimated
returns against actual observed returns in the Growth and Value tertiles. This offers insights into the
relationships between interest rate fluctuations and stock market returns, enhancing the understanding

of market behaviors influenced by interest rate changes.

4.1 I-factor-regression model in E/P-sorted tertiles

This section shows the results of how various risk-free interest rate measures affect stock returns sorted
into three tertiles based on their earnings-to-price (E/P) ratios (the method is described in section 3.3),
namely Growth, Middle, and Value. It shows the impact of absolute interest rates specifically the federal
funds rate, 3-month Treasury bills, and 2-year and 10-year Treasury notes, along with year-to-year rate
changes and the yield curve slope (Equation 4, Equation 8, Equation 10 and Equation 11). The analysis
focuses on how these factors influence returns across the different stock categories, using metrics such
as nominal total returns (Equation 3), excess returns (Equation 5), and beta-normalized returns
(Equation 6). Additionally, the study assesses the effectiveness of the Capital Asset Pricing Model
(CAPM) by comparing its forecasts (Equation 7) against the observed excess returns for stocks in

Growth and Value tertiles.

Statistical Significance and Coefficients

In the presented tables, coefficients marked with asterisks denote their levels of statistical significance,
helping identify the reliability of the findings. Asterisks signify confidence levels as follows: *** for
p<0.01 indicates a high level of confidence (99%), ** for p<0.05 indicates moderate confidence (95%),

and * for p<0.1 suggests lower confidence (90%).

The values within the parentheses are the standard errors from the robust model.
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Stock returns vs interest rates’ levels

In the analysis of the relationship between nominal returns (Equation 3) and absolute interest rate levels
(Equation 4), a clear pattern is observed. Coefficients progressively increase from the Growth tertile to
the Value tertile across all interest rate durations studied. Furthermore, the coefficient values within
each of the three tertiles show a consistent increase as the duration of interest rates increases from shorter
to longer durations. This pattern is summarized in Table 2 and detailed further in the Appendix, in Table

18, Table 19, Table 20 and Table 21.

Table 2. Nominal returns vs. interest rates

Growth Middle Value
Fed funds (#-1) 0.096 (0.187) 0.435%** (0.136) 0.811*** (0.147)
3-months rate (¢-1) 0.345 (0.216) 0.616%** (0.158) 1.062%%* (0.164)
2Y rate (t-1) 0.515%* (0.218) 0.777%** (0.151) 1.230%** (0.157)
10Y rate (¢-1) 0.488* (0.249) 0.896*** (0.161) 1.361%%* (0.173)

When examining excess returns (Equation 5) (summarized in Table 3 and detailed in Table 22, Table
23, Table 24 Table 25), lower coefficients compared to those associated with nominal returns are
observed (Table 2). The trend that coefficients increase from Growth stocks to Value stocks and from
shorter to longer interest rate durations like in the case of nominal returns is preserved, as noted in Table
3. These results indicate that the excess returns of growth stocks, which are returns exceeding the risk-
free rate, are negatively correlated with high interest rates. Moreover, this negative correlation reduces
as the duration of the interest rate increases. In contrast, for value stocks, the relationship with short-

duration rates is neutral, while it becomes positive with longer durations.

Table 3. Excess returns vs. interest rates

Growth Middle Value
Fed funds (-1) -0.733%** (0.185) -0.419%** (0.137) -0.007 (0.159)
3-months rate (#-1) -0.603*** (0.215) -0.361** (0.159) 0.124 (0.178)
2Y rate (+-1) -0.400* (0.218) -0.162 (0.154) 0.328* (0.171)
10Y rate (¢-1) -0.483* (0.248) -0.106 (0.166) 0.399** (0.186)
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When the excess returns are adjusted for risk by normalizing them based on their respective betas (as
shown in Table 16 and Equation 6), the pattern previously observed for excess returns becomes clearer:
the coefficients for Growth stocks are negative, whereas those for Value stocks are positive. This pattern
is outlined in Table 4, with more detailed results presented in Table 26, Table 27, Table 28 and Table
29. These results suggest that the risk-adjusted returns of growth stocks are negatively correlated with
interest rate levels across all durations. In contrast, value stocks exhibit a positive correlation,

particularly with long-duration risk-free rates, as detailed in Table 4.

Table 4. Risk-adjusted returns vs. interest rates

Growth Middle Value
Fed funds (-1) -0.836*** (0.182) -0.432%* (0.201) 0.254 (0.184)
3-months rate (¢-1) -0.764%** (0.212) -0.370 (0.239) 0.402* (0.212)
2Y rate (t-1) -0.615%** (0.215) -0.097 (0.241) 0.672%** (0.210)
10Y rate (¢-1) -0.844*** (0.250) 0.067 (0.240) 0.990*** (0.227)

Correlation of stock returns with interest rate slope

Three different interest rate slopes were used in this study: 2-year minus fed funds rate (2Y-FF), 10-year
minus fed funds rate (/0Y-FF) and 10-year minus 2-year rate (/0Y-2Y) (Table 5, Table 6 and Table 7).
The most significant correlation with interest rate slopes was observed for the 2Y-FF slope in year ¢-1
which exhibited the highest coefficients in predicting next year's returns. Other slopes, such as the 70Y-
FF and 10Y-2Y, also demonstrated correlations with all three measures of returns. Additionally, the 7/0Y-
2Y slope data from year #-2 still showed predictive power for stock returns across the Growth to Value

tertiles.

Table 5. Nominal returns vs. interest rate slopes.

Growth Middle Value
2Y-FF (t-1) 4.874%%* (0.592) 3.105%** (0.423) 2.951%** (0.567)
10Y-FF (¢-1) 1.137*** (0.419) 0.728** (0.369) 0.316 (0.357)
10Y-FF (-2) 1.171%* (0.546) -0.126 (0.416) -0.553 (0.369)
10Y-2Y (t-1) -0.232 (0.800) 0.040 (0.694) -0.933* (0.554)
10Y-2Y (t-2) 2.707*** (0.834) 0.253 (0.778) -0.326 (0.585)
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Table 6. Excess returns vs. interest rate slopes.

Growth Middle Value
2Y-FF (¢-1) 5.686*** (0.583) 3.945%%* (0.402) 3.727*** (0.550)
10Y-FF (¢-1) 2.203*** (0.421) 1.825%** (0.365) 1.375%** (0.368)
10Y-FF (-2) 1.171%* (0.548) 0.671(0.412) 0.201 (0.376)
10Y-2Y (t-1) 1.782** (0.807) 2.117%** (0.693) 1.099* (0.579)
10Y-2Y (¢-2) 4.390*** (0.832) 2.009%** (0.765) 1.338** (0.595)

Table 7. Risk-adjusted returns vs. interest rate slopes.

Growth Middle Value
2Y-FF (t-1) 4.714%%* (0.565) 4.879%** (0.652) 4.208*** (0.673)
10Y-FF (¢-1) 1.535%** (0.475) 2.485%** (0.445) 2.036*** (0.454)
10Y-FF (¢-2) 1.478*** (0.492) 0.862 (0.549) 0.559 (0.525)
10Y-2Y (t-1) 0.682 (0.907) 3.361%%* (0.927) 2.639*** (0.852)
10Y-2Y (z-2) 3.318*** (0.892) 2.707*** (1.004) 1.794%* (0.908)

Temporal Correlation of Stock Returns with Interest Rates

So far, the presented analysis has focused on the relationship between stock returns during year ¢ and
interest rate data from the previous December (year #-7). It's also worth exploring if there is any
correlation with interest rate data from further back, such as from December 31 of year 7-2. Another
interesting aspect is whether average contemporaneous interest rates for the same year ¢ as the annual
returns show a more effective correlation (Equation 8). Using the most recent available data to forecast

future returns seems logical but prompts the question of whether this data truly holds predictive value.

To address these questions, this section of the study examines how the coefficients vary across different

timeframes for interest rate data, specifically for year ¢ (averaged over the year), and years #-/ and -2
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(both as of the end of December). This analysis helps determine which temporal dimension of interest

rate data correlates most effectively with stock returns.

Table 8 provides a summary of the regression coefficients between risk-adjusted returns and different
duration interest rates over time. More detailed information, including regressions for nominal and
excess returns, is available in the Appendix Table 18 to Table 34. Generally, the results indicate that
interest rates from year ¢ correlate most strongly with the risk-adjusted returns from the same year, with
the correlation coefficients decreasing for interest rates from years #-/ and ¢-2 (Table 8). An exception
is observed in the Value tertile and 10-year rate, where the coefficient is largest for interest rate data
from year #-1 (Table 8). The results indicate that the interest rate levels that are contemporaneous and
the lagged correlate with future returns with lagged data still having certain degree of predicting value
at least 2 years. The results suggest that both current and lagged interest rate levels are correlated with

future returns, with lagged data retaining a predictive value for at least two years.

Table 8. Risk-adjusted returns vs. interest rates in the temporal dimension.

Growth Middle Value

Fed funds (7)
Fed funds (z-1)

3-months rate (¢)

3-months rate (¢-1)

2Y rate (7)
2Y rate (z-1)
2Y rate (¢-2)

10Y rate (¢)
10Y rate (¢-1)
10Y rate (z-2)

-0.951%** (0.194)
-0.836*** (0.182)

~1.080*** (0.220)
-0.764%** (0.212)

-1.194%%% (0.209)
-0.615%** (0.215)
-0.608*** (0.210)

~1.313%%* (0.231)
-0.844%%% (0.250)
-0.797%%% (0.246)

-0.435* (0.230)
-0.432%* (0.201)

-0.517%* (0.259)
-0.370 (0.239)

-0.514%* (0.229)
-0.097 (0.241)
0.006 (0.193)

-0.265 (0.229)
0.067 (0.240)
-0.036 (0.204)

0.268 (0.199)
0.254 (0.184)

0.289 (0.227)
0.402* (0.212)

0.258 (0.210)
0.672%** (0.210)
0.423** (0.212)

0.634%** (0.225)
0.990%** (0.227)
0.577** (0.233)




Yearly returns correlation to year-to-year changes of interest rates

An analysis of the relationship between year-on-year changes in interest rates and stock returns
(Equation 10) across tertiles reveals distinct patterns. While no coefficients for the Growth tertile (Table
9, Table 10, and Table 11) reached the 95% confidence level, the Middle tertile showed negative
coefficients for both excess and risk-adjusted returns vs Fed funds rate (Table 10 and Table 11).
Conversely, the Value stocks showed positive coefficients for changes in 2-year and 10-year rates. This
can be interpreted to mean that the returns of value stocks, whether nominal, excess, or risk-adjusted,

positively correlate with year-on-year increases in 2-year and 10-year interest rates.

Table 9. Nominal returns vs. year-on-year changes of the interest rates

Growth Middle Value
Fed funds y/y -0.065 (0.411) -0.341 (0.298) 0.255 (0.323)
2Y rate y/y 0.668 (0.468) 0.361 (0.330) 1.861*** (0.400)
10Y rate y/y -0.216 (0.630) 0.636 (0.529) 2.077%%% (0.481)

Table 10. Excess returns vs. year-on-year changes of the interest rates

Growth Middle Value
Fed funds y/y -0.540 (0.410) -0.811%%* (0.294) -0.232(0.318)
2Y rate yly 0.125 (0.466) -0.182 (0.327) 1.292%%* (0.397)
10Y rate y/y -0.836 (0.633) 0.019 (0.530) 1.440*** (0.477)

Table I I. Risk-adjusted returns vs. year-on-year changes of the interest rates

Growth Middle Value
Fed funds y/y -0.079 (0.351) -0.911** (0.365) -0.092 (0.347)
2Y rate yly 0.463 (0.436) -0.131 (0.534) 1.126%* (0.552)
10Y rate y/y -0.083 (0.626) 0.588 (0.852) 2.273%%% (0.812)

4.2 The 3-factor-regression-model for returns vs. interest rate metrics

The inclusion of three additional variables, 2-year minus fed funds slope, year-to-year change in the 10-
year interest rate, and the 10-year interest rate itself (Equation 11), all of which showed statistical
significance in single variable regressions as described in section 3.8 reveals significant insights into the

relative importance of different interest rate factors across stock tertiles.
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Actual returns vs 3 factor model

The coefficients from 3-factor regressions were similar to those from the single variable regressions,
with the largest and statistically significant coefficients found for the 2Y-FF slope across all three tertiles
(Table 12, Table 13 and Table 14). Additionally, the coefficients for the 10-year rate's absolute levels
and year-on-year changes exhibited a consistent increasing trend from Growth to Value tertiles. For
risk-adjusted returns the adjusted R-squared values ranged from 0.007 for the Growth tertile and the
Middle tertile up to 0.011 for the Value tertile, suggesting significant omitted variable bias not captured

by the model, indicating that other relevant factors might be influencing the returns that are not included

in the current model.

Table |12. Nominal returns vs. 3-Factor model

Growth Middle Value
2Y-FF (¢-1) 5.210%** (0.734) 3.436%** (0.656) 3.248*** (0.507)
Y10 Y/Y -0.891 (0.636) -0.019 (0.569) 1.280*** (0.439)
10Y rate (¢-1) 0.770%** (0.267) 1.039*** (0.239) 1.397*** (0.186)
Adj. R-squared 0.010 0.008 0.020
Table 13. Excess returns vs. 3-Factor model
Growth Middle Value
2Y-FF (¢-1) 5.748*** (0.734) 4.001*** (0.655) 3.789*** (0.5006)
Y10 Y/Y -1.181%* (0.636) -0.292 (0.568) 0.972** (0.439)
10Y rate (¢-1) -0.158 (0.267) 0.086 (0.239) 0.487%** (0.185)
Adj. R-squared 0.012 0.007 0.013
Table |4. Risk-adjusted returns vs. 3-Factor model
Growth Middle Value
2Y-FF (¢-1) 4.516%** (0.827) 4.953**%* (0.795) 4.423*** (0.764)
Y10 Y/Y -0.153 (0.715) 0.135 (0.689) 1.545%* (0.664)

10Y rate (¢-1)
Adj. R-squared

-0.639** (0.301)
0.007

0.267 (0.290)
0.007

1.068*** (0.278)
0.011

31



Expected returns vs 3 factor model

The coefficients derived from actual excess returns (summary in Table 13 and more detailed in Table
38) are compared with those from expected returns based on the CAPM model (Table 15 and more

detailed in Table 40).

The expected coefficients for 2Y-FF (t-1) are positive, yet considerably smaller than those for actual
excess returns. Notably, the expected coefficient for the year-to-year change in the 10-year rate for the
Value tertile is -1.408, as shown in Table 15, while the actual coefficient is 0.972, noted in Table 13.
Similarly, the absolute 10-year rate follows this pattern, with the expected value being negative at -1.231
for the Value tertile (Table 15) compared to the actual coefficient of 0.487 (Table 13). In summary, the
CAPM model predicts significantly lower coefficients, particularly for Value stocks, suggesting that the

model may not fully capture the dynamics of actual market returns.

Table 15. Expected excess returns vs. 3-Factor model.

Growth Middle Value
2Y-FF (¢-1) 0.927*** (0.076) 0.694*** (0.054) 0.446*** (0.061)
Y10 Y/Y -1.312%** (0.067) -1.098*** (0.047) -1.408*** (0.053)
10Y rate (+-1) -1.042%** (0.028) -0.932%** (0.020) -1.231%%* (0.022)
Adj. R-squared 0.266 0.349 0.403

4.3 Robustness and internal data validity

The robustness and internal validity of the three-factor model were assessed by randomly selecting 50%
of the companies from the entire dataset, sorting them by E/P, and then repeating the regression analysis
as detailed in section 4.2. This technique is described as boot strapping by Efron and Tibshirani (1994,
p. 18). This procedure was carried out three times to determine if the results remained valid when half
of the companies were omitted. The outcomes of these tests are presented in Table 41 (Growth tertile),
Table 42 (Middle tertile), and Table 43 (Value tertile). Generally, omitting 50% of the companies from
the dataset tends to reduce the statistical significance of the coefficients due to fewer data points.
However, it is evident that the coefficients for 2Y-FF (¢-1) remain highly statistically significant and are
of the same magnitude. The coefficients for the year-to-year change of the 10-year rate and the absolute
level of the 10-year rate were statistically significant for the Value tertile, confirming that these two

factors both positively correlate with the returns of value stocks, as shown in Table 43.
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5 Analysis and discussion

In this chapter the results from chapter 4 are analyzed and discussed, specifically examining their
sensitivity to interest rate fluctuations. Drawing inspiration from Fama and French's seminal 1992 study,
this investigation assuming market efficiency and classification of stocks into Growth and Value tertiles.
The approach allows for critical assess of the impact of both contemporaneous and lagged interest rates

on stock performance.

In the analysis a variety of return measures, namely nominal, excess, and risk-adjusted returns, are used
to offer a multi-faceted view of how stocks are affected by different economic climates under shifting
interest rate scenarios. Each metric sheds light on the interplay between interest rate changes and stock
valuations, providing deeper insights into the timing and magnitude of market responses. The discussion
extends to the strategic selection of interest rate measures, enhancing the understanding of their

influence on market returns.

5.1 Methodological Considerations and Stock Classification Implications

This study examines how S&P 500 stocks, categorized by their earnings-to-price (E/P) ratios, react to
interest rate changes. This focus is based on the principle that stock valuations, similar to bond pricing,
are influenced by interest rates through the discounting of future cash flows (Berk & DeMarzo, 2014).
However, unlike bonds, which have fixed coupon payments, the earnings from stocks can vary, adding

an unknown parameter to the analysis.

The presented methodology is inspired by the work of Fama and French (1992), who classified stocks
into groups based on multiples like B/P, E/P, and CF/P using end-of-December accounting data, then
tracked returns from June of the following year. In contrast to their approach, which included a six-
month lag between data collection and portfolio formation, this study assumes that all relevant
information about the stocks is available and a perfect market efficiency by sorting the companies into

Growth and Value tertiles immediately for the subsequent calendar year.

The choice of temporal alignment for interest rate data presents another methodological consideration.
On one hand, it may seem logical to align interest rate data with the same period as stock returns,
hypothesizing that contemporaneous interest rates are most relevant. On the other hand, the effects of
interest rates on stock returns could be delayed, thus making the lagged interest rate data more relevant.
This delay might reflect the time it takes for monetary policy adjustments to permeate through economic

channels and influence corporate earnings and investment decisions.
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Furthermore, three different measures of returns, namely nominal, excess, and risk-adjusted returns, are
employed to provide a comprehensive view of stock performance under varying economic conditions.
Nominal returns offer a straightforward measure of stock performance without adjustments. Excess
returns, calculated by subtracting the risk-free rate, provide a clearer picture of a stock's performance
over what could have been earned in a risk-free investment, highlighting the premium investors require
for bearing equity risk. Risk-adjusted returns go further, adjusting for the volatility of the stock, which

allows for a more equitable comparison across different investment profiles.

In choosing interest rate measures, this study considered the slope between different rates, year-on-year
changes, and absolute levels. Each of these metrics offers distinct insights into how interest rates impact

stock returns.

It should be noted that the purpose of this study is not to assess the superiority of growth investing
strategies over value investing strategies, nor to determine the most effective factor for classifying
stocks, whether earnings-to-price (E/P), cash flow-to-price (CF/P), or book-to-price (B/P). Numerous
studies have investigated these classifications with the goal of maximizing returns (Fama & French,
1992; Maloney & Moskowitz, 2021; Wang, 2019). It is also critical to recognize that a company's
intrinsic value, defined as the sum of all discounted future cash flows (Koller, Goedhart & Wessels,

2010), is not fully captured by financial multiples based on short-term accounting projections.

In accordance with the principle of market efficiency (Fama, 1970), this study does not assume that
categorizing stocks as growth or value stocks inherently indicates whether they are overvalued or
undervalued. Market efficiency implies that the current share price, determined by market forces,
accurately reflects all available information. As a result, this study assumes that observed differences in
financial multiples, such as P/E, are due to cash flow timing. For example, growth stocks typically
project most of their value into the future, whereas value stocks concentrate their value in the present

and near future.

5.2 Nominal Total Return versus Interest Rates

Nominal total return is a measure accounting for price appreciation and dividend offering a
straightforward view of investor returns. Nonetheless, this measure has certain limitations that affect its

interpretative power in financial analysis.

Firstly, nominal returns can be conceptualized as comprising both the risk-free rate and the risk
premium, as posited by Sharpe (1964). Therefore, they inherently include the risk-free rate, which can

vary significantly over time, influencing the comparative attractiveness of equities. Secondly, the
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measure does not adjust for variations market risk exposure and the risk-free rate, which varies among
stocks and is typically quantified by the beta coefficient in the CAPM. Beta represents the tendency of

a stock's returns to respond to the systematic risk.

Despite these shortcomings, nominal total return remains a vital and intuitive concept. The results in
section 4.1 indicates a generally positive relationship between nominal total returns and interest rates,
with larger coefficients evident across the growth-value spectrum and increasing with the duration of
the interest rates. This trend implies that as interest rates rise, nominal returns tend to increase more with
value stocks than growth stocks. An explanation for this positive relationship may be that increased
interest rates signal an upturn in the economy (Lee & Werner, 2023). It is counterintuitive to the common
belief that an increase in interest rates should lower valuations due to an increased cost of capital (Berk

& DeMarzo, 2014, p. 295; Israel, Laursen & Richardson, 2020).

The observed difference between growth and value can be attributed to the nature of their cash flows.
Growth stocks generally offer returns that are expected further in the future, which are discounted more
heavily when interest rates rise, thus reducing the immediate impact on their nominal returns. Value
stocks have cash flows in nearer future that are discounted less than for growth stocks (Maio & Santa

Clara, 2017).

5.3 Excess Total Return versus Interest Rates

The examination of excess returns (results section 3.4) offers a more refined perspective on how equities
perform over and above the risk-free rate. This analysis is particularly critical in varied interest rate
environments, such as the contrast between the higher rates of the early 1980s and the near-zero rates
post-COVID-19 crisis in 2021 (Figure 1). By subtracting the risk-free rate from nominal returns, excess

returns provide a clearer indication of the true additional returns investors gain by assuming equity risk.
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Figure | Yearly averaged interest rates for the Federal funds rate and the 10 years rate

Adjusting for the risk-free rate facilitates a fairer comparison of equity returns across different market
conditions and timeframes. The duration of the risk-free rate should ideally be chosen to match the
investment horizon to ensure the accuracy of this comparison. However, like the analysis of nominal
returns, this method does not account for the systematic risk specific to each stock, which remains a

limitation.

The regression analysis shows that once the risk-free rate is accounted for, the previously significant
positive coefficients associated with nominal returns shift onto a negative territory. Particularly, the
Growth tertile displays the negative coefficients for fed funds and 3-months rate, suggesting that growth
stocks are highly impacted by higher interest rates that dampen the present value of their anticipated
future cash flows. This agrees with theories stating that, in an environment where interest rates are high,
the expected future earnings of growth stocks, which are typically forecasted far into the future, are
discounted more heavily, leading to lower excess returns (Campbell, Polk & Vuolteenaho, 2010; Fama
& French, 1992,1993; Koller, Goedhart & Wessels, 2010). In contrast, value stocks show a near-zero
response to a level of the federal funds rate and increasingly positive responses as the duration of interest

rates extends.

This pattern implies that in a high-interest-rate environment, growth stocks typically exhibit poorer

excess returns relative to a low-interest-rate setting, aligning with the predictions of the Capital Asset
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Pricing Model (CAPM) (Table 36). Surprisingly, value stocks demonstrate resilience or even enhanced
returns with longer-duration rates (Table 3). This might suggest that value stocks benefit from less
severe discounting of their nearer-term cash flows. Additionally, they might gain from higher earnings
during periods of elevated interest rates, possibly by moving cost increases onto customers, or through

increased investment inflows that can drive up their stock prices (Neufeld, 2022).

The minimal response of some stocks to changes in interest rates (Table 3) could be explained by a
balance between positive correlations, where higher interest rates coincide with economic upturns, and
the specific impact of the federal funds rate (Williams, 1956). A higher federal funds rate might
negatively affect the value of stocks, such as value stock, that are reliant on near-term cash flows.
However, as mentioned in chapter 2, some argues that value stocks may capitalize from increased
interest rates, suggesting that their structure or market positioning allows them to leverage economic

conditions that typically accompany rate hikes for their benefit (Williams, 1956).

In conclusion, the present analysis suggests that while growth stocks may struggle under rising interest
rates due to the increased discounting of their future growth prospects, value stocks may be more

attractive for investors.

5.4 Risk-adjusted excess total returns

Another method to analyze the relationship between equity returns and interest rates involves adjusting
for risk by normalizing the total returns according to beta. This adjustment allows for a more equitable
comparison of returns from equities with varying betas. However, this approach depends on the chosen
methodology for calculating beta and the assumption that beta remains stable over time. For this study,
the commonly accepted method of calculating betas based on five years of monthly returns is used, a

parameter reported as "historical beta" by Refinitiv (2024).

Adjusting for risk changed the regression results in significant ways. When comparing these results to
regressions based solely on excess returns, the coefficients now become more negative for the Growth
stocks. In contrast, the coefficients for the Value stocks become more positive. This difference may be
associated with the higher betas for Growth stocks compared to betas for value stocks (Table 16). This
analysis reveals that the differential effect of interest rates on stock types is more pronounced with
longer-duration rates, suggesting that under scenarios of higher interest rates and longer investment
horizons, value stocks exhibit more favorable risk-adjusted returns compared to Growth stocks. This
observation supports the argument that value stocks may gain momentum during periods of economic

Growth when both interest rates and inflation are rising (Neufeld, 2022).
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Conversely, growth stocks tend to suffer from higher interest rates that diminish the present value of
their expected future earnings, making them less attractive compared to value stocks under such
economic scenarios (Campbell, Polk & Vuolteenaho, 2010; Koller, Goedhart & Wessels, 2010, pp. 81-
82). This contrast highlights the different sensitivities and potential performances of growth versus value

stocks in varying interest rate environments.

5.5 Impact of Year-to-Year Changes in Interest Rates

According to the CAPM (Sharpe, 1964), an increase in long-term risk-free interest rates is associated
with a decrease in stock returns. This is due to the positive correlation between the increase in the risk-
free rate and the corresponding increase in the required returns on assets. As a result, the decrease in the

present value of future cash flows leads to a decline in stock prices.

However, the presented findings for year-to-year changes in section 4.1 challenge these expectations:
the coefficients for Growth stocks although low for the 2-year rate and negative for the federal funds
rate and the 10-year rate (Table 9, Table 10, and Table 11) did not show statistical significance, and
significant results were observed only for the Value tertile, specifically with longer-term interest rates.
Particularly, contrary to CAPM predictions, an increase in the 10-year rate actually led to higher returns
in the Value tertile. This trend was consistently observed in the regression analysis, both in single and
three-factor models. The results suggest that value stocks respond positively to increases in the 10-year
rate, making them an attractive investment in scenarios where long-term rates are rising. This positive
correlation between risk-adjusted returns of value stocks and the rise in the 10-year rate diverges from
the conclusions of Nissim and Penman (2003), who argued that revenue increases due to inflation and
correlated interest rate hikes do not fully offset the negative impact of higher discount rates. A rising

10-year rate might also coincide with a steeper yield curve, which is explored in the next section.

5.6 Correlation of Stock Returns with Interest Rate Slope

The interest rate slope, calculated as the difference between longer-duration and shorter-duration risk-
free rates, is an important predictor of stock returns (Fama & French, 1993; Lee & Werner, 2023;
Maloney & Moskowitz, 2021). A steeper slope, where long-term rates are higher than short-term rates,
often indicates anticipated economic growth and higher future stock returns (Maloney & Moskowitz,
2021). Several interest rate slopes are explored in this study, namely the 2-year minus Federal Funds

rate (2Y-FF), the 10-year minus Federal Funds rate (/0Y-FF), and the 10-year minus 2-year rate (/0Y-
2Y).
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The presented findings (section 4.1) revealed the most statistically significant and the largest coefficients
with the 2Y-FF slope, perhaps due to its direct relevance to the one-year investment horizon of the
analysis. This slope positively influenced stock returns across all tertiles, Growth, Middle, and Value,

with growth stock having the highest coefficient.

The 10Y-FF and 10Y-2Y slopes also showed a positive correlation with stock returns for the significant
coefficients. Notably, the /0Y-2Y slope provided insights into stock returns up to two years ahead,
underscoring its value in forecasting longer-term market trends and economic conditions. This finding
aligns with existing literature, suggesting that these longer-term slopes are vital indicators of investor

sentiment and future economic scenarios (Lee & Werner, 2023).

5.7 Temporal Correlation of Stock Returns with Interest Rates

Taking into account the analysis in section 4.1 (Table 8), it can be argued that while the correlation
between excess and risk-adjusted returns may have a stronger correlation with interest rates from the
same period, interest rates from the end of December of year #-/ still hold significant predictive value.
Importantly, interest rates from the end of December of year -2 also retain some predictive power. This
finding aligns with the results from Nissim and Penman (2003), suggesting that historical interest rate

data, even though older, can still serve as a valuable indicator for forecasting future stock returns.

5.8 Evaluating the Three-Factor Model in Stock Returns and Interest Rates

To capture a more nuanced picture of how stock returns correlate with interest rate changes, a three-
factor linear regression model is used. This model includes the slope between the 2-year and Federal
Funds rates (2Y-FF), the year-to-year change in the 10-year interest rate, and the level of the 10-year
interest rate itself (Equation 11). Individually, each variable has shown significant influence, and their
combined analysis provides deeper insights into how different tiers of stocks respond to interest rate

fluctuations.

According to the results detailed in section 4.2, the large and positive coefficients for the 2Y-FF slope
were particularly influential in this model. This aligns with the theory that an inclining slope is a sign of
an upturn in economy (Maloney & Moskowitz, 2021). However, the year-on-year change of the 10-year
rate showed significance only for the value tertile. Regarding the absolute level of the 10-year rate, the
risk adjusted Growth tertile's had a negative coefficient, besides the CAPM predictions that where
negative for all tertiles, suggesting that growth stocks are somewhat more negatively influenced by
longer-term interest rate expectations. In contrast, nominal, excess and risk-adjusted returns for value

stocks positively correlate with both the absolute level and the year-on-year change of the 10-year rate.
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The findings suggest that the overall economic outlook, as indicated by the slope of the yield curve,
tends to have a positive effect on stocks, particularly when it signals an economic upturn. This concurs

with the results by Lee and Werner (2023).

There is an interesting divergence between actual market outcomes and predictions made by the Capital
Asset Pricing Model (CAPM). Specifically, the actual excess returns associated with the 2-year minus
Federal Funds rate (2Y-FF) yield slope significantly surpass those expected by CAPM, as shown in
Table 15 compared to Table 13. This discrepancy suggests that CAPM may not fully capture the
complexities and variations of the real market. Furthermore, CAPM's predicted excess returns are
consistently negative across all tertiles, which could be attributed to its reliance on a five-year average
beta and a fixed market return. This methodology potentially constrains CAPM's responsiveness, as it
averages data over a lengthy period, thereby limiting its ability to adapt to immediate market changes

and nuances.

Additionally, the year-to-year changes in interest rates consistently produce negative coefficients across
all tertiles for both the actual and expected excess returns. When examining actual excess returns
specifically, the correlation with the 10-year interest rate aligns with the predictions of 1-factor models.
It is negatively correlated with Growth stocks and positively with Value stocks. This alignment occurs
because Growth stocks, which are more sensitive to future cash flows, are adversely impacted by
increasing discount rates. Conversely, Value stocks, which focus on current cash flows, may even

benefit from interest rate increases.

The analysis reveals differences in how interest rates impact various types of stocks: growth stocks
typically suffer from rising interest rates, which is consistent with predictions from the CAPM. In
contrast, value stocks seem to benefit from rising 10-year rate and from its absolute level. This advantage
for value stocks is likely not only due to a lesser discounting effect on their short-term cash flows but

also due to an increase in earnings, which will be further explained in the subsequent section.

5.9 The Role of Increasing Free Cash Flows in Enhancing Returns of Value Stocks

If the free cash flow (the numerator) remain constant when discounting earnings to the present value,
an increase in the cost of capital (the denominator) would typically have a negative impact on stock
returns due to the inverse relationship in the discounting formula (Equation 1). Therefore, the observed
positive relationship in the presented study between value stocks and rising interest rates suggests that
it's not just the standard discounting effect of future free cash flows at play. Instead, it implies that free
cash flows must be increasing alongside interest rate changes. Mathematically, the increase in cash flows

is the only plausible explanation for the positive coefficients observed in the analysis.
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This phenomenon was previously explored by Nissim and Penman in 2003, who analyzed the effects of
increased interest rates on both earnings and the discount rate across the market, without specifically
focusing on growth versus value stocks. They found that while earnings did increase with higher interest

rates, this increase was not enough to counterbalance the negative effects of higher discount rates.

However, the presented findings strongly suggest that for value stocks in environments with high and
rising 10-year interest rates, the increase in earnings and free cash flows may not only compensates for

the higher discounting but also predominates, leading to a net positive effect on total returns.

It should be noted that the market price of stocks typically doesn’t reflect the actual free cash flow, but
rather the expected future cash flow. Therefore, the positive correlation between the returns of value
stocks and high or increasing long-term interest rates likely indicates expectations for future cash flows.
Additionally, there may be an effect where investors shift their preference towards value stocks and
away from growth stocks, where returns might diminish due to stronger discounts on future cash flows,
and from other assets like treasuries. When interest rates begin to rise, the treasuries principal's price is

expected to fall, and the coupon payments may not be sufficiently attractive to entice investors.

5.10 Synopsis of the analysis

The study analyzes the relationship between risk-free interest rates and stock returns using linear
regression, categorizing stocks into Growth, Middle, and Value tertiles based on earnings-to-price (E/P)
ratios. To explore the nuances of these relationships, the study adopts a multifaceted approach. It
examines different durations of interest rates, including the federal funds rate, 3-month Treasury bills,
2-year Treasury notes, and 10-year Treasury notes. Various measures of these interest rates are
considered, such as absolute levels, year-on-year changes, and interest rate slope (also known as the
term structure) between long and short durations. Additionally, the study looks at different measures of
stock returns, including nominal returns, excess returns, and risk-adjusted returns. The temporal
dimension of interest rate data is also analyzed, considering the lag between interest rate changes and
their impact on stock returns. This comprehensive approach aims to provide a detailed understanding of

how risk-free interest rates influence the returns of different stock categories.

Nominal returns are positively correlated with interest rates, with regression coefficients increasing from
growth to value stocks and with longer duration interest rates. This finding contradicts the expectation
that returns should decrease with rising interest rates. When examining excess returns (nominal returns
adjusted by the risk-free rate) and risk-adjusted returns (excess returns adjusted by betas), it becomes
clear that growth and value stocks respond differently. Excess and risk-adjusted returns of growth stocks

correlate inversely with interest rates, indicating that they suffer from the strong discounting of future
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cash flows. Conversely, the returns of value stocks increase with high and rising interest rates,
suggesting their near-term cash flows are less affected by discounting and even benefit from an increase

in cash flows in a high and rising rate environment.

The most significant effect on returns is observed when analyzing the interest rate slope between the
two-year Treasury notes and the federal funds rate, a trend that is similar across all tertiles from growth
to value. An increasing slope signifies an economic upturn with rising returns, consistent with previous

studies.

Investigating the delayed effects of interest rates on returns shows that changes in interest rates impact
returns for at least the next two years, providing actionable information on future returns. The Capital
Asset Pricing Model (CAPM) predictions about the relationship with interest rates mostly align with
growth stocks but incorrectly predict negative coefficients for value stocks. CAPM predicts a negative
correlation with both levels and year-on-year changes of long interest rates, while the actual correlation

is positive.

The study offers insights into the relationships between interest rate fluctuations and stock returns across
different categories, highlighting the differential impacts on growth and value stocks. Value stocks
generally benefit more from rising interest rates. These findings can aid in strategic investment

decisions, particularly in varying economic and interest rate environments.
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6 Acceptance or rejection of hypotheses

The study found that the absolute level of the 10-year rate negatively correlated with the risk-adjusted
returns of growth stocks, with a stronger negative impact on growth stocks compared to value stocks.
Therefore, Hypothesis H1.1, which states that the level of the 10-year interest rate as of the end of
December in year ¢-/ negatively correlates with risk-adjusted stock returns in year ¢, particularly
affecting growth stocks more than value stocks, is accepted. However, it's important to note an

exception: value stocks were not negatively affected but showed a positive correlation instead.

The study revealed that the interest rate slope was positively correlated with returns across all tertiles,
including risk-adjusted returns. Consequently, Hypothesis H2.1, which states that a positive slope
between short-term and long-term interest rates is positively correlated with risk-adjusted stock returns

in the subsequent year, is accepted.

The year-on-year change in the 10-year rate had no statistically significant effect on the risk-adjusted
returns of stocks in the growth and mid tertiles. However, a positive correlation was observed for the
value tertile. Hypothesis H3.1 therefore is be rejected. Hypothesis H3.0 states that year-on-year changes
in the 10-year interest rate do not significantly affect risk-adjusted stock returns in year ¢, or that there
is no differential effect between growth and value stocks. Since the value stocks were affected positively
and the comparison with growth and mid-tier tertiles was not possible because of low statistical

significance, H3.0 is partially accepted.
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7 Conclusions

This study aimed to explore the relationship between annual equity returns and various interest rate
measures, specifically examining how these rates affect the performance differential between growth

and value stocks.

The research question, “How do different measures of interest rates, namely absolute levels, year-on-
year change, and the interest rate slope, impact the stock returns of growth versus value stocks in the
S&P 500?”, focused on whether interest rates as of December 31 of year ¢-/ are statistically correlated
with total stock returns, measured in nominal, excess, and risk-adjusted terms, across tertiles sorted by
the earnings-to-price (E/P) factor. The answer to the research questions is indicated by the findings of

several key relationships:

e The interest rate slope between 2-year Treasury Note and Fed funds rate showed a strong and
positive correlation with returns across all tertiles.

e Nominal returns positively correlated with the absolute level of interest rates, showing larger
coefficients for longer-duration rates.

e Value stocks exhibited larger positive coefficients than growth stocks.

e For excess and risk-adjusted returns, regression coefficients were negative for growth stocks
and positive for value stocks.

e Year-on-year changes in interest rates were statistically significant with positive regression

coefficients for value stocks and longer-duration rates.

Further analysis revealed that the slope between the 2-year rate and the Federal Funds rate at the end of
the previous year had the most pronounced effect on annual returns across all stock tertiles and return
measures. By contrast, the absolute level of interest rates and their year-on-year changes, while
statistically significant, had a lesser impact than the slope. These factors generally had a negative impact
on growth stocks and a positive impact on value stocks, except for a slightly positive impact of absolute

interest rate levels on the nominal returns of growth stocks.

It's important to highlight that even in cases where single or three-factor regressions were used, the R-
squared values were rarely above 1%, indicating that despite statistically significant coefficients, the

model's explanatory power remains very low. This suggests a significant omitted variable bias.
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The Capital Asset Pricing Model (CAPM), despite its simplicity and inherent limitations, generally
aligns with actual results for the Growth tertile, but the actual coefficients for Value stocks are higher

than predicted, most likely due to expectations of higher future free cash flows.

Lastly, interest rate data, whether from the end of December of year ¢-1 or year -2, shows predictive
power that persists even for the data from the year #-2. This highlights the nuanced ways in which

different financial metrics interact with stock market returns.
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8 Future work

A more nuanced approach to the study could significantly enhance the robustness and applicability of

the findings by addressing methodological biases:

Survival Bias: The study could be improved by including companies that were part of the S&P 500 at
any point within the study period, not just as of December 31, 2023. This adjustment would provide a
more accurate representation of the market over time and eliminate the survival bias that occurs when

only considering companies that have remained in the index.

Real rates: Currently, the interest rates used in the study does not account for inflation. Incorporating
real interest rates by adjusting for inflation would offer a clearer picture of the actual economic impact

of interest rate changes on stock returns.

Corporate structure: Include in the analysis a corporate structure that considers separate equity and
debt contributions, which may differ between growth and value stocks. Growth stocks are likely to rely
on equity financing, while profitable value stocks may carry significant debt to take advantage of
leverage and tax shield. This debt component, together with interest expense and the ability to deduct

it, should be considered as a control variable in the analysis.

Company Size Bias: To mitigate company size bias and enhance the generalizability of the findings,
the study could expand the sample to include mid and small capitalization companies in the U.S.
Additionally, incorporating company market value as a control variable would allow for a more detailed

analysis of how firm size influences the relationship between interest rates and stock returns.

Different time periods: With a sufficiently large sample, it would be interesting to explore how
different monetary policy regimes over time have impacted stock returns. This longitudinal approach

would highlight the effects of monetary policy shifts on the financial markets.

External Validity: To assess the external validity of the findings, a comparison with other developed
markets could be insightful. Specifically, examining panel data on stock returns and interest rates from
European countries, Japan, Canada, Australia, and New Zealand, which have longer historical data sets,

could confirm whether the trends observed in the U.S. are consistent internationally.

Comparison with Emerging Markets: Additionally, comparing the results with emerging markets

could provide deeper insights. This comparison could include BRICS countries (Brazil, Russia, India,
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China, and South Africa) and other emerging economies such as South Korea, Mexico, Indonesia,

Pakistan, Turkey, and Bangladesh, where data availability permits.
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Appendix

A.l Descriptive statistics

A.l.l Survival bias

The S&P 500 is often used as a benchmark for the large-cap U.S. market, acting as a proxy for the
overall U.S. equity market (S&P Dow Jones Indices, 2024). Out of the 503 companies in the dataset
from the Eikon database (Refinitiv, 2024), only 176 were present at the start of the study period in 1974,
as shown in Figure 2. Survival bias in the dataset. The number of companies for each year. This gap
highlights a survival bias, favoring more recent and successful companies, and may lead to an

overestimation of market performance by not fully reflecting historical market dynamics.

To address this survival bias, we considered the Heckman two-stage method, which corrects for omitted
variables (Heckman, 1976; 1979). The first stage involves creating a model to predict a company's
likelihood of remaining listed. However, the dataset does not include a direct indicator for company
survival, and this method requires assumptions about the factors influencing a company’s inclusion or
removal, complicating the validity assessment of any adjustments. Consequently, we opted not to use

the Heckman model due to these complexities.
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Figure 2. Survival bias in the dataset. The number of companies for each year

A.1.2 E/P sorted tertiles

The data for the Earnings-to-Price (E/P) ratio, sorted into tertiles (Growth, Middle, Value), are presented
in Table 16. The dataset for each tertile contains over 5,000 observations. A comparison of the mean
and median values across all tertiles indicates significant heterogeneity within the data, particularly in

the Growth tertile, whereas the Middle and Value tertiles are relatively more homogeneous.
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Additionally, the betas vary across the tertiles. The Growth tertile has a median beta of 1.19, the Middle

tertiles median beta is 0.98, and the Value tertile is 1.05. The standard deviations are also notably larger

for the growth tertile, indicating greater variability in beta values in this group.

Figure 3 and Figure 4 show performance metrics for companies across three tertiles from 1977 to 2023

for nominal returns and risk-adjusted excess returns, respectively. The figures reveal significant

volatility in returns, as underscored by Table 16.

The year 1999 is particularly noticeably for the largest spread observed between growth and value

stocks, within the risk-adjusted excess returns (Figure 4).
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Table 6. Descriptive statistics

E/P sorted tertiles

Observations 25th Median  75th Mean Standard Skewness  Kurtosis
Percentile Percentile Dev.
Growth  Total return % 5139 -5.85 14.95 39.39 22.69 57.99 5.95 71.75
Excess return % 5139 -9.25 12.00 36.51 19.49 58.05 5.56 71.45
CAPM Expected
5139 -2.26 8.34 19.93 6.81 23.59 -0.94 5.20
excess return %
Risk adjusted
5139 -9.07 11.44 36.40 19.39 61.29 2.94 69.60
return %
Historical beta 5139 0.78 1.08 1.46 1.19 0.67 1.67 7.07
Middle  Total return % 5200 -1.39 14.32 32.15 17.29 48.11 1.73 10.99
Excess return % 5200 -5.15 11.36 29.26 14.11 48.08 1.68 10.60
CAPM Expected
5130 -6.04 12.59 34.44 18.01 59.76 -0.66 3.03
excess return %
Risk adjusted
5130 -6.04 12.59 34.44 18.01 59.76 14.27 56.53
return %
Historical beta 5130 0.65 0.95 1.24 0.98 0.48 0.89 2.87
Value Total return % 5194 -2.46 15.29 34.48 18.80 37.99 2.17 13.73
Excess return % 5194 -5.28 12.33 31.51 15.61 37.84 2.14 13.49
CAPM Expected
5194 -5.97 13.15 34.96 18.59 60.05 -0.87 5.72
excess return %
Risk adjusted
5194 -5.97 13.15 34.96 18.59 60.05 4.04 88.79
return %
Historical beta 5194 0.65 1.01 1.36 1.05 0.54 0.94 3.02

A.1.3 Yearly averaged Interest rates

The data for the averaged interest rates were calculated for each year for 1977 to 2023, for the Federal
funds over night rate, the 3-month rate, the 2 year rate and the 10 year rate (Table 17). This results in 47
observations for each interest rate. The mean values for the interest rates are between 4.37% and 5.89%

with standard deviations around 3.5%. The Federal funds rate shows the highest variability, and the 10
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years rate the lowest, suggesting that short-term rates might be more volatile, which is typical as they
are more sensitive to immediate economic policies and conditions (Hilton, 2005). The median value is
close to the mean indicating a symmetrical distribution. The median and mean values show tendency to
increase from short to long term rates, disregarding that the Federal funds rate was higher than the 3-

month rate.

Table 17. Descriptive statistics. Yearly averaged Interest rates

Observations  25th Median 75th Mean Standard
Percentile Percentile Dev.
Federal funds 47 1.28 4.62 6.89 4.82 4.09
3 months 47 1.23 4.58 6.25 4.37 3.54
2 years 47 1.58 4.51 7.51 4.89 3.73
10 years 47 3.43 5.67 7.83 5.89 3.14

Interest rates experienced a downward trend from 1974 to 1977 (Figure 1), which then shifted to an
upward trajectory until 1981. Following this period, from 1981 until the stock market crash in 2008,
interest rates consistently declined. Post-2008, interest rates plummeted further, approaching near 0%
and remaining at these historically low levels until 2021, with the exception of a brief up turn around
2019. In the last few years, there has been a noticeable tendency for interest rates to rise, indicating a

possible shift in the economic landscape.

A.2 Tables

The tables referred to in the thesis are displayed below.

A.2.1 Interpretation of the regression results
Statistical Significance and Coefficients

In the tables presented in the appendix, coefficients marked with asterisks denote their levels of
statistical significance, helping identify the reliability of the findings. Asterisks signify confidence levels
as follows: *** for p<0.01 indicates a high level of confidence (99%), ** for p<0.05 indicates moderate

confidence (95%), and * for p<0.1 suggests lower confidence (90%).

In the Analysis section, the coefficients where the value is given or discussed were at least <0.05,

indicating moderate confidence (95%).
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Positive and Negative Coefficients

A positive coefficient suggests a direct relationship between variables. For instance, if the coefficient of
an interest rate is positive, it implies that an increase in this rate tends to increase stock returns. This
relationship is direct and proportional. Conversely, a negative coefficient indicates an inverse

relationship. An increase in the independent variable results in a decrease in the dependent variable.

Magnitude of Coefficients

The magnitude of a coefficient, indicated by its absolute value, measures the strength of the impact of
an independent variable on the dependent variable. In a linear model, the coefficients value directly
quantifies the change in the dependent variable for a one-unit change in the independent variable. For
example, a coefficient of 1.7 for the 10-year rate means that for every one percentage point increase in

this rate, stock returns increase by 1.7 percentage points, ceteris paribus.

Model Fit and Explanatory Power (R-squared)

R-squared Value: This statistic reflects the proportion of variance in the dependent variable that is
predictable from the independent variables. A higher R-squared value indicates a better fit of the model
to the data, suggesting that the model accounts for a greater portion of the variance. A low R-squared

value indicates a missing variable bias.

A.2.2 Nominal returns

Table 18, Table 19, Table 20,and Table 21 display the findings of the linear regression analysis as per
Equation 3. The regression results originate from all three tertiles, namely Growth, middle and Value.
The regression analysis in Table 18 and Table 19 are based on both the average interest rate from the
current year ¢ and end of December the previous year ¢-/. For Table 20 and Table 21 the interest rate

from the end of December the previous year #-2 is also included.
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Table 18. Nominal returns vs fed funds rate.

Nominal returns (year t) vs fed funds rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***

p<0.01, ** p<0.05, * p<0.1

VARIABLES Growth Middle Value
Fed funds (¢) 0.106 0.519%%%* 0.960%***
(0.197) (0.149) (0.151)
Fed funds (z-7) 0.0961 0.435%** 0.811%%*
(0.187) (0.136) (0.147)
N. ret (+-1) -0.00306 -0.00307 -0.0344 -0.0349 0.0154 0.0165
(0.0265) (0.0265) (0.0251) (0.0251) (0.0383) (0.0384)
Constant 21.82%** 21.86%** 16.06%** 16.36%** 15.10%** 15.60%**
(1.257) (1.213) (0.834) (0.841) (0.857) (0.831)
Observations 5,086 5,086 5,137 5,137 5,136 5,136
Adj. R-squared 0.000 0.000 0.002 0.001 0.008 0.006
Table 19. Nominal returns vs 3-months rate.
Nominal returns (year t) vs 3-months rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***
p<0.01, ** p<0.05, * p<0.1
VARIABLES Growth Middle Value
3-months rate (7) 0.121 0.567*** 1.077***
(0.222) (0.169) (0.167)
3-months rate (¢-1) 0.345 0.616%** 1.062%**
(0.216) (0.158) (0.164)
N. ret (+-1) -0.00307 -0.00324 -0.0343 -0.0348 0.0153 0.0161
(0.0265) (0.0266) (0.0251) (0.0251) (0.0383) (0.0384)
Constant 21.80%** 21.10%** 16.05%%* 15.91%%* 14.99%** 15.05%**
(1.271) (1.231) (0.831) (0.843) (0.864) (0.842)
Observations 5,086 5,086 5,137 5,137 5,136 5,136
Adj. R-squared 0.000 0.000 0.002 0.002 0.008 0.008
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Table 20. Nominal returns vs 2-year rate.

Nominal returns (year t) vs 2-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***

p<0.01, ** p<0.05, * p<0.1

VARIABLES Growth Middle Value
2Y rate (?) -0.0356 0.4817%** 0.940%**
(0.210) (0.159) (0.153)
2Y rate (¢-1) 0.515%* 0.777%** 1.230%**
(0.218) (0.151) (0.157)
2Y rate (#-2) 0.413%* 0.707*** 0.760%***
(0.199) (0.156) (0.151)
N. ret (¢-1) -0.00292 -0.00419 -0.00384 -0.0347 -0.0343 -0.0387 0.0147 0.0173 0.0169
(0.0265)  (0.0267)  (0.0267)  (0.0251)  (0.0252)  (0.0252)  (0.0384)  (0.0386)  (0.0387)
Constant 22.32%%% - 20.55%F*F  20.69***  16.02%**  15.10%**F  [533%¥*  ]4.84%** 3 89**k  [5.60%**
(1.311) (1.295) (1.163) (0.834) (0.903) (0.770) (0.892) (0.891) (0.812)
Observations 5,086 5,043 5,086 5,137 5,094 5,137 5,136 5,093 5,136
Adj. R-squared 0.000 0.001 0.001 0.002 0.003 0.003 0.006 0.011 0.004
Table 2 1. Nominal returns vs | O-year rate.
Nominal returns (year t) vs 10-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***
p<0.01, ** p<0.05, * p<0.1
VARIABLES Growth Middle Value
10Y rate (¢) 0.129 0.715%** 1.247%%*
(0.239) (0.163) (0.169)
10Y rate (z-1) 0.488%* 0.896%** 1.361%**
(0.249) (0.161) (0.173)
10Y rate (+-2) 0.507** 0.759%*x* 0.960%**
(0.226) (0.162) (0.163)
N. ret (z-1) -0.00313 -0.00364 -0.00362 -0.0359 -0.0372 -0.0379 0.0120 0.0117 0.0145
(0.0265) (0.0266) (0.0266) (0.0250) (0.0250) (0.0251) (0.0384) (0.0384) (0.0387)
Constant 21.57***  19.89%**  19.76***  [447*¥*  [3.65%F*F  [4.25%¥*  ]2.50%*¥*  12.00%**F  [3.80%**
(1.484) (1.504) (1.390) (0.965) (1.119) (0.929) (1.034) (1.063) (0.991)
Observations 5,086 5,086 5,086 5,137 5,137 5,137 5,136 5,136 5,136
Adj. R-squared 0.000 0.001 0.001 0.002 0.003 0.003 0.010 0.011 0.006
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A.2.3 Excess returns

Table 22, Table 23, Table 24 and Table 25 display the findings of the linear regression analysis as per
Equation 3. The regression results originate from all three tertiles, namely Growth, middle and Value.
The regression analysis in Table 22 and Table 23 are based on both the average interest rate from the
current year ¢ and end of December the previous year ¢-/. For Table 24 and Table 25 the interest rate

from the end of December the previous year #-2 is also included.

Table 22. Excess returns vs fed funds rate.
Excess returns (year t) vs fed funds rate (year t or t-1).

EP/P-sorted tertiles. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.I

VARIABLES Growth Middle Value
Fed funds (¢) -0.789*** -0.402%** 0.0730
(0.196) (0.150) (0.163)
Fed funds (#-1) -0.733*** -0.419%** -0.00748
(0.185) (0.137) (0.159)
Ex. ret (¢+-1) -0.00328 -0.00322 -0.0354 -0.0351 0.0160 0.0160
(0.0265) (0.0266) (0.0252) (0.0252) (0.0384) (0.0385)
Constant 21.72%%%* 21.52%%* 15.97%** 16.02%%* 15.01%%* 15.29%%*
(1.253) (1.209) (0.832) (0.839) (0.851) (0.824)
Observations 5,087 5,087 5,144 5,144 5,140 5,140
Adj. R-squared 0.003 0.002 0.001 0.001 0.000 0.000
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Table 23. Excess returns vs 3-months rate.

Excess returns (year t) vs 3-months rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***

p<0.01, ** p<0.05, * p<0.1

VARIABLES Growth Middle Value
3-months rate (f) -0.882%** -0.464%** 0.0827
(0.221) (0.170) (0.180)
3-months rate (z-1) -0.603*** -0.361** 0.124
(0.215) (0.159) (0.178)
Ex. ret (t-1) -0.00326 -0.00322 -0.0355 -0.0348 0.0160 0.0162
(0.0265) (0.0266) (0.0252) (0.0252) (0.0383) (0.0384)
Constant 21.80%** 20.90%** 16.06%** 15.71%%* 15.00%** 14.87%%*
(1.267) (1.229) (0.830) (0.843) (0.858) (0.838)
Observations 5,087 5,087 5,144 5,144 5,140 5,140
Adj. R-squared 0.003 0.001 0.001 0.001 0.000 0.000
Table 24. Excess returns vs 2-year rate.
Excess returns (year t) vs 2-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***
p<0.01, ** p<0.05, * p<0.1
VARIABLES Growth Middle Value
2Y rate (¢) -0.964*** -0.475%** 0.0196
(0.209) (0.159) (0.165)
2Y rate (t-1) -0.400%* -0.162 0.328*
(0.218) (0.154) (0.171)
2Y rate (¢-2) -0.321 -0.0570 0.0399
(0.197) (0.155) (0.160)
Ex. ret (t-1) -0.00314  -0.00395 -0.00261 -0.0354 -0.0331 -0.0325 0.0160 0.0191 0.0160
(0.0265)  (0.0267)  (0.0266)  (0.0252)  (0.0255)  (0.0251)  (0.0383)  (0.0386)  (0.0384)
Constant 22.66%** 20.77%** 20.15%** 16.39%** 15.31%%* 14.75%%* 15.19%%* 141 1%*%* 15.12%%*
(1.314) (1.302) (1.169) (0.838) (0.914) (0.778) (0.894) (0.897) (0.814)
Observations 5,087 5,044 5,087 5,144 5,101 5,144 5,140 5,097 5,140
Adj. R-squared 0.003 0.001 0.000 0.001 0.001 0.000 0.000 0.001 0.000
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Table 25. Excess returns vs |0-year rate.

Excess returns (year t) vs | O-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses ***

p<0.01, ** p<0.05, * p<0.1

VARIABLES Growth Middle Value
10Y rate (?) -0.860%** -0.306%* 0.266
(0.236) (0.164) (0.181)
10Y rate (¢-1) -0.483% -0.106 0.399%**
(0.248) (0.166) (0.186)
10Y rate (¢-2) -0.325 -0.105 0.140
(0.224) (0.161) (0.173)
Ex. ret (¢-1) -0.00285  -0.00276 -0.00279 -0.0338 -0.0328 -0.0326 0.0155 0.0154 0.0157
(0.0266)  (0.0266)  (0.0267)  (0.0252)  (0.0253)  (0.0251)  (0.0381)  (0.0381)  (0.0382)
Constant 23.08%**  21.27%**  20.55%**  ]6.02%%%  ]5.04%%k  ]505%kk  14,00%kF 1337k 14 59%%*
(1.504) (1.529) (1.415) (0.992) (1.154) (0.958) (1.065) (1.096) (1.020)
Observations 5,087 5,087 5,087 5,144 5,144 5,144 5,140 5,140 5,140
Adj. R-squared 0.002 0.001 0.000 0.001 0.000 0.000 0.001 0.001 0.000

A.2.4 Risk adjusted excess returns

Table 26, Table 27, Table 28 and Table 29 display the findings of the linear regression analysis as per
Equation 3. The regression results originate from all three tertiles, namely Growth, middle and Value.
The regression analysis in Table 26 and Table 27 are based on both the average interest rate from the

current year ¢ and end of December the previous year ¢-/. For Table 28 and Table 29 the interest rate

from the end of December the previous year ¢-2 is also included.
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Table 26. Risk-adjusted returns vs fed funds rate.

Risk-adjusted returns (year t) vs fed funds rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses

ik p<0.01, ** p<0.05, * p<0. 1

VARIABLES Growth Middle Value
Fed funds (¢) -0.951*** -0.435%* 0.268
(0.194) (0.230) (0.199)
Fed funds (#-1) -0.836%*** -0.432%* 0.254
(0.182) (0.201) (0.184)
Risk. ret (z-1) 0.0147 0.0154 0.0205 0.0207 0.0313 0.0313
(0.0251) (0.0251) (0.0450) (0.0449) (0.0521) (0.0521)
Constant 21.91%%* 21.48%** 18.90%** 18.88%#* 17.36%** 17.41%%*
(1.413) (1.371) (1.208) (1.151) (1.109) (1.109)
Observations 4,993 4,993 5,031 5,031 4,992 4,992
Adj. R-squared 0.003 0.003 0.001 0.001 0.001 0.001
Table 27. Risk-adjusted returns vs 3-months rate.
Risk-adjusted returns (year t) vs 3-months rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses
Rk p<0.01, ** p<0.05, * p<0.1
VARIABLES Growth Middle Value
3-months rate (7) -1.080%** -0.517** 0.289
(0.220) (0.259) (0.227)
3-months rate (z- -0.764%** -0.370 0.402*
)
(0.212) (0.239) (0.212)
Risk. ret (z-1) 0.0147 0.0155 0.0204 0.0209 0.0312 0.0313
(0.0251) (0.0252) (0.0450) (0.0449) (0.0521) (0.0521)
Constant 22.06%*** 21.01%*** 19.05%** 18.56%*** 17.37%*** 17.02%**
(1.428) (1.389) (1.223) (1.187) (1.112) (1.113)
Observations 4,993 4,993 5,031 5,031 4,992 4,992
Adj. R-squared 0.004 0.002 0.001 0.001 0.001 0.001
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Table 28. Risk-adjusted returns vs 2-year rate.

Risk-adjusted returns (year t) vs 2-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses

ik p<0.01, ** p<0.05, * p<0. 1

VARIABLES Growth Middle Value
2Y rate (¢) -1.194%** -0.514** 0.258
(0.209) (0.229) (0.210)
2Y rate (t-1) -0.615%** -0.0971 0.672%**
(0.215) (0.241) (0.210)
2Y rate (t-2) -0.608%** 0.00594 0.423%*
(0.210) (0.193) (0.212)
Risk. ret (z-1) 0.0143 0.0147 0.0167 0.0204 0.0229 0.0222 0.0310 0.0333 0.0304
(0.0251) (0.0252) (0.0252) (0.0449) (0.0455) (0.0448) (0.0521) (0.0523) (0.0522)
Constant 23.18%*F%  21.16%*F*  20.79%** 19.36%%*  17.91%%*%  ]7.33%*x* 17.31%** 15.90%**  16.75%**
(1.479) (1.453) (1.328) (1.243) (1.290) (1.108) (1.124) (1.141) (1.078)
Observations 4,993 4,950 4,993 5,031 4,988 5,031 4,992 4,949 4,992
Adj. R-squared 0.005 0.002 0.002 0.001 0.000 0.000 0.001 0.002 0.001
Table 29. Risk-adjusted returns vs | O-year rate.
Risk-adjusted returns (year t) vs |0-year rate (year t or t-1). EP/P-sorted tertiles. Robust standard errors in parentheses
*k p<0.01, ** p<0.05, * p<0.]
VARIABLES Growth Middle Value
10Y rate (t) -1.313%** -0.265 0.634%**
(0.231) (0.229) (0.225)
10Y rate (t-1) -0.844*** 0.0665 0.990%**
(0.250) (0.240) (0.227)
10Y rate (t-2) -0.797%** -0.0355 0.577**
(0.246) (0.204) (0.233)
Risk. ret (t-1) 0.0144 0.0155 0.0161 0.0214 0.0223 0.0221 0.0299 0.0291 0.0292
(0.0251) (0.0251) (0.0252) (0.0449) (0.0449) (0.0447) (0.0522) (0.0522) (0.0523)
Constant 24.00%F% 22 50%kx DD 4D¥xx - [Q.4%FK  [7.03%kk  ]7.53%xx 5 QRFERX 3.62%FF  ]5.53%*x*
(1.660) (1.655) (1.600) (1.409) (1.462) (1.313) (1.237) (1.245) (1.250)
Observations 4,993 4,993 4,993 5,031 5,031 5,031 4,992 4,992 4,992
R-squared 0.004 0.002 0.002 0.001 0.000 0.000 0.002 0.003 0.002
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A.2.5 Year-on-year change

Table 30, Table 31 and Table 32 display the findings of the linear regression analysis as per Equation
10. The regression results originate from all three tertiles, namely Growth, middle and Value. The
regression analyses are based on interest rate from the end of December the previous year #-/. The

regression results contain data for yearly changes in interest rates for the federal funds rate, the 2 year

notes and the 10 year notes.

Table 30. Nominal returns vs year-on-year interest rate change.

Nominal returns (year t) vs year-on-year (t-2 minus t-1) interest rate change. EP/P-sorted tertiles. Robust standard errors

in parentheses *** p<0.01, ** p<0.05, * p<0.1

VARIABLES Growth Middle Value
Y10 Y/Y -0.216 0.636 2.077***
(0.630) (0.529) (0.481)
Y2Y/Y 0.668 0.361 1.861%**
(0.468) (0.330) (0.400)
FFY/Y -0.0653 -0.341 0.255
(0.411) (0.298) (0.323)
N. ret (¢-1) -0.00294 -0.00220 -0.00295 -0.0318 -0.0307 -0.0334 0.0244 0.0278 0.0228
(0.0265)  (0.0266)  (0.0265)  (0.0254)  (0.0258)  (0.0251)  (0.0391)  (0.0391)  (0.0390)
Constant 22.16%** 22, 15%%* 22.18%** 17.86%%* 17.78%%* 17.83%%*%* 18.50%** 18.26%** 18.35%**
(1.088) (1.098) (1.092) (0.843) (0.878) (0.857) (0.627) (0.636) (0.631)
Observations 5,086 5,086 5,086 5,137 5,137 5,137 5,136 5,136 5,136
Adj. R-squared 0.000 0.000 0.000 0.001 0.001 0.001 0.005 0.007 0.001
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Table 3 1. Excess returns vs year-on-year interest rate change.

Excess returns (year t) vs year-on-year (t-2 minus t-1) interest rate change. EP/P-sorted tertiles. Robust standard errors in

parentheses *** p<0.01, ** p<0.05, * p<0./

VARIABLES Growth Middle Value
Y10 Y/Y -0.836 0.0193 1.440%**
(0.633) (0.530) (0.477)
Y2Y/Y 0.125 -0.182 1.292%%*
(0.466) (0.327) (0.397)
FFY/Y -0.540 -0.81 %% -0.232
(0.410) (0.294) (0.318)
Ex. ret (t-1) -0.00268 -0.00262 -0.00267 -0.0323 -0.0334 -0.0332 0.0168 0.0190 0.0165
(0.0267) (0.0268) (0.0267) (0.0254) (0.0258) (0.0251) (0.0384) (0.0384) (0.0383)
Constant 18.90%**  [8.97***  [B.96%**  14.53%**  J4.55%%x  ]4.53%%x  ]538%x*  ]522%** 15.26%**
(1.033) (1.043) (1.037) (0.803) (0.836) (0.818) (0.564) (0.572) (0.567)
Observations 5,087 5,087 5,087 5,144 5,144 5,144 5,140 5,140 5,140
Adj. R-squared 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.003 0.000
Table 32. Risk-adjusted returns vs year-on-year interest rate change.
Risk-adjusted returns (year t) vs year-on-year (t-2 minus t-1) interest rate change. EP/P-sorted tertiles. Robust standard
errors in parentheses *** p<0.01, ** p<0.05, * p<0.
VARIABLES Growth Middle Value
Y10 Y/Y -0.0831 0.588 2.273%**
(0.626) (0.852) (0.812)
Y2Y/Y 0.463 -0.131 1.126%*
(0.436) (0.534) (0.552)
FFY/Y -0.0790 -0.911** -0.0918
(0.351) (0.365) (0.347)
Risk. ret (¢-1) 0.0170 0.0178 0.0171 0.0228 0.0218 0.0215 0.0349 0.0342 0.0315
(0.0253) (0.0255) (0.0253) (0.0452) (0.0454) (0.0448) (0.0519) (0.0522) (0.0521)
Constant 18.53%* % J8.51***  ]8.54%**  7.30%kk  [73e¥**  [7.35%FEF  [R44%HFk  [82F¥xk [ 20%H*
(1.167) (1.181) (1.172) (0.953) (0.958) (0.953) (1.054) (1.063) (1.059)
Observations 4,993 4,993 4,993 5,031 5,031 5,031 4,992 4,992 4,992
Adj. R-squared 0.000 0.001 0.000 0.001 0.000 0.001 0.003 0.002 0.001

67



A.2.6 Interest rate slopes

Table 33, Table 34 and Table 35 display the findings of the linear regression analysis for interest rate
slopes, defined as difference between short-term and long-term yields. The regression results originate
from all three tertiles, namely Growth, middle and Value. The regression analyses are based on interest
rate from the end of December the previous year -/ for all slopes. The slopes for the /0Y-FF and 10Y-

2Y also included regression results from interest rate from the end of December the two years -2 prior.

Table 33. Nominal returns vs interest rate slopes.
Nominal returns (year t) vs interest rate slopes. EP/P-sorted tertiles. Robust standard errors in parentheses *** p<0.01,

** p<0.05, * p<0.1

VARIABLES Growth Middle Value
2Y-FF (t-1) 4.874%%% 3.105%%x 2.951%%%
(0.592) (0.423) (0.567)
10Y-FF (¢-1) 1.137%%x 0.728%* 0.316
(0.419) (0.369) (0.357)
10Y-FF (t-2) 1.171%* -0.126 -0.553
(0.546) (0.416) (0.369)
10Y-2Y (¢-1) -0.232 0.0404 -0.933*
(0.800) (0.694) (0.554)
10Y-2Y (z-2) 2.707%%% 0.253 -0.326
(0.834) (0.778) (0.585)
Nom. Ret. (t-1) 20.00223  -0.00324  -0.00326  -0.00284  -0.00243  -0.0246  -0.0330  -0.0329  -0.0330  -0.0327 0.0302 0.0231 0.0245 0.0248 0.0232
(0.0264)  (0.0264)  (0.0264)  (0.0265)  (0.0262)  (0.0249)  (0.0250)  (0.0250)  (0.0250)  (0.0252)  (0.0390)  (0.0392)  (0.0392)  (0.0394)  (0.0391)
Constant 20.97%%%  20.73%F%  20.61%FF  22.41%x  19.40%**  [6.92FFF  16.90%FF  [8.00%*x  [7.79%Fk  |7.57Rwx [7.54%%  [7.930kF  ]97RRE  [924%%% |8 ETHEF
(1.084) (1.200) (1.332) (1.324) (1.461) (0.893) (1.176) (1.247) (1.327) (1.517) (0.652) (0.762) (0.842) (0.789) (0.933)
Observations 5,086 5,086 5,086 5,086 5,086 5,137 5,137 5,137 5,137 5,137 5,136 5,136 5,136 5,136 5,136
Adj. R-squared 0.009 0.001 0.001 0.000 0.002 0.005 0.001 0.000 0.000 0.000 0.007 0.001 0.001 0.001 0.001
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VARIABLES

Table 34. Excess returns vs interest rate slopes.

Excess returns (year t) vs interest rate slopes. EP/P-sorted tertiles. Robust standard errors in parentheses *** p<0.01, **
p<0.05, * p<0.1

Growth Middle Value
2Y-FF (t-1) 5.686%** 3.945%k% 3.727%%%
(0.583) (0.402) (0.550)
10Y-FF (t-1) 2.203 %% 1.825%#* 1.375%**
(0.421) (0.365) (0.368)
10Y-FF (t-2) 1.171%* 0.671 0.201
(0.548) (0.412) (0.376)
10Y-2Y (+-1) 1.782%* 2.117%%* 1.099*
(0.807) (0.693) (0.579)
10Y-2Y (t-2) 4.390%** 2.009%** 1.338%*
(0.832) (0.765) (0.595)
Ex. Ret. (-1) -0.00276  -0.00414  -0.00409  -0.00411 -0.00314 -0.0255 -0.0369 -0.0345 -0.0398 -0.0341 0.0222 0.0131 0.0151 0.0129 0.0141
(0.0266)  (0.0265)  (0.0266)  (0.0267)  (0.0263)  (0.0248)  (0.0249)  (0.0250)  (0.0251)  (0.0250)  (0.0384)  (0.0390)  (0.0390)  (0.0394)  (0.0388)
Constant 17.59%06  16.18%%*  16.30%k% 1727405 14408k [3466 122508 13.66%0F 125680k 12500 14.30%R% 13520 5000k 14206 13.92%
(1L024) (113D (1.269)  (1264) (1385  (0.849)  (L126)  (L.194) (1285  (1.450)  (0.585)  (0.724)  (0.799)  (0.771)  (0.881)
Observations 5,087 5,087 5,087 5,087 5,087 5,144 5,144 5,144 5,144 5,144 5,140 5,140 5,140 5,140 5,140
Adj. R-squared 0.012 0.004 0.003 0.001 0.005 0.008 0.004 0.001 0.002 0.002 0.011 0.004 0.000 0.001 0.001
Table 35. Risk-adjusted returns vs interest rate slopes.
Risk-adjusted returns (year t) vs interest rate slopes. EP/P-sorted tertiles. Robust standard errors in parentheses ***
p<0.01, ** p<0.05, * p<0.1
VARIABLES Growth Middle Value
2Y-FF (1-1) 471400 4.879%%x 4.208%%*
(0.565) (0.652) (0.673)
10Y-FF (1) 1.535%4% 2.485%%* 2.036*%*
(0.475) (0.445) (0.454)
10Y-FF (t-2) 1.478%%* 0.862 0.559
(0.492) (0.549) (0.525)
10Y-2Y (t-1) 0.682 3.361 %% 2.639%**
(0.907) 0.927) (0.852)
10Y-2Y (t-2) 3.318%k* 2.707%** 1.794%*
(0.892) (1.004) (0.908)
Risk. Ret. (1-1) 00176 0.0167 00160 00167 00166  0.0246 00195 00200 00178 00207 00338 00280 00299 00270  0.0293
(0.0252)  (0.0252)  (0.0253)  (0.0253)  (0.0252)  (0.0450)  (0.0447)  (0.0449)  (0.0450)  (0.0447)  (0.0520)  (0.0525)  (0.0527)  (0.0529)  (0.0525)
Constant 17.38%%%  16.58%%*  16.57*%%  ]7.88k** IS5 17REF [6.12%FF  J421%%F 1621 FF 4. 14%FF  ]4.62%%k  ]7.25%%x  [572%kx 7 55%kE [576%%F 16.48%**
(1L148)  (1.221)  (1.248)  (1380)  (1419)  (0.971)  (LI32)  (1252)  (1322)  (1494)  (1.059)  (L.166)  (1200)  (1.290)  (1.489)
Observations 4,993 4,993 4,993 4,993 4,993 5,031 5,031 5,031 5,031 5,031 4,992 4,992 4,992 4992 4,992
Adj. R-squared 0.007 0.002 0.002 0.001 0.003 0.008 0.005 0.001 0.003 0.002 0.007 0.004 0.001 0.003 0.002
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A.2.7 Expected returns

Table 36 display the findings of the linear regression analysis for the expected returns from the CAPM
and the interest rates from the 10-year note based on the average value of the current year. The regression

results originate from all three tertiles, namely Growth, middle and Value.

Table 36. Expected returns vs | 0-year rate.

Expected returns (year t) vs | 0-year rate (year t). EP/P-sorted tertiles. Robust standard errors in parentheses ***

p<0.01, ** p<0.05, * p<0.]

VARIABLES Growth Middle Value
Y10 (1) -1.073 %% -0.957 %% -1.232%
(0.0268) (0.0191) (0.0217)
Ex. Ret. (t-1) 0.00567*** 0.00416** -0.000283
(0.00102) (0.00181) (0.00181)
Constant 13.32%** 11.38%** 13.46%**
(0.153) (0.111) (0.122)
Observations 5,087 5,144 5,140
Adj. R-squared 0.243 0.330 0.386

A.2.8 3-factor model

Table 37, Table 38, Table 39 and Table 40 display the findings of the 3 factor linear regression analysis
as per Equation 11. The regression results originate from all three tertiles, namely Growth, middle and

Value. The regression analysis in Table 18 and Table 19 are based on both the interest rate metrics from

end of December the previous year #-/ and the change between year -2 and year ¢-1.
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Table 37. Nominal returns 3-Factor model
Nominal returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and | 0-year rate. EP/P-sorted tertiles.

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0./

VARIABLES Growth Middle Value
2Y-FF (t-1) 5.210%** 3.436%** 3.248%**
(0.734) (0.656) (0.507)
YI0Y/Y -0.891 -0.0188 1.280%**
(0.636) (0.569) (0.439)
10Y rate (¢-1) 0.770%** 1.039%** 1.397%**
(0.267) (0.239) (0.186)
Nom. Ret. (z-1) -0.00318 -0.0287 0.0198
(0.00980) (0.0220) (0.0150)
Constant 17.19%** 11.98%** 11.05%**
(1.536) (1.394) (1.052)
Observations 5,086 5,137 5,136
Adj. R-squared 0.010 0.008 0.020

Table 38. Excess returns 3-Factor model
Excess returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and |0-year rate. EP/P-sorted tertiles

and the entire dataset. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0./

VARIABLES Growth Middle Value
2Y-FF (+-1) 5.748%*** 4.001*** 3.789%**
(0.734) (0.655) (0.506)
Y10 Y/Y -1.181%* -0.292 0.972%*
(0.636) (0.568) (0.439)
10Y rate (¢-1) -0.158 0.0862 0.487***
(0.267) (0.239) (0.185)
Ex. Ret. (¢-1) -0.00265 -0.0255 0.0220
(0.00979) (0.0219) (0.0150)
Constant 18.21%%* 13.02%** 12.05%%*
(1.538) (1.402) (1.054)
Observations 5,087 5,144 5,140
Adj. R-squared 0.012 0.007 0.013
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Table 39. Risk-adjusted returns 3-Factor model
Risk-adjusted returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and |0-year rate. EP/P-sorted

tertiles. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.I

VARIABLES Growth Middle Value
2Y-FF (t-1) 4.516%** 4.953%** 4.423%%*
(0.827) (0.795) (0.764)
Y10 Y/Y -0.153 0.135 1.545%*
(0.715) (0.689) (0.664)
10Y rate (#-1) -0.639%* 0.267 1.068***
(0.301) (0.290) (0.278)
Risk. Ret. (z-1) 0.0163 0.0254 0.0336**
(0.0115) (0.0161) (0.0165)
Constant 20.49%** 14.82%** 12.27%**
(1.749) (1.684) (1.577)
Observations 4,993 5,031 4,992
Adj. R-squared 0.007 0.007 0.011

Table 40. Expected returns 3-Factor model

Expected returns (year t) vs 2Y-FF interest rate slope, | 0-year year-on-year change and | 0-year rate. EP/P-sorted tertiles.

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0./

VARIABLES Growth Middle Value
2Y-FF (t-1) 0.927#%* 0.694*** 0.446***
(0.0759) (0.0539) (0.0607)
Y10 Y/Y -1.312%** -1.098*** -1.408%**
(0.0667) (0.0473) (0.0533)
10Y rate (¢-1) -1.042%** -0.932%%** -1.23]%**
(0.0277) (0.0196) (0.0222)
Ex. Ret. (¢-1) 0.00650*** 0.00632*** 0.00185
(0.00101) (0.00181) (0.00179)
Constant 12.88*** 11.03%%* 13.28%*%*
(0.159) (0.115) (0.126)
Observations 5,087 5,144 5,140
Adj. R-squared 0.266 0.349 0.403
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A.2.8 Validity testing

Table 41, Table 42 and Table 43 display the findings of the validity testing for the 3-factor linear

regression analysis as per Equation 11. The regression results originate from all three tertiles, namely

Growth, middle and Value.

Table 41. Internal validity testing with randomly chosen 50% companies. Risk-adjusted returns, Growth tertile
Risk-adjusted returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and |0-year rate. EP/P-sorted

Growth tertile. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.I

VARIABLES Growth Growth Growth
2Y-FF (¢-1) 3.486%** 4.5]15%** 3.906%***
(1.184) (1.095) (1.131)
YI0Y/Y -0.293 -0.863 -0.995
(1.041) (0.963) (1.007)
10Y rate (¢-1) -0.927%* -0.447 -0.644
(0.430) (0.398) 0.417)
Risk. Ret. (¢-1) 0.0738*%** 0.0704%*** 0.0841***
(0.0185) (0.0182) (0.0183)
Constant 21.19%** 19.52%%* 19.27%**
(2.538) (2.351) (2.470)
Observations 2,552 2,577 2,584
Adj. R-squared 0.011 0.012 0.013
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Table 42. Internal validity testing with randomly chosen 50% companies. Risk-adjusted returns, Middle tertile

Risk-adjusted returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and |0-year rate. EP/P-sorted

Middle tertile. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.]

VARIABLES Middle Middle Middle
2Y-FF (t-1) 4.320%*** 4.586%** 5.185%*%*
(0.854) (0.845) (0.844)
YI0Y/Y 0.448 -0.135 0.452
(0.762) (0.750) (0.747)
10Y rate (¢-1) 0.354 0.326 0.471
(0.315) (0.309) (0.309)
Risk. Ret. (¢-1) 0.0291 0.0312* 0.0287
(0.0184) (0.0175) (0.0176)
Constant 13.97*** 13.58%** 12.89%**
(1.845) (1.814) (1.802)
Observations 2,531 2,569 2,571
Adj. R-squared 0.010 0.011 0.014

Table 43. Internal validity testing with randomly chosen 50% companies. Risk-adjusted returns, value tertile

Risk-adjusted returns (year t) vs 2Y-FF interest rate slope, |0-year year-on-year change and |0-year rate. EP/P-sorted

value tertile. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0./

VARIABLES Value Value Value
2Y-FF (¢-1) 4.912%*%* 4.310%** 4.678%***
(1.080) (1.059) (1.084)
YI0Y/Y 4.394%** 3.180%** 3.178%**
(0.947) (0.937) (0.951)
10Y rate (¢-1) 1.348%*x* 1.055%*%* 1.230%**
(0.391) (0.386) (0.392)
Risk. Ret. (1) 0.0816*** 0.104%*x* 0.0519%*
(0.0209) (0.0211) (0.0222)
Constant 10.28%** 11.46%** 11.58%**
(2.234) (2.213) (2.240)
Observations 2,546 2,560 2,542
Adj. R-squared 0.022 0.020 0.014
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