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Abstract

This paper investigates whether time-series variation in leverage can be linked to
hypothetical cash-balance squeezes for Nordic firms. The methodology in this paper
is based on the article by DeAngelo, H., Gongalves, A. S., & Stulz, A. S. (2022). We
uncover that high time-series variation in leverage and cash-balance ratios is the norm
for firms facing hypothetical cash squeezes in the period January 2000 to December 2021.
Capital expenditures are found to be the main users of funds and the primary driver of

time-series variation in leverage ratios.

Overall, we document an empirical link between leverage and cash-balance dynamics.
Over extended time periods, cash ratios display wide variations that closely resemble and
complement the dynamics of capital structure. The interactions between leverage and
cash dynamics align with the predictions of the internal-versus-external funding regime
outlined in Myers & Majluf (1984). When cash ratios remain stable, leverage tends to be
highly volatile, and vice versa. Net-debt ratios are almost always volatile. As internal
funds (cash balances) become scarce, most firms significantly increase their leverage. The

latter is especially true for firms delisted due to bankruptcy or liquidation.

In sum, we report that there exists an interaction between leverage and cash balances.
Consequently, researchers and companies should start to consider the two financial items
as co-dependent rather than univariate variables. The research in this paper is placed
in the intersection between the research fields of capital structures and cash balances,

providing valuable insights to the small research field of leverage and cash dynamics.

Key words: Capital structure, Cash-balances, Time-series variation in leverage, Pecking-

order theory
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1 Introduction

Capital structure decisions are like a puzzle — firms must balance their need for funds with
the costs and risks of different financing sources. Two key pieces of this puzzle are leverage
and cash balances. Both leverage and cash ratios vary over time, and understanding how
they interact is crucial for firms to manage their financial risk and performance. Cash
and debt can be viewed as substitutes regarding liquidity purposes, whether it concerns
covering current expenses, investments, or payout policies. Some companies generate
sufficient cash flows from their operations to cover financial needs, but theories argue that
having a certain level of debt is favourable for various reasons. Consequently, several firms
strive to achieve a leverage target, which represents the optimal mix between debt and
equity for a particular company. Conversely, companies that do not generate sufficient

financial strength from their operations are forced to seek liquidity in external markets.

Several researchers have sought to understand the time-series variation in leverage and
cash through two main theories: the target-based and the funding-related explanations.
The target-based explanation focuses on the use of leverage, while the funding-related
highlights the need for cash. However, the two prevailing theories do not directly consider
how leverage and cash balances are co-dependent. DeAngelo et al. (2022) documents how
the unexplored relationship between these two financial items can be understood through
the assessment of a hypothetical cash-balance squeeze. The results in their new research

have motivated us to seek an answer to the following main research question:

Can time-series variation in leverage be linked to hypothetical cash-balance squeezes for

publicly listed firms in the Nordics in the period 2000 to 20217

A negative hypothetical cash-balance signifies a firm’s dependence on additional external
financing to cover current operations and/or planned financial policy. Hence, failing to
secure the needed funds may compel a firm to adjust its financial policy to avoid financial
distress. External financing can be obtained through equity and/or debt markets. The
study by DeAngelo et al. (2022) documents that most firms facing a cash-squeeze resolve
the situation by taking on additional debt. However, continuous increase of debt is not
risk-free, and traditional literature (Beaver, W. H. (1966); Ohlson, J. A. (1980)) suggest

that high levels of leverage serve as a reliable predictor of bankruptcy. Yet, these univariate



one-period models do not account for how leverage can vary over time. Recent research
by DeAngelo et al. (2022) reveals that firms with negative hypothetical cash balances
experience larger increases in leverage. Hence, it can be hypothesized that firms exhibiting
greater time-series variation in leverage are more likely to face financial distress, and
subsequently a higher risk of delisting due to bankruptcy or liquidation. To investigate
the empirical support for this relationship, we have developed the following supporting

research question:

Is the time-series variation in leverage and cash-balance ratios significantly higher for

firms being delisted due to financial distress in the period from 2000 to 20217

Our full sample includes firms that are delisted throughout the entire period for various
reasons, including liquidations and bankruptcies. A closer examination of these financial
distressed firms will provide further insight on leverage and cash-balance dynamics. By
obtaining time-series characteristics linked to listing status, we can analyze whether
these delisted firms are subject to other characteristics compared to firms in the listed

sample. The analysis of delisted versus listed firms deviates from the research conducted

by DeAngelo et al. (2022).

Although time-series variation in leverage and cash-balance ratios might be linked
to specific group characteristics, the traditional literature primarily focuses on the
aforementioned target-based explanation and the funding-related explanation. However,
dynamic capital structure models have proven that the target-based theory does not hold
due to slow Speed of Adjustment !. Thus, it is interesting to examine the extent to which
the funding-related theory finds empirical support. To explore this, we aim to answer the

following supporting research question:

Can capital expenditures and equity payouts be used as primary explanatory variables for
the depth of a cash-squeeze for publicly listed firms in the Nordics in the period 2000 to
20217

!Speed of Adjustment (SoA) is the elapsed time between movement from initial leverage ratio to
target leverage ratio (DeAngelo, H., DeAngelo, L., & Whited, T. (2011)).



To analyze both the main and supporting research questions, we construct a hypothetical
cash-balance based on the methodology developed by DeAngelo (2022). The data is
retrieved from Compustat database and covers the period January 2000 to December 2021.
Our analyses indicate that firms facing a cash-squeeze exhibit greater time-series variation
in leverage and cash-balance ratios, reflected in a negative hypothetical cash-balance.
These findings are significant at 5% significance level. Our analyses reveal an inverse
relationship between time-series variation in leverage ratios and cash-balance ratios. This
suggests that high variation in one ratio is accompanied by lower variation in the other,
and vice versa. Our analyses also uncover that time-series variation in leverage and cash
balances can be linked to firms’ listing status. We have sorted the sample into two groups:
delisted firms that go bankrupt or get liquidated, and non-delisted firms. Firms in the
former group are subject to greater time-series variation in leverage and cash ratios. This
can be linked to the findings on the hypothetical cash-balance, as it is reasonable to assume
that financial distressed firms are more likely to have strongly negative hypothetical cash
balances. Further analyses report that capital expenditures are the main user funds, and

thus the main driver of the uncovered time-series variation in cash and leverage.

Our findings reveal clear interaction between leverage and cash balances — a dynamic that
has not been much emphasized in the corporate finance literature so far. Although there
is a near understood relation between leverage and cash, the research fields of capital
structure and cash balances have been highly isolated for a long time. Few researchers
have examined how these two large fields interact. The main descriptive studies of factors
affecting capital structures are not considering cash balances as one of the main factors.
The studies by Rajan, R. & Zingales, L. (1995), Titman, S., & Wessels, R. (1988),
Lemmon, M., Roberts, M., & Zender, J. (2008), and Frank, M. Z., & Goyal, V. K. (2009)
are only analyzing leverage in terms of gross debt, such the effect of cash through net-debt
is excluded. Moreover, studies that seek to explain the dynamics of cash balances only
include leverage as a control variable (Opler et al. (1999); Almeida, H., Campello, M., &
Weisbach, M. (2004); Bates, T. W., Kahle, K. M., & Stulz, R. M (2009); Dittmar, A.,
& Duchin, R. (2010)). With other words, studies who seek to explain the time-series
variation in leverage and cash-balance ratios do not consider the trivial fact that the

variations in leverage and cash can be co-dependent.



The interactions between leverage and cash-balance ratios are barely considered in a few,
and moreover relatively new, studies. DeAngelo, H., & Roll, R. (2015) document how
leverage ratios tend to vary widely over extended horizons, just as DeAngelo et al. (2022)
find for cash-balance ratios. The latter article (DeAngelo et al. (2022)) also documents
how time-series variation in leverage depends strongly on cash balances and vice versa,
that cash balances depend strongly on the time-series variation in leverage ratios. Studies
by Acharya, V., Almeida, H., & Campello, M. (2007) and DeAngelo, H., Gongalves, A. S.,
& Stulz, A. S. (2018) also focus on the interaction between leverage and cash and find
that firms deleverage by paying down debt and increasing cash. Studies by DeAngelo,
H., DeAngelo, L., & Stulz, R. (2010) , Denis, D., & McKeon, S. B. (2012), and Huang,
R., & Ritter, J. R. (2009) also emphasize the interaction between the two financial items
and find that firms that issue securities often would have run out of cash without the
issuance proceeds. This finding holds to some extent in the paper written by DeAngelo et
al. (2022). The article addresses the amount of external financing a firm raises facing
a cash-squeeze. In brief, the paper reports widespread use of external debt financing to
handle cash squeezes, but a substantial fraction of firms issue only equity. The latter
is also documented by Almeido, H., & Campello, M. (2010) and contradicts Myers and
Majluf’s famous pecking order theory (Myers, S., & Majluf, N. (1984)).

As the literature empirically documents that leverage and cash ratios both exhibit
substantial time-series variation when viewed on a univariate basis, it leaves us with
the question of how these two major components interact. If we are to continue with the
separate research silo approach, we must be confident that leverage and cash holdings
decisions depend on separate aspects of financial policy (DeAngelo et al. (2015); DeAngelo
et al. (2022)). Such confidence would be reasonable, for instance, if capital structure
behaviour mainly reflected attempts to rebalance leverage to a target debt-equity mix,
while firms only held cash as a precautionary hedge in case of unanticipated funding
emergencies. However, previous research has shown that simply adhering to a target
leverage ratio is not enough to explain capital structure behaviour, suggesting that the
relationship between leverage and cash balances may be more complex than previously
thought (Gamba, A., & Triantis, A. (2008); DeAngelo, H., DeAngelo, L., & Whited, T.
(2011); Whited, T., & Hennessy, C. (2005)). These studies empirically record that the

target-based explanation does not well explain differences in capital structure regarding



leverage targets due to slow Speed of Adjustments. At the same time, the studies find
that funding of investments and payouts is of first-order importance for debt issuance.
Consequently, the empirical record provides motivation to analyze the interaction of
leverage and cash balances as leverage and cash decisions are plausibly interdependent at

least through the roles they both play in funding decisions.

The hypothetical cash-balance is calculated as an “as if”-cash-balance, where the calculation
yields the cash-balance a firm would have had if it hadn’t raised external funds during
a specific period. A negative hypothetical ratio is not feasible and implies that the
firm would have run out of cash if it had not raised external funds. Equivalently, a
positive hypothetical cash-balance implies that the firm generates enough internal funds
to proceed with the investment plan without further concerns. To test the significance
in the estimated values, we have used a two-sided T-test and a Kruskal Wallis H-test.
The T-test is used to check for significant difference between those firms that would have
run out of cash and those firms that would not. The Kruskal Wallis H-test is applied to
test whether estimated values for 10 decile groups based on time-series in both range and

standard deviation is significantly different.

Based on the applied methods and tests, this thesis documents a set of new interactions
on the dynamics of leverage and cash-balance ratios for companies in the Nordic states.
We find that both cash and leverage tend to vary over extended time horizons, just as
DeAngleo et al. (2015) documents for leverage, and as DeAngelo et al. (2022) documents
for leverage and cash-balance ratios. In accordance with the findings in DeAngelo et
al. (2015) and DeAngelo et al. (2022) we find that there is a clear tendency in how
leverage and cash-balance ratios interact. Firms with low time-series variation in leverage
ratios tend to have an associated high time-series variation in the cash-balance ratio, and
vice versa, firms with high time-series variation in leverage tend to have low time-series
variation in the cash-balance ratio. In other words, we find that both market and book
leverage ratios are volatile when cash-balance ratios are stable. In addition, cash-balance
ratios tend to be quite volatile when leverage ratios are stable. We find that net-debt

ratios are almost always subject to substantially high volatility.



The research by DeAngelo et al. (2022) is conducted on US firms in the period from 1950
to 2017. However, as there are large cultural differences between US and Europe, it is
interesting to analyze whether the same dynamics hold for the Nordic market. In addition,
it is favorable to study another period as firms have developed a lot in the recent years.
As an example, current listed firms tend to be more asset light. The analyses performed
by DeAngelo et al. (2022) is probably based on more traditional industry. Moreover,
there are significant differences in the reporting language in US compared to the Nordic
countries. US firms use US GAAP, while the Nordic firms must apply IFRS. As a result,
there may be differences in the measurement of leverage and cash balances between the

two geographical areas.

The remaining part of this paper is structured as follows: Section 2 provides explanations
of the data and underlying methodology. Section 3 documents vital results on time-series
variation in leverage and cash-balance ratios. Section 4 provides results on how these
financial items interact. Section 5 reports findings on the link between cash-balance
squeezes and leverage increases through the construction of a hypothetical cash-balance
ratio. In section 6 we summarize our main findings, as well as comparing our results to
the findings presented by DeAngelo et al. (2022). Limitations and extensions of the paper

are found in section 7. References and appendix are found at the end of the paper.



2 Data and methodology

In this paper we investigate whether the leverage and cash dynamics found in DeAngelo

et al. (2022) also applies to the Nordic countries.

2.1 Raw data

To obtain required financial data on Nordic companies, we use the 2023 version of
Compustat. The database is produced and delivered by S&P Global Market Intelligence,
which is a leading provider of financial and industry data (S&P Global (2023)). The
Compustat database provides daily updated and detailed financial information and market
data on 33,900 non-U.S. and non-Canadian firms (Wharton Research Data Services

(2023)).

Compustat contains various financial information of listed European companies from 1987
to 2023. The financial statement data is first collected by each country’s official body in
charge of collecting financial information before it is standardized to a global corporate
standard by Compustat. Standardization of the data makes it possible to compare across

countries as the reporting principles are executed similarly and consistently.

In addition to financial statement data, we utilized data on Consumer Price Index (CPI)
in the Nordic countries within coverage of 2000 to 2021. CPI data are collected from
The World Bank, whose data is gathered data from the International Monetary Fund
(The Wolrd Bank (2023)). Data on country-specific CPIs are necessary to control for
differences in the timing of arrival of proceeds within a given period when constructing
the hypothetical cash-balance. Details of the construction process of the hypothetical

cash-balance can be found in Section 2.4.
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2.2 From raw data to selected samples

In this sub-section we will present the pathway from raw data to our selected sample. The
raw data encompasses all available data, while the selected sample refers to the data we
treat in our analysis. To perform our intended analysis, we are dependent on detailed

historical financial data and corresponding stock data for Nordic companies.

Our analyses include publicly listed firms in Norway, Denmark, Sweden, Finland, and
Iceland. The limitation is made in order to secure consistency in reporting rules and laws,
thus securing more robust data. In addition, the Nordic states are relatively homogenous
in terms of economic development and culture. The Compustat database contains 2,547
publicly listed firms in the Nordics within the coverage of 2000-2021. The data include
both survivors and non-survivors that appeared on Compustat at any time in the sample

period.

The downloaded data from Compustat included severe outliers, which entailed abnormal
results. As a result, we trimmed all central ratios at the upper and lower 2.5% percentiles
to mitigate the effect of these outliers and eradicate errors in the data (Zender et al.,

2008). The trimming is done by using winsorizing at 2.5% level in STATA.

Further two regularities must hold for a firm-year observation to be included in the sample.
Firstly, the firm cannot be classified as a financial or utility firm. Thus, we remove all
firms with a North American Industry Classification System (NAICS) code starting with
52, 21 and 22. Financial firms are not relevant as their business involves inventories of
marketable securities that are included in the cash-balance level, as well as their need to
meet statutory capital requirements. Utilities are excluded as their cash balances can be
subject to regulatory supervision. This leaves us with a sample consisting of 2,117 listed

firms.

The second regularity controls for non-missing data on book value of debt, assets, and cash
and Marketable securities for at least two consecutive years. We remove firms with missing
market value data at end year as this is essential for the analyses. There are 1,739 firms
that satisfy both conditions (hereafter, collectively referred to as the full sample). The
number of firms provides us with a solid foundation for generalization to the population

(Wooldridge (2020)). For some analyses, we focus on a subsample of 599 firms with at
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least 10 consecutive years of non-missing leverage and cash-balance data. We refer to this
sample as the 10-year sample. The latter subsample is important as firms with just a few
years of observations can understate the long-horizon time-series variation in firm-level

leverage and cash ratios (DeAngelo et al., 2022).

Based on the restrictions imposed, our full sample contains 978 (56% of full sample)
firms in Sweden, 354 (20%) firms in Norway, 212 (12%) firms in Finland, 176 (10%)
firms in Denmark, and 19 (1%) firms in Iceland. The relative distribution in the full
sample is highly representative for the 10-year sample. Figure 2.1 displys the geographical
distribution of the full sample.

Figure 2.1: Geographical distribution of firms in the full sample

The figure exhibits the geographical distribution of firms in the full sample. The sample consists
of 1,739 firms with at least two consecutive years of non-missing data on Compustat of total book
assets, the market value of common stocks, and cash holdings and marketable securities. ML is
the book value of debt divided by the sum of market value of equity (common stocks) and book
value of debt. BL is the book value of debt divided by the book value of total assets. Cash/TA
is total cash plus marketable securities divided by book value of total assets. Net debt/TA is BL
minus Cash/TA.
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The historical financial data used in this paper, is based on consolidated financial
statements. The principle of consolidated financial statement follows IFRS 10 and
is required when an entity (the parent) controls one or more other entities (subsidiaries)
(The IFRS Foundation (2023)). The accounting principle ensures that a consolidated
financial statement presents the financial statement of a parent and all its subsidiaries as
a single economic entity. The use of unconsolidated financial statements is unfavorable as
internal transactions would not be eliminated, which means that financial figures do not

represent the actual value creation.

This paper is based on a coverage period of 22-years, thus representing a narrower time
frame in comparison to similar literature (DeAngelo et al (2015); DeAngelo et al. (2022)).
The advantage of a shorter time frame is that we better avoid time-series challenges related
to accounting principles changes. The requirement that all European companies follow
International Financial Reporting Standards (IFRS) standards within 2005 additionally
secured higher quality and more consistent accounting (Deloitte AS (2023)). Consequently,

it is easier to compare book values over time and across national borders.

2.3 Definitions and formuals behind central ratios

In this sub-section we present selected financial items and formulas behind central ratios
in this paper. For all companies, Compustat provide data on Total assets (AT), Cash
and marketable securities (CHE), Non-current debt liabilities (LCT), and Long-term debt
liabilities (DLTT). An important notice is that the current debt liabilities and long-term
debt liabilities only include interest-bearing debt. This includes for example short-term and
long-term liabilities to credit institutions, bond loans, subordinated debt, and convertible
debt. The remaining part of debt liabilities includes items such as accounts payable and
tax liabilities (Grimsby, G., Eide, L. S., Wiftsad, K. (2017)). To capture the effect of
liabilities used for financing purposes, we only consider interest-bearing debt. Equivalently,
we exclude all other liabilities in the following analyses. The choice is in line with the
methodology used in DeAngelo et al. (2022). As a result, we refer to total debt as the
sum of current debt liabilities and long-term debt liabilities (LCT + DLTT).
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The market value of equity is calculated as the product of number of Common shares
outstanding (CSHOI) and Closing price (PRCCD) at fiscal year-end. To complement
the analyzes, additional variables have been added, such as North American industry

classification code (NAICS), Dividends common (DVC), and Capital expenditure (CAPX).

The additional variables are necessary for both the main and supporting research questions.

The various balance-metrics are used to calculate central ratios used in this analysis:
leverage to total liabilities and market value of equity (ML), book leverage to total assets
(BL), cash-balance to total assets (Cash/TA), and net-debt to total assets (Net debt/TA)
(DeAngelo et al., 2022).

Book value of total liabilities

ML = 2.1
Book wvalue of total liabilities + Market value of equity (21)
BI - Book value of total liabilities (2.2)
Total assets
Cash/TA = Cash and marketable securities (2.3)
Total assets
Net debt)/TA — Book value of total liabilities - Cash and marketable securitites (2.4)

Total assets

.. where

Market value of equity = Price per share X Number of shares (2.5)
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The ML ratio is the book value of leverage divided by the sum of book value of leverage
and market value of equity. BL is given by the sum of book leverage divided by total
assets. Cash/TA is calculated as the sum of cash and marketable securities divided by
total assets. Net debt/TA is defined as net-debt divided by total assets, whereby net-debt

equals total liabilities minus cash and marketable securities.

The market and book leverage ratios (ML and BL) share the same nominator, such the
ratios become different due to their distinct denominators. The ML ratio is based on
the current market value of a company’s equity, which depends on the expected future
cash flow distributed to shareholders. On the other hand, the BL ratio is based on the
book value of assets, i.e., the historical value of a firm’s assets. As a result, ML is a
forward-looking measure of the extent to which debt is supported by prospective cash flows.
Contrary, BL is a backward-looking measure that evaluates the amount of interest-bearing
debt a company has already taken on to support its investments (DeAngelo et al., 2022).
The net-debt ratio is a backward-looking measure that adjusts BL for the cash a firm
can use to reduce its outstanding debt. Hence, the net-debt ratio is special as it contains

features from both the book leverage ratio and cash-balance ratio.

The implication of the above-mentioned is that the four ratios are related. Corporate
cash holdings (Cash/TA) have a direct impact on the ML ratio, as more cash on hands,
holding everything else constant, equals a higher proportion of equity. Alternatively,
more cash can symbolize better working capital management which lowers the investment
in net working capital (Plenborg (2020)). The result is higher free cash flows in the
future. Higher expected cash flows lead to higher firm valuations, and given no changes
in debt level, the ML ratio becomes smaller as future expectations about cash rise. On
the contrary, lower expectations of future cash flows will lower the market value, and the
ML ratio decreases. Moreover, the cash holdings also have an indirect impact on the BL
ratio through how increased cash holdings can be used to pay down debt. The latter are
mirrored by the company’s net-debt, which reports whether the company has most debt

liabilities or cash on hand.
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2.4 The hypothetical cash-balance

To analyze whether there is a link between time-series variation in leverage and cash
squeezes, we construct a hypothetical cash-balance. A hypothetical cash-balance is
calculated as the amount of cash a firm would have at the end of an event period if the
firm did not raise external funds. An event period is either a period over which Cash/TA
increases or decreases. A cash-squeeze period of Cash/TA is defined as moving from peak
Cash/TA to later through. Peak Cash/TA is the highest value of the ratio over a firm’s
time in the sample. The through is given as the lowest Cash/TA ratio a firm attains
within 10 years after peak. Focusing on levering-up episodes, we examine firms that move
from all-time through levels of either ML, BL, or Net debt/TA to following peak levels
of the ratio in question. The peak level is defined as the highest value of the ratio in

question within 10 years after the through.

Based on the given event period, a hypothetical cash amount is calculated and represented
as NoExtCap Cash. The definition of NoEztCap Cash is the same whether the ratio is

increasing or decreasing. The hypothetical cash-balance is constructed as follows:

NoExtCap Cash = CHE(T) — Debt Proceeds (t to T) — Equity Proceeds (t to T) (2.6)

The construction of the hypothetical cash-balance merely focuses on proceeds. This implies
that net cash inflows must be equal to or greater than zero. A negative value is equivalent
with no external financing during the period, i.e., negative net cash inflow. This assumption
is mirrored in the following formulas as a maximum or minimum constraint. Period t is
the year right before the event starts and T denotes the final year of the event window.
Period h denotes a specific year during the event period. The hypothetical-cash-balance

consists of the following components:
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Total debt proceeds are given as the maximum increase in debt from the beginning of
event period, t, to end of event period, T, or zero. To satisfy the negative net cash inflow

constraint, debt proceeds cannot be less than zero.

Debt Proceeds (t to T) = MAX {Debt(T)-Debt(t), 0} (2.7)

In addition to debt proceeds, a firm can increase their cash on hand through equity
proceeds. Equity proceeds can occur every year during the event period, and thus we
need to find the total accumulated equity proceeds. Thereafter, the equity proceeds are
CPI adjusted as the variable definition is to take account of differences in timing of arrival
of proceeds within a given event. The consumer price index at different point of time is
given as the variable CPI(h). As the CPI differs for every year, total equity proceeds are

calculated as the sum of CPI adjusted equity proceeds over the event period.

T
PI(T
Equity Proceeds (t to T) = Z Equity proceeds(h) x CCJ’P—I<(h)) (2.8)
h=t

There are two sources of equity proceeds: equity issuances and equity repurchase. Total
equity proceeds at a given time during the event period, is the maximum value of the
sum of equity issuance and repurchases or zero. Like debt proceeds, the equity proceeds
in one period cannot be less than zero. Consequently, we must subtract increase in funds

during the period.

Equity Proceeds(h) = MAX { Equity issuance(h) - Equity Repurchase(h), 0}  (2.9)

Equity issuance at time h is given as sales of common and preferred stocks (SSTK) and
change in book value of preferred stocks (BVPS). The latter is given as the Compustat

variable (PSTK). First, we calculate the maximum of the change in book value of preferred
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stocks and zero. This adjustment accounts for changes in the underlying value of equity.
Second, we take the maximum value of total sales of common and preferred stocks minus
the change in book value of preferred shares, and zero. Thus, the formula provides us
with the highest value of proceeds through sales of stocks and zero. Intuitively, it is not

possible to sell at a negative price such that the value cannot be less than zero.

FEquity Issuance(h) = MAX {SSTK(h) - MAX[BVPS(h) - BVPS(h-1), 0], 0}  (2.10)

Equity repurchases is based on purchases of common and preferred stocks (PRSTKC),
as well as the change in book value of preferred stocks (BVPS). The logic for change in
book value of preferred stocks is similar as in the calculation of equity issuances. Total
equity repurchases is the maximum value of cash used to buy common and preferred
stocks as well as the increase in book value of preferred stocks, and zero. Intuitively, it is

not possible to repurchase stocks at a negative cost.

Equity Repurchases(h) = MAX {PRSTKC(h) - MIN[BVPS(h) - BVPS(h-1), 0], 0}
(2.11)

A constructed hypothetical cash-balance is used to analyze differences in leverage behavior
of firms that would have run out of cash absent external funding and those who would
not. The former group of firms cannot continue with their investments and payout-plan
without raising external funds. The latter group of firms can continue with the intended
plans without altering their investment and/or payout decisions. Thus, we can use the
hypothetical cash-balance to analyze whether the need for funding is the main driver

behind leverage and cash dynamics. Firms running out of cash absent external financing

if defined as:

NoFExtCap Cash <0 (2.12)
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Firms not running of cash absent external financing is defined as:

NoFEaxtCap Cash > 0 (2.13)

Secondly, the hypothetical cash-balance is used to calculate hypothetical cash-balance

ratios. This is mathematically defined as:

NoExtCap Cash
NoFExtCap TA

NoFEztCap Cash = (2.14)

The denominator, NoExztCap TA, is defined as:

NoEztCap Cash = TA(T)— Debt Proceeds (t to T) — Equity Proceeds (t to T) (2.15)

As the hypothetical cash-balance estimates the depth of cash squeezes, it is interesting to
look at how the firm solve the issue of running out of cash. In other words, it is interesting
look at how much capital the firm must raise to avoid running out of cash. To capture
the extent of external financing over a firm’s cash-squeeze or levering-up episode, we can

add the following to our model:

External financing as a fraction of cash held at the end of the episode

External financing ~ Debt Proceeds (t to T)+ equity Proceeds (t to T) (2.16)

~ Cash at peak or through CHE(T)
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.. and:

Proportion of external finanicng during the episode that comes from debt = ¢

B Debt Proceeds (t to T) (2.17)
~ MAX/[Debt proceeds (t to T)+ Net Equity Proceeds (t to T), 0]
.. Where:
a CPI(T)
Net Equity Proceeds (t to T) = Z [Equity Issuances(h) - Equity Repurchases(h)] %
L CPI(h)
(2.18)

The first formula considers the amount of external financing as a fraction of cash at
the end of period. In other words, the total debt and equity proceeds as a fraction of
cash-balance at end of event period. The latter formula estimates the total debt proceeds

as a fraction of total external funds.

The calculations of debt and equity proceeds are based on the ones described above. As
we want to find the cash-balance without external financing, we must subtract the total
increase in funds through debt and equity. As equity proceeds consist of either selling
or repurchasing common and preferred stocks, as well as the change in book value of
preferred stocks, we calculate the accumulated net effect at each year during event period.

Thereafter, the proceeds are CPI-adjusted to account for differences in time of arrival.

The hypothetical cash-balance can be used to test whether and to what extent the funding-
related explanation of time-series variation in leverage and cash-balances holds. Thus, it
can be useful to analyze capital expenditures and equity payouts at cash squeezes. These
variables are categorized as the main users of funds in dynamic capital structure models,
like the ones constructed by Gamba, A., & Triantis, A. (2008), DeAngelo, H., DeAngelo,
L., & Whited, T. (2011), and Whited, T., & Hennessy, C. (2005). According to these
models, capital expenditures and equity payouts are the key decision variables that can
generate squeezes on internal funds. This might lead firms to seek external funding, and

thereby alter their leverage ratios. Capital expenditures and equity payouts at a firm’s
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cash-squeeze episode is given as follows:

Payouts over a firms’s cash-squeeze epside = Payouts(t to T)

CPI(T)
CPI(h)

(2.19)

T
= Z (Dividends + MAX[Equity Repurchases(h) - Equity Issuances(h), 0]) x
h=t

Total equity payouts during the event period stems from two sources: regular dividend
payouts or net repurchases of stocks. The latter is calculated as the maximum value of
net equity proceeds and zero. If the difference between equity repurchases and issuances
is negative, the firm has a positive net effect from trading stocks. Thus, the value is set
to 0. If the net effect from trading equities is positive, the value is set to the net amount.
Thereafter, the accumulated use of funds is calculated. Like the equity proceeds, payouts
are CPI adjusted to account for differences in timing of arrival of proceeds within a given
event. The CPI adjustment is identical the one described in top of the section. Dividends

on common shares (DVC) are used as a measure of payouts.

The other main user of internal funds is capital expenditure. Capital expenditure is given
by the Compustat variable CAPX and calculated as the use of funds due to investment

at each year during event period.

Capital expenditures over a firm’s cash-squeeze episode
T (2.20)
= Capital Ezpenditures(t to T') = Z Capital Expenditures(h)
h=t
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3 Vital facts on time-series variation in leverage and
cash

In this section we present vital facts on time-series variation in leverage and cash-balance
ratios. The descriptive statistics reported in this section are fundamental for the later
findings. In brief, we find that there are substantial cross-firm differences in the median

time-series level of leverage and cash-balance ratios.

3.1 Two dominant explanations on time-series variation in

leverage and cash

Opler et al. (1999) hypothesize that if a firm has leverage and cash-balance targets that
share the determinants, then changes in those determinants will affect both targets. The
implication is that leverage and cash-balance ratios should be volatile at the same time due
to variation in their shared underlying target determinants. Figure 3.1 shows the median
time-series range of leverage and cash-balance ratios for the full time in sample and favors
the target-based explanation. A firm’s range is defined as the difference between peak
and bottom. The ML ratio has the smallest range of 0.13, while net debt ratio has the

largest range of 0.44.
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Figure 3.1: Time-series ranges over full time in sample

The figure exhibits the time-series median range of ML, BL, Cash/TA and Net debt/TA. The
sample consists of 1,739 firms with at least two consecutive years of non-missing data on Compustat
of total book assets, the market value of common stocks, and cash holdings and marketable
securities. ML is the book value of debt divided by the sum of market value of equity (common
stocks) and book value of debt. BL is the book value of debt divided by the book value of total
assets. Cash/TA is total cash plus marketable securities divided by book value of total assets. Net
debt/TA is BL minus Cash/TA.
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On the other hand, the funding-related explanation emphasizes volatility in leverage and
cash because of variation in funding needs, which is affected by debt and equity issuance
and cash-balance drawdowns. The explanation was first presented by Myers and Majluf’s
(1984) funding-based analysis of investment-related cash squeezes. Figure 3.2 provides
evidence favouring this explanation. The figure reports the median time-series range of
ML, BL, Cash/TA and Net debt/TA during three different types of stable episodes. Stable
ML is defined as cases where ML stays in a bandwidth of + /- 0.05 (calculated as o +/-
0.025) for at least 10 years. BL, Cash/TA and Net debt/TA is defined similarly. Among
the 599 companies in the 10-year sample, we find that 191 companies have episodes with
stable ML, 38 companies have a stable BL episode, 69 companies have a stable episode of
Cash/TA and 0 companies have stable Net debt/TA episodes. The latter explains why
Net debt/TA is excluded from the figure.
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Figure 3.2: Time-series range during stable leverage or stable cash episodes

The figure exhibits the time-series median range of leverage and cash-balance ratios during stable
episodes of ML, BL and Cash/TA. The sample consists of 599 firms with at least 10 consecutive
years of non-missing data on Compustat of total book assets, the market value of common stocks,
and cash holdings and marketable securities. ML is the book value of debt divided by the sum
of market value of equity (common stocks) and book value of debt. BL is the book value of debt
divided by the book value of total assets. Cash/TA is total cash plus marketable securities divided
by book value of total assets. Net debt/TA is BL minus Cash/TA.
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Figure 3.2 documents that Cash/TA varies widely when either ML or BL is stable.
When Cash/TA is stable, both ML and BL tend to be volatile and with high standard
deviations. Net debt/TA tends to be volatile regardless of definition of stable period. This
is reasonable as Net debt/TA accounts for both book leverage and cash. The negative
correlation between stability in either ML or BL and Cash/TA, reports an important
finding from Figure 3.1. If companies have leverage and Cash/TA targets that share the
same determinants, Figure 3.1 should display episodes of stability of one ratio together
with episodes of stability in the other. However, Figure 3.1 shows the exact opposite and

therefore contradicts the hypothesis constructed by Opler et al (1999).
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Figure 3.3 exhibit time-series standard deviation of ML and Cash/TA. The firms are
grouped into 10 decile groups based on each firm’s specific time-series median Net debt/TA

in the 10-year sample.

Figure 3.3: Time-series standard deviations of ML and Cash/TA sorted by firms’
median level of Net debt/TA

The figure exhibits time-series median standard deviations of ML and Cash/TA sorted according
to each firm’s median level of Net debt/TA. The sample consists of 599 firms with at least 10
consecutive years of non-missing data on Compustat of total book assets, the market value of
common stocks, and cash holdings and marketable securities. ML is the book value of debt divided
by the sum of market value of equity (common stocks) and book value of debt. BL is the book
value of debt divided by the book value of total assets. Cash/TA is total cash plus marketable
securities divided by book value of total assets. Net debt/TA is BL minus Cash/TA.
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Figure 3.3 exhibits a clear trend in the interaction between leverage (ML) and the cash-
balance ratio. Firms with low variation in ML are associated with a high variation in
Cash/TA, and vice versa. The results are consistent with the predicted funding regime
presented by Myers and Majluf (1984). It may be noted that Figures 3.2 and 3.3 show a
level of interrelated trends, where stability in one is accompanied by instability in the

other.
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3.2 Fundamental statistics on time-series variation in leverage

and cash

Figure 3.4 illustrates how the levels ML, BL, Cash/TA, and Net debt/TA are exposed to
changes over time on a univariate basis. The net-debt ratio is subject to greater variation
relative to the three other ratios. This is in line with the findings reported in Figure 3.2
and Figure 3.3. The figure illustrates the co-variation between cash, book leverage and
net-debt, where an increase in cash-balance ratio is accompanied by a decrease in both
book leverage and net-debt. The interpretation is that firms use some of the retained
cash holdings to pay down debt, and thereby reduce their net-debt levels. Further, the
figure documents spikes in book leverage levels before the financial crisis in 2008 and the
Covid-19 crisis in 2020. The latter event is also illustrated through the Cash/TA, which
illustrates how firm tends to hold more cash when facing high risk (Opler et al. (1999);
Bates, Kahle & Stulz (2009)). Lastly, it is interesting to observe how the ML ratio has
altered throughout the years, not following the other three ratios. The latter observation
can possibly be explained by how stock valuations have increased over time. The weighted

average stock increase from 2000 to 2021 is 356 % 2(Trading Economics (2023)).

2The weighted average stock increase is calculated as country specific stock increase from 2000 to
2021 multiplied by the fraction the given country constitute in the full sample Trading Economics (2023)
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Figure 3.4: Development of median levels of leverage and cash

The figure exhibits the development of time-series median levels of ML, BL, Cash/TA and Net
debt/TA. The sample consists of 1,739 firms with at least two consecutive years of non-missing
data on Compustat of total book assets, the market value of common stocks, and cash holdings
and marketable securities. ML is the book value of debt divided by the sum of market value of
equity (common stocks) and book value of debt. BL is the book value of debt divided by the book
value of total assets. Cash/TA is total cash plus marketable securities divided by book value of
total assets. Net debt/TA is BL minus Cash/TA.
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There are also wide cross-firm differences in the time-series median levels of ML, BL,
Cash/TA and Net debt/TA. Figure 3.5 demonstrates how leverage and cash policies vary
between firms and there is no one-size-fits-all. Thus, we are likely to discover substantial
differences between groups facing a cash-squeeze or not, which is analyzed thoroughly in

Section 5.

Figure 3.5: Time-series median levels of leverage and cash in the 10-year sample

The figure exhibits the time-series median levels of leverage and cash-balance ratios. The sample
consists of 599 firms with at least 10 consecutive years of non-missing data on Compustat of total
book assets, the market value of common stocks, and cash holdings and marketable securities. ML
is the book value of debt divided by the sum of market value of equity (common stocks) and book
value of debt. BL is the book value of debt divided by the book value of total assets. Cash/TA
is total cash plus marketable securities divided by book value of total assets. Net debt/TA is BL
minus Cash/TA.
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Figure 3.5 highlights the breadth of cross-firm variation in leverage and cash-balance
ratios. The first bar-section displays the time-series median level across all firms in the
sample. Considering all firms pooled together, we find median values of: ML of 0.050,
BL of 0.162, Cash/TA of 0.104 and Net debt/TA of 0.054. Firms in deciles 1, 2, 3 and 4

have a negative time-series median net debt ratio, implying that these firms have higher
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cash-balances than interest-bearing debt outstanding. However, a negative time-series
median value of Net debt/TA does not necessarily imply that a firm has a permanent
negative net-debt ratio as a financial policy target. The negative value could simply reflect
transitory cash holdings that are large for extended periods of time (DeAngelo et al.,

2022).

Although Figures 3.4 and 3.5 report vital information for our later results, we will not
focus on explaining the cross-firm variations in the typical levels of ML, BL, Cash/TA and
Net debt/TA. Our focus is to understand the interactions and dynamics of the mentioned

ratios for a given firm.

3.3 Time-series variation in leverage and cash over different

periods

Tables 3.1, 3.2 and 3.3 report time-series standard deviation and time-series range of ML,

BL, Cash/TA and Net debt/TA for the median firm in the full sample.

Table 3.1 reports the standard deviation and time-series range for different time-series
intervals for each of the four ratios in the 10-year sample. The first four columns report
standard deviation and range based on samples consisting of 2, 5, 10 and 20 years of data.
This implies that the column labeled “2” reports the median firm’s standard deviation
and time-series range for the chosen leverage and cash-balance ratio using the first 2
annual years of observation for each firm. Similarly, the column labeled “5”, “10” and
“20” reports the selected measures for respectively the first 5, 10 and 20 years for each
firm. The column labeled "All" is based on the full sample, meaning it uses all available
data on ML, BL, Cash/TA and Net debt/TA over the 22-year sample. However, as the
periods only differ by 2 years, the values for the full sample are almost identical to the
values based on 20 years of data. Both columns labeled “20” and “All” indicate that over
long horizons, substantial time-series variation in leverage and cash-balance ratios is the
norm for nonfinancial firms in the Nordic states. Our findings on time-series variation in
leverage and cash balances confirm the documented trends in DeAngelo et al. (2015) and

DeAngelo et al. (2022).
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Table 3.1: Standard deviations and ranges: short versus long measurement horizons

The table exhibits standard deviations and ranges for short versus long measurement horizons. The
sample consists of 599 firms with at least 10 consecutive years of non-missing data on Compustat of
total book assets, the market value of common stocks, and cash holdings and marketable securities. ML
is the book value of debt divided by the sum of market value of equity (common stocks) and book value
of debt. BL is the book value of debt divided by the book value of total assets. Cash/TA is total cash
plus marketable securities divided by book value of total assets. Net debt/TA is BL minus Cash/TA.

Median value conditional on specified number of years of data:

2 ) 10 20 All
Time-series standard deviation (o)
1. ML 0.006 0.012 0.022 0.045 0.045
2. BL 0.030 0.050 0.062 0.081 0.081
3. Cash/TA 0.050 0.061 0.063 0.074 0.074
4. Net debt/TA 0.079 0.109 0.116 0.135 0.135
Time-series ranges
5. ML 0.011 0.029 0.059 0.132 0.132
6. BL 0.055 0.126 0.176 0.262 0.262
7. Cash/TA 0.089 0.146 0.176 0.239 0.239
8. Net debt/TA 0.136 0.260 0.325 0.439 0.440

Overall, Table 3.1 reveals that standard deviation and range increase over time for all
four ratios. The implication is that one should not just use a few years of data to draw
inferences about time-series variation over extended horizons in leverage and cash-balance
ratios (DeAngelo et al. (2022)). There are two underlying reasons for this. Firstly, our
dataset represents a stochastic process, such the volatility of the outcome variables —
ML, BL, Cash/TA and Net debt/TA — increases as shock arrives and accumulates (A2).
Extended time horizons increase the likelihood of encountering more shocks, leading to
greater variation. Secondly, Compustat includes firms with limited data spanning only a
few years, among others, due to factors such as mergers and financial distress. Of a total
of 1739 firms, 518 are delisted, whereof 18 firms are delisted due to financial distress or
liquidation. As a result, more troubled firms influence a minor fraction of the full sample.
To mitigate potential inference problem stemming from delisting, most of our analyses
focus on the 599 firms that have 10 consecutive years with non-missing data. However, in
relation to our supporting research question, we also execute analyses focusing specifically

on the 18 firms delisted due to financial distress.



3.4 Cross-firm differences in time-series variation in leverage and cash 28

3.4 Cross-firm differences in time-series variation in leverage and

cash

Table 3.2 categorizes companies in the 10-year sample into 10 decile-based groups, sorted
according to their time-series standard deviation of ML, BL, Cash/TA, and Net debt/TA.
For example, the first row analyzes the sample based on the standard deviation (o) of
the ML ratio. The column labeled “lowest” reports the median for the 10% of firms with
smallest standard deviation of the different ratios. The group labeled “2” presents data
for the second decile group, i.e., the 10% of the sample with the next lowest standard
deviation, and so on. The group labeled “highest” is the 10% of firms with highest standard

deviation in the sample.

Table 3.2: Cross-firm distributions of the standard deviations of leverage and cash

The table exhibits cross-firm distributions of standard deviation of leverage and cash-balance ratios. The
sample consists of 599 firms with at least 10 consecutive years of non-missing data on Compustat of
total book assets, the market value of common stocks, and cash holdings and marketable securities. ML
is the book value of debt divided by the sum of market value of equity (common stocks) and book value
of debt. BL is the book value of debt divided by the book value of total assets. Cash/TA is total cash
plus marketable securities divided by book value of total assets. Net debt/TA is BL minus Cash/TA.

Sample sorted into ten groups according to each

firm’s o of ML, BL, Cash/TA, or Net debt/TA Ratio of

Lowest Group Group Group Group Group Group Group Group Highest Highest
o 2 3 4 5 6 7 8 9 o to

group group lowest

Standard deviation (o) for median firm

1. ML 0.001 0.006 0.016 0.029 0.050 0.076 0.105 0.143 0.196 0.283 283
2. BL 0.019 0.049 0.063 0.073 0.082 0.096 0.109 0.129 0.151 0.195 10.3
3. Cash/TA 0.017 0.028 0.037 0.049 0.065 0.081 0.104 0.132 0.172 0.222 13.1

4. Net debt/TA 0.064 0.078 0.092 0.111 0.126 0.148 0.172 0.204 0.241 0.316 4.9

Further, Table 3.2 reveals large cross-firm variations in the volatility of ML, BL, Cash/TA
and Net debt/TA. The o(ML) for the highest decile group is 0.283, while the lowest group
only have a standard deviation of 0.001. This causes a highest-to-lowest-ratio of 283,
which implies that there is an extensive range between the minimum and maximum ML

ratio among Nordic firms. The value appears extreme because several firms have zero
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interest-bearing debt. Consequently, the variation in the smallest decile group is minimal.
The finding can be linked to Table 4.3 where the median firm has zero debt when ML

remains stable for 33% of its lifetime.

The far-right column in 3.2 exhibits that BL, Cash/TA, and Net debt/TA have substantial
differences between the lowest and highest decile group. With a ratio of 4.7, the net-debt
ratio has the lowest highest-to-lowest-ratio of the four ratios. However, the volatility of
the net-debt ratio is highest in all 10 decile groups, followed by BL, Cash/TA and ML.

The takeaway is that a volatile net-debt ratio tends to be the norm for Nordic firms.

Table 3.3 presents the time-series median level of ML, BL, Cash/TA and Net debt/TA for
all 10 decile groups. Firms with low time-series volatility of ML, BL. and Cash/TA tend
to have low median levels of the corresponding ratio, and vice versa. The opposite is true
for Net debt/TA, where we see that low time-series standard deviation is accompanied
by a high level of net-debt ratio, and that a high time-series standard deviation tends to

have a low (and even negative) net-debt ratio.

Table 3.3: Median time-series levels of leverage and cash sorted by standard deviations

The table exhibits median time-series levels of leverage and cash-balance ratios sorted by standard deviation
of the specified ratio. The sample consists of 599 firms with at least 10 consecutive years of non-missing
data on Compustat of total book assets, the market value of common stocks, and cash holdings and
marketable securities. ML is the book value of debt divided by the sum of market value of equity (common
stocks) and book value of debt. BL is the book value of debt divided by the book value of total assets.
Cash/TA is total cash plus marketable securities divided by book value of total assets. Net debt/TA is BL
minus Cash/TA.

Sample sorted into ten groups according to each

firm’s o of ML, BL, Cash/TA, or Net debt/TA Ratio of

Lowest Group Group Group Group Group Group Group Group Highest Highest
o 2 3 4 5 6 7 8 9 o to

group group lowest

Time-series median level of specified ratio for median firm in group

1. ML 0.000 0.001 0.010 0.030 0.076 0.126 0.268 0.379 0.384 0.389 0.074
2. BL 0.000 0.127 0.152 0.229 0.222 0.210 0.165 0.234 0.182 0.225 0.171
3. Cash/TA 0.035 0.051 0.060 0.075 0.104 0.129 0.131 0.185 0.211 0.273 0.097

4. Net debt/TA 0.230 0.212 0.172 0.115 0.087 0.031 -0.007 -0.013 -0.082 -0.068  0.080
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The connections between Table 3.2 and Table 3.3 are important findings for understanding
the interactions between leverage and cash-balance ratios. The results are further

elaborated on in Sections 4 and 5.

3.5 Time-series variation in leverage and cash over extended

horizons

The extent of variation over time in the cross-sectional distributions of ML, BL, Cash/TA,
and Net debt/TA is further illustrated in Figure 3.6. The methodology behind Figure
3.6 is based on DeAngelo et al. (2015, Figure 3) and DeAngelo et al. (2022, Figure 4).
Figure 3.6 shows the degree of instability in the cross-sectional distribution of leverage
and cash-balance ratios. The figure plots the average R-squared for a regression where the
independent variable is the lagged variable of the dependent variable. The construction of

the regressions is described in more detail in the Appendix (A2).
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Figure 3.6: Time-series variation in leverage and cash over extended horizons

The figure exhibits the explanatory power of ML, BL, Cash/TA and Net debt/TA over extended
horizons. The sample consists of 1,739 firms with at least two consecutive years of non-missing
data on Compustat of total book assets, the market value of common stocks, and cash holdings
and marketable securities. ML is the book value of debt divided by the sum of market value of
equity (common stocks) and book value of debt. BL is the book value of debt divided by the book
value of total assets. Cash/TA is total cash plus marketable securities divided by book value of
total assets. Net debt/TA is BL minus Cash/TA.
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The overall trend is a modest change in the cross-section over the first few years, followed
by a major “scrambling” over extended horizons. The scrambling is neither reverted nor
stabilized, and the difference in explanatory power grows each year until there is almost
no similarity in cross-sectional snapshots at various times. Hence, high values today are
accompanied by high values of the same ratio over the next few years. However, the
ability to use today’s ratio to predict future values erodes after the first few years. The
explanatory power of today’s value drops notably during the first 10 years, before the
erosion continues at a slower pace for the remaining 10 years until T = 20. As an example,
the R-squared of BL, Cash/TA, and Net debt/TA is approximately 0.65 when T = 1 but

decreases to approximately 0.25 when T = 10.
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Interestingly, the ML-ratio has an R-squared of 0.93 when T = 1, and a R-squared of
0.60 when T = 20. The implication is that the ML ratio has a strong explanatory power
cross-sections. The finding is interesting regarding prediction, as 3.6 documents that ML
values can be used to predict future ML values to a greater extent than BL, Cash/TA,
and Net debt/TA. The ML ratio has a stronger tendency to stabilize, and we observe that
it reverts at T = 19. However, there are no good explanations for the reversion, such it

should be considered as a random observation.

In sum, there are two important regularities from Figure 3.6. Firstly, the scrambling of the
four ratios are univariate results, meaning that the results are based on one explanatory
variable. Thus, the results do not consider co-movements over time in the leverage and
cash-balance ratios. Secondly, the scrambling documented in Figure 3.6 indicates that a
firm’s Cash/TA, Net debt/TA, and BL ratio are poor predictors of the ratio in question
over longer time horizons. The interpretation is that the standard deviation increases over
time, which diminishes the explanatory power of the regressions. These two irregularities
point out that high volatility in Cash/TA (and the other ratios) makes it hard to use
current cash-balance ratios to predict future the cash-balance cross section over extended

periods.
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4 The interaction between leverage and cash dynamics

This section presents our findings on the interaction between leverage and cash-balance
ratios. The dominating pattern is that sable episodes of ML and BL tend to be accompanied
by volatile cash balances, and vice versa. The link to cash-balance squeezes will be discussed

in section 5.

4.1 The relationship between leverage and cash

Table 4.1 presents an overview of the relationships between the median levels and volatilities
of leverage and cash-balance ratios among firms in the full sample. The firms are sorted
into 10 decile groups according to their time-series median net-debt ratio. This is useful

as the net-debt ratio incorporates both leverage and cash.

The median firm in the lowest decile group has a net-debt ratio of -0.435, implying that
these firms have higher cash holdings than interest-bearing debt. The median firm in the
highest decile group has a net-debt ratio of 0.427. The first four decile groups have a
negative level of Net debt/TA, indicating that approximately 40% of the firms have higher
cash holdings than interest bearing debt liabilities. Row 7 exhibits that group 1 to 7, i.e.,
approximately 70% of the firms, have had negative net-debt at least once. Row 8 displays
that all groups, except the lowest 10%, have had positive values of net-debt at least once
during their lifetime. The takeaway is that negative net-debt ratios are common, but
usually temporary occurrence in financial policy. Moreover, Table 4.1 reveals that zero

debt policies are typically temporary.

Row 4 in Table 4.1 reveals large time-series variation in the net-debt ratio for all ten
groups. However, the variation tends to be highest for firms with low net-debt ratio,

generally decreasing with an increasing level of Net debt/TA.

Further, Table 4.1 uncovers how firms with low levels of Net debt/TA tend to be
accompanied by relatively low values of ML and high values of Cash/TA. This seems
reasonable considering that a negative net-debt ratio implies that a firm has more cash
than debt, typically being correlated with a high Cash/TA. Further, low values of ML
are reasonable as large cash holdings increase the value of equity and thereby decreases

ML. Rows 4 and 6 in Table 4.1 exhibit the connection between Net debt/TA and the
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volatility of ML and Cash/TA. Low levels of Net debt/TA are coupled to high volatility
in Net debt/TA and Cash/TA and low volatility in ML. Vice versa, high levels of Net
debt/TA tend to be accompanied by low volatility in Net debt/TA and Cash/TA, but
high volatility in ML.

However, rows 9 and 10 reveal that most firms carry conservative amounts of interest-
bearing debt at some point in time, and positive amounts at other points in time. Even
firms with a median value of zero have had positive amounts of debt at some point. In
other words, most firms have some time-series variation in leverage. Assessing rows 11
and 12, we see that firms tend to have high levels of cash balances when their ML ratio is

low, and vice versa. This finding is in line with the results from Figure 3.2 and Figure 3.3.

The main takeaway from Table 4.1 is that ML typically is volatile for firms with scare
cash holdings. Vice versa, ML tends to be stable for firms with more substantial cash
holdings. The findings seem plausible as squeezing of cash balances force firms to increase

leverage to cover their funding needs.
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4.2 Selected time-series levels and variations in leverage and cash

Table 4.2 Panel A sorts the sample based on each firm’s time-series median o(ML), while
Panel B and C sort the sample based on respectively o(BL) and o(Cash/TA). The panels
only display the median values for the lowest 10% and highest 10% of firms in the sample.
This directs attention to the variation within the different ratios, further highlighting the
range between the top 10% and bottom 10% of firms.

Panel A and B (row 1 to 8) in Table 4.2 show that firms with low levels of leverage
(ML or BL) tend to have low leverage volatility (o(ML) or ¢(BL)) and high and volatile
cash-balance ratios (Cash/TA). Contrary, firms with high levels of leverage (ML or BL)
tend to have high leverage volatility, but low levels and volatility of the accompanied
cash-balance ratio. The observation indicates that high variation in leverage can be linked

to low values of cash balances, and thus potentially a cash-squeeze.

Panel C (row 10 to 14) in Table 4.2 sort firms by time-series median cash-balance ratios
(Cash/TA). Firms with low levels of Cash/TA tend to have high levels and high volatility
of leverage (ML and BL), and vice versa. Panel C also exhibits that low levels of Cash/TA
are associated with low volatility of Cash/TA, and that high levels of Cash/TA typically
are accompanied by high volatility of Cash/TA. The takeaway from Panel C is that firms
with high Cash/TA typically have higher volatility in their cash-balance ratio than their
leverage ratio (ML and BL).
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Table 4.2: Interactions between time-series levels and volatilities in leverage and cash

The table exhibits time-series levels and volatilities for the lowest 10% and highest 10%
of firms based on the ratio in question. The sample consists of 599 firms with at least 10
consecutive years of mon-missing data on Compustat of total book assets, the market value
of common stocks, and cash holdings and marketable securities. ML is the book value of
debt divided by the sum of market value of equity (common stocks) and book value of debt.
BL is the book value of debt divided by the book value of total assets. Cash/TA is total cash
plus marketable securities divided by book value of total assets. Net debt/TA is BL minus
Cash/TA.

Median time-series Standard deviation
level sort sort

Values for the median firm in the Lowest Highest Lowest Highest
specified (lowest vs. highest) 10% 10% 10% 10%
sample sorting (1) (2) (3) (4)

A. ML sorting

1. o(ML) 0.005 0.090 0.001 0.283
2. 0(Cash/TA) 0.147 0.033 0.132 0.091
3. Time-series median ML 0.000 0.853 0.000 0.389
4. Time-series median Cash/TA 0.308 0.053 0.242 0.093
B. BL sorting

5. o(BL) 0.045 0.107 0.019 0.194
6. o(Cash/TA) 0.147 0.040 0.117 0.146
7. Time-series median BL 0.000 0.475 0.000 0.224
8. Time-series median Cash/TA 0.308 0.058 0.274 0.093
C. Cash/TA sorting

9. o(Cash/TA) 0.024 0.163 0.017 0.222
10. o(ML) 0.087 0.008 0.085 0.025
11. o(BL) 0.084 0.048 0.082 0.113
12. Time-series median Cash/TA  0.022 0.163 0.035 0.0272
13. Time-series median ML 0.252 0.000 0.405 0.003

14. Time-series median BL 0.333 0.000 0.298 0.041
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In brief, Table 4.2 reveals that firms that are likely to run out of cash tend to take on debt
and keep a considerable proportion of the issuance proceeds as cash balances. The actions
result in higher leverage and cash-balance ratios, contributing to increased variation in
both metrics. Additionally, the accumulation of issuance proceeds in the cash balances
may explain why there is no apparent consistent relationship between leverage volatility

and Cash/TA volatility when examining the columns of Table 4.2.

4.3 Assessing the stability of leverage and cash

Table 4.3 examines periods of stable leverage and cash balances. The summary provided
is based on the analysis of the longest stable period for each firm, considering only one
relevant episode per firm. Panel A examines stable episodes, while panel B examines
episodes in which Cash/TA or ML are constantly low (i.e., never above 0.050) or constantly

high (i.e., never fall below 0.300).

The first row in panel A reveals that 191 firms have stable episodes of market leverage, 38
have stable episodes of book leverage, and 69 firms have stable episodes of the cash-balance
ratio. Net debt/TA is excluded from the table because none of the firms in the sample
have stable episodes of Net debt/TA. The finding is in line with Figure 3.3 and indicates
that at least one of the elements in the net-debt ratio (i.e., BL or Cash/TA) changes
enough to violate the 0.050 bandwidth condition for Net debt/TA.

Row 3 in Table 4.3 shows that for the firms with stable ML episodes, the median number
of years with data is 15 years. Similarly, for firms with stable BL. and Cash/TA, the
median number of years with data is respectively 15 and 19 years. Hence, the presented
standard deviation, range and time-series median level is based on respectively 15, 14 and

19 consecutive years of data.

Panel B column 1 in Table 4.3 shows that when ML is stable, BL typically have low
volatility, while Cash/TA and Net debt/TA tend to be volatile. Whitin a stable episode of
ML, the median firm have o(ML) of 0.007 and o(Cash/TA) of 0.118. Hence, the Cash/TA
ratio is approximately 16 times more volatile than the ML ratio. The same is more or less
true for the range, as the range(Cash/TA) are calculated to be approximately 19 times
larger than the range(ML). The same analysis on stable BL (Column 2) episodes finds
that the Cash/TA ratio is approximately 9 times more volatile than the BL ratio, and
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exactly the same relation is found between range(Cash/TA) and range(BL). The latter
is in accordance with the analysis conducted on the American market (DeAngelo et al.

(2022)).

The third column in Panel B Table 4.3 highlights that stable episodes of Cash/TA tend to
occur when firms have low levels of the cash-balance ratio, and moreover both high and
volatile leverage ratios (ML and BL). These findings indicate that cash-balance squeezes

tend to result in increased borrowing, causing higher volatility in both leverage ratios.

Table 4.3 also indicates that stable leverage episodes tend to occur during two types of
episodes. First, when ML and BL are equal and/or close to zero, which is in line with
DeAngelo et al. (2015) and DeAngelo et al. (2022). Second, when Cash/TA are both
high and volatile. The latter is also consistent with the reported findings in DeAngelo et
al. (2022). Hence, there is a strong tendency for firms in stable ML and/or BL regimes
to have no interest-bearing debt outstanding, causing negative net-debt ratios. In other
words, firms with excess cash tend to have minimal (or no) interest-bearing debt, with
following low volatility in leverage ratios. The findings suggest there is a connection

between time series variation in leverage and cash squeezes.

Panel C in Table 4.3 provides additional answers to our main research question. Panel C
row 1 shows the percentage of firms in the sample with a negative net-debt ratio under the
different episodes of stability. In stable ML regimes, 62% of the firms in the sample have
negative net debt. Under stable BL regimes 93% of the firms have a negative net-debt
ratio, and 0% of the firms have a negative net-debt ratio under stable cash-balance regimes.
Further, the analysis uncovers that 33% of firms have zero interest-bearing debt during a
stable ML episode. When BL is stable, 60% of the firms have zero interest-bearing debt.
There are zero firms with zero interest-bearing debt under stable cash-balance regimes.
Hence, many firms in stable ML and BL regimes have zero interest-bearing debt and a
relative abundance of cash. Contrary, there are no firms subject to stable cash balances
and no interest-bearing debt. This is plausible considering our earlier findings about the

correlation between low volatility and levels of the cash-balance ratio.



4.3 Assessing the stability of leverage and cash 40

Only 5% of the firms in the full sample have zero debt for all 22 years. Consequently,
one should rather talk about financing regimes in which firms have temporarily zero
interest-bearing debt, and not about firms always avoiding debt (DeAngelo et al. (2022)).
The fact is that avoiding debt is an ultra-rare phenomenon. This is also emphasized by
DeAngelo et al. (2015). Further, assessing episodes where Cash/TA > 0.300, we see that
there is both a higher fraction of firms with negative net-debt and a non-trivial fraction
of firms with zero debt. This strengthens our earlier findings, underlining that firms with

high volatility in Cash/TA tend to have low levels of BL, i.e., low debt.



41

4.3 Assessing the stability of leverage and cash

%01 %20 %20 %00 %00 %20 %c0 ordures jo Juodtoq

ma.ﬂﬂ
9 I I 0 0 I T pejydunyueq 10 peyepmbry jo Iaqumy (I
%0 %01 9%9% %0 %0 %09 %ee 1q9p 0107,
%0 %06 %8G %0 %0 %6 %29 1qop 19U dATIRSON
M
oposido ur sieaA Jo 9% S, I URIPAIN "))
z1%0 82070~ €230- 2020 792°0 cee0- 160°0- V.I/399P 39N URIPOUL SOLIOS-OUIL],
860°0 €970 90€°0 9%0°0 7€0°0 86€°0 0LT°0 V.IL/USe)) URIPOUL SOLIOS-OWILT,
1L2°0 ¢90°0 8€0°0 z8T0 10€°0 00070 75070 €l URIPOWL SOLIOS-OWIL],
¥19°0 2000 100°0 0€3°0 zee0 0000 100°0 TIN URIPOWL SOLIOS-OWL],
98¢0 88670 z19°0 €0v0 6820 IT7°0 6550 (VL/399p 19N )oSuey
6%1°0 LL€°0 9F¥°0 Y10 9¢0°0 L1970 18€°0 (VL/use))esuey
T0€°0 L62°0 6¥3°0 70€°0 922°0 L300 9620 (19g)e8uey
eero 6700 €90°0 8620 80T°0 11070 020°0 (TIN)e8ueYy
L0T°0 zL10 Z61°0 cITo 780°0 LIT°0 z91°0 (VL/399P %oN)©
1700 PI1°0 Ny 1700 810°0 LIT°0 81T°0 (V1L/usep)o
880°0 €60°0 €80°0 060°0 180°0 71070 9L0°0 (1a)°
cero 71070 020°0 980°0 7160°0 €000 L00°0 (T2
mO
(eposide SuLmp) onfea s LI URTPAIN "
91 0% 91 61 61 il a opostdo ur s1eof Jo TequInu URIPA\
% 0 %19 %I'61 %% 68 %S TT %9 %S 1€ ordures jo juedId]
IS8T 9.1 GT1 cLT 69 8¢ 161 SuLIY Jo IPquINN Y
- .. L .. o1jel douR[R(q 98eIoAd] o8eIoA9]
00€°0< 050°0 00€°0 < 0<0°0 s soog S
oposide Surmp TN opostde Jutmp yI,/yse)

SOTJRI I AJIUSISISUOD 10 MO] ATIUDISISUOD [YIM soposidi] [YIprmpueq ()G0°'() Ul SUTUTRWDI OIeI [IIM sopostdry]

"§59.4151P ID1OUDUL 0] INP PIISUPP 24M DY) swiilf §T fo ajdwnsqns oyy sfivydsip (7 1puDg Y.L /YSD,) SnuIwL T S1 Y.L /199P 19N SI9SSD D107
Jo anppa y00q fiq papraip $21314m095 9)qIYLDWL SNYd YSDI [DI0] SL Y /YSDy) $1985D 0107 Jo anppa y0oq 2y fiq papraip 1qap fo anjpa yooq ) S
T “192p fo angpa y00q pup (sy003s uowwos) fiygnba fo anypa gayivw fo wns ayp fiq paprarp 1qap fo aNDA Y00q Y} S1 TP “SIULINIIS 2]QDIDIYLDUL
pup sbuIP)oY YSPI PUD ‘SY203S UOWULOD [O NIDA JIYLDUL Y} ‘S19SSD Y00q D107 [0 DISnduwLo) U0 DIDP HUSSIU-UOU [0 SADIi 2ALINIISUOD
0] 1519] 10 ypm swlf 666G Jo s3s15u00 9)dwins oy ojdwns uvafi-Of ay) Ul s9posido 2oUDIDQ-ysvI puv 2bDUI20J] 2)qDIS SPQIYTI 2]qD] Y],

soposide ses pue o8eIoAd] 9[qRIS :€'F O[qel,



4.3 Assessing the stability of leverage and cash 42

As mentioned in Section 3, delisting of firms will affect the long-term time-series variation
(DeAngelo et al (2022)). Panel D in Table 4.4 reports the number of delisted firms due
to bankruptcies and liquidations. In our full sample there are 4 firms that go bankrupt
and 14 firms that get liquidated because of financial distress. In the following we refer to
these firms as “delisted firms”. Firms get delisted through the whole sample period and
the delisted firms belong to different industries and nationalities. Based on the reported
results in Table 4.4, we can report three interesting regularities about the delisted firms.
Firstly, the number of delisted firms is highest when ML is sufficiently high (ML > 0.300).
This can be explained by either higher levels of leverage or lower valuations. Secondly,
the number of delisted firms decrease as ML decreases. Thirdly, only one firm get delisted
when Cash/TA is equally high as ML (Cash/TA > 0.300). Hence, it is inferred that
delisted firms tend to use a greater extent of interest-bearing debt to cover funding needs.
The plausible explanation is that firms with high cash holdings generate sufficient cash
flows through operational activities to cover current expenses, making the firms less in

need of interest-bearing debt.

The key takeaway from Table 4.4 is that delisted firms are subject to greater time-series
variation compared to firms listed for at least 10 years. More detailed group characteristics
of delisted firms are shown in Table 4.4, which groups the sample into 10 decile groups
based on both time-series levels and standard deviations. In general, the standard deviation
of Cash/TA is higher among the delisted firms versus the listed firms. However, the
table reveals large cross-firm differences among the delisted firms. In sum, financial
distressed firms have significantly greater time-series variation in cash and leverage ratios
compared to listed firms. This provides an answer to our first supporting research question.
Moreover, it highlights the potential of our main research question to supply insights that

may be useful in future for evaluating the cash management within firms.
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Table 4.4: Interactions of time-series levels and volatilities in leverage and cash for
delisted firms

The table exhibits median time-series levels and volatilities for the lowest 10% and highest
10% of delisted firms based on the ratio in question. The sample consists of 18 firms that
were delisted due to financial distress in the period from 2000 to 2021. This subsample is
derived from the full sample. ML is the book value of debt divided by the sum of market
value of equity (common stocks) and book value of debt. BL is the book value of debt divided
by the book value of total assets. Cash/TA is total cash plus marketable securities divided
by book value of total assets. Net debt/TA is BL minus Cash/TA.

Median time-series Standard deviation
level sort sort

Values for the median firm in the Lowest Highest Lowest Highest
specified (lowest vs. highest) 10% 10% 10% 10%
sample sorting (1) (2) (3) (4)

A. ML sorting

1. o(ML) 0.007 0.074 0.007 0.074
2. 0(Cash/TA) 0.204 0.029 0.204 0.118
3. Time-series median ML 0.000 0.883 0.005 0.235
4. Time-series median Cash/TA 0.196 0.060 0.196 0.061
B. BL sorting

5. o(BL) 0.019 0.159 0.019 0.159
6. o(Cash/TA) 0.204 0.118 0.204 0.118
7. Time-series median BL 0.019 0.155 0.007 0.155
8. Time-series median Cash/TA 0.196 0.060 0.196 0.060
C. Cash/TA sorting

9. o(Cash/TA) 0.024 0.204 0.118 0.204
10. ¢(ML) 0.074 0.007 0.085 0.025
11. o(BL) 0.159 0.007 0.159 0.019
12. Time-series median Cash/TA  0.060 0.196 0.024 0.188
13. Time-series median ML 0.404 0.000 0.477 0.002

14. Time-series median BL 0.287 0.000 0.292 0.021
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5 The link between time-series variation in leverage
and hypothetical cash-balance squeezes

In this section we answer our main research question. Overall, we find a significant link
between high time-series variation in leverage and hypothetical cash-balance squeezes.
We also provide evidence that the time-series variation in leverage can be linked to firms’
listing status. Capital expenditures are found to be the primary driver of the observed

time-series variation.

5.1 Firms increase leverage when squeezing cash balances

Tables 5.1 analyzes cash-balance ratios and leverage ratios for firms in a cash-squeeze
episode of Cash/TA for both full sample (Table 5.1). For brevity, we focus on the full
sample as the results are similar for both samples. The findings on the 10-year sample are

tabulated in Table the Appendix (A3).

The second column in Table 5.1 considers the subset of firms that would have run out
of cash had they not raised external funding during the cash-squeeze episode. Column 3
addresses the firms that had a positive cash-balance at through without raising external
funds. Row 3 displays the constructed hypothetical cash-balance at end of event period.
An important note is that the hypothetical cash-balance assumes that everything else
(i.e., earnings, investment, payouts, etc.), besides external funding during the episode,
remains constant. A negative hypothetical cash-balance is not feasible in real life as firms

cannot operate with negative cash balances.

The hypothetical cash-balance does not account for whether or to what extent firms
adjusted their investments or payouts to avoid cash shortage. Therefore, we cannot
conclude that a firm with a positive hypothetical cash-balance was completely immune
to the pressure of running out of cash. The firm may have modified its investment
and /or payout decisions during the period to prevent a cash shortage, which necessitated
raising external funds. This is a natural response as investment and payout decisions
are influenced by internal factors and must adhere to the firm’s resource constraints.
As a result, the analysis focuses on the actual investment and payout plan chosen and

implemented during the specified period. This means that we examine how leverage ratios
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change based on whether the actual investment and/or payout decision required external

funds.

Table 5.1 exhibits the movements of ML in a cash-squeeze period of Cash/TA by studying
three subgroups: 1) all firms pooled, 2) positive or negative hypothetical cash-balance,
and 3) debt as fraction of external funds. The median firm in the pooled full sample has
a peak Cash/TA of 0.261 and a through value of 0.059 (panel A, rows 1 and 2). This
large decrease in cash balances indicates a substantial cash squeeze. However, Cash/TA
tends to underestimate the actual size of the cash-squeeze that firms typically face. The
underestimation arises because firms facing cash-squeezes have incentives to raise funds and
hold some of the funds as a precautionary hedge. This phenomenon was first documented
by Bates, Kahle, & Stulz (2009), and later by Denis & McKeon (2021). The latter duo
analyzes the importance of understanding the long-term temporal increase in average cash

ratios first documented by the former researchers.
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Row 3 in Table 5.1 exhibits the hypothetical cash-balance for seven sub-groups. The
hypothetical cash-balance ratio for the median firm in the full sample is -0.319 (row 3,
column 1), indicating a substantial cash squeeze. Hence, the median firm in the sample
would not have been able to carry out chosen investment and payout decisions without
raising external funds. The depth of the cash-squeeze can be seen as the amount of
external capital raised from peak to later through. The median firm raised external capital
equivalent to 369% of the cash held at through (row 4, column 1). The reported results

document severe funding needs to carry out intended plans during event period.

Furthermore, rows 5 and 6 in Table 5.1 reveal that firms tend to increase ML when facing
the risk of running out of cash. The remaining group of firms only have a minor increase in
ML. The former group of firms increase ML from 0.035 to 0.095, while the latter group of
firms only increase ML from 0.001 to 0.002. This difference in ML behavior is statistically
significant at 1% level with a P-value below 0.010. The difference is also significant
at 1% level when addressing peak Cash/TA, through Cash/TA, and hypothetical cash-
balance. This indicates a significant different behavior between the firms that would have
experienced a cash-squeeze if they had not raised external funds during the event period

and not.

The proportion of external financing is denoted by ¢, whereby d=100% indicates that all
such financing came from debt and §=0% implies that all external financing came from
equity. In the full sample, 41% of firms issue at least 50% debt, while most firms issue
at least some debt. However, 28% of the firms only issue equity. The latter finding is
important and surprising as it clearly violates both pecking order theory and standard
trade-off theory in which the use of debt generates a benefit in terms of tax shield. Thus,
in perfect capital markets with taxation, we should expect firms to use debt instead
of equity. However, our analyses show that these theories are not always supported by

empirical findings.

The four sub-groups in column 5 to 8 are subject to major differences in both leverage and
cash-balance behavior. Firms with 6=100% experience a median ML increase from 0.064
to 0.156. Firms that issue more than 50% debt experience a median ML increase from
0.035 to 0.101. The group of firms that issue less debt than equity have a significantly

smaller increase in ML, with a minor increase from 0.001 to 0.002. The findings are similar
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for the 10-year sample. Firms that only issue equity experience a decrease in ML from
peak to later through. The explanation is that firms with a near-zero leverage ratio will
decrease the amount of debt relative to equity, and thus adjust their marginal debt-equity

ratio slightly below the initial debt amount.

Overall, the findings tabulated in Table 5.1 exhibits that time-series variation in leverage
and cash balances can be linked to hypothetical cash squeezes. Firms facing a cash-squeeze

increase ML by a significantly greater amount than firms not facing a cash-squeeze.

5.2 Firms face cash squeezes when levering-up

In this subsection we reverse the prior approach and study a situation where firms in the
full sample lever up. For brevity, we focus on the full sample as the results are similar
for both samples. Table 5.2 reports the results of the full sample from analyzing cash
squeezes when firms lever up. The overall findings are that most firms would have run
out of cash without raising external funds. The corresponding ML and Net debt/TA
increased by a significantly larger amount for those firms running out of cash. Firms with
a substantial cash-squeeze increase leverage by a significant amount, inducing greater
time-series variation in leverage. The finding provides further answer on our main research

question.

Sorting on ML and Net debt/TA, most firms experience a cash-squeeze. Further, to
account for the cash-squeeze, firms increase cash balances drastically by raising respectively
510% and 703% of cash levels at peak during the event (from through to later peak). As a
response, ML or Net debt/TA increases significantly. The median ML at through is 0.016
and further 0.169 at later peak. The median Net debt/TA moves from -0.086 at through
to 0.240 at peak. The substantial change in ML and Net debt/TA implies an increase in
leverage. Hence, firms that experience a hypothetical cash-squeeze in levering-up periods

have greater time-series variation in leverage compared to deleveraging periods.
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The time-series variation in leverage and cash-balance ratios can partly be explained by
analyzing delisted firms, as these firms often are exposed to severe cash squeezes. The
findings, consistent with the reported results in Section 4 and presented in Table 5.3,
reveal a significant disparity in leverage and cash-balance behaviour between delisted
and non-delisted firms. The changes in leverage and cash-balance ratios illustrate the
fluctuations observed over time. A T-test confirms that delisted firms experience a
significantly higher increase in leverage compared to non-delisted firms, indicating their
tendency to take on more interest-bearing debt. Consequently, the accompanied higher
leverage ratio can account for why these firms face delisting due to financial distress.
These findings align with the bankruptcy models proposed by Beaver (1966) and Ohlson
(1980). Hence, incorporating time-series variation in leverage as an additional explanatory

variable may enhance existing models.
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Table 5.3: Cash squeezes and levering-up periods for delisted firms

The table exhibits cash-squeeze and levering-up episodes for delisted firms. The sample consists
of 18 firms that were delisted due to financial distress in the period from 2000 to 2021. This
subsample is derived from the full sample. ML is the book value of debt divided by the sum of
market value of equity (common stocks) and book value of debt. BL is the book value of debt
divided by the book value of total assets. Cash/TA is total cash plus marketable securities divided
by book value of total assets. Net debt/TA is BL minus Cash/TA.

. Non-
Median value Delisted delisted  T-statistic
firms
firms
From peak to later through Cash/TA
1. Cash/TA at peak 0.437 0.261 -4.649%**
2. Cash/TA at later through 0.028 0.059 0.644
3. Cash/TA at through w/o external financing -0.608 -0.319 -0.213
4. External financing as a % of cash at through 484% 369% -0.054
5. ML at peak Cash/TA 0.018 0.018 -0.59
6. ML at later through 0.065 0.047 4.655%**
From through to later peak ML
1. Cash/TA at through 0.070 0.112 1.127
2. Cash/TA at later peak 0.041 0.082 3.569%**
3. Cash/TA at through w/o external financing -1.312 -0.442 -0.004
4. External financing as a % of cash at through 362% 392% -0.1867
5. ML at through 0.020 0.000 -2.217%*
6. ML at later peak 0.232 0.115 -1.91%*
From through to later peak BL
1. Cash/TA at through 0.116 0.116 -0.435
2. Cash/TA at later peak 0.043 0.079 0.048
3. Cash/TA at through w/o external financing -1.463 -0.480 -0.187
4. External financing as a % of cash at through 427 % 414% -0.262
5. BL at through 0.000 0.017 4.607%H%*
6. BL at later peak 0.262 0.279 -0.209%%*
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Figures 5.1, 5.2 and 5.3 highlight the differences in cash squeezes between levering-up and
cash-squeeze episodes. Figure 5.1 displays the depth of cash squeezes and illustrates that
the median firm in a levering-up episode raises at least 400% of its end cash-balance. The
median firm in a cash-squeeze episode raises only 150% to 250% of its end cash-balance.
The findings imply that a levering-up firm requires more funds to avoid running out of
cash. Both levering-up and cash-squeeze episodes provide answer to our main research
question, as it documents that cash squeezes are solved through leverage increases. The
key takeaway is that more severe cash-squeeze is accompanied with greater increase in

leverage.

Figure 5.1: External funding as a percent of cash balances at end of period

The figure exhibits the median firm’s external funding as a percent of cash balances at end of
period. The sample consists of 599 firms with at least 10 consecutive years of non-missing data
on Compustat of total book assets, the market value of common stocks, and cash holdings and
marketable securities. ML is the book value of debt divided by the sum of market value of equity
(common stocks) and book value of debt. BL is the book value of debt divided by the book value of
total assets. Cash/TA is total cash plus marketable securities divided by book value of total assets.

Net debt/TA is BL minus Cash/TA.
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Figure 5.2 considers the median firm’s hypothetical cash-balance ratio absent external
funding. The median levering-up firm would have had a greatly negative hypothetical cash-
balance ratio without raising external funds. The median deleveraging firm experiences a
smaller hypothetical cash-balance ratio. Sorting firm based on their deleveraging in ML
and Net debt/TA results in a slightly negative cash-balance ratio, whereas sorting based

on deleveraging in BL leads to a slightly positive cash-balance ratio.

Figure 5.2: Hypothetical Cash/TA absent external funding

The figure exhibits the median firm’s hypothetical Cash/TA absent external funding. The sample
consists of 599 firms with at least 10 consecutive years of non-missing data on Compustat of total
book assets, the market value of common stocks, and cash holdings and marketable securities. ML
is the book value of debt divided by the sum of market value of equity (common stocks) and book
value of debt. BL is the book value of debt divided by the book value of total assets. Cash/TA
is total cash plus marketable securities divided by book value of total assets. Net debt/TA is BL
minus Cash/TA.
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Figure 5.3 exhibits the fraction of firms that would have run out of cash without raising
external funds, comparing levering-up firms and deleveraging firms. The fraction of
levering-up firms facing a cash-squeeze is nearly double the fraction of deleveraging firms

encountering such financial pressures.
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Figure 5.3: Percent of firms that would have run out of cash without external financing

The figure exhibits the percentage of firms that would have run out of cash without external
financing. The sample consists of 599 firms with at least 10 consecutive years of non-missing
data on Compustat of total book assets, the market value of common stocks, and cash holdings
and marketable securities. ML is the book value of debt divided by the sum of market value of
equity (common stocks) and book value of debt. BL is the book value of debt divided by the book
value of total assets. Cash/TA is total cash plus marketable securities divided by book value of
total assets. Net debt/TA is BL minus Cash/TA.
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The main takeaway from analyzing the asymmetric incidence of cash squeezes for levering
-up and deleveraging episodes, can be linked to the relevance of funding needs. Figures
5.1, 5.2 and 5.3 provide support for theories in which funding needs are key drivers of
time-series variation in leverage. This is especially highlighted through Figures 5.1 and
5.2, as these figures display the depth of cash squeezes in episodes where the need for

funding is substantial.
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5.3 Explaining cash squeezes through capital expenditures and
equity payouts

Capital expenditures and equity payouts are the two main users of funds according to
Hennessy & Whited (2005), Gamba & Triantis (2008), DeAngelo, DeAngelo & Whited
(2011). The two variables can generate a squeeze on internal funds which leads firms to
seek external funds and adjust leverage ratios. Thus, it is interesting to examine whether
capital expenditure and equity payouts can be used as primary explanation for the depth

of a cash squeeze.

Tables 5.4 and 5.5 documents the scale of capital expenditures and equity payouts for
firms that face a cash-squeeze, as well as levering-up firms, for respectively the full sample
and 10-year sample. Both samples are tabulated because we obtain different results for
the two samples. Panel A and B measure capital expenditures and equity payouts as a
fraction of total assets at the end of episode in question. Panel C measures accumulated
equity payouts as a fraction of the sum of capital expenditures and equity payouts during

the given period.
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Table 5.4: Capital expenditures and equity payouts during cash squeezes and levering-up
episodes in the full sample

The table exhibits capital expenditures and equity payouts during two distinct episodes. The
sample consists of 1,739 firms with at least least two consecutive years of non-missing data
on Compustat of total book assets, the market value of common stocks, and cash holdings and
marketable securities. The firm must have at least one year of data on Compustat after peak
Cash/TA. ML is the book value of debt divided by the sum of market value of equity (common
stocks) and book value of debt. BL is the book value of debt divided by the book value of total
assets. Cash/TA is total cash plus marketable securities divided by book value of total assets. Net
debt/TA is BL minus Cash/TA.

Would have run out of cash?

. T-
Value of median firm (full sample) Yes No statistics
A. Capital expenditures as a % of TA
Cash-balance squeeze episodes 5% 2% 2.62%*
Cash squeezes: all-equity external funding <1% 1% 2.27%*
Levering up: ML 8% 4% 0.28
Levering up: BL 10% 9% 1.03
Levering up: Net debt/TA 9% 3% 2.64%%*
B. Payouts as a % of TA
Cash-balance squeeze episodes 0% 0% 0.65
Cash squeezes: all-equity external funding 0% 0% 0.91
Levering up: ML 0% 0% -0.63
Levering up: BL 0% 0% 0.38
Levering up: Net debt/TA 0% 0% -0.46
C. Payouts as a % of (Capital expenditures
+ Payouts)
Cash-balance squeeze episodes 0% 0% 0.92
Cash squeezes: all-equity external funding 0% 0% -1.38
Levering up: ML 0% 0% 0.79
Levering up: BL 5% 0% 1.98%*

Levering up: Net debt/TA 2% 0% 1.65*
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Table 5.5: Capital expenditures and equity payouts during cash squeeze and levering-up
episodes in the 10-year sample

The table exhibits capital expenditures and equity payouts during two distinct periods. The sample
consists of 599 firms with at least 10 consecutive years of non-missing data on Compustat of total
book assets, the market value of common stocks, and cash holdings and marketable securities. The
firm must have at least one year of data on Compustat after peak Cash/TA. ML is the book value
of debt divided by the sum of market value of equity (common stocks) and book value of debt. BL
is the book value of debt divided by the book value of total assets. Cash/TA is total cash plus
marketable securities divided by book value of total assets. Net debt/TA is BL minus Cash/TA.

Would have run out of cash?

: T-
Value of median firm (10-year sample) Yes No statistics
A. Capital expenditures as a % of TA
Cash-balance squeeze episodes 9% 6% 1.15
Cash squeezes: all-equity external funding 1% 2% 1.39
Levering up: ML 6% 1% -0.79
Levering up: BL 23% 13% 0.22
Levering up: Net debt/TA 18% 6% 0.31
B. Payouts as a % of TA
Cash-balance squeeze episodes 0% 0% -0.76
Cash squeezes: all-equity external funding 0% 0% 0.63
Levering up: ML 0% 0% -0.19
Levering up: BL 4% 0% 1.16
Levering up: Net debt/TA <1% 0% 1.43
C. Payouts as a % of (Capital expenditures
+ Payouts)
Cash-balance squeeze episodes 2% 0% 0.74
Cash squeezes: all-equity external funding 0% 0% -0.53
Levering up: ML 6% 18% 1.68%*
Levering up: BL 1% 0% 0.72

Levering up: Net debt/TA 6% 0% 1.01
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The median firm that runs out of cash tends to have relatively large capital expenditures
compared to the median firm that does not face a cash-squeeze. Focusing on the full
sample, the capital expenditure proportions for the median firm is particularly significant
(Table 5.4, panel A). However, equity payouts represent a negligible portion of total assets
for the median firm in both samples, regardless of their cash status. Panel C reveals that
equity payouts constitute an insignificant fraction of total fund utilization for the median
firm in the full sample. The results are somewhat more ambiguous for firms in the 10-year
sample (Table 5.5, panel 3), as equity payouts account for a higher proportion of total
payouts (combined capital expenditures and equity payouts). The disparity between the
full sample and the 10-year sample can be linked to traditional life-cycle theory, which

predicts that younger firms tend to have smaller payouts compared to more mature firms.

The analysis of the full sample in Table 5.4 indicates that firms with a negative hypothetical
cash-balance have significantly larger capital expenditures compared to firms with a positive
hypothetical cash-balance. This pattern is further supported when examining firms in the
10-year sample. In both analyses, equity payouts are found to be negligible for the median
firm. However, when considering equity payouts as a fraction of capital expenditures, a
small portion of both samples exhibits substantial values. Based on these findings, we
conclude that capital expenditures play a crucial role in describing the depth of cash

squeezes, while equity payouts play limited role for listed firms in the Nordic countries.
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5.4 Linking time-series variation with hypothetical cash-balance

squeezes

The link between time-series variation in leverage and cash squeezes is reported in Table
5.6 and Table 5.7. Time-series range and standard deviation are employed as measures
of time-series variation, while the hypothetical cash-balance indicates the depth of a
cash-squeeze absent external funding. Both tables present the estimated cash-balance for
the median firm, grouped into ten deciles based on various metrics. Table 5.6 sorts the
full sample into ten groups based on each firm’s time-series range of ML, BL, Cash/TA,
and Net debt/TA from lowest 10% to highest 10%. Table 5.7 sorts the sample into 10
decile groups based on each firm’s time-series standard deviation of ML, BL, Cash/TA,
and Net debt/TA.

The findings consistently demonstrate that firms with greater time-series range experience
larger hypothetical cash squeezes across all categories, including ML, BL, Cash/TA, and
Net debt/TA. The Kruskal Wallis test confirms significant differences in hypothetical
cash balances among the ten decile-based groups. In sum, we conclude that time-series
variation affects the cash-squeeze a firm face. Higher time-series range corresponds to a

greater cash-squeeze. The findings strengthen the answer on our main research question.

Table 5.7 presents the link between time-series standard deviation and cash squeezes.
Firms are sorted into 10 decile-based group based on the ratio in question. Across all
categories, including ML, BL, Cash/TA, and Net debt/TA, the general trend indicates
larger hypothetical cash squeezes for firms with higher time-series standard deviation. The
Kruskal Wallis test further confirms significant differences in hypothetical cash balances,

indicating a notable variation in cash squeezes based on time-series standard deviation.
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To conclude, our analysis posits that the hypothetical cash-balance can effectively explain
time-series variation in leverage. The findings demonstrate that firms with higher time-
series standard deviation are linked to more substantial cash squeezes. This highlights
the significance of time-series variation in understanding the dynamics of cash squeezes

faced by firms.
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6 Conclusion and implication of main findings

In this section, we summarize our main findings, and comparing our results with the

findings presented by DeAngelo et al. (2022).

6.1 Conclusion

This paper investigates whether cash squeezes in Nordic firms can be linked to time-series
variation in leverage ratios. We uncover that high time-series variation in leverage and
cash-balance ratios is the norm for firms facing hypothetical cash squeezes in the period
January 2000 to December 2021. Capital expenditures represent the main utilization of
funds for these firms. Consequently, being the primary driver of time-series variation in

leverage ratios.

Overall, we document that most firms solve cash squeezes by taking on interest-bearing
debt. The need for cash contributes to time-series variation in leverage as, the median
firms build up and down cash-holdings to adapt to the external environment. Our analyses
uncover that changes in cash holdings are a consequence of variation in funding needs.
This implies that our results support the funding-related explanation presented by Myers
& Majluf (1984).

We find that the time-series variation in both leverage and cash-balance ratios vary
significantly across firms. Both market and book leverage ratios are quite volatile when
cash-balance ratios are stable. Vice versa, cash balances tend to be quite volatile when
the leverage ratios (ML and BL) are stable. The net-debt ratio is almost always subject
to high volatility. The latter regularity also applies for firms with negative net-debt
ratios. Through understanding the interactions of leverage and cash-balance dynamics,
we conclude that time-series variation in leverage are linked to hypothetical cash-balance

squeezes for publicly listed firms in the Nordics in the period 2000 to 2021.

Time-series variation in leverage and cash-balance ratios is significantly higher for
firms being delisted due to financial distress. Interestingly, delisted firms experience
a significantly higher increase in leverage compared to non-delisted firms. The implication
is that delisted firms tend to take on more interest-bearing debt. These findings align

with the bankruptcy models proposed by Beaver (1966) and Ohlson (1980). Hence,
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incorporating time-series variation in leverage as an additional explanatory variable may

enhance existing bankruptcy models.

We provide additional evidence that capital expenditures can be used as primary
explanatory variable for the depth of a cash-squeeze. Capital expenditures are significantly
larger for firms with a negative hypothetical cash-balance compared to firms with a
positive hypothetical cash-balance. Equity payouts, as a fraction of both total assets and
capital expenditures, are nontrivial for the median firm in the sample. The implication is
that capital expenditures can be seen as the primary user of funds, and thus as the main
contributor to external funding needs for firms in the Nordic countries. The findings favor

the funding-related explanation presented by Myers & Majluf (1984).

In sum, we document a strong empirical link between leverage increases and cash squeezes.
This paper provides evidence why researchers and companies should start to consider
leverage and cash balances as co-dependent, rather than univariate elements, of financial
policy. Our research is placed in the intersection between the two large research fields
of capital structures and cash balances, providing valuable insights to the small research

field of leverage and cash dynamics.
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6.2 How our results compare to DeAngelo, Gongalves & Stulz

(2022)

In line with DeAngelo et al. (2022), we find that high time-series variation in leverage can
be linked to hypothetical cash squeezes. The crucial differences between our results lie in

the initial sample, market values, accounting principles, and assessment of delisted firms.

DeAngelo et al. (2022) study a full sample of 17,245 non-financial and publicly listed US
firms that have at least two consecutive years of non-missing leverage and cash-balance
data within the coverage period of 1950 to 2017. To draw long-time inferences DeAngelo
et al. (2022) focus on a subsample consisting of 3,099 firms with at least 20 consecutive
years of non-missing data. To comparison our full sample is based on 1,739 non-financial
publicly listed firms in the Nordic. These firms have at least two years of non-missing
leverage and cash-balance data within the coverage period of 2000 to 2021. To draw
long-time inferences, we focus on a subsample consisting of 599 firms with at least 10
consecutive years of non-missing data. Hence, there are substantial differences between

the size of the US and Nordic sample.

The crucial differences between our findings lie in the initial sample of firms and the
chosen time frame. Both factors probably cause some differences stemming from how
reporting rules have developed through the years. Moreover, differences in the accounting
principles between the US and Nordic countries might be a factor. The differences in
accounting culture affect the handling of different financial items, which affects the overall

classification.

The differences between the ML values reported in this paper and the article by DeAngelo
et al. (2022) probably stem from three main factors. First, and as aforementioned, the
historical benchmark indexes for stock exchanges in the Nordic states show considerable
increase in market values from beginning of year 2000 to end of 2021 (Trading Economics,
2023). Consequently, the market values used in this paper is considerable larger than the
ones used by DeAngelo et al. (2022). As there is no substantial difference in the amount of
interest-bearing debt, a higher market valuation will yield a lower ratio of market leverage.
Second, that valuation techniques have developed to better fit the listed companies, and

thereby affecting market values. Third, the general technological development has entailed
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more asset-light companies compared to firms from mid-end of the 1900s. As a result, we

are influenced by different company characteristics compared to DeAngelo et al. (2022).

Our additional analyses of delisted firms distinguish this study from the research conducted
by DeAngelo et al. (2022). The research trio acknowledges that the time-series variation
is affected by firms delisted. However, some of these firms are delisted due to financial
distress, but the trio does not delve further into the assessment of these firms. In contrast,
we emphasize that firms delisted due to financial distress represent extreme outcomes of a
cash-squeeze. Examining the interplay between leverage and cash-balance dynamics among
delisted firms provides an added understanding of how the two financial items interact.
Our results are, as far as we know, the first in the Nordics, providing unique insight into
how time-series variation in leverage and cash balances can be linked to delisting of firms
due to financial distress. In our view, leverage and cash balance dynamics should be of

high interest for both theoreticians and practitioners.
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7 Limitations and extensions

In this section we will put emphasis on the validity and reliability of this thesis. Thereafter,

we provide a short discussion on future research.

7.1 Limitations

This research is based on data from Compustat, which is globally accepted as an accurate
and reliable data source. However, it should be mentioned that Compustat is a secondary
data source, and we have only conducted spot checks on some of the companies in the
sample to check for the accuracy of the data material. Based on the acceptance of
Compustat and our random checks, we argue for overall good reliability of the underlying

data material.

A weakness in this thesis is the relatively limited sample obtained. This is a result of both
our imposed restrictions, such as 10-consectuive years with non-missing data, as well as
the data availability on Compustat. However, we argue it is reasonable considering the

size of the Nordic population.

Our results are based on financial information of publicly listed companies in Norway,
Sweden, Denmark, Finland, and Iceland. The listing status indicates that the collected
data should be reliable, and moreover adequate for comparisons due to IFRS. However,
the lack of common global reporting rules can make it challenging to generalize our key

takeaways to markets outside Europe.

Our analysis is based on a period of 22 years, stretching from the year 2000 to 2021. This
implies that our results incorporate effects from both the financial crisis in 2008 and the
covid-19 pandemic. Nevertheless, we would argue that eliminating these effects would be
the same as neglecting the real world. We believe the special conditions that succeeded

these events provide valuable material for the analysis conducted in this paper.
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7.2 Extensions

To gain further insight into the interactions between leverage and cash-balance ratios, it
would be valuable to examine whether the observed time-series variation in these ratios is
influenced by specific industry characteristics. It is widely acknowledged that leverage
and cash-balance ratios exhibit systematic variations across industries (Chudson (1945);
DeAngelo et al. (2015); Berk & DeMarzo (2020)). Furthermore, DeAngelo et al. (2015)
have demonstrated significant industry-specific time-series variations in median leverage

ratios.

The characteristics of time-series variation in leverage and cash balances are also associated
with industry dynamics. Given the varying capital requirements across industries, with
some being more capital-intensive than others, it is reasonable to expect differences in
cash squeezes among firms within different industries. As cash squeezes reflect the need
for external funds, our main findings in this paper suggests that industries with greater
cash squeezes would exhibit larger time-series variations in leverage compared to less
capital-intensive industries. Thus, exploring this aspect would provide an intriguing

avenue for further research.

Another interesting field for further research, would be to examine whether the same
trends apply to privately held firms in the Nordic countries. A paper by Mortal, Nanda,
& Reisel (2019) documented differences in cash holdings for private and public firms in
the US due to the costs of debt and the costs of holding precautionary cash. The paper
highlights that private firms face higher cost of debt, but at the same time holds greater
cash amounts due to the precautionary motive. This implies that we should find higher
levels of cash in private firms than public firms, and thereby less time-series variation in
cash holdings. Possible challenges are the lack of reliable values and accurate financial

data, enabling for valid and reliable comparison.
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Appendix

A1 Testing for significance

Al.1 Kruskal Wallis H-test

To check for significant differences between the 10 decile-based groups, we conduct a
Kruskal Wallis test. The test is sometimes referred to “one-way AVNOVA on ranks” and is
a rank-based nonparametric method used to test whether there are statistically significant
differences between two or more groups of an independent variable (Laerd Statistics ,
2023). The null hypothesis is that the rank sum is equal, and the alternative hypothesis

is that the rank sum is not equal. The test statistics is calculated as follows:

k
12 R;
K= ———x — —3(N +1)
N(N +1) ;nl (.1)

.. where R; is the sum of ranks for group 7.

The test uses the chi-squared distribution to determine the significant level. The critical
chi-squared value is 5.991 which equals a significance level of 5%. If the critical chi-squared
value is above 5.991, then the null hypothesis is rejected and there are differences between

the subgroups.
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Al1.2 T-test

To check whether two groups are significant different from each other, we conducted
a two-sided T-test. This is a statistical approach to used test for significant difference
between two samples (Wooldridge, 2020). The null hypothesis is that the two sample
means are not different, while the alternative hypothesis is that the two sample means
are different. Since the number in each sample in this paper is different, as well as the
variance being unequal, one must use an unequal variance T-test. The test statistic for

this test is given by:

X, - X
r- 2% g
a- + a-
ni na
The critical T-value for a two-sided T-test is 2.060, which equals a significance level of

5%. If the T-value is above 2.060, we reject the null hypothesis about zero difference, and
keep the alternative hypothesis about significant difference at 5% level.
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A2 Description of an AR(1) process with a unit root

Our dataset represents a stochastic process, such the volatility of the outcome variables —
ML, BL, Cash/TA and Net debt/TA — increases as shock arrives and accumulates. If the
standard deviation of the dependent variable is given in an AR(1) process with a unit

root, the regression is given as:

Ty =a-+bxXx (.3)

.. with a standard deviation equal to:

o(x); =0 x+/(t—n) (.4)

The standard deviation will increase with the longer time horizon before approaching
a finite limit. Hence, a stochastic process is the opposite of a mean reversion process.
The implication is that when the estimated standard deviation is based on only two
observations, i.e., two years, it will gauge so-called conditional volatility, as the observation
depends on only one shock. The explained case is an AR(1) process. As we only have one
shock, the explanatory variable will be dependent on that one shock. With more periods
we get an AR(n) process which will include several shocks. As a result, the outcome

variable no longer depends on only one shock, causing so-called unconditional volatility.

The constructed regressions in Figure 3.6 are AR(n) processes with a unit root. We have
executed a simple regression where the inputs differ by T years, stretching from T = 1 to
T = 20. In all regressions, the right-hand side of the regression includes a constant and
the lagged variable. The left-hand side of the regression represents the same value as the
independent variable only T years forward in time. A firm is included in a given pair if,

and only if, it has available data on Compustat for both years.

The general construction of the regressions can be illustrated by the following example: if

vi have an AR(1) process, where the independent variable lags T = 1 years behind, the
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reported R-squared in Figure 5 is the average R-squared for all regressions pairing 2000
with 2001, 2001 with 2002, and so forth. The final pair is 2020 with 2021. If we have an
AR(2)-process, we report the average R-squared for all pairs lagging 2 years, i.e. pairing
year 2000 with 2002, 2001 with 2003, and lastly 2019 with 2021. The maximum years
behind is 20 years, i.e., an AR(20)-process.
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