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Abstract: Determinants of a firm’s cash holdings have been a popular topic of research in finance,
especially after the rapid surge in cash holdings for U.S. firms since the 1980s. The wide array of
research has focused primarily on firm-specific factors to explain the cross-sectional variations but has
found insufficient explanatory power for the variations in cash holdings. We incorporate variables
for macroeconomic conditions and uncertainty with firm-specific variables. Using 19,223 firms with
213,663 firm-year observations from 1971 to 2019 and introducing five variables for macroeconomic
conditions of the Aruoba-Diebold-Scotti index and three variables for macroeconomic and financial
uncertainty, we find that a firm’s sensitivity to macroeconomic conditions and uncertainty plays
important role in determining the level of cash holdings. We find supportive evidence from the
robustness test with the firm’s age that variables for macroeconomic variables have an impact on the
level of cash holdings irrespective of the firm’s age.

Keywords: corporate cash holdings; macroeconomic conditions; macroeconomic uncertainty; expo-
sure to uncertainty; corporate governance; corporate liquidity; GARCH

1. Introduction

Over recent decades, firms have accumulated unusually high levels of cash, which has
amassed much attention in both academia and practitioners. Foley et al. (2007), Bates et al.
(2009), Sanchez and Yurdagul (2013), Graham and Leary (2018), and Chung et al. (2020)
documented this growing tendency to hold more cash holdings. For example, Bates et al.
(2009) found that the average cash ratio has drastically increased from 10.5% in 1980 to
23.2% in 2006. Sanchez and Yurdagul (2013) confirmed the growing tendency in aggregate
cash holdings from 1995 to 2010. Figure 1 illustrates the average cash ratio over time in
the U.S. economy since 1971 and confirms that firms have been gradually accumulating
their cash levels. Chung et al. (2020) stated that, especially after the 2008 financial crisis,
corporate top management tends to hoard excessive cash to entrench themselves at the
expense of investors and shareholders. From a more holistic point of view, there has been
substantial variation in aggregate cash holdings over the century. After the highest level in
the 1920s, the aggregate cash holdings fell drastically, sometimes gradually, and increased
(Graham and Leary 2018). Therefore, the subsequential research agenda is to explore
factors that explain these variations in the level of corporate cash holdings. Researchers
have considered theoretical frameworks and identified determinants such as firm-specific
characteristics to address the increasing growth in corporate cash holdings.

However, there has not been enough consensus on whether firm-specific variables
have sufficient power to explain the time-series pattern in the level of cash holdings.
(Opler et al. 1999; Harford et al. 2008; Denis and Sibilkov 2010; Subramaniam et al. 2011;
Brisker et al. 2013; Qiu and Wan 2015; Chen et al. 2015; Tahir et al. 2016; Bates et al. 2018;
Liu et al. 2021). Graham and Leary (2018) explored whether cross-sectional firm-specific
variables can explain time-series changes in cash holdings and found that firm-specific
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variables do not explain much of the time-series changes in cash holdings. Although the
theoretical framework has been empirically constructed well, what can influence cash
holdings if firm characteristics do not attribute to the changes in cash holdings? What can
determine the time-series changes in cash holdings? One potential candidate is variables for
macroeconomic conditions. The macroeconomic condition will be an important factor in the
level of cash holdings because the macroeconomic condition will have a widespread impact
on the corporations (Chen 2021). After the 2008 financial crisis, corporate cash holdings
gained much attention in the corporate finance field because corporates can perform the
necessary financial adjustments to meet their obligations with the cash holdings without
increasing their liabilities or liquidating their assets when corporates face the negative
effects of the changes in macroeconomic conditions (Abushammala and Sulaiman 2014).
Macroeconomic uncertainty is another candidate for cash holdings. A high degree of
uncertainty makes a firm’s need for cash less predictable in the future, which is a strong
incentive to hold a higher level of cash holdings under the precautionary motive. In the
face of a high level of macroeconomic uncertainty, firms tend to reserve a higher level of
cash holdings because cash holdings can work as a buffer to absorb unexpected shocks
such as a hike in the cost of external capital.
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Figure 1. Average cash ratio over time. The line represents the annual average ratio of cash and
short-term investment to total assets since 1971. The average cash to total assets ratio for each year
is defined as the cross-sectional average of individual firms’ cash to total book value of assets. The

shaded region represents the NBER-defined recessions for the U.S. economy:.

Following the discussion, we report our examination of the impact of each firm-specific
variable on cash holdings in a pooled regression setting and a fixed-effect regression setting
and can confirm that each firm-specific variable has a significant impact on cash holdings,
which is consistent with findings in prior studies. More importantly, we applied the
growth rate of real GDP, inflation, corporate profit, corporate bond yield, and Aruoba—
Diebold-Scotti index (ADS Index) as variables for macroeconomic conditions and examined
the impact of those variables in both regression settings and found that those variables
are statistically significant in explaining the changes in the level of cash holdings as the
hypotheses present their impact. We also applied macroeconomic uncertainties to examine
the impact of the change in cash holdings. Utilizing a univariate GARCH model, we
estimated the time-varying exposure to the conditional volatility of the real GDP growth
rate. The forecast of the financial uncertainty and the market premium in the financial
market were introduced to capture the impact on the cash holdings.
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Conclusively, we found that macroeconomic uncertainty factors have a significant
impact in explaining the change in cash holdings. However, in the fixed-effect models, the
conditional volatility of the real GDP growth rate becomes positively significant, suggesting
that firms need to increase the level of cash holdings based on the precautionary and
preventive motivation to be better in investment and operation with the constant liquidity
condition and not to get involved in a situation where the external financing becomes
expensive when they perceive the uncertainty in macroeconomic conditions. Furthermore,
under the fixed effect, firms seem to have difficulty preparing capital sources for projects
and, therefore, need to consume cash holdings when financial uncertainty is predicted.

As depicted in Figure 2, we observed a negative relationship between the firm’s age
and the level of cash holdings. Therefore, we also examined whether our macroeconomic
variables have a similar impact on cash holding across firms of different sizes as measured
by total assets. We divided our sample into four groups based on age and found that
variables for macroeconomic conditions and uncertainties have an impact on the level of
cash holdings irrespective of the firm’s age. Further, to examine the cross-sectional impact
of macroeconomic variables on firms’ cash holdings, we also divided our samples into
growth firms and value firms based on their market to book ratios. The real GDP growth
rate and financial uncertainty have no impact on the firm’s cash holdings, but the other
macroeconomic variables affect cash holdings the same in both groups. However, the ADS
index and market factor show the impact differently on the cash holdings. The robustness
test with growth vs. value firms can also conclude that macroeconomic variables have an
impact on the level of cash holdings irrespective of the firm’s growth feature.

Cash Holding By Age
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Figure 2. Average cash ratio by age. The line represents the cross-sectional annual average cash and
short-term investment to total assets ratios based on firms’ age. We consider a firm'’s age firstly when
it appears in the yearly Compustat data the first time, secondly in the subsequent year, and so on.
Firms’ ages are truncated at 40. For each age group, we find the cross-sectional average cash and
short-term investment to total assets ratios and plot them against age.

2. Related Literature

A theoretical framework that lays the groundwork for cash holdings consists of but is
not limited to trade-off theory, the pecking order theory, and agency problems. According
to the trade-off theory, firms decide to hold or change the level of cash holdings based on
the marginal benefit and cost of holding cash. Based on the transaction cost motive in the
trade-off theory, firms can decrease or minimize the transaction costs by raising external
funds or liquidating their assets by holding a certain level of cash holdings (Dittmar et al.
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2003). Opler et al. (1999) and Han and Qiu (2007) found supportive evidence for the
trade-off theory, claiming that firms tend to hold cash to protect against costly adverse
economic conditions. Opler et al. (1999), and Saunders and Steffen (2011) found debt is
preferred over cash holdings for financing investment opportunities. Despite the marginal
benefit of holding cash, Jensen (1986) claimed that cash holdings can cause agency costs.
When firms hold a higher level of cash holdings, they will not ask for external capital
and, therefore, can be away from the market monitoring, which could lead to a situation
where the top management will pursue their interest rather than the shareholders’ interest.
Chen et al. (2012) and Nikolov and Whited (2014) concluded that the agency perspective is
responsible for the changes in cash holdings. According to Opler et al. (1999), the level of
cash holdings depends on the firm’s decision on the investment and financing options. If a
firm’s operating cash flows and cash holdings cannot cover payments and expenses for
financing investments and debts, they require additional financing, which requires a higher
rate of return. Therefore, the level of cash holdings is determined by the operating cash
flows and expenses on the investment and financing options, which is called the pecking
order theory. There has been substantial research to identify the relevant firm-specific
variables to explain the change in cash holdings. Reflecting on the trade-off theory and
the agency problem, Ferreira and Vilela (2004), Wasiuzzaman (2014), and Uyar and Kuzey
(2014) applied the dividend payout, leverage, liquidity, and firm size to examine the cash
holdings outlook. To study the pecking order theory for cash holdings, Ferreira and Vilela
(2004) and Dittmar et al. (2003) employed R&D for investment activities, leverage, and
operating cash flows. Following those previous studies, this paper introduces variables for
the firm size, investment opportunities, leverage, profitability, liquidity, capital expenditure,
dividend, and cash flow as firm-specific variables to explain the level of cash holdings.
Under the precautionary motive, firms tend to accumulate cash holdings to finance their
projects and investments if other financing options are not available. Bates et al. (2009)
claimed that firms enhance their cash level to avoid the probability of higher costs of
external financing.

Graham and Leary (2018) suggested that macroeconomic variables may be good can-
didates to explain the changes in cash holdings when firm characteristics do not have
sufficient explanatory power. The macroeconomic environment is relevant to a firm’s cash-
holding decision based on both transaction and precautionary motives. The transaction
motive implies that firms would prefer holding cash as the internal source of capital to exter-
nal sources, especially when the external sources become expensive due to poor economic
conditions (Opler et al. 1999; Almeida et al. 2004; Han and Qiu 2007). The precautionary
motive states that companies with more investment and growth opportunities hold more
cash to hedge against very costly adverse shocks in cash flows (Faulkender and Wang 2006;
Pinkowitz et al. 2006; Denis and Sibilkov 2010). Lins et al. (2010) distinguished corporate
liquidity into the two parts of cash and lines of credit and found that lines of credit are
related to a corporate’s need for external financing to fund investment opportunities, while
cash is related to buffering against future cash shortage. Risk-averse management would
behave more cautiously and prefer more cash holdings when it is less confident in future
macroeconomic conditions and when it expects greater volatility in future cash flows and
greater difficulty in accessing capital markets'.

The precautionary motive is also directly related to the dynamics of cash holdings
over time via firms’ exposure to economic uncertainty. Recognition of this connection
has elicited more recent research that incorporates economic uncertainties as to the other
primary determinant of the firm’s cash holdings. Baum et al. (2006) concluded that when
macroeconomic conditions are more volatile, managers will display more conservative
behavior by increasing the liquidity level of the firm because they cannot predict future
cash flow. Hackbarth et al. (2006) argued that the operating cash flows of the leveraged
firm depend on the firm-specific shocks and the aggregate shocks that reflect the state of
the economy. Gao et al. (2017) asserted that firm-level heterogeneous risks due to economic
factors should be disaggregated into systematic risk and idiosyncratic risk and argued that
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uncertainties in macroeconomic factors should be considered in examining the change in
cash holdings. Foley et al. (2007) and Acharya et al. (2013) found that aggregate-level
uncertainties, such as changes in tax policy and frictions in a financial system, cause a
change in firms’ cash holdings.

Our premise is that a major component of cash holdings is the firm’s exposure to
macroeconomic conditions. This paper’s major contribution is to advance the analy-
ses of cash holdings in the following manners. First, based on the premise that both
time-series and cross-sectional variations in macroeconomic conditions would induce the
change in cash holdings, this paper advances the growing literature on the level of cash
holdings by incorporating the impact of various time-varying macroeconomic factors,
following Graham and Leary (2018). To understand the upward trend in the level of cash
holdings over multiple decades, prior literature has exploited unique firm-specific charac-
teristics such as profitability, liquidity, and leverage (Opler et al. 1999; Dittmar et al. 2003;
Harford et al. 2008; Denis and Sibilkov 2010; Subramaniam et al. 2011; Brisker et al. 2013;
Qiu and Wan 2015; Chen et al. 2015; Tahir et al. 2016; Bates et al. 2018; Liu et al. 2021).
However, prior literature has not explicitly documented the other potential determinants to
the level of cash holdings. This research fills this gap by identifying and emphasizing that
variables for macroeconomic conditions and uncertainty may be ingenious determinants
of the level of cash holdings by applying variables for macroeconomic conditions and
uncertainty in the theoretical frameworks of trade-off theory, precautionary motive, and
transaction motive and by empirically proving their significance.

Second, this research sheds new light on how and how much variables for macroeco-
nomic conditions and uncertainty influence the level of cash holdings. Tahir et al. (2016)
concluded that previous research with the firm-specific variables provides mixed results in
explaining the impact on the level of cash holdings. Graham and Leary (2018) found that
firms’ characteristics have insufficient explanatory power to explain the changes in cash
holdings. Introducing two sets of variables for macroeconomic conditions and uncertainty
will improve the explanatory power to understand the change in the level of cash holdings.
Through the presented models with three sets of variables presented in this paper, firms
will be able to achieve the appropriate or optimal level of cash holdings.

Following Sections 1 and 2, Section 3 will discuss the development of the hypotheses
to test, and later in Section 4, data are described with all statistical and econometric
methodology. Section 5 presents the results of each empirical test of a pooled model and
a fixed model along with the robustness test with the different firm’s ages, the value vs.
growth feature, and the endogeneity issue. In Section 6, this paper concludes. Appendix A
is provided for detailed information on the variables.

3. Hypotheses

As Opler et al. (1999) and Han and Qiu (2007) asserted, the trade-off model of cash
holdings entails that a firm’s optimal cash holdings are determined by the trade-off between
the marginal costs and benefits of the cash holdings. The marginal costs of cash holdings
are the combination of the opportunity cost of the capital invested in liquid assets and the
agency cost stemming from holding excess cash by managers. Dittmar et al. (2003) stated
that firms consider the marginal benefits and costs of the cash holdings to maximize the
shareholders’ wealth. The marginal benefits rise from a decrease in transaction costs related
to external funding (transaction motive) and take advantage of unanticipated investment
opportunities (precautionary motive). In other words, cash holdings allow firms to save
transaction costs for raising funds and to outfight the higher opportunity cost due to the
lower level of cash, according to the transaction motive (Dittmar et al. 2003; Almeida et al.
2004; Han and Qiu 2007; Graham and Leary 2018). Under the precautionary motive, firms
accumulate cash holdings to absorb economic shocks and to finance investment projects if
other financing options are not available due to the economic shock or if firms are under
financial distress (Ozkan and Ozkan 2004; Faulkender and Wang 2006; Pinkowitz et al. 2006;
Bates et al. 2009). Both the costs and benefits of cash holdings are affected by firm-specific
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variables. According to the trade-off model, the cash holdings appear to have an impact
on firm-specific variables such as leverage and firm size. Opler et al. (1999), Ferreira and
Vilela (2004), Uyar and Kuzey (2014), and Wasiuzzaman (2014) incorporated dividend
payout, leverage, firm size, liquidity, and risk to empirically test the trade-off theory for
the firm’s cash holdings perspective and confirm the significance of those determinants.
Another large volume of empirical studies employed the pecking order theory to explain
the behavior of the cash holdings by incorporating firm-specific proxies of firm profitability,
leverage, cash flow, and firm size and found evidence of their significance (Ferreira and
Vilela 2004; Uyar and Kuzey 2014; Al-Najjar and Belghitar 2011).

Both the costs and benefits of cash holdings are affected by macroeconomic variables
as well as firm-specific variables. The rise in the inflation rate and therefore the nominal
interest rate, for example, would increase the opportunity cost of the capital invested
in liquid assets and at the same time affect the transaction costs of raising capital from
external sources. Therefore, according to the trade-off model, firms would tend to have
more cash holdings when macroeconomic conditions are worse or when macroeconomic
uncertainties increase due to the trade-off model. Graham and Leary (2018) suggested that
the macroeconomic environment is relevant to a firm’s cash-holding decision based on both
transaction and precautionary motives. Irvine and Pontiff (2009) noted that cash holdings
are more valuable when the product market condition gets worse.

Julio and Yook (2012) claimed that aggregate uncertainty has an impact on a firm'’s
investment decision, and Gao et al. (2017) found a relationship between systematic uncer-
tainty and the level of cash holdings. Under unexpected financial distress and economic
uncertainty, firms may not be able to find the proper channel for external capital and,
therefore, are expected to use the cash reserves immediately, as Neamtiu et al. (2014) noted.
Stated formally, we hypothesize the following;:

Hypothesis 1. Macroeconomic variables will have a significant impact on the level of cash holdings.

i.  Stability in economic condition (real GDP growth) and profitability (corporate profit) are
expected to show a positive impact on the level of cash holdings.

ii.  Inflation, a condition in the debt market (bond yield), and business condition (ADS index) are
expected to show a negative impact on the level of cash holdings.

Hypothesis 2. Macroeconomic uncertainties will display an adverse impact on the level of cash
holdings through the operation channel and the financing channel.

i.  Real GDP volatility is expected to show a positive impact on the level of cash holdings through
the operation channel.

ii.  Financial uncertainty and financial market factor are expected to show a negative impact on
the level of cash holdings through the financing channel.

Fluctuations in economic conditions may cause a change in the business environment
for firms, and therefore, they should adjust the level of cash holdings to cope with such
fluctuations, as Anand et al. (2018) claimed. For example, under depressed economic
conditions, firms may experience underperformance in sales and profit, resulting in a
constant or decreasing level of cash holdings. Our measures of macroeconomic conditions
impacting the changes in the firm-level cash holdings are real GDP growth rate (RGDP
Growth), inflation (Inflation), corporate profit to GDP ratio (Corp. Prof/GDP), corporate
bond yield (Corp. Bond Y), and the Aruoba-Diebold-Scotti index (ADS Index). The real
GDP growth rate can show the expected conditions of the economy in the future that
cannot be explained by firm-specific variables. We expect the real GDP growth rate to
be positively related to the level of cash holdings because firms will have a lower cost of
external financing and fewer financing constraints and, therefore, can accumulate more cash
holdings, based on the trade-off theory, when the real GDP growth rate tends to increase.
Inflation may have an impact on the level of cash holdings that is different from the real
GDP growth rate. External financing can be more expensive when inflation and nominal
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interest rate are expected to rise. As Weidemann (2018) stated, firms tend to reduce the level
of cash holdings when external financing becomes expensive, and cash holdings become
costly, based on the trade-off theory. Firms would rather be better off with the investment
in interest-bearing assets than holding cash and cash equivalents. Therefore, the higher the
inflation expected, the fewer firms are incentivized to keep the level of cash holdings. Poor
performance in profitability, represented by the corporate-profit-to-GDP ratio, can result in
a situation where firms have insufficient liquidity to satisfy their liabilities. Therefore, firms
need to consume cash and cash equivalents to do so. On the contrary, high profitability
can supply enough liquidity to cover the liabilities and raise the level of cash holdings. We
expect a positive association between the level of cash holdings and the corporate profit
to GDP. The ADS index tracks the real business conditions with the underlying inputs of
economic indicators such as payroll, industrial production, real GDP, personal income, and
manufacturing and trade sales. The average value of the ADS index is 0. A bigger positive
value means a better-than-average macroeconomic condition, and a negative value means
a worse-than-average condition. Therefore, the ADS index is expected to have a negative
association with cash holdings, as firms will be incentivized to collect more cash holdings
when the macroeconomic condition seems worse.

The corporate bond yield can influence the level of cash holdings through the interest
rate channel. Cash holdings become costly when inflation and nominal interest rate are
expected to rise (Chen et al. 2012). As corporate bond YTM tends to rise when the interest
rate goes up, our measure of corporate bond yield, the average YTM on Aaa- and Baa-
rated bonds, will go up, and thus, the level of cash holdings is expected to decrease. The
relationship between the corporate bond yield and the level of cash holdings can also be
explained by the bond yield spread. The bond yield spread between bonds with different
terms (long term vs. short term) and between bonds with different yields will be wider as
the interest rate rises, as a long-term bond and a high-yield bond will be more exposed to
the change in the interest rate, which indicates a stable economic condition in the future.
Consequently, firms will have fewer preventive and precautionary incentives to increase
the level of cash holdings.

Baum et al. (2006) asserted that firms can predict the accurate level of cash holdings
when the macroeconomic conditions are stable. However, firms may increase the level of
cash holdings on precautionary and preventive motivation when firms perceive uncertainty
in the macroeconomic conditions. Uncertainty can influence cash holdings through the
operation channel and the financing channel. Firms need operating cash flows to meet
investment opportunities. Uncertainty in the macroeconomic conditions may disturb firms
from predicting the accurate operating cash flows for investments in the future. Thus, firms
will need to prepare a higher level of cash holdings when perceiving the uncertainty in
the macroeconomic conditions, which will be more extensive if the opportunity cost of
investment opportunities is high, and the cost of external financing is high. Our measure
of the uncertainty through the operation channel is the conditional volatility of the real
GDP growth rate (RGDP CV). The conditional volatility of the real GDP growth rate is
measured by the GARCH model and represents the unexpected volatility of the real GDP.
RGDP CV is expected to negatively influence the firm’s ability to predict accurate operating
cash flows and thus will cause the level of cash holdings to increase. The financing channel
means that uncertainty in the macroeconomic conditions affects the level of cash holdings
through the change in the cost of external financing. Ferreira and Vilela (2004) claimed
that macroeconomic conditions can be stabilized through the financial sector from an
interest-rate-induced shock. Uncertainty in the macroeconomic conditions may increase the
volatility in the cost of external financing, so firms may need to pay more for the external
source of funds. To hedge against the expensive cost of external financing and uncertainty,
firms will build an additional level of cash holdings. Uncertainty in the macroeconomic
conditions, therefore, is expected to positively affect the level of cash holdings. Our
measures of macroeconomic uncertainty in the financing channel are a 12-months-ahead
forecast of financial uncertainty (FF Uncertainty) and market risk premium in the financial
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market (FF Mkt Factor). Both measures are designated to capture the uncertainty shock from
the macroeconomic conditions through the financial market and, therefore, are expected to
increase the level of cash holdings.

4. Data and Methodology

Our firm-specific variables for publicly traded firms were obtained from Standard and
Poor’s annual Compustat database. Our sample spans from 1971 to 2019. We excluded all
utilities and financial firms (SIC codes between 6000-6999 and 4900—4999) because utility
firms are subject to regulatory oversight, and financial firms hold cash to maintain reserve
requirements. We excluded firms with less than three years of observation because we
used the lag of the dependent variable. We also excluded firms with negative sales or
negative total assets. Our final sample consists of 19,223 unique firms with 213,663 firm-year
observations. All continuous variables were winsorized at the 1% and 99 percent levels.
Data for macroeconomic variables were collected from various sources (see Appendix A
for data sources).

If CashRatio; is the cash holdings of ith firm at time ¢, the cash holdings can be
represented by the following panel data regression model:

CashRatio;; = ACashRatio;;_1 + BContVars; + yMacroVars;; + a; + 0; + u;y ()
i:1/ 2/ 3/ /N/ tzlr 2I 3/”‘/T

where cash ratio stands for the ratio of firm-level cash and marketable securities to total
assets, ContVars is a matrix of control variables, MacroVars is a matrix of macroeconomic
variables, «; is an unobservable firm-specific effect, §; is an unobservable industry-specific
effect, A is a scalar coefficient of the lagged cash ratio, § is a coefficient vector of control
variables, v is a coefficient vector of macroeconomic variables, and u;; is an idiosyncratic
error term.

Following Bates et al. (2009), we have ten control variables. They include the one-year
lag value of corporate cash to assets ratio (L. Cash Ratio), market to book ratio (MB Ratio),
firm size (Firm Size), cash flow to assets ratio (CF Ratio), networking to capital assets (NWC
Ratio), capital expenditures to assets (Capex Ratio), leverage (Leverage Ratio), R&D to sales
(RD/Sales ratio), acquisition to assets (Acg. Ratio), and dividend payout dummy (Dividend).
The definitions of these control variables as well as eight other macroeconomic variables
are provided in Appendix A. Using these control variables, our baseline model with the
firm- and industry-fixed effect is

CashRatio;; = A CashRatio;y_1 + B1MB Ratio;; + By Firm Sizey + B3 CF Ratio;+
BaNWC Ratio;; + BsCapex Ratioj + BgLeverage Ratioj + ﬁy%mtioit—i— 2)
BsAcq. Ratio + BoDividend; + a; + 0; + uy;

To measure the impact of macroeconomic variables on cash holdings, we augmented
model 2 with a different set of macroeconomic variables that capture the state of the macroe-
conomic condition and uncertainty. Five macroeconomic variables measure the state of
the macroeconomic condition. They include Aruoba—-Diebold—-Scotti business conditions
index (ADS Index), real GDP growth rate, inflation, corporate profit, and corporate bond
yield. The ADS index tracks real business conditions by combining high-frequency and
low-frequency data. The expected value of the ADS index is zero. Bigger positive values of
the ADS index indicate better-than-average conditions, and more negative values indicate
worse-than-average conditions. The other two macroeconomic variables are straightfor-
ward to measure and include real GDP growth (RGDP Growth) and inflation (Inflation).
Similar to the ADS index, RGDP growth will positively impact corporate liquidity, whereas
inflation harms cash holdings. The nonfinancial corporate profits after tax without inven-
tory valuation adjustment and capital consumption adjustment as a percentage of gross
domestic product (Corp. Prof/GDP) is used to measure the impact of aggregate corpo-
rate financial performance on firm-level cash holdings. Similarly, we used the average of
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Moody’s seasoned Aaa and Baa corporate bond yields (Corp. Bond Y), defined as (annual
yield on Aaa rated bond + annual yield on Baa rated bond)/2, to capture the opportunity
cost of holding cash and examine its impact on cash holdings After augmenting model 2 by
these macroeconomic condition variables, our next model takes the following form:

CashRatio; = A CashRatio;; 1 + B ContVars;; + y1 ADS Index;+

Y2 RGDP Growthj; + v3 CPIj; 4 4 Corp. Prof /GDPy; + 5 Corp. Bond Yj + a; + 0; + ujy @)

The other three macroeconomic variables that capture the macroeconomic uncertainty
are the conditional variance of real gross domestic product (RGDP CV), a measure of
financial uncertainty, and the Fama—French market factor. The time-varying conditional
variance of real GDP growth rate (RGDP CV) is measured using AR (1)-GARCH (1,1) model.
The mean and variance equations of real GDP growth (RGDPg) are specified as follows:

RGDPg; = ¢ RGDPg;_1 + ¢ where ey ~ N(0, hy) 4)

he = w+ @1 hi_1 + @ael_4 5)

Equations (4) and (5) are jointly estimated with the maximum likelihood method.
The conditional standard deviation v/J; estimated using Equations (4) and (5) is used as a
measure of macroeconomic uncertainty. The impact of variability on corporate liquidity
could be positive or negative.

The 12-months-ahead measure of financial uncertainty was taken from Jurado et al.
(2015). The stock market volatility to proxy for financial uncertainty is expected to have a
negative impact on corporate cash holdings. The Fama-French market factor measures the
overall market risk premium and is expected to positively impact corporate cash holdings.
With all the macroeconomic variables, our complete model takes the following form:

CashRatio; = A CashRatio;;_1 + B ContVars;; + v1 ADS Index;+
Y2 RGDP Growthj; + 3 CPI;; + 774 Corp.gr—l%it + 5 Corp. Bond Yj; + v¢ RGDP CVj+ 6)
7 Fin. Uncertainty;; + vg FF Mkt Factory + a; 4+ 0; + uj;

Our unbalanced panel models represented by Equations (2), (3) and (6) are estimated
using a pooled OLS estimator and fixed-effects estimator with cluster-robust standard
errors. Positive coefficients on the macro variables mean that they positively impact the
cash ratio. In contrast, negative coefficients indicate that they have a negative impact
on the cash ratio. We tested these hypotheses using pooled and fixed-effects regression
for the whole and subsamples using t-test and F statistics. To examine the impact of all
macroeconomic variables on the cash holdings, we used Wald tests to test joint hypotheses,
equating all coefficients on the macroeconomic variables to zero.

5. Results
5.1. Summary Statistics

Table 1 presents the descriptive statistics for the firm-specific control variables and
variables for macroeconomic conditions. The average cash ratio is 16.16%, and the median
is 7.84%. The MB ratio for the growth prospect is 226.79, indicating the high growth
potential for all firms in the U.S. economy. The average size of a firm is 4.72, and the
firm’s profitability (cash flow to assets) is not as good at —6.47%. A firm has 2.13% in
liquid assets on average, has 28.16% debt on its balance sheet, and brings about 6.85% of
capital expenditure. Research and development incur 22.97% of sales, and acquisition is
low at 1.87%.
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Table 1. Descriptive Statistics.
N Mean SD Min 01 Median Q3 Max
Cash Ratio 213,663 16.16 20.13 0 2.53 7.84 21.52 89.07
MB Ratio 213,663 226.79 314.67 51.79 101.03 136.84 216.74 2452.88
Firm Size 213,663 472 2.39 —0.83 3.04 4.59 6.35 10.55
CF Ratio 213,663 —6.47 48.09 —350.02 —1.68 5.63 9.91 27.17
NWC Ratio 213,663 2.13 47.23 —344.13 —4.57 6.72 22.33 56.47
Capex Ratio 213,663 6.85 7.70 0 1.99 4.37 8.63 42.87
Lev. Ratio 213,663 28.16 32.76 0 6.5 22.18 38.27 231.35
RD/Sales 213,663 22.97 119.50 0 0 0 3.84 1022.51
Acq. Ratio 213,663 1.87 5.55 —0.37 0 0 0.17 34.04
Dividend 213,663 0.35 0.48 0 0 0 1 1
ADS Index 213,663 -0.12 0.92 —3.68 —0.39 —0.02 0.41 1.64
RGDP Growth 213,663 2.73 2.08 -3.3 1.61 2.79 4.17 8.32
Inflation 213,663 3.48 2.53 0.01 2.02 293 3.97 12.51
Corp. Prof/GDP 213,663 7.11 2.08 3.92 5.16 6.54 9.22 11.7
Corp. Bond Y 213,663 7.74 2.66 3.44 5.82 741 9.23 15.39
RGDP CV 213,663 52 2.18 297 3.6 4.35 6.24 11.48
Fin. Uncertainty 213,663 0.98 0.05 091 0.94 0.98 1.02 1.11
FF Mkt Factor 213,663 7.95 17.57 —38.34 —3.87 11.55 20.57 35.2

This table presents the descriptive statistics for all variables. The sample consists of 19,223 unique firms from
Compustat’s annual files and spans from 1971 to 2019. All firm-specific variables are scaled by total assets and
winsorized at the top and bottom at the 1% level. The Cash Ratio is the ratio of cash and marketable securities to
total assets. Similarly, MB Ratio is computed as the ratio of the market value of total assets to the book value of
total assets. The natural logarithm of the book value of total assets is defined as Firm Size. CF Ratio is cash flows to
total asset ratio, defined as the operating income before depreciation minus interest expense, taxes, and dividend
scaled by total assets. NWC Ratio is net working capital to total assets, computed as the current assets excluding
cash and marketable securities minus current liabilities and divided by the book value of total assets. Capex Ratio
is the ratio of capital expenditure to book value of total assets. Lev. Ratio is the leverage ratio computed as the
ratio of short-term and long-term debt to total assets. RD/Sales is research and development expense as a percent
of total sales. Acq. Ratio is the acquisition ratio calculated as the ratio of total acquisition to total assets or 0 if
missing. Dividend is a dummy variable that is 1 if the dividend is positive and zero otherwise. ADS Index is
the Aruoba—-Diebold—Scotti business conditions index. RGDP Growth is the change in the real gross domestic
product (GDP). Inflation is the percentage change in the consumer price index. Corp. Prof/GDP is computed
as the corporate profit to GDP ratio. Corp. Bond Y is an equally weighted average yield on Aaa- and Baa-rated
bonds. RGDP CV is conditional volatility of real GDP growth rate. Fin. Uncertainty is a 12-months-ahead forecast
of financial uncertainty. FF. Mkt Factor is the Fama—French market factor. See Appendix A for detailed variable
definitions and their computation.

The average ADS index is —0.12, suggesting that the macroeconomic condition is
worse than the average condition in the overall sample years. Real GDP has been growing
by 2.73%, and the average inflation rate is 3.48%. Firms showed 7.11% of financial perfor-
mance, and the average bond yield was 7.74%. Over the sample period, macroeconomic
uncertainty increased by 5.2%, and financial uncertainty was low at 0.98%. The average
market risk premium is 7.95%.

Table 2 shows correlations among variables. However, there is no outstanding mul-
ticollinearity problem among firm-specific control variables except between NWC Ratio
and CF Ratio. However, both firm-specific variables were applied to the empirical test by
previous research, such as that of Bates et al. (2009) and Graham and Leary (2018), so we
follow them. Over the presented correlations, we found a high correlation between RGDP
Growth and ADS Index.

It may not be believed that any multicollinearity problem is incurred because the ADS
index is a comprehensive index not only with real GDP but also factors in trade, industrial
production, joblessness, and consumption. Corp. Bond Y presents high correlations with
inflation and Corp. Profit/GDP. However, according to the definitions of those variables
and how they are derived, we may believe that those would not cause the multicollinearity
issue undermining the statistical significance. All variables are shown to have an association
with the level of cash holdings.
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Table 2. Pearson Correlation Coefficients.

Variables @ @ ®) @ ®) ) @) ®) ©) (10) an (12) 13) (14) (15) (16) a7 (18)
(1) Cash
Ratio 1.00
(@) MBRatio 029 * 1.00
(3)FirmSize ~ —0.19#*  _0.29 % 1.00
(4) CFRatio  —022**  —062%*  (39% 1.00
(%I;E’ZC _014% _053% 0A8MF 0.64 1.00
(6)Rcapex —0.16%*  —0.01**  0.02%*  0.07%*  —0.05%* 1.00
atio : : : : : :
(7)Lev. Ratio  —026**  026**  —006%* —039%* _054%  (02% 1.00
Hok K _ A . L . Ak . HAok *¥
(8)RD/Sales  0.39 0.27 0.14 0.39 0.17 0.07 0.01 1.00
(9) Acq. Ratio  —0.09**  —0.03**  0.12%%  006**  0.01**  —0.06**  0.05%%  —0.04%* 1.00
(10) Dividend ~ —021%%  —017**  041**  021**  018%*  003**  —010%* —014%* 001" 1.00
(1) ADS 0.00 0.03%%  —0.03%* 002  003%F  —001™*  —002%*  —001**  001% 0.00 1.00
(12) RGDP
—002%*  0.00 Z0.08%*  0.04%* 007 002 —0.02% 003" 001%* 001 081 1.00
Growth
(13)Inflation  —0.14**  —0.13%%  _0A7**  011** 018 011 002  —008**  —007** 019  _015%*  _011% 1.00
lﬁlg}/%og; 041 008 023  —008**  —015%*  —011**  001**  006%* 001  —000%  002%  —014"* 015" 1.00
(A5 Corp. 5w _gizee  _026% 0120 020" 016%*  —0.03%F  —0.09%F 006  013%F 002  008%*  0.63% 067 1.00
Bond Y
(16)5\?]31) S040% —042%% 005 009 015%*  010%*  —0.03%*  —008%*  —0.06%*  0.16™*  022%*  030%*  035%  _021%* 055 1.00
Ur(lz)r;ﬁty _004% 005" —0.03 0.00 0024 002" 0.03%F 001 001 0.02%%  _045* _032%  019%%  _028*  016% 002" 1.00
(18]2,:501}4“ 0.02%% 0067 002 001 —001**  —003**  —001%* 000 0.01%% 001  059%% 051 QI8  014™*  _015%  005%*  —04d** 100

This table presents the correlation between the cash ratio and all firm-specific and macroeconomic variables. The 1% and 5% significance levels are denoted with *** and **, respectively.
The Cash Ratio is the ratio of cash and marketable securities to total assets. Similarly, MB Ratio is computed as the ratio of the market value of total assets to the book value of total assets.
The natural logarithm of the book value of total assets is defined as Firm Size. CF Ratio is cash flows to total asset ratio, defined as the operating income before depreciation minus
interest expense, taxes, and dividend scaled by total assets. NWC Ratio is net working capital to total assets, computed as the current assets excluding cash and marketable securities
minus current liabilities divided by the book value of total assets. Capex Ratio is the ratio of capital expenditure to book value of total assets. Lev. Ratio is the leverage ratio computed as
the ratio of short-term and long-term debt to total assets. RD/Sales is research and development expense as a percent of total sales. Acq. Ratio is the acquisition ratio calculated as the
ratio of total acquisition to total assets or 0 if missing. Dividend is a dummy variable that is 1 if the dividend is positive and zero otherwise. ADS Index is Aruoba—Diebold—Scotti
business conditions index. RGDP Growth is the change in the real gross domestic product (GDP). Inflation is the percentage change in the consumer price index. Corp. Prof/GDP is
computed as the corporate profit to GDP ratio. Corp. Bond Y is an equally weighted average yield on Aaa- and Baa-rated bonds. RGDP CV is conditional volatility of real GDP growth
rate. Fin. Uncertainty is a 12-months-ahead forecast of financial uncertainty. FF. Mkt Factor is the Fama-French market factor. See Appendix A for detailed variable definitions and
their computation.
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5.2. Impact of Macroeconomic Conditions on the Level of Cash Holdings, Pooled Model

Table 3 shows the result of the pooled regression for the cash holdings on each variable
for macroeconomic conditions and control variables. Pooled regression can usually be
carried out on time-series data for different cross-sections. By applying the whole sample,
pooled regression aims to show whether and how variables for macroeconomic conditions
impact the level of cash holdings. Consistent with Gao et al. (2017) and Graham and Leary
(2018), we introduced the firm-specific control variables as follows: lagging level of cash
holdings (L. Cash Ratio), market to book ratio (MB Ratio), firm size (Firm Size), cash flows
(CF Ratio), net working capital (NWC Ratio), capital expenditure (Capex Ratio), leverage
condition (Lev. Ratio), R&D expenditure (RD/Sales), dividend payout ratio (Dividend), and
acquisitions (Acq. Ratio). MB Ratio reflects the firm’s growth prospects, and a high MB
Ratio indicates optimistic growth prospects, suggesting that firms may need to hold more
cash holdings or liquid assets because the cost of credit or external financing for such a
firm may be high, as claimed by Opler et al. (1999) Therefore, MB Ratio is expected to
be positively related with the cash holdings. The general benefit of the cash holdings
depends on whether and how much, if possible, firms can save transaction costs related
to external financing and a firm’s access to the financial market, determined by the firm'’s
size, profitability, investment opportunities, the availability of liquidity substitutes, and
leverage. As a firm get bigger, it may be less incentivized to hold cash, as it can have other
types of liquidity substitutes. Profitability, measured by CF Ratio, is expected to have a
positive relationship. The higher the net working capital for the liquidity substitute and
the investment for the capital expenditure, the less chance to add the level of cash holdings.
When firms have a high debt ratio, they should prepare a high volume of cash to meet the
interest and principal payments for short- and long-term obligations. If firms have specific
future uses in mind, such as R&D, firms will hold more cash holdings for such a known
expenditure. Acquisition expenditure consumes cash holdings and other types of liquidity.
Firms will be able to accumulate fewer cash holdings or need to consume the current level
of cash holdings to make the dividend payout, and therefore, there is a negative association
between dividend payout and the level of cash holdings.

In all three models, we found strong evidence that the lag of the cash ratio significantly
and positively affects the current level of cash holdings. For example, in model 1, the
coefficient of lag of the cash ratio is 0.6722, indicating that firms can accumulate 32.78%
of their optimal level of cash holdings within one year.” As expected, it is noticed that
there is a change in adj. R-square, indicating that firms would be able to find the optimal
level of cash holdings not only considering firm-specific factors but also macroeconomic
conditions.

Model 1 in Table 3 shows the result of the base model with only the control variables.
All control variables are statistically significant: this result is consistent with Gao et al.
(2017) and Graham and Leary (2018). Control variables were found to be consistent with
the hypotheses stated above. Positive signals and performance such as MB Ratio, CF
Ratio, and RD/Sales increase the level of cash holdings because they represent the firm’s
growth prospects, profitability, and optimistic prospects. In the meantime, expenditures
such as NWC Ratio, Capex Ratio, Lev. Ratio, Dividend, and Acg. Ratio lead to a decrease or
consumption of the cash holdings.

Test results with variables for macroeconomic conditions are shown for model 2 in
Table 3. Firm-specific control variables are statistically significant and are still consistent
even with the application of macroeconomic variables with the result in model 1. The
real GDP growth rate shows a positive relationship with the level of cash holdings, as
hypothesized. As the real GDP growth rate indicates a stable economic condition, firms
face favorable financial constraints and a lower cost of external financing so that firms can
keep more cash holdings. The results of checking the influence of inflation along with the
real GDP growth rate are presented. The real GPD growth rate maintains its significance.
and inflation shows a negative relationship. as expected. When inflation rises, external
financing becomes costly, and firms would rather invest in interest-bearing assets than keep
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cash in the vault as the interest rate goes up. It was also checked if the firm’s profitability
has an impact on the cash holdings, and we confirm that a firm’s profitability is another
source for the cash holdings to rise.

Table 3. Pooled Estimates.

Model 1 Model 2 Model 3
Estimate p-Value Estimate p-Value Estimate p-Value
L. Cash Ratio 0.6722 *** (0.00) 0.6717 *** (0.00) 0.6719 *** (0.00)
MB Ratio 0.0067 *** (0.00) 0.0067 *** (0.00) 0.0066 *** (0.00)
Firm Size —0.1114 **+* (0.00) —0.1231 *** (0.00) —0.1297 *** (0.00)
CF Ratio 0.0394 *** (0.00) 0.0394 *** (0.00) 0.0393 *** (0.00)
NWC Ratio —0.0525 *** (0.00) —0.0519 *** (0.00) —0.0518 *** (0.00)
Capex Ratio —0.2792 *** (0.00) —0.2792 *** (0.00) —0.2787 *** (0.00)
Lev. Ratio —0.1021 *** (0.00) —0.1014 *** (0.00) —0.1013 *** (0.00)
RD/Sales 0.0191 *** (0.00) 0.0192 *** (0.00) 0.0192 *** (0.00)
Acq. Ratio —0.3460 *** (0.00) —0.3466 *** (0.00) —0.3469 *** (0.00)
Dividend —2.0102 *** (0.00) —1.9720 *** (0.00) —1.9399 ** (0.00)
ADS Index —0.0158 (0.69) —0.1094 * (0.01)
RGDP Growth 0.0555 ** (0.00) 0.0560 ** (0.00)
Inflation —0.1845 *** (0.00) —0.1969 *** (0.00)
Corp. Prof/GDP 0.2145 *** (0.00) 0.2466 *** (0.00)
Corp. Bond Y 0.2273 *** (0.00) 0.2908 *** (0.00)
RGDP CV —0.0700 *** (0.00)
Fin. Uncertainty 1.3916 * (0.03)
FF Mkt Factor 0.0141 *** (0.00)
Constant 10.4087 *** (0.00) 10.4177 *** (0.00) 5.8656 *** (0.00)
F-Statistics 54.30 (0.00) 44.84 (0.00)
No. observations 213,663 213,663 213,663
Adj. R? 0.6698 0.6702 0.6703

This table presents the coefficient estimates and p-values in parentheses from pooled OLS regression using
firm-level annual cash and short-term investment to total assets ratio as a dependent variable. The total number
of firms in the sample is 19,223, and the sample period spans from 1971 to 2019. The Cash Ratio is the ratio of
cash and marketable securities to total assets. Similarly, MB Ratio is computed as the ratio of the market value of
total assets to the book value of total assets. The natural logarithm of the book value of total assets is defined as
Firm Size. CF Ratio is cash flows to total asset ratio, defined as the operating income before depreciation minus
interest expense, taxes, and dividend scaled by total assets. NWC Ratio is net working capital to total assets,
computed as the current assets excluding cash and marketable securities minus current liabilities divided by the
book value of total assets. Capex Ratio is the ratio of capital expenditure to book value of total assets. Lev. Ratio is
the leverage ratio, computed as the ratio of short-term and long-term debt to total assets. RD/Sales is research
and development expense as a percent of total sales. Acq. Ratio is the acquisition ratio, calculated as the ratio
of total acquisition to total assets or 0 if missing. Dividend is a dummy variable, which is 1 if the dividend is
positive and zero otherwise. ADS Index is the Aruoba-Diebold-Scotti business conditions index. RGDP Growth
is the change in the real gross domestic product (GDP). Inflation is the percentage change in the consumer price
index. Corp. Prof/GDP is computed as the corporate profit to GDP ratio. Corp. Bond Y is an equally weighted
average yield on Aaa- and Baa-rated bonds. RGDP CV is conditional volatility of the real GDP growth rate. Fin.
Uncertainty is 12-months-ahead forecast of financial uncertainty. FE. Mkt Factor is the Fama-French market factor.
See Appendix A for detailed variable definitions and their computation. Model 1 is a baseline regression model
with only control variables as explanatory variables. Model 2 extends model 1 by adding five macroeconomic
variables that capture the state of macroeconomic conditions. Similarly, model 3 adds three more macroeconomic
variables that capture macroeconomic uncertainty to model 2. The 1%, 5%, and 10% significance levels are denoted
with ***, ** and *, respectively. See Appendix A for variable definitions and their computation.

To check how the macroeconomic environment derived from the debt market affects
the level of cash holdings, the corporate bond yield needs to be applied in the regression.
For that purpose, the average yield to maturity on Aaa- and Baa-rated bonds was applied
and expected to have a negative relationship with the level of cash holdings through the
interest rate and yield spread channels. Test results suggest that the rise in the average
yield to maturity results in an increase in cash holdings, which may be explained by the
refinancing risk in the bond market. Refinancing risk occurs when firms are not able
to obtain the refinancing. When the yield to maturity rises, firms may find difficulty in
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refinancing, so cash holdings can assist firms to pay off debt and reduce the likelihood
of insufficient liquidity (Gao et al. 2013). As expected, the ADS index has a negative
association with cash holdings, as firms will be more incentivized to collect more cash
holdings when the macroeconomic condition seems worse.

Uncertainty in macroeconomic conditions is considered to hinder the firm’s ability
to predict the operating cash flows and accurate level of cash holdings. To determine the
influence of uncertainty on the level of cash holdings, the three variables of conditional
volatility of real GDP growth rate, forecast of financial uncertainty, and financial market
premium were applied, and the test results are presented for model 3 along with control
variables and variables for macroeconomic conditions. Not only variables for macroeco-
nomic conditions but also those for uncertainty are confirmed as statistically significant,
as expected. It is not usually possible for firms to increase cash holdings under a volatile
macroeconomic situation in the future because under uncertain economic conditions mea-
sured by conditional volatility of the real GDP growth rate, illiquid conditions and financial
distress may harden so that firms cannot raise external capital, and therefore, they should
spend cash holdings. As an illustration of the economic significance, we multiplied the
mean values for each macroeconomic variable by the regression coefficient and divided
them by the mean value for the Cash Ratio. ADS Index accounts for 0.08%, RGDP Growth
0.95%, Inflation 4.24%, Corp. Prof/GDP 10.85%, and Corp. Bond Y 13.93%, showing that
variables for macroeconomic conditions account for a total of 30.05%° of the mean Cash
Ratio. On average, 30.05% of the changes in the level of cash holdings are attributed to the
macroeconomic condition. Similarly, we found that RGDP CV accounts for 2.25% of the
mean Cash Ratio, Fin. Uncertainty 8.44%, and FF Mkt Factor 0.69%.

Conclusively, we can claim that firms should take macroeconomic conditions and
uncertainty into consideration as well as firm-specific variables to determine the appropriate
level of cash holdings because variables for macroeconomic conditions and uncertainties
are economically significant, as they account for the total of 41.43% and are found to be
statistically significant based on model 3 shown in Table 3. Our F-test statistics of the
joint hypothesis of whether macroeconomic variables included in each model have a joint
influence on cash holdings show that these macroeconomic variables have a significant
impact on corporate cash holdings.

5.3. Impact of Macroeconomic Conditions on the Level of Cash Holdings, Fixed-Effect Model

To capture the full firm-level and industry-level fixed effects of firms’ behavior re-
garding cash holdings in response to various variables for macroeconomic conditions
and uncertainty measures, we applied the fixed-effect model. The results are reported in
Table 4. Under fixed effects, overall, firms tend to have a higher portion of their target cash
holdings within a year measured by the lag of cash ratios. In all models, the coefficients
for firm-specific variables remain quantitatively the same as those in pooled regression
with the one exception of dividend payout. The fixed-effect model presents a positive
relationship between the dividend payout and the level of cash holdings, suggesting that
dividend-paying firms hold a higher level of cash holdings than non-dividend-paying
firms to prevent a situation in which firms have insufficient cash holdings (Ozkan and
Ozkan 2004).

In model 2, the coefficients for variables for macroeconomic conditions in the fixed-
effect model seem to have the same effect on the level of cash holdings with two main
exceptions. Within the whole firm-level observations, firms are expected to accumulate a
higher volume of cash holdings when the economic condition seems worse than average
and, therefore, to show a negative relationship between the level of cash holdings and the
ADS index. However, the ADS index was found negatively related, indicating that, under
the firm-fixed effect, firms would apply the ADS index to be the reference for the future
so that they can increase the level of cash holdings when they find a worse-than-average
economic condition by the ADS index. In pooled regression in Table 3, the Corp. Bond
Y was found negatively related due to the refinancing risk. Firms tend to worry about
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the refinancing risk when they need to decide the appropriate level of cash holdings at
the increase in the interest rate and at the wider bond yield spread. However, with the
fixed effects, firms generally believe that the wider bond yield spread claims a stable
economic condition, and therefore, they will have fewer incentives to increase the level of
cash holdings.

Table 4. Fixed-Effects Estimates.

Model 1 Model 2 Model 3
Estimate p-Value Estimate p-Value Estimate p-Value
L. Cash Ratio 0.3601 *** (0.00) 0.3600 *** (0.00) 0.3599 *** (0.00)
MB Ratio 0.0071 *** (0.00) 0.0071 *** (0.00) 0.0071 *** (0.00)
Firm Size —0.6535 *** (0.00) —0.6447 *** (0.00) —0.5305 *** (0.00)
CF Ratio 0.0411 *** (0.00) 0.0409 *** (0.00) 0.0403 *** (0.00)
NWC Ratio —0.0504 *** (0.00) —0.0505 *** (0.00) —0.0513 *** (0.00)
Capex Ratio —0.2728 *** (0.00) —0.2717 *** (0.00) —0.2793 *** (0.00)
Lev. Ratio —0.1135 *** (0.00) —0.1133 *** (0.00) —0.1127 *** (0.00)
RD/Sales 0.0142 *** (0.00) 0.0142 *** (0.00) 0.0141 *** (0.00)
Acqg. Ratio —0.2737 *** (0.00) —0.2742 *** (0.00) —0.2747 *** (0.00)
Dividend 0.4564 *** (0.00) 0.4666 *** (0.00) 0.3097 ** (0.00)
ADS Index 0.3598 *** (0.00) —0.0794 * (0.05)
RGDP Growth 0.0071 *** (0.00) 0.0524 ** (0.01)
Inflation —0.5490 *** (0.00) —0.1550 *** (0.00)
Corp. Prof/GDP 0.0405 *** (0.00) 0.2102 *** (0.00)
Corp. Bond Y —0.0511 *** (0.00) 0.3808 *** (0.00)
RGDP CV 0.0563 ** (0.00)
Fin. Uncertainty —1.6134* (0.02)
FF Mkt Factor 0.0074 *** (0.00)
Constant 17.2974 *** (0.00) 17.2786 *** (0.00) 13.9812 *** (0.00)
F Statistics 88.42 (0.00) 59.26 (0.00)
Firm FE Yes Yes Yes
Industry FE Yes Yes Yes
No. observations 213,663 213,663 213,663
Adj. R? 0.2401 0.2403 0.2424

This table presents the coefficient estimates and p-values in parentheses from fixed-effects regression. The total
number of firms in the sample is 19,223, and the sample period spans from 1971 to 2019. The dependent variable
in all regressions is the firm-level ratio of cash and marketable securities to the book value of total assets. The
Cash Ratio is the ratio of cash and marketable securities to total assets. Similarly, MB Ratio is computed as the
ratio of the market value of total assets to the book value of total assets. The natural logarithm of the book value
of total assets is defined as Firm Size. CF Ratio is cash flows to total asset ratio, defined as the operating income
before depreciation minus interest expense, taxes, and dividend scaled by total assets. NWC Ratio is net working
capital to total assets, computed as the current assets excluding cash and marketable securities minus current
liabilities divided by the book value of total assets. Capex Ratio is the ratio of capital expenditure to book value
of total assets. Lev. Ratio is the leverage ratio, computed as the ratio of short-term and long-term debt to total
assets. RD/Sales is research and development expense as a percent of total sales. Acq. Ratio is the acquisition
ratio, calculated as the ratio of total acquisition to total assets or 0 if missing. Dividend is a dummy variable that is
1 if the dividend is positive and zero otherwise. ADS Index is the Aruoba—Diebold—Scotti business conditions
index. RGDP Growth is the change in the real gross domestic product (GDP). Inflation is the percentage change
in the consumer price index. Corp. Prof/GDP is computed as the corporate profit to GDP ratio. Corp. Bond Y
is an equally weighted average yield on Aaa- and Baa-rated bonds. RGDP CV is conditional volatility of real
GDP growth rate. Fin. Uncertainty is a 12-months-ahead forecast of financial uncertainty. FE. Mkt Factor is the
Fama-French market factor. See Appendix A for detailed variable definitions and their computation. Model 1
is a baseline regression model with only control variables as explanatory variables. Model 2 extends model 1
by adding five macroeconomic variables that capture the state of macroeconomic conditions. Similarly, model 3
adds three more macroeconomic variables that capture macroeconomic uncertainty to model 2. The 1%, 5%, and
10% significance levels are denoted with ***, **, and *, respectively. See Appendix A for variable definitions and
their computation.

In model 3, conditional volatility for the real GDP growth rate shows a positive
relationship with the level of cash holdings. Through the operation and financing channels,
it seems that uncertain economic conditions exacerbate a firm'’s ability to predict the
appropriate level of cash holdings, and thus, firms would stack up more cash holdings
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intentionally to supply sufficient financial sources and to avoid the expensive financing
cost. Firms seem to pay attention to long-term financial uncertainty prediction in negatively
gauging the accurate level of cash holdings.* Under volatile macroeconomic conditions in
the future, it may not be easy for firms to secure a certain level of cash holdings. Rather,
they are asked to consume their cash holdings for projects that may not be funded by
external sources due to the higher uncertainty in the financial markets, which is represented
by Fin. Uncertainty.

Lastly, firms should check the expected macroeconomic situation in the future to
determine if they need to increase the volume of cash holdings because the real GDP
growth rate has a statistically positive significance on the level of cash holdings in all
fixed-effect models. Consistent with the result in the pooled model, firms may not need to
prepare a higher volume of cash holdings due to the better accessibility to the credit markets
as they mature. However, firms may understand the impact of macroeconomic uncertainty
differently in that each firm seems to take the operational uncertainty presented by RGDP
CV negatively and the financial uncertainty presented by Fin. Uncertainty positively, but
overall, firms with fixed effects take those two variables oppositely.

The F-statistics reported in Table 4 test whether the macroeconomic variables, taken as
a whole, are significant by testing whether the coefficients on each macroeconomic variable
are simultaneously zero. Our test statistics and associated significance level of the test
show that macroeconomic variables included in each model, namely model 2 and model 3,
influence corporate cash holdings decisions. For example, the F-statistic for testing whether
coefficients on ADS Index, RGDP Growth, Inflation, Corp. Prof/GDP, and Corp. Bond Y are
jointly zero is 88.42. Similarly, the F-statistic for model 3, which tests whether coefficients
on ADS Index, RGDP Growth, Inflation, Corp. Prof/GDP, Corp. Bond Y, RGDP CV, Fin.
Uncertainty, and FF Mkt Factor are jointly zero, is 59.26.

5.4. The Level of Cash Holdings by Firm’s Age

To examine the impact of macroeconomic variables on corporate liquidity, we also
divided our sample of firms into four groups based on their age: less than 11 years, 11 to
20 years, 21 to 30 years, and more than 30 years. Figure 3 clearly describes the heterogeneous
behavior of firms on the level of cash holdings based on their ages. Since 1980, the youngest
firms are a group of firms that accumulate the highest level of cash holdings, and firms
over 30 years old appear to keep the lowest level of cash holdings among the four groups
of firms.

Table 5 reports the coefficient estimates and p-values from the fixed-effects regression
for these four groups of firms. We used the same set of independent variables in all
regressions. The results indicate that all our control variables are statistically significant,
as expected. One of the exciting findings of our subsample analysis is that corporations
hold less cash as they get older. The average cash holding of younger firms (3 to 11 years of
age) is almost eight times more than the average cash holdings of older firms (more than
30 years of age). Unfortunately, the ADS index does not provide any information when
our sample is divided into four groups. The real GDP growth rate has a positive impact on
cash holdings, and it becomes insignificant for firms older than 30 years. Younger firms are
insensitive to inflation data, but inflation has a negative impact on older firms.

Unlike the expected negative sign on the corporate bond yield, the average corpo-
rate bond yield has a positive impact on cash holdings. Younger firms are more sensi-
tive to changes in the corporate bond yield than older firms, as reflected by the declin-
ing coefficient on the corporate bond yield for our sub-samples: 1.42 for 3-to-11-year-
old firms, 0.44 for 11-to-20-year-old firms, 0.35 for 21-to-30-year-old firms, and 0.26 for
more-than-30-year-old firms.

Similarly, financial uncertainty has heterogeneous effects on cash holdings for firms
of different ages. Higher uncertainty impacts younger firms negatively (—11.74 for 3-to-
11-year-old firms) on cash holding, but its impact declines as firms grow older (3.75 for
more-than-30-year-old firms). This may be because corporations become more diversified
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as they get older and become bigger. The Fama-French market factor positively impacts
older firms, but it does not affect cash holdings for younger firms.

The F-statistic for each model reported in Table 5 tests whether all macroeconomic
variables included in the model have a joint influence on the corporate cash holdings.
p-values for all F-statistics are less than 5 percent, implying that these macroeconomic
variables influence a firm’s cash holdings decision irrespective of age groups.

Table 5. Fixed-Effects Estimates by Age Group.

Less Than 11 Years 11 to 20 Years 21 to 30 Years More Than 30 Years
Estimate p-Value Estimate  p-Value  Estimate  p-Value Estimate  p-Value
L. Cash Ratio 0.0610 *** (0.00) 0.3679 *** (0.00) 0.5070 *** (0.00) 0.6390 *** (0.00)
MB Ratio 0.0074 *** (0.00) 0.0060 *** (0.00) 0.0062 *** (0.00) 0.0038 *** (0.00)
Firm Size —1.4416 *** (0.00) —0.9736 ***  (0.00) —0.4522***  (0.00) —0.2534 **  (0.00)
CF Ratio 0.0405 *** (0.00) 0.0343 *** (0.00) 0.0439 *** (0.00) 0.0517 *** (0.00)
NWC Ratio —0.0286 *** (0.00) —0.0349 ***  (0.00) —0.0665 ***  (0.00) —0.0830 ***  (0.00)
Capex Ratio —0.2111 *** (0.00) —0.2483 **  (0.00) —0.3092 ***  (0.00) —0.2901 **  (0.00)
Lev. Ratio —0.1048 *** (0.00) —0.0991 **  (0.00) —0.1059 **  (0.00) —0.0848 ***  (0.00)
RD/Sales 0.0137 *** (0.00) 0.0134 *** (0.00) 0.0117 *** (0.00) 0.0134 *** (0.00)
Acq. Ratio —0.2229 *** (0.00) —0.2881**  (0.00) —0.3186 ***  (0.00) —0.2829 **  (0.00)
Dividend 1.2187 *** (0.00) 0.4687 * (0.01) —0.1387 (0.38) —0.0022 (0.99)
ADS Index —0.1080 (0.36) —0.0538 (0.45) —0.1230 (0.12) 0.0550 (0.31)
RGDP Growth 0.1392 * (0.02) 0.2052 *** (0.00) 0.0893 * (0.02) —0.0400 (0.13)
Inflation 0.0133 (0.82) 0.0471 (0.12) —0.0720 * (0.03) —0.1256 ***  (0.00)
Corp. Prof/GDP —0.0326 (0.81) —0.1670 ** (0.01) 0.0094 (0.86) 0.1843 *** (0.00)
Corp. Bond Y 1.4236 *** (0.00) 0.4367 *** (0.00) 0.3527 *** (0.00) 0.2591 *** (0.00)
RGDP CV 0.2046 ** (0.00) 0.1208 *** (0.00) 0.0395 (0.19) 0.0679 ** (0.00)
Fin. Uncertainty —11.7390 *** (0.00) —3.8368 ** (0.01) —2.1940 (0.07) 3.7438 *** (0.00)
FF Mkt Factor 0.0083 (0.09) 0.0020 (0.53) 0.0127 *** (0.00) 0.0167 *** (0.00)
Constant 27.0420 *** (0.00) 18.3464 *** (0.00) 13.7104 *** (0.00) 3.4420 ** (0.00)
F-Statistics 26.59 (0.00) 34.84 (0.00) 19.07 (0.00) 30.07 (0.00)
Firm FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
No. observations 46810 65753 49675 51425
Adj. R? 0.11 0.24 0.38 0.52

This table presents the coefficient estimates and p-values in parentheses from fixed-effects regression for Equation
(2), dividing the full sample into four groups. Our full sample consists of 19223 unique firms from Compustat’s
annual files and covers the period from 1971 to 2019. These 19223 firms are divided into four groups based on
their life span in Compustat’s annual data files. The coefficient estimates and their p-values of Equation (2) using
the sample of firms with 3 to 10 years of annual data are presented under the column heading “Less than 11
Years”. The coefficient estimates and their p-values of Equation (2) using the sample of firms with 11 to 20 years
of data are presented under the column heading “11 to 20 years”. The coefficient estimates and their p-values
of Equation (2) using the sample of firms with 21 to 30 years of annual data are presented under the column
heading “21 to 30 years”. The coefficient estimates and their p-values of Equation (2) using the sample of firms
with more than 30 years of annual data are presented under the column heading “More than 30 Years”. The
dependent variable in all regressions is the ratio of cash and marketable securities to the book value of total
assets. The independent variables in all the regressions are the same. The Cash Ratio is the ratio of cash and
marketable securities to total assets. Similarly, MB Ratio is computed as the ratio of the market value of total
assets to the book value of total assets. The natural logarithm of the book value of total assets is defined as Firm
Size. CF Ratio is cash flows to total asset ratio, defined as the operating income before depreciation minus interest
expense, taxes, and dividend scaled by total assets. NWC Ratio is net working capital to total assets, computed as
the current assets excluding cash and marketable securities minus current liabilities divided by the book value
of total assets. Capex Ratio is the ratio of capital expenditure to book value of total assets. Lev. Ratio is the
leverage ratio, computed as the ratio of short-term and long-term debt to total assets. RD/Sales is research and
development expense as a percent of total sales. Acq. Ratio is the acquisition ratio, calculated as the ratio of
total acquisition to total assets or 0 if missing. Dividend is a dummy variable that is 1 if the dividend is positive
and zero otherwise. ADS Index is the Aruoba-Diebold-Scotti business conditions index. RGDP Growth is the
change in the real gross domestic product (GDP). Inflation is the percentage change in the consumer price index.
Corp. Prof/GDP is computed as the corporate profit to GDP ratio. Corp. Bond Y is an equally weighted average
yield on Aaa- and Baa-rated bonds. RGDP CV is conditional volatility of real GDP growth rate. Fin. Uncertainty
is a 12-months-ahead forecast of financial uncertainty. FF. Mkt Factor is the Fama-French market factor. See
Appendix A for detailed variable definitions and their computation. The 1%, 5%, and 10% significance levels are
denoted with ***, **, and *, respectively. See Appendix A for variable definitions and their computation.



Int. |. Financial Stud. 2022, 10, 105

18 of 25

45

EE]

40 H

—*—3 1o 10 Years
—*— 1110 20 Years
21to 30 Years

Over 30 Years

35

30

Cash/Assets
N
a

20

Average Cash Ratio by Age Groups Over Time
T T T

1975

1985 1990 1995 2000 2005 2010 2015 2020
Years

Figure 3. Average cash holdings ratio by age group. Figure 3 plots the cross-sectional average cash
and short-term investments to total assets ratios by age group. We consider a firm’s age 1 when it
appears in the yearly Compustat data the first time, 2 in the subsequent year, and so on. We divide
sample firms into four groups according to their age (three to ten years, eleven to twenty years,
twenty-one to thirty years, and more than thirty years), compute their cross-sectional average cash
ratio for each year, and plot these ratios over time. The solid lines with *, X, o, and . marks represent
cross-sectional average cash and short-term investments to total assets ratios for firms with 3 to 10, 11
to 20, 21 to 30, and over 30 years of age, respectively.

5.5. Cross-Sectional Impact on the Level of Cash Holdings, Value vs. Growth

To examine the cross-sectional impact of macroeconomic variables on firms’ cash
holdings, we also divided our samples into quartiles based on their market to book ratios.
A higher market to book ratio means market participants value companies” equity more
expensively than their book value, usually referred to as growth companies. On the other
hand, a low market to book ratio means that you can buy the company’s stock for a lower
price than the value of its assets, usually referred to as value companies. Table 6 presents
the estimated results of the fixed-effect regression for firms in the bottom and top quantiles.
The real GDP growth rate and financial uncertainty have no impact on the firm'’s cash
holdings in the first and fourth quartiles based on their market value of total assets to
book value of total assets ratios. On the other hand, inflation has a negative impact on
corporate liquidity.

Similarly, corporate profit, bond yield, and GDP volatility as measured by the time-
varying conditional variance of RGDP growth rate positively impact corporate liquidity for
firms in both groups. However, the effect of the ADS Index and Fama-French market factors
on the corporate cash holdings are not the same for firms with low market to book ratios
and high market to book ratios, indicating that growth firms are keen on the dynamics in
the financial markets in determining the optimal level of cash holdings. Our F-statistics
reported in Table 6 test whether macroeconomic variables have a joint influence on cash
ratio. The p-value associated with F-statistic for each model is less than 5 percent, implying
that whether companies are growth companies or value companies, the macroeconomic
variables selected in our model influence corporate cash-holding decisions.
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Table 6. Fixed-Effects Estimates by MB Ratio.
Low MB Ratio High MB Ratio
Estimate p-Value Estimate p-Value
L. Cash Ratio 0.2369 *** (0.00) 0.4673 *** (0.00)
MB Ratio 0.0060 *** (0.00) 0.0073 *** (0.00)
Firm Size 0.6620 ** (0.00) —1.1232 *** (0.00)
CF Ratio 0.0280 *** (0.00) 0.0048 (0.59)
NWC Ratio —0.0364 *** (0.00) —0.0975 *** (0.00)
Capex Ratio —0.2815 *** (0.00) —0.2270 *** (0.00)
Lev. Ratio —0.1059 *** (0.00) —0.0450 *** (0.00)
RD/Sales 0.0155 *** (0.00) 0.0065 * (0.04)
Acq. Ratio —0.3379 *** (0.00) —0.2210 *** (0.00)
Dividend 1.7280 *** (0.00) —0.2279 (0.08)
ADS Index 0.1202 (0.31) —0.0977 * (0.04)
RGDP Growth —0.0058 (0.92) —0.0162 (0.47)
Inflation —0.1882 *** (0.00) —0.1492 *** (0.00)
Corp. Prof/GDP 0.5379 *** (0.00) 0.3550 *** (0.00)
Corp. Bond Y 0.7433 *** (0.00) 0.1988 *** (0.00)
RGDP CV 0.1721 ** (0.00) 0.0612 ** (0.00)
Fin. Uncertainty —2.2053 (0.36) 1.0497 (0.14)
FF Mkt Factor 0.0070 (0.18) 0.0093 *** (0.00)
Constant 9.6665 ** (0.00) 12.0369 *** (0.00)
F-Statistics 21.21 (0.00) 27.97 (0.00)
Firm FE Yes Yes
Industry FE Yes Yes
No. observations 53416 53415
Adj. R? 0.15 0.35

This table presents the coefficient estimates and p-values in parentheses from fixed-effects regressions using the
ratio of cash and marketable securities to the book value of total assets as a dependent variable and the same set
of independent variables. The total number of firms in the sample is 19,223, and the sample period spans from
1971 to 2019. These 19,223 sample firms are divided into quartiles based on their market value of total assets to
book value of total assets ratios. Coefficient estimates and their p-values for Equation (2) using the sample of firms
in the first quartile are reported under the column heading “Low MB Ratio”. Similarly, the coefficient estimates
and their p-values of Equation (2) using the sample of firms in the fourth quartile are reported under the column
heading “High MB Ratio”. The Cash Ratio is the ratio of cash and marketable securities to total assets. Similarly,
MB Ratio is computed as the ratio of the market value of total assets to the book value of total assets. The natural
logarithm of the book value of total assets is defined as Firm Size. CF Ratio is cash flows to total asset ratio, defined
as the operating income before depreciation minus interest expense, taxes, and dividend scaled by total assets.
NWOC Ratio is net working capital to total assets, computed as the current assets excluding cash and marketable
securities minus current liabilities divided by the book value of total assets. Capex Ratio is the ratio of capital
expenditure to book value of total assets. Lev. Ratio is the leverage ratio, computed as the ratio of short-term and
long-term debt to total assets. RD/Sales is research and development expense as a percent of total sales. Acq.
Ratio is the acquisition ratio calculated as the ratio of total acquisition to total assets or 0 if missing. Dividend is a
dummy variable that is 1 if the dividend is positive and zero otherwise. ADS Index is the Aruoba-Diebold-Scotti
business conditions index. RGDP Growth is the change in the real gross domestic product (GDP). Inflation is the
percentage change in the consumer price index. Corp. Prof/GDP is computed as the corporate profit to GDP
ratio. Corp. Bond Y is an equally weighted average yield on Aaa- and Baa-rated bonds. RGDP CV is conditional
volatility of real GDP growth rate. Fin. Uncertainty is a 12-months-ahead forecast of financial uncertainty. FF. Mkt
Factor is the Fama—French market factor. See Appendix A for detailed variable definitions and their computation.
The 1%, 5%, and 10% significance levels are denoted with ***, **, and *, respectively. See Appendix A for variable
definitions and their computation.

5.6. Robustness Test with the Endogeneity Issue

Endogeneity in regression can produce inconsistent estimates and lead to a wrong
inference and incorrect conclusion. As Grieser and Hadlock (2019) pointed out, the strict-
exogeneity assumption may be violated where there is feedback from a dependent variable
to future values of the independent variable(s) and when the dependent variable and
independent variables are affected by common shocks. A close examination of the variables
studied may suggest a violation of this assumption. Therefore, we performed two tests for
strict endogeneity. First, we used the Durbin-Wu-Hausman to detect the endogeneity of
individual regressors and found that lag cash ratio, market to book ratio, and leverage ratio
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are endogenous. Second, we also performed tests for strict exogeneity, as suggested by
Wooldridge (2010), in panel instrumental variables settings and found the same variables
(lag cash ratio, market to book ratio, and leverage ratio) are endogenous. We also tested
for strict exogeneity of lag values of these variables and found that lag values of the past
year’s cash ratio and market to book ratio are exogenous. Therefore, we used past values
of these variables as instruments for the current values of lag cash ratio, market to book
ratio, and leverage ratio in our panel instrumental variables (panel IV) estimation. Table 7
summarizes panel IV estimates.

Column (1) in Table 7 shows the test result for the fixed-effect model with three IVs for
lag cash ratio, market to book ratio, and leverage ratio, indicating that the IV for the market
to book ratio has a significant positive impact on the level of cash holdings, consistent with
the result of model 3 in Table 4 and that the IV for the leverage ratio has a highly negative
effect on the level of cash holdings, which is also consistent with the result of model 3 in
Table 4. The results from columns (2) to (5) document that IVs for all three variables are
significant and in line with the findings in Table 5. The last two columns of (6) and (7)
are the test results from checking the effect of the IVs for three variables on the level of
cash holdings of value firms and growth firms, reporting the statistical significance on the
level of cash holdings, which is identical to the findings in Table 6. The other firm-specific
variables and, more importantly, variables for macroeconomic conditions conserve the
statistical significance to the level of cash holdings, as previously found. Overall, the panel
IV estimation successfully treats the endogeneity issue and confirms that all firm-specific
and macroeconomic variables are significant in explaining the level of cash holdings.

Table 7. Panel Instrumental Variables Estimation.

All Firms Less than 11 11 to 20 21 to 30 More than Low MB High MB
M Years Years Years 30 Years Ratio Ratio
(2) (3) 4) (5) (6) (7)
L. Cash Ratio 0.5104 *** 0.3107 *** 0.3889 *** 0.4202 *** 0.5574 *** 0.4149 *** 0.5162 ***
(0.0054) (0.0071) (0.0099) (0.0154) (0.0253) (0.0101) (0.0103)
Lev. Ratio —0.0610 *** —0.0740 *** —0.0705 *** —0.0989 *** —0.0890 *** —0.0265 ** —0.0670 ***
(0.0048) (0.0127) (0.0142) (0.0180) (0.0189) (0.0116) (0.0055)
MB Ratio 0.0106 *** 0.0178 *** 0.0158 *** 0.0130 *** 0.0079 *** 0.0150 *** 0.0046 ***
(0.0008) (0.0015) (0.0023) (0.0039) (0.0029) (0.0013) (0.0017)
Firm Size —0.1304 ** —0.6703 *** —0.3140 ** —0.5478 *** —0.0384 *** 2.1808 *** —1.0718 ***
(0.0569) (0.1679) (0.1059) (0.2789) (0.2705) (0.2711) (0.0881)
CF Ratio 0.0501 *** 0.0575 *** 0.0560 *** 0.0465 *** 0.0557 *** 0.0471 *** 0.0016
(0.0033) (0.0046) (0.0072) (0.0126) (0.0152) (0.0043) (0.0109)
NWC Ratio —0.0399 *** —0.0280 *** —0.0432 *** —0.0821 *** —0.0846 *** —0.0024 —0.1030 ***
(0.0035) (0.0071) (0.0079) (0.0132) (0.0180) (0.0065) (0.0062)
Capex Ratio —0.3203 *** —0.3002 *** —0.3373 *** —0.2946 *** —0.3607 *** —0.3763 *** —0.2417 ***
(0.0071) (0.0101) (0.0140) (0.0239) (0.0304) (0.0160) (0.0102)
RD/Sales 0.0107 *** 0.0106 *** 0.0111 *** 0.0144 *** 0.0073 0.0113 *** 0.0007
(0.0009) (0.0013) (0.0024) (0.0049) (0.0136) (0.0016) (0.0043)
Acq. Ratio —0.2427 *** —0.2002 *** —0.2304 *** —0.2262 *** —0.2671 *** —0.2140 *** —0.1961 ***
(0.0079) (0.0119) (0.0140) (0.0130) (0.0173) (0.0321) (0.0072)
Dividend 0.1191 0.1120 —0.0155 0.0383 —0.1386 1.3598 ** —0.2771 **
(0.0953) (0.1638) (0.1972) (0.2865) (0.3457) (0.3999) (0.1331)
ADS Index —0.0513 * —0.0679 —0.0194 —0.3280 ** 0.3791 *** 0.0501 —0.0693 *
(0.0505) (0.0595) (0.0863) (0.1230) (0.1383) (0.1254) (0.1024)
RGDP 0.0183 ** 0.0182 ** 0.0023 ** 0.1015 * —0.1676 —0.0053 —0.0294
Growth
(0.0186) (0.0184) (0.0166) (0.0220) (0.1641) (0.0549) (0.0239)
Inflation —0.1158 *** 0.1072 0.1876 —0.1092 * —0.3019 *** —0.1640 *** —0.1332 ***
(0.0159) (0.1300) (0.1306) (0.1069) (0.0800) (0.0486) (0.0217)
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Table 7. Cont.
All Firms Less than 11 11 to 20 21 to 30 More than Low MB High MB
1 Years Years Years 30 Years Ratio Ratio
(2) 3) 4) (5) (6) )
Corp. 0.1911 *** —0.0271 —0.1698 *** 0.0971 0.2699 *** 0.2583 ** 0.3156 ***
Prof/GDP ’ ’ ’ ‘ ‘ ’ ’
(0.0265) (0.0704) (0.0624) (0.0979) (0.0708) (0.1011) (0.0306)
Corp. Bond Y 0.2294 *** 0.2505 *** 0.2498 *** 0.2313 ** 0.5429 *** 0.1454 ** 0.1710 ***
(0.0191) (0.0465) (0.0482) (0.1032) (0.1256) (0.0621) (0.0268)
RGDP CV 0.0410 *** 0.1474 *** 0.0067 *** 0.0884 0.0649 ** 0.0106 * 0.0389 *
(0.0156) (0.0300) (0.0259) (0.0746) (0.1051) (0.0478) (0.0211)
Fin. —1.4550 ** —1.8487 ** —0.6282 ** ~1.7328 0.6738 *** ~1.6156 1.6909
Uncertainty
(0.021) (0.1031) (0.1022) (1.5636) (1.8305) (2.1958) (2.7042)
l;ljii\g(rt 0.0084 *** 0.0003 0.0068 0.0045 *** 0.0193 *** 0.0029 0.0131 ***
(0.0017) (0.0029) (2.0032) (0.0038) (0.0041) (0.0053) (0.0018)
Intercept 5.5066 *** 8.6556 *** 5.7237 *** 5.3482 4.6366 1.9321 12.2534 ***
(0.8175) (1.8017) (2.0788) (3.3854) (3.3781) (2.6724) (1.2148)
No. . 175258 84624 53332 23371 13931 40993 46130
observations

This table presents the coefficient estimates and standard errors in parentheses from panel instrumental variables
regression using firm-level annual cash and short-term investment to total assets ratio as a dependent variable
and L. Cash Ratio, MB Ratio, Firm Size, CF Ratio, NWC Ratio, Capex Ratio, Lev. Ratio, RD/Sales, Acq. Ratio,
Dividend, ADS Index, RGDP Growth, Inflation, Corp. Prof/GDP, Corp. Bond Y, RGDP CV, Fin. Uncertainty, and
FF Mkt Factor as independent variables. Three of the endogenous variables, namely L. Cash Ratio, MB ratio, and
Lev. Ratio, are instrumented using their lag values. Other variables are defined as follows: L. Cash Ratio is the
lag value of cash ratio. MB ratio is computed as the ratio of the market value of total assets to the book value
of total assets. The natural logarithm of the book value of total assets is defined as firm size. CF Ratio is cash
flows to total asset ratio, defined as the operating income before depreciation minus interest expense, taxes, and
dividend scaled by total assets. NWC Ratio is net working capital to total assets, computed as the current assets
excluding cash and marketable securities minus current liabilities divided by the book value of total assets. Capex
Ratio is the ratio of capital expenditure to book value of total assets. Lev. Ratio is the leverage ratio, computed as
the ratio of short-term and long-term debt to total assets. RD/Sales is research and development expense as a
percent of total sales. Acq. Ratio is acquisition ratio, calculated as the ratio of total acquisition to total assets or 0 if
missing. Dividend is a dummy variable that is 1 if the dividend is positive and zero otherwise. RGDP Growth is
the change in the real gross domestic product (GDP). Inflation is the percentage change in the consumer price
index. Corp. Prof/GDP is computed as the corporate profit to GDP ratio. Corp. Bond Y is an equally weighted
average yield on Aaa- and Baa-rated bonds. ADS Index is the Aruoba-Diebold-Scotti business conditions index.
RGDP CV is conditional volatility of real GDP growth rate. Fin. Uncertainty is a 12-months-ahead forecast of
financial uncertainty. FE. Mkt Factor is the Fama—French market factor. The columns 1 to 7 report estimation
results for different samples. Column 1 includes all firms in our sample, whereas columns 2 to 5 use firms with
different age groups. Similarly, columns 6 and 7 report instrumental variable estimates of Table 6. The 1%, 5%,
and 10% significance levels are denoted with ***, **, and *, respectively. See Appendix A for detailed variable
definitions and their computation.

6. Concluding Remarks

This paper’s aim is to investigate the firm-level relationship between macroeconomic
conditions and uncertainty and the firm’s cash holdings. While previous literature at-
tempted to explain the change in the level of cash holdings mainly by the firm-level
variables and suggested examining the cash holdings with the macroeconomic variables,
this paper considers the overall impact of the macroeconomic conditions and uncertainty
on the change in the level of firms’ cash holdings by introducing a list of variables for
macroeconomic conditions and macroeconomic uncertainties from two different perspec-
tives as well as firm-specific variables, following Gao et al. (2017) and Graham and Leary
(2018). By conducting two empirical tests of a pooled and a fixed-effect, first, we confirmed
that all firm-specific variables are determinants of the level of cash holdings, which is
consistent with the previous studies. Consistent with our hypothesis, market to book ratio,
a firm’s cash flows, and R&D expenditure positively impact the firm'’s level of cash holdings.
Moreover, the firm’s size, NWC, capital expenditure, leverage situation, and acquisitions
show a negative relationship with the level of cash holdings. However, a firm’s dividend
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payout positively affects the level of cash holdings, opposite to the expectation, due to the
shareholder power hypothesis under the fixed effects.

Secondly, we found that macroeconomic conditions and uncertainties are significant
for firms to determine the appropriate level of cash holdings. Real GDP growth rate,
corporate profit, and corporate bond yield increase the level of cash holdings, while inflation
negatively affects the level of cash holdings, which validates the trade-off theory and the
pecking order theory that posit that firms evaluate the cost and benefits of cash holdings
while determining the level of cash holdings. Macroeconomic uncertainties derived from
the macroeconomic conditions and the financial markets were examined. Uncertainty in
business conditions measured by the RGDP CV, prediction in financial uncertainty, and
the financial market premium trigger the change in the cash holdings on the precautionary
motive to avoid a higher cost of external financing illiquidity and financial distress from an
inaccurate prediction in the appropriate level of cash holdings. Interestingly, conditional
volatility in the real GDP growth rate negatively affects the level of cash holdings because
the illiquidity and financial distress, causing difficulty in raising external capital, push
firms to consume cash holdings. However, in the fixed-effect models, conditional volatility
in the real GDP growth rate and financial uncertainty express test results opposite to the
expectation due to the firm- and industry-fixed effects.

To confirm the impact of the macroeconomic conditions and uncertainties on the
level of cash holdings, sample data were subcategorized into four groups by firms’ age.
Four groups of firms based on age show different attitudes toward the level of cash
holdings. Higher uncertainty impacts younger firms negatively on cash holding, but its
impact declines as firms grow older. What we find is that, irrespective of the firm'’s age,
variables for macroeconomic conditions and uncertainties have an impact on the level of
cash holdings even though the degree of the impact differs by the firm’s age. Lastly, we
compared value firms with growth firms in terms of the level of cash holdings under the
impact of variables for macroeconomic conditions and found that their sensitivity to each
macroeconomic variable is different, and growth firms are susceptive to macroeconomic
and financial uncertainties.

Overall, we find that firm-specific variables are significant and consistent with the
previous literature and that variables for macroeconomic conditions and uncertainties
impact the level of cash holdings substantially. It is suggested that firms should investigate
not only the circumstances inside the firm but also macroeconomic conditions to gauge the
level of cash holdings accurately.
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Appendix A. Variable Description

Variables Description Expected Sign
Firm-Level Variables
. Cash ratio = CHE/ AT. The ratio of cash and
Cash Ratio ..
marketable securities to total assets
L. Cash Ratio The one-period lagged cash ratio +
Market to book ratio = (AT-CEQ + PRCC F*CSHO)/AT.
MB Ratio The ratio of the market value of total assets plus book +
value of total liabilities to book value of total assets
. . Firm size = LOG(AT). Natural logarithm of the book
Firm Size -
value of total assets
Cash flow to assets = (OIBDP-XINT-TXT-DVC)/AT.
CF Ratio Operating income before depreciation minus interest +
expense, taxes, and dividend divided by total assets.
Net working capital to total assets =
NWC Ratio (WECAP-CHE)/AT. C.u.rrent.assets exclud'mg (.:e}sh _
and marketable securities minus current liabilities
divided by book value of total assets
Capital expenditures to total assets = CAPX/AT. The
Capex Ratio ratio of capital expenditure to book value of —
total assets
. Leverage = (DLTT+DLC)/AT. The ratio of short-term
Lev. Ratio —
and long-term debt to total assets
R&D expenditure to sales = XRD/SALE. Research and
RD/Sales +
development expense as a percent of total sales
. Acquisitions to total assets = AQC/AT. The ratio of
Acq. Ratio - - -
total acquisition to total assets or 0 if missing
Dividend DlVlde.I'ld pay.o.ut raFlc? =1 or 0. 1 if dividend pa.yout _
> 0 or if a positive dividend is reported; otherwise, 0
Macroeconomic Variables
RGDP Growth The growth rate of real gross domestic product. +
Inflation Inflation; percentage change in consumer price index —
Corporate profit to GDP ratio; corporate profits after
tax without IVA and CCAdj divided by GDP, retrieved
Corp. Prof/GDP from FRED, Federal Reserve Bank of St. Louis; +
https:/ /fred.stlouisfed.org/series/cp (accessed on 1
April 2022)
Average corporate bond yield; the equally weighted
Corp. Bond Y average yield on Aaa- and Baa-rated bonds
Aruoba-Diebold-Scotti business conditions index,
retrieved from FRED, Federal Reserve Bank of
ADS Index Philadelphia; https:/ /www.philadelphiafed.org/ -
surveys-and-data/real-time-data-research/ads
(accessed on 1 April 2022)
RGDP CV Conditional volatility of real GDP growth rate; +

computed using a GARCH (1,1) model



https://fred.stlouisfed.org/series/cp
https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/ads
https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/ads
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Variables Description Expected Sign

12-months-ahead forecast of financial uncertainty,
retrieved from Sydney Ludvigson’s website:
Fin. Uncertainty https:/ /www.sydneyludvigson.com/macro-and- —
financial-uncertainty-indexes (accessed on 1
April 2022)

Market risk premium; Fama-French factor, retrieved
from Kenneth R. French’s website:
FF. Mkt Factor http:/ /mba.tuck.dartmouth.edu/pages/faculty /ken. *

french/index.html (accessed on 1 April 2022)

Notes

1 Other motives for holding high cash balance have been examined. For example, the tax motive proposed by Foley et al.

(2007) stated that multinational firms hold high cash balances abroad when the cash repatriation cost is high. However,
Pinkowitz et al. (2012) found that the tax cost is not related to the cash holdings of multinational firms. Managers’ motives to
maintain high cash balance at their disposal (i.e., agency cost stemming from free cash flows, Jensen (1986)) have also been
investigated. Dittmar et al. (2003), Nikolov and Whited (2014), and Gao et al. (2013), among others, found results that are
consistent with the free cash flow theory.

2 1 — (coefficient of 0.6722) = 0.3278.

. PI ici PI Lo . . .
For example, it is Mean C ot EZ ncgzg lgjzz for €PL ¢4r CPI. The economic significance is calculated for all variables for macroeconomic

conditions, and then, calculated values for the economic significance are summed.

4 Although not tabulated, a test result with 3-month forecasting (Fin3f) instead of 12-month forecasting presented the statistically
significant but positive impact of Fin3f on the level of cash holdings, concluding that firms would consider the short-term
prediction of the financial uncertainty positively in increasing the appropriate level of cash holdings.
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