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1 Introduction

Baumol (1952) and Tobin (1956) claimed that as interest rates fall corporations will
hold more cash due to the lower opportunity cost. With interest rates at 40 year lows, it
leaves one to wonder if this negative relationship has held over time. The primary
contribution of this paper is that it is the first extensive empirical study of the
relationship between interest rates and cash holdings in the United States. While
theoretical relationships were proposed in the 1950’s, they were not examined empir-
ically. Rather than simply including a measure of interest as a control variable, it is the
primary focus of this paper. In addition to empirically testing for the relationship
between cash holdings and interest rates, the methodology and variables capturing
cash holdings are distinguished from recent papers on corporate cash holdings.

The relationship between cash holdings and interest rates is tested using a random
effects threshold model, which distinguishes the relationship over different ranges of
interest rates. To emphasize why it is necessary to control for varying interest rates,
Fig. 1 plots the federal funds rate from January 1970 until December 2014. During the
1970’s, rates varied from 4.43 to 11.19 %. This is the only time during the sample
where we see a uniform increase in rates. Rates reached a peak at 16.38 % in 1981 but
subsequently declined to levels seen during the 1970’s. In the 1990’s, rates continued to
decline, but at a slower pace than was experienced during the 1980’s. Finally, during
the 2000’s and the most recent decade, rates have continued to decline even further to
0.09 % leaving interest rates at the lowest levels experienced over the last 40 years.
Because of the variation in rates, the data are divided into interest rate ranges that are
found by searching for thresholds in the interest rate series. This allows us to see if the
negative relationship holds in the face of the dramatic fluctuation that interest rates
experienced during these times.
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Fig. 1 One-year treasury constant maturity rate. Figure 1 plots the federal funds rate from 1970 to 2014. The
data was obtained from the Federal Reserve Economic Data
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While most previous papers have used cash and marketable securities divided by
total assets as the main cash holdings variable, we use cash holdings excluding
marketable securities divided by total assets (i.e. cash/total assets). The difference
between these two variables lies with the marketable securities, which can lead to
conflicting relationships between cash holdings and interest rates. Figure 2 plots the
mean and median of cash holdings with and without marketable securities and the
federal funds rate from January 1970 to December 2014. Panel A of Fig. 2 shows that
using two different measures of the mean of cash holdings is vital to the study of the
relationship between corporate cash holdings and interest rates. The mean of cash
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Fig. 2 Graph of cash holdings and the one-year treasury constant maturity rate. Figure 2 plots cash holdings,
cash holdings excluding marketable securities, and the federal funds rate from January 1970 until December
2014. Both measures of cash holdings were created by taking the mean and median of Compustat data for all
firms used in the paper. The federal funds rate obtained from the Federal Reserve Economic Data. All numbers
are expressed as decimals
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holdings is steadily increasing over time. Cash holdings without marketable securities
shows a rather stable mean during the 1970’s and early 1980’s but has experienced
various rates of increase since the late 1980’s. In Panel B, the median measure shows
that both cash holdings including and excluding marketable securities are relatively stable
until the 1990’s when each starts to increase. These dramatic differences over time highlight
the need to empirically examine whether the negative relationship holds over time.

We document a non-negative relationship covering several ranges of interest rates,
particularly rates since the 1990’s. Thus, alternative explanations for the non-theorized
relationship are tested. The additional tests are based on recent cash holdings papers and
they include the tax-based explanation, pension fund contributions, zero-leverage firms,
financially constrained and unconstrained firms, firm governance, and high-tech firms.
None of these relationships, independently or together, fully explain the positive relation-
ship. Finally, in an effort to find which firms are driving the relationship, quantile
regressions are used, which allows for regressions based on different quantiles of the
dependent variable and not the mean as is used in other models. In doing so, it is found
that the positive relationship is driven not by a particular group of firms, but spans all
groups. Thus, we conclude that the prior theorized relationship between cash holdings and
interest rates may need to be adjusted to allow for the relationship that is documented.

The remainder of the paper is organized as follows: Section 2 discusses the relevant
literature surrounding cash holdings and explores the hypothesis. Section 3 discuss the
data and Section 4 presents the model. Section 5 presents the empirical results.
Section 6 examines alternative explanations for the positive relationship discovered
between interest rates and cash holdings. Section 7 presents results based on quantile
regressions, and Section 8 summarizes our findings.

2 Literature review and hypothesis development

Given the recent attention paid to cash holdings and the extremely low interest rates, the
relationship between interest rates and corporate cash holdings is of particular interest.
However, it has received scant attention in the literature. One of the earliest papers to
examine interest rates and cash is Baumol (1952), who showed that companies benefit
by keeping cash on hand instead of borrowing cash or withdrawing it from an
investment. Tobin (1956) expanded upon Baumol (1952) and showed theoretical
evidence that the demand for cash will depend inversely on the rate of interest. He
suggested that during times of high interest rates, companies will increase holdings of
more liquid investments that earn higher rates and shift into cash only when a
transaction must be made. Meltzer (1963) documented that changes in a firm’s internal
rate of return and interest rates are capable of explaining most of the observed changes
in the velocity of business cash balances. Miller and Orr (1966) suggest that prior
models apply reasonably well to households, but are less than satisfactory when applied
to business firms. Their expansion of Baumol (1952), which allowed for stochastic cash
flows leading to stochastic cash balances, suggested that cash balances fluctuate over
time in both directions. However, the model still finds that cash balances will be a
decreasing function of the interest rate.

In more recent literature, one of the most widely cited papers on cash holdings,
Opler et al. (1999), used Keynes’s (1936) Btransactions-motive^ for holding cash. This
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motive suggests that liquid assets decrease with interest rates and the slope of the term
structure. However, empirical tests did not include interest rates as an explanatory
variable. Ferreira et al. (2005) looked at business conditions as a determinant of firms’
cash holdings. They found evidence that cash levels increase during recessions,
especially for financially constrained firms. Using the term spread and the 1-month
Treasury bill (T-Bill) rate as two of five proxies for recessions, they documented that
the term spread cannot explain cash holdings but that the 1-month T-Bill rate is a
significant determinant of cash holdings.1 Garcia-Teruel and Martinez-Solano (2008)
documented a relationship between interest rates measured as the 1-year T-Bill rate, and
cash holdings of small to medium sized firms in Spain from 1996 to 2001. They found
that when interest rates were at their lowest, cash holdings reached its highest and vice
versa. In the empirical tests, they found a negative relationship between cash holdings
and the 1-year T-Bill rate. Bates et al. (2009) used the 3-month T-Bill rate and found a
negative relationship between the log of the cash to total assets ratio and the interest
rate. However, they were unable to verify a statistically significant relationship between
their second measure for cash holdings, cash and marketable securities to total assets,
and the T-Bill rate. Lins et al. (2010) surveyed Chief Financial Officers (CFOs) in
twenty-nine countries to measure corporate liquidity around the world. The survey
questioned CFOs about the importance they placed on the difference between the
interest rate on debt and the interest rate on cash. Thirty-five percent of responding
CFOs rated the difference as highly important, demonstrating that CFOs take interest
rates into account when deciding to hold cash.

One would expect that based on prior theory corporate cash holdings would have a
negative relationship with interest rates. In other words, as interest rates fall, the
opportunity cost of holding money in investments falls and corporate cash holdings
would increase and vice versa. However, we expand this to include all ranges of interest
rates as prior literature did not discuss rates which the theories would or would not
hold. This leads to our hypothesis:

Hypothesis The relationship between short-term interest rates (measured by the federal
funds rate and 1-year Treasury Constant Maturity Rate) and corporate cash holdings
should be negative and persist for all periods.

3 Data

The data set consists of all firms with non-missing observations in the Compustat
Annual files data base from January 1970 until December 2014. Financial firms (SIC
6000–6999) and utilities (SIC 4900–4999) are excluded because cash is held for
business practices and regulatory purposes, respectively. The sample is restricted to
firms headquartered in the United States and firms with complete data for cash and
marketable securities and cash and cash equivalents. 2 All corporate variables are

1 Ferreira et al. (2005) define the term spread as the difference between the long term yield on government
bonds and the one-year T-bill rate.
2 In addition, all firms are required to have positive Total Assets and Sales. More than one year of data is
required for all firms after all variables have been calculated.
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winsorized at the lower and upper 1 % level. The data set contains 171,146 firm-year
observations of more than 17,000 companies.

The main variable of interest capturing corporate liquidity is cash holdings. The
most common variable used to measure cash holdings is defined as cash, cash
equivalents, and marketable securities divided by total assets. For the purposes of this
paper, cash holdings is defined as cash and cash equivalents divided by total assets. 3

Cash and cash equivalents are defined by Compustat as Bany immediately negotiable
medium of exchange or any instruments normally accepted by banks for deposit and
immediate credit to a customer’s account.^4 Excluding marketable securities ensures we
are measuring the cash and cash equivalent holdings that a firm has on hand and not its short
term investments. This is important to distinguish because the relationship between
short term investments and interest rates will also be picked up in the regressions and
can lead to conflicting results. As market rates of interest decline, companies might
move money from short-term interest-earning investments into cash due to the lower
opportunity cost and lower returns. This positive relationship between the short-term
investments and interest rates might overpower the relationship between cash and cash
equivalents and interest rates. Because of the conflicting relationships, we focus on
results using the dependent variable excluding marketable securities.

The corporate control variables that have been chosen are in line with past literature
such as in Opler et al. (1999). We control for a firm’s market-to-book rating, cash flow,
net working capital-to-assets, capital expenditure-to-assets, leverage, R&D-to-sales,
acquisitions-to-assets, dividends, investment grade rating, firm size, and the standard
deviation of cash flows.5 All variables are defined in appendix Table 9. In addition to
the corporate controls, we also include the federal funds rate. The federal funds rate is
chosen because it is a benchmark for other interest rates and is an accurate reflection of
short-term rates in which companies might can invest cash and cash equivalents.6 The
federal funds rate is obtained from the Federal Reserve Economic Data (FRED).

Panel A of Table 1 presents the summary statistics for the variables just described.
The summary statistics for cash holdings including marketable securities and cash
holdings are discussed first because it is important to note the difference between the
two variables. Cash holdings including marketable securities is larger than cash
holdings as expected because of the short term investments, which is a significant
component of liquid investments for most companies. The mean amount for cash
holdings including marketable securities is 15.20 % as compared to the mean of cash
holdings which is 10.19 %. 26 % of company-year observations pay a dividend each
year and 6 % of company-year observations have an investment grade rating. On
average, companies hold 30 % of total assets as debt. In the final row of Panel A, it is
shown that the mean of the federal funds rate is 5.56 %.

3 In unreported regressions, the dependent variable in the baseline regressions are replaced with the ratio of
cash and cash equivalent to net assets, where net assets excluded cash and cash equivalents. The results
remain the same and are available upon request.
4 To be more specific, cash includes a bank or finance company’s receivables, bank drafts, banker’s accep-
tances, cash on hand (including foreign currency), certificates of depot included in cash by the company, check
(cashier’s or certified), demand certificates of deposit, demand deposits, letters of credit, and money orders.
5 We are aware that bond rating data is comprehensively collected by Compustat starting in 1985. The main
results do not change when this variable is excluded. The results are available upon request.
6 In addition to the Federal funds rate the one-year Treasury constant Maturity Rate is tested. The results do
not differ significantly from results presented.
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4 Econometric model

To start, we use a random effects regression to examine the relationship between
interest rates and cash holdings over the entire time period from 1970 until 2014. In
Column 1 of Table 2, when including the interest rate in the model, we do find a
negative and statistically significant relationship between cash holdings and the federal
funds rate. While the negative relationship is statistically significant at a 1 % level, the
economic significance is small. A one percentage point change in the interest rate
represents a decline in the mean of cash holdings of 1.41 %.

However, Fig. 2 shows that while there is a general negative relationship between
the two variables, this negative relationship might not hold within sub-periods because
of the extreme variation in rates. We then use a random effects threshold model to test
within sub-periods. The threshold model allows one to more closely examine the
relationship between cash holdings and interest rates over time. The rationale behind
using the model is that the relationship might behave differently when interest rates are
within certain ranges.

In the model, the thresholds are based on the level of interest rates. They were found
by searching for the threshold values by minimizing the sum of squared residuals (SSR)
from the regression model that allows for a fixed number of mean-shifts in the level of
interest rates. Models using one, two, and three thresholds are tested. In each model, the
threshold is then used in indicator functions that split the data up into regions. Thus, the one
threshold model divides the sample into two regions, the two threshold model into three
regions, etc. Panel B of Table 1 details the thresholds for the federal funds rate. Each
threshold value is identified as γ. γ1 for the one threshold model is 5.30 % and is close
to the mean federal funds rate. Panel C displays results for the percentage of the
observations that lie in each indicator function’s region. Looking at Panel C, roughly
49 % of all observations in the data sets are below the threshold and the remainder are
above. γ1 and γ2 for the two threshold model are 5.30 % and 9.22 %, respectively.
While γ1 is the same threshold value as γ1 in our two threshold model, the additional
threshold breaks up the upper interest rates into two regions. In Panel C, it is reported
that roughly 49 % of the observations lie below γ1, 38 % of observations are between
γ1 and γ2, and the remaining observations are above γ2. The three thresholds in the
final model are 1.92 %, 4.43 %, and 7.57 %. In Panel C, roughly 19 % of observations
lie below γ1, 13 % are in the range between γ1 and γ2, 43 % are between γ2 and γ3,
and the remainder are above γ3.

The interest rate, as well as the interaction between the interest rate and the threshold
dummy, are included in allmodels. Themodel is detailed for the two thresholdmodel in Eq. 1:

cashholdingsit ¼ α0 þ β1Interest Ratet þ β2 I Interest Ratet < γ1ð Þ
þ β3 I γ1≤ Interest Ratet < γ2ð Þ þ β4 Interest Ratet*I Interest Ratet < γ1ð Þð Þ

þβ5 Interest Ratet*I γ1≤ Interest Ratet < γ2ð Þð Þ þ γX it þ εit 1ð Þ
ð1Þ

whereXit are the other control variables detailed in the data section. In all models, the indicator
function for the highest interest rate region and the interaction between that region and the
interest rate are omitted from the regression.

When estimating the marginal effect of the interest rate on cash holdings in a threshold
model it is important to not focus solely on the coefficient on the interaction term. For
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Table 2 Cash holdings and interest rates

(1) (2) (3) (4)

Federal Funds Rate −0.00144***
(−16.54)

Federal Funds Rate in Low Region 0.0005309 0.0162829*** 0.0089619***

(0.41) (6.63) (4.65)

Federal Funds Rate in Middle Region 0.013533***

(4.72)

Federal Funds Rate in Lower Middle Region 0.0026843

(0.57)

Federal Funds Rate in Upper Middle Region 0.0022909

(0.72)

Federal Funds Rate in High Region −0.00134*** −0.000258 −0.000920***
(−13.78) (−1.52) (−7.26)

Market-to-Book 0.00501*** 0.00502*** 0.00502*** 0.00499***

(17.85) (17.87) (17.86) (17.75)

Cash Flow 0.0217*** 0.0217*** 0.0217*** 0.0219***

(9.57) (9.60) (9.60) (9.66)

Net Working Capital −0.0242*** −0.0241*** −0.0241*** −0.0241***
(−12.28) (−12.20) (−12.18) (−12.17)

Capital Expenditures to Assets −0.185*** −0.185*** −0.185*** −0.184***
(−33.57) (−33.39) (−33.33) (−33.32)

Leverage −0.0563*** −0.0562*** −0.0562*** −0.0563***
(−24.68) (−24.67) (−24.65) (−24.69)

R&D to Sales 0.00414*** 0.00417*** 0.00418*** 0.00424***

(4.1) (4.12) (4.13) (4.20)

Acquisitions to Assets −0.188*** −0.188*** −0.188*** −0.188***
(−36.66) (−36.36) (−36.37) (−36.34)

Dividend Dummy −0.00117 −0.00129 −0.00121 −0.00139*
(−1.41) (−1.56) (−1.46) (−1.68)

Investment Grade Dummy 0.00267*** 0.00277*** 0.00244** 0.00297***

(2.73) (2.84) (2.49) (3.03)

Size −0.00409*** −0.00417*** −0.00418*** −0.00444***
(−8.03) (−8.12) (−8.14) (−8.59)

Cash Flow Riskiness 0.000509*** 0.000497*** 0.000492*** 0.000518***

(4.59) (4.50) (4.44) (4.68)

Lagged Cash Holdings 0.444*** 0.444*** 0.443*** 0.444***

(88.41) (88.39) (88.39) (88.43)

Constant 0.141*** 0.139*** 0.124*** 0.131***

(31.31) (29.91) (24.49) (27.12)

N 171146 171146 171146 171146

Year Dummies No No No No

Industry Dummies Yes Yes Yes Yes
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example, say we want to know the marginal effect of interest rates in the low threshold.
The marginal effect of a change in cash holdings by a change in interest rate is given as:

∂y
∂x

¼ β1 þ β4 I Interest Ratet < γ1ð Þ þ β5 I γ1≤ Interest Ratet < γ2ð Þ ð2Þ

where y is cash holdings and x is the interest rate. If the interest rate was below γ1 this
would imply the effect was the linear combination of the coefficient on the interest rate
and the interaction term, β1 + β4. Thus, the marginal effect when the interest rate is above
γ2 is just the coefficient on interest rate. For brevity, in all threshold regressions the
conditional marginal effects are reported in the table.

In all models, standard errors are clustered at the firm level and industry dummies are
included but are not reported. 7 Year dummies were tested, but are omitted because
including year dummies diminishes the effect of the across year variations of interest
rates.8 One shortcoming of the random effects model is that it assumes that the unobserved
heterogeneity is uncorrelated with the regressors. While this is unlikely, the Mundlak
(1978) and Chamberlain (1980) means relaxes this assumption and allows one to control
for the possible correlations between the unobserved heterogeneity and the regressors.
Thus the Mundlak (1978) and Chamberlain (1980) means are included in the model. The
means are simply the time average of each accounting variable across companies.9

In addition to the variables described in Section 3, we also include a lagged value of
the dependent variable in the model. Lagged cash holdings is included in the model and
is defined as cash holdings from the previous year.10 This is included due to the highly
stable nature of cash holdings within firms.

5 Baseline threshold results and interpretations

The results for the relationship between cash holdings and interest rates using the one,
two, and three threshold models are presented in Table 2. Column 2 reports the results
for the one threshold model, column 3 for the two threshold model, and column 4
contains the results for the three threshold model.

7 Industry dummies are based on two-digit SIC code.
8 Results including year dummies are available upon request.
9 The time means for the Mundlak (1978) and Chamberlain (1980) devices are included in all models but, for
brevity, their coefficients are not reported.
10 In unreported results, all baseline regressions are run excluding the lagged dependent variable. Results are
similar and, in fact, strengthen and are available upon request.

Table 2 (continued)

(1) (2) (3) (4)

Mundlak-Chamberlain Devices Yes Yes Yes Yes

R2 0.55 0.55 0.55 0.55

This table presents the empirical results from the random effects regressions of all firms for 1970–2014.Cash holding is
the dependent variable in all regressions. All other variables are defined in Table 1. T-statistics are in parentheses and
significance is denoted by *where the p-value is <.10, **where the p-value is <.05, and ***where the p-value isp< .01
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The marginal effects for the relationship between the intervals of the federal
funds rate and cash holdings are found at the top of the table. In column 2, the
relationship between cash holdings and interest rates in low region is positive but
not statistically significant from zero. The relationship between interest rates in high
region and cash holdings is negative and statistically significant at a 1 % level.
Thus, we do not find a negative relationship with low interest rates, but find no
relationship at all. In column 3, the relationship between cash holdings and interest
rates in low region is positive and statistically significant at a 1 % level. The
relationship between interest rates in middle region and cash holdings is also
positive and statistically significant at a 1 % level. The relationship in the high
region is negative but not statistically different from zero. Once we include the
additional threshold in the upper region, the results change from the two threshold
model. In column 4, the relationship in the low region is positive and statistically
significant at a 1 % level. The relationship between cash holdings and the interest
rates in both middle regions are positive, but not statistically significant from zero.
The relationship between interest rates in high region and cash holdings is negative
and statistically significant at a 1 % level.

The statistically significant positive relationships are not as hypothesized by early
economic theory. Not only is the relationship positive and statistically significant, it is
also economically significant. In the two threshold model, a one percentage point
change in federal funds rate during the low region increases cash holdings by
0.01628. While this does not seem like a large amount it represents a 15.97 % increase
in the mean values of cash holdings (0.10191). A one percentage point change in the
federal funds rate in the middle region increase cash holdings by 0.0135. This
represents a 13.28 % increase in the mean value of cash holdings. In the three threshold
model, a one percentage point increase in interest rates in the low region increases
corporate cash holdings by 0.00896 or an 8.79 % increase in corporate cash holdings.

A quick look at the control variables shows results similar to prior papers in cash
holdings. Market-to-book is positively and significantly related to cash holdings
implying that firms with more growth opportunities hold more cash. Cash flow is also
positively related to cash holdings suggesting that firms with more cash flow hold more
cash in general. Capital expenditures-to-assets and acquisitions-to-assets are both
negatively related to cash holdings at a 1 % level implying that firms with these
expenditures hold less cash. Leverage is significantly negatively related to cash hold-
ings suggesting that firms with larger amounts of debt hold less cash. Firms that are
larger (size) hold relatively less cash, a finding that is significant at a 1 % level. Firms
that have an investment grade bond rating (investment grade dummy) hold more cash, a
finding that is significant at a 1 % level. The main difference in our results among
control variables is that no relationship is found between firms that pay dividends
(dividend dummy) and cash holdings. Prior papers have found that firms that paid more
in dividends held less cash. Finally, lagged cash holdings has a positive relationship
that is significant at a 1 % level with cash holdings.

In summary, when testing for the relationship between corporate cash holdings and
interest rates a negative relationship is expected. While the negative relationship is
found when examining the entire time period from 1970 to 2014, when testing the
relationship using a threshold model numerous positive and insignificant relationships
are found. The positive relationship is primarily concentrated in low and middle interest
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rate ranges. Observations in these ranges include the 1990’s and 2000’s. In an attempt
to explain why this relationship exists, additional controls are included in Section 6.

6 Tests for the non-negative relationship

Given the positive relationship was not driven by the marketable securities included in
cash holdings, we attempt to explain why the positive relationships exists by controlling
for other factors that might be driving the relationship during this time. Several additional
explanations for the positive relationship are tested and discussed below. These explana-
tions include the tax-based explanation, pension fund contributions, zero-leverage firms,
financially constrained and unconstrained firms, firm governance, and high-tech firms.11

6.1 Tax-based explanation

Originally introduced by Foley et al. (2007), the tax-based explanation suggests that
firms facing higher repatriation taxes hold larger levels of cash, hold the cash abroad,
and hold the cash in places that trigger high tax costs when repatriating earnings. The
Association for Financial Professionals reports that due to high tax rates, United States
multinational corporations have $1 trillion in cash and cash equivalent investments
outside of the United States.,12 13 In 2004, Congress enacted the Homeland Investment
Act (HIA) which temporary reduced the tax to 5.25 % and repatriation surged.
Pinkowitz et al. (2012) find that the HIA did not reduce cash holdings of multinational
firms and put forth two possible explanations: either the incentives in the HIA were
insufficient to affect corporate cash holdings or the HIA changed where firms store
there cash and not the amount held. Companies holding cash abroad are forgoing the
interest that could be earned in the US markets. Thus, we may be picking up on the
relationship between the foreign cash holdings and the interest rate, which would be a
spurious relationship.

In the analysis, a multinational firm is defined as a firm that reports pretax foreign
income in Compustat.14 The data set is divided into domestic and multinational compa-
nies based on this criterion. For the tax-based explanation to be valid, it is expected that
when dividing the data sets into domestic and multinational firms, the positive relation-
ship should exist only in the multinational sample. Over this time, the relationship
between cash holdings and the interest rates should be negative for the domestic firms.

Results can be found in Table 3. For brevity, only the coefficients for the marginal
effects of the interest rates are reported. Columns 1 and 2 present results for the one
threshold model. Columns 3 and 4 are for the two threshold model and Columns 5 and

11 In addition to controlling for each of the following alternative explanations individually, we also controlled
for them collectively, with the exception of the governance variable and constraint variables. The positive and
statistically significant relationships remain. These results are available upon request.
12 Available at http://www.afponline.org/search.aspx?searchtext=repatriation in the BAFP Policy Position on
Repatriation.^
13 A multinational firm is a firm that reports operations in a foreign country but is incorporated in the United
States.
14 If Compustat reports that pretax foreign income is missing the value is coded as zero. In unreported results,
the Compustat variable IDBFLAG (international, domestic, and both indicator) is used. The results are similar
to those reported here and are available upon request.
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6 present results for the three threshold model. The positive relationship is still
prevalent amongst the domestic firms primarily with the interest rates in lower and
middle regions. An interesting result is found when looking at the multinational
companies; the relationship between cash holdings and interest rates are negative and
statistically significant across all thresholds in the two and three thresholds models.
Thus, it seems that the reason for the positive relationship cannot be explained by firms
holding cash overseas.

6.2 Pension fund contributions

An additional test for an explanation for the positive relationship is that cash contribu-
tions made to pension funds during the 1980’s and the 1990’s were greater and thus
larger amounts of cash were held to meet these obligations. According to the Employee
Retirement Income Security Act of 1974, the contributions made to defined benefit
(DB) pension funds are annually reviewed to ensure that the plans are funded accord-
ingly. DB plans were the most popular form of pension plan in the 1980’s and the
1990’s. During times of economic turmoil, there is a chance that investments might fall
below the well-funded level. In these cases, a company will have to make larger
contributions and these contributions are often made with liquid corporate assets
(Rauh 2009). Rauh (2006) showed that cash for required contributions leads to lower
capital investment. Thus, the companies in the 1980’s and the 1990’s might have been
holding more cash due to the larger cash contributions that were required.

The pension fund contribution hypothesis is tested using two unique variables. The
first variable is pension expense, reported in Compustat Annual files, to total assets.
The second variable is the mandatory pension expense variable used in Campbell et al.
(2012). It measures the mandatory pension expense required to maintain well-funded
status. It is calculated by the service costs plus the accumulated benefit obligation
minus the fair value of pension plan assets divided by 30. This is all divided by total
firm assets as of the previous year. The value is reported if the pension benefit
obligation is greater than the fair value of pension plan assets, otherwise it is zero.
Data to create the mandatory pension expense variable was obtained from Compustat
Annual Pension database. If a variable is missing in the data base, then it is recorded as
zero. The predicted relationship between cash holdings and the pension expense
variables can vary depending on when the fiscal year data falls in accordance to the
pension funding requirement. As a larger contribution to an underfunded pension is
needed, the company might increase cash balances thus increasing the amount of cash
and cash equivalents they report. However, once the company has made those contri-
butions it could be that the firm holds less cash.

The results can be found in Table 4. For brevity, only the pension expense variables
and marginal effect in the interest rate regions are reported. The pension expense to
total assets variable is included in columns 1 through 3 and the mandatory pension
expense variable is included in columns 4 through 6. The results from the one threshold
model can be found in columns 1 and 4, the two threshold model results are in columns
2 and 5, and the three threshold model results are in columns 3 and 6.

Pension expense is negative and significantly related to cash holding at a 1 % level
across all three models. When looking at the marginal effect, little to no change in the
relationships between the interest rate regions and cash holdings are seen across all
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three models. Mandatory pension expense is positive and significantly related to cash
holding at a 1 % level across all thresholds. The differing relationships between the two
pension variables signify that they are capturing two different relationships with cash
holdings. Pension expense is an expense that the firm has already taken so a larger
expense implies that the company holds less cash. However, the mandatory pension
expense is an expense that firms will need to make to ensure funds are not underfunded.
This is a forward looking variable that anticipates how much the firms will need to
expense and thus has a positive relationship as firms built up cash for larger anticipated
need. Again, the relationships between the interest rate regions and cash holdings
change very little when including the pension variables. In conclusion, while pension
expense and mandatory pension expense capture two different relationships with cash
holdings, pension contributions do not explain the positive relationship between cash
holdings and interest rates.

6.3 Zero-leverage firms

The mystery of why firms choose not to have any debt has led researchers to look into
the characteristics of these companies. As reported in Strebulaev and Yang (2013),
14 % of large public non-financial US firms had zero outstanding debt in 2000. In
addition, they find that zero-leverage firms and particularly dividend-paying, zero-
leverage firms have higher cash balances than matched firms. In fact, they find that
75 % of the time zero-leverage firms hold higher levels of cash than the matched firms.
We test for whether the results are being driven by the zero-leverage firms who have to
maintain higher cash balances.

In our data set, zero-leverage firms are holdings substantial amounts of cash
holdings including marketable securities and cash holdings. The mean values of the
two cash holdings variables for firms with zero leverage and positive values of leverage
are presented in appendix Table 10. The mean measure of cash holdings including
marketable securities for zero-leverage firms ranges from 0.2212 in 1970 to 0.4309 in
2014. The variation in cash holdings is just as drastic ranging from 0.0471 in 1970 to
0.3145 in 2014. The mean of both measures is substantially above the mean of the
corresponding measure for firms with leverage. Thus, it is of interest to control for the
relationship excluding the zero-leverage firms. It is also interesting to divide them out
because a substantial increase in the mean of cash holdings for zero-leverage firms
takes place in 1988, which is when the large increase shown in Panel A of Fig. 2 takes
place. Thus, the baseline regressions are repeated separating out zero-leverage firms
from firms with positive amounts of leverage.

The results are presented in Table 5.15 The results for firms with positive amounts of
leverage are found in the odd columns and the results for firms with zero leverage can
be found in the even columns. Focusing on the marginal results for the interest rate
thresholds, the results remain very similar to those seen in previous tables. Particularly
when looking at the two threshold model in column 3, the relationship between cash
holdings and the federal funds rate is positive and statistically significant at a 1 % level

15 In unreported results, almost zero-leverage firms are also excluded. Strebulaev and Yang (2013) classify
almost zero-leverage firms as firms whose leverage ratio is less than 5 %. Similar results are found as when
excluding zero-leverage firms and in the baseline regression. These results are available upon request.
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for interest rates in the low and middle region. For firms with zero leverage, the
relationship remains positive and statistically significant, but does have a larger coef-
ficient in both the lower and middle interest rate regions. The results are similar for the
three threshold model, with the exception that the relationship between cash holdings
and the federal funds rate for zero-leverage firms is not statistically significant in all
threshold regions. Thus, zero-leverage firms are not driving the results.

6.4 Constrained and unconstrained firms

In an additional test, the relationship is examined across financially constrained and
unconstrained firms. Almeida et al. (2004) show that constrained manufacturing firms,
when measured by firm size, bond rating, and commercial paper, hold more cash than
unconstrained manufacturing firms. Thus, it could be that the constrained firms are
holdings more cash for financial reasons and are not taking into account interest rates
when holdings cash.

We follow Almeida et al. (2004) and define financially constrained firms three
different ways.16 The first is based on firm size. Firms are sorted into deciles each
year based on total assets and the top (bottom) three deciles are defined as uncon-
strained (constrained) firms. The argument is that smaller firms are typically younger
and less well known. The second and third measures are bond and commercial paper
ratings. These are measured similarly, with the exception that the bond rating data is the
S&P long-term rating and the commercial rating data is the S&P short-term rating. If a
firm has never had a rating and holds a positive value of debt then the firm is classified
as constrained. Unconstrained firms are classified as firms that have been rated during
the sample.17 The argument here is that firms without ratings do not have the ease of
access to external financing.

Table 6 displays the mean of cash holdings including marketable securities and cash
holdings for constrained and unconstrained firms. All three measures of financial
constraint provide similar results. On average, constrained firms hold larger amounts
of cash and marketable securities relative to assets than unconstrained firms. In
addition, constrained firms, on average, hold larger amounts of cash and cash equiv-
alents relative to assets than unconstrained firms. Thus, it could be that the constrained
firms are driving the results.

The regression results based on size are presented in Table 7.18 Results are presented
based on the one threshold model in Columns 1 and 2, two threshold model in Columns
3 and 4, and three threshold model in Columns 5 and 6. Even columns present results for
constrained firms and odd columns present results for unconstrained firms. As in prior
tables only the variables of interest are reported. Both constrained and unconstrained
firms, regardless of how they are measured, have numerous positive and statistically

16 Almeida et al. (2009) also use the KZ Index to classify constrained and unconstrained firms, however they
find that this measure is negatively correlated with the other measures so it is excluded from our analysis.
17 In addition, Almeida et al. (2004) classify firms with no rating and no debt as unconstrained. In unreported
regressions, when classifying these firms as unconstrained we find that unconstrained firms have larger cash
holdings, which is contrary to the finding of Almeida et al. (2004). Upon further inspection, firms with no
leverage appear to be driving this result. Thus, firms with no leverage and no bond rating are excluded from
the analysis. However, including them does not affect the regression results.
18 The results based on the bond and commercial paper ratings can be found in appendix Table 11.
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significant relationships across all threshold models. However, the unconstrained firms
do not show the expected negative relationship especially during the lower interest rate
regions. Thus, when separating firms by financial constraints some of the coefficients
are reduced, however it does not explain all the positive relationships found.

6.5 Alternative explanations

In addition to the above explanations, additional explanations are tested which we do
not report but do discuss.19 The first is that the positive relationship could be driven by
firms that are poorly governed. Dittmar and Mahrt-Smith (2007) find that poorly
governed firms do not efficiently manage cash balances and have a lower value of
cash. Thus, these poorly governed firms may not consider interest rates when deciding
whether to hold cash. It could be that these inefficient firms are driving the positive
relationship between cash holdings and interest rates.

The commonly used measures of corporate governance are the Gompers et al.
(2003) (GIM) index and the Bebchuk et al. (2009) (E) index. The GIM index is
available from Risk Metrics and measures the number of antitakeover provisions a
firm has. The E index is available on Lucian Bebchuk’s website and uses six
antitakeover provisions that Bebchuk et al. (2009) have shown have the greatest impact
on firm value.20 The variables are reported approximately every 2 to 3 years (1990,
1993, 1995, 1998, etc.). Similar to prior literature, we assume that the index remains

19 All results are available upon request.
20 Data can be found at www.law.harvard.edu/faculty/bebchuk/data.shtml.

Table 6 Constrained and unconstrained firm summary statistics

Mean Number of Observations

Cash Holdings Including
Marketable Securities

Cash Holdings

1 Firm Size

Constrained 0.2019 0.1495 57793

Unconstrained 0.0916 0.0562 58447

2 Bond Rating

Constrained 0.1382 0.0958 120895

Unconstrained 0.0962 0.0631 53525

3 Comm. Paper Rating

Constrained 0.1287 0.0891 156346

Unconstrained 0.0759 0.0464 16472

This table presents summary statistics on the mean of cash holdings including marketable securities and cash
holding for the three constrained and unconstrained classifications. Firms classified by firm size are sorted into
deciles each year based on total assets then the top (bottom) three deciles are defined as unconstrained
(constrained) firms. The second and third measures are bond and commercial paper ratings. These are
measured similarly, with the exception that the bond rating data is the S&P long-term rating and the
commercial rating data is the S&P short-term rating. If a firm has never had a rating and holds a positive
value for debt then the firm is classified as constrained. Unconstrained firms are classified as firms that have
been rated during the sample. Firms with no leverage and no bond rating are excluded from the sample

J Econ Finan
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unchanged during the unreported years. There are two restrictions when using the
above indexes. The first is that they are only available from 1990 to 2006. Thus, we are
restricted to only testing for the relationship between cash holdings and interest rates
during this time. Second, the data only cover S&P 1500 firms. Thus, the data set is
substantially reduced.21

To test whether poorly governed firms are driving the positive relationship, the data is
split into poorly governed firms and well governed firms. Firms are sorted into terciles
each year. Poorly governed firms are defined as the highest tercile of firms and well
governed firms are defined as the lowest tercile of firms. Very few of the relationships
are statistically significant. Furthermore, those relationships that are significant are
positive and exist among well governed firms, which was not as predicted.

The final explanation is that high-tech firms are driving the results. Zhou (2009)
found that the documented increase in cash holdings is among high-tech firms and that
non-high tech firms’ cash holdings remain relatively stable over 1980–2007. Zhou
follows Brown et al. (2009) and defines a high-tech industry by the following 3-digit
SIC codes: drugs (SIC 283), office and computing equipment (SIC 357), communica-
tions equipment (SIC 366), electronic components (SIC 367), scientific instruments
(SIC 382), medical instrument (SIC 384), and software (SIC 737). 22 The baseline
regressions are repeated excluding these high tech industries. Results remain similar as
in previous regressions.

7 Quantile regression

In further tests, results are presented based on quantile regressions. Whereas most
regression estimates are based on the conditional mean of the response variables, the
quantile regressions allow one to estimate the data at either the median or other
quantiles of the response variable. The advantage to using the quantile regression is
that it is robust against outliers in the data. It is also useful in estimating a relationship
between variables in cases where no or a weak relationship exists to see if differing
relationships exist among different ranges of the dependent variable.

The final results presented are based on the quantile regressions for the threshold
models.23 It is of interest to see if firms holding cash in a particular range are driving the
results. The quantile regression is also useful because cash holdings is highly skewed to
the right. We estimate the three threshold model at nine quantiles, namely the 10th,
20th, 30th, 40th, 50th, 60th, 70th, 80th, and 90th. All control variables are included
from the threshold regressions including the industry dummies. However, the Mundlak
(1978) and Chamberlain (1980) devices are not included.

21 Prior to splitting the sample into well and poorly-governed firms, the regressions are repeated with the
smaller set of firms. Results similar to the ones presented in the paper are not found. There are numerous
insignificant relationships across all threshold variables.
22 Brown et al. (2009) use the definition provided by the United States Department of Commerce for high-tech
firms. This definition can be found at: BAn Assessment of United States Competitiveness in High-Technology
Industries,^ United States Department of Commerce, February 1983.
23 In unreported regressions, the quantile regressions are run with just interest rate1. It is found that across all
three models interest rate1 is negatively and significantly related to cash holdings excluding cash equivalents
at a 1 % level.
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Results based on the three threshold model are presented in Table 8.24 For brevity,
only the marginal effects for each data set are presented. Columns 1–9 detail the
relationship based on the nine quantiles. Results in the first column referred to firms
with lower amounts of cash holdings and rises until quantile 90, which represents the
highest amounts.

When looking at the lower middle region, firms with higher levels of cash holdings
(quantiles 40–90) have a positive relationship between cash holdings and interest rates.
The coefficient declines in value as we move to lower quantiles, however, it never
becomes negative and statistically significant. When looking at the upper middle
region, firms with lower levels of cash holdings (quantiles 10–50) have a positive
relationship between cash holdings and interest rates. The coefficient declines in value
as we move to the right, becoming negative and statistically significant for firms with
the highest level of cash holdings (quantile 90). In conclusion, it is found that not one
particular group of firms is driving the results. Firms with lower amounts of cash
holdings are driving some of the relationships and firms with larger amounts are driving
other relationships. Thus, it appears that firms hold cash in response to firm-specific
needs and not necessarily in response to interest rates.

8 Conclusion

This paper examines the relationship between cash holdings and interest rates as measured
by the federal funds rate. To test the relationship, a random effects threshold model is used
and tested over multiple thresholds. To exclude capturing the positive relationship
between marketable securities and interest rates, a new cash holdings variable is used
that includes cash and cash equivalents, but not marketable securities. Even with the new
cash holdings variable, several positive relationships still exist between cash holdings and
interest rates, particularly with interest rates from the 1990’s forward.

To further examine what is driving the positive relationship, several alternative
explanations are tested: the tax-based explanation, pension fund contributions, zero-
leverage firms, financially constrained and unconstrained firms, firm governance, and
high-tech firms. After dividing the data sets into domestic and multinational companies,
the positive relationship is found for domestic firms. Thus, the tax-based explanation
does not explain the relationship. After including two measures of pension contribu-
tions as an explanatory variable, the positive relationship is still unaffected. It is found
that zero-leverage firms and high-tech firms hold large amounts of cash; after omitting
these firms separately from the data sets the positive relationship continues to hold.
After dividing the data up into financially constrained and unconstrained firms based on
three separate measures, the positive relationship still exists for both financially
constrained and unconstrained firms. Lastly, the positive relationship is still found
when controlling for firm governance. Thus, none of the explanations provided are
able to explain why a negative relationship does not exist. Finally, quantile regressions
find that there is not one group of firms that are driving the positive relationship as
firms with low cash holdings are driving some of the results and firms with high cash
holding are driving the remainder of the results.

24 Results based on the one and two threshold model are provided in appendix Table 12.
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In conclusion, we find a positive relationship between cash holdings and interest
rates. Several explanations are examined, but none can explain the positive relationship
between interest rates and cash holdings. We conclude that the relationship is driven by
a multitude of firm characteristics and suggests that firms are not holding cash purely
based on interest rates and a revised model might need to be presented that examines
the cash holding practice of firms when looking at the interest rate environment.
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Appendix

Table 9 Variables

Variable Definition

Cash Holdings Including
Marketable Securities

Cash, Cash Equivalents, and Marketable Securities divided by Total Assets

Cash Holdings Cash and Cash Equivalents Divided by Total Assets

Market-to-Book Market Value per Share to the stated Book Value of Equity

Cash Flow Earnings after Interest, Taxes, and Dividends, but before Depreciation,
divided by Total Assets

Net Working Capital-to-Assets Net Working Capital minus Cash, Cash Equivalents, and Marketable
Securities divided by Total Assets

Capital Expenditure-to-Assets Earnings after Interest, Taxes, and Dividends, but before Depreciation,
divided by Total Assets

Leverage Long Term Debt plus Current Debt divided by Total Assets

R&D-to-Sales Research and Development divided by Sales. If R&D is missing in
Compustat then it is set to zero.

Acquisitions-to-Assets Acquisitions divided by Total Assets. If Acquisitions is missing in
Compustat then it is set to zero.

Dividend Dummy Indicator variable equal to one if the company pays a common dividend
and zero otherwise

Investment Grade Dummy Indicator variable equal to one if a company has a long-term bond rating
of BBB- and above or a short-term commercial paper rating of A-3
and above, otherwise the dummy equals zero

Size Natural log of a firm’s Total Assets in 2009 dollars, using the consumer
price index to account for inflation

Cash Flow Riskiness The standard deviation of industry cash flows calculated as suggested by
Opler et al. (1999). It requires the standard deviation of cash flows for
the previous 20 years, if available. We do require that firms have at least
5 years of data to calculate cash flow riskiness. Observations are then
averaged across the two-digit SIC code.

This table provides the corporate variable names and definitions used in the paper
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