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Abstract

This paper studies the macroeconomic implications of corporate cash holdings
over the business cycle. We develop a heterogeneous firm business cycle model in
which firms accumulate cash for precautionary reasons. Firm-level cash accumula-
tion is highly nonlinear due to a satiation point. The nonlinearity survives aggrega-
tion, leading to a state-dependent response of aggregate allocations to TFP shocks. In
periods of high cash holdings, firms can smooth dividend payouts, thereby damp-
ening the response of aggregate consumption to adverse TFP shocks. Despite this
stabilizing role, we show that the decentralized equilibrium level of cash holdings is
inefficiently high due to a negative cash externality. We conclude by providing micro-

level empirical evidence in support of the model’s key mechanisms.
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1 Introduction

Corporate cash holdings have trended upwards across several developed economies (Chen
et al., 2017). Figure 1 documents this pattern for the United States, showing the ratio of
aggregate corporate cash (Flow of Funds) to nominal GDP (NIPA). It is evident that liquid
savings by non-financial corporate businesses have grown significantly faster than output
over the past 30 years. Although the causes of this rise are increasingly documented, its
macroeconomic consequences, especially for business-cycle dynamics, remain more elu-
sive. This paper takes a step toward filling that gap. We develop a business-cycle model
with heterogeneous firms that accumulate cash for precautionary reasons and use it to
quantify how corporate cash balances shape macroeconomic dynamics.

Through a calibrated version of the model, we show that corporate cash holdings sig-
nificantly amplify the nonlinearity of aggregate fluctuations, with especially pronounced
effects on consumption dynamics. In response to negative productivity shocks, firms with
precautionary cash buffers are able to smooth dividend payouts, which in turn dampens
the transmission of shocks to household consumption. This dividend-smoothing chan-
nel creates asymmetric business cycle responses: recessions are shallower and recoveries
more muted when aggregate cash holdings are high. Quantitatively, we find that a cash
buffer one standard deviation above the mean reduces the consumption drop in response
to a negative TFP shock by 50%.

To clarify the mechanism, we analytically solve a simplified two-period version of the
model. We show that firms optimally hold a strictly positive liquidity buffer: reallocating
resources into cash in period 1 trades a modest opportunity cost for the option to avoid
convex equity-issuance costs in period 2 (as in Hennessy and Whited (2007) and Alfaro
et al. (2024)). This precautionary motive operates only up to a natural satiation point,
beyond which additional saving provides no further benefit. The resulting cash buffers
smooth dividend payouts and, in turn, household income. Consequently, a negative TFP

shock leads to a mild consumption decline when firms enter with ample liquidity but a
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Figure 1: US nonfinancial corporate business liquid asset holdings to GDP
Note. The figure plots the time series of the liquid assets to GDP ratio between 1960Q1 and 2024Q2. The

liquid asset stock data is sourced from the Flow of Funds of the Federal Reserve Board, and the nominal
GDP is from National Income and Product Accounts (NIPA) from the Bureau of Economic Analysis (BEA).
The definition of the measure can be found in Appendix A.1. Seasonal adjustment for liquid assets is done
by extracting the trend from a multiplicative seasonal decomposition.

sharper contraction when liquid savings are low. Aggregate consumption is thus highly
nonlinear and explicitly state-dependent, varying with the pre-shock distribution of cor-
porate cash. Finally, despite the stabilizing role of cash holdings, we show that because
tirms do not internalize the effect of their liquidity choices on aggregate consumption,
equilibrium cash holdings exceed the efficient benchmark due to the negative cash exter-
nality—it is costly to hold cash—making precautionary cash buffers inefficient.

Finally, we provide empirical support for the key mechanisms in our model. Using
firm-level data from Compustat, we show that firms with higher cash-to-asset ratios re-
duce dividend payouts significantly less during recessions, consistent with our model’s
dividend smoothing mechanism. At the household level, PSID data reveals that increases
in dividend income are associated with substantial increases in consumption, even af-

ter controlling for labor income, wealth, and fixed effects — confirming the relevance of

dividends for household expenditure decisions.



Theoretical model. We begin with a two-period model in which firms produce, pay
wages and dividends, and hold cash that earns a return below the risk-free rate. Pro-
ductivity follows a stochastic process. Firms can also issue equity, subject to a quadratic
issuance cost. Households consume and provide labor inelastically. In this simplified
setting, we illustrate that firms hold cash out of precautionary motives, to guarantee that
they avoid the equity issuance cost even if they suffer a negative productivity shock. In
this scenario, household consumption responds less to a first-period TFP shock when
tirms hold more cash. Higher cash translates into a smaller drop in consumption when a

negative TFP shock hits the economy, as dividends become smoother.

Quantitative model. We next extend the two-period model into a dynamic, general
equilibrium business cycle model, where firms make decisions each period regarding
labor hiring, dividend payouts, and cash accumulation. We follow Alfaro et al. (2024)
and assume the return on cash is strictly less than the return on the risk-free asset. In
line with the two period model, the key mechanism driving cash holdings is the presence
of a convex cost of external financing (negative dividends), which creates a precautionary
motive: firms hold cash to smooth dividend payments and avoid costly equity issuance.
Additionally, we assume that cash is not tradable between firms, further reinforcing the
role of internal liquidity buffers.

Although the liquidity preference of firms partially mirrors that of households, there
is a fundamental difference due to the structure of their objective function. Unlike the
household optimization problem, where marginal utility is strictly concave, the firm’s
contemporaneous objective is strictly concave only over a limited domain and remains
weakly concave globally. This feature arises because internal financing (positive dividends)
does not trigger adjustment costs, leading to a satiation point in the firm’s cash hoarding
decision. As a result, the intertemporal cash holdings policy exhibits a flat region, making

tirm-level cash accumulation strongly nonlinear. This nonlinearity is a defining character-



istic that distinguishes our model from standard heterogeneous household frameworks.

Based on this insight, we examine whether micro-level nonlinearity survives aggre-
gation and affects business cycle outcomes. The nature of the market for cash, with cash
not being tradable across firms, prevents the fluctuations in the price of cash from be-
ing strong enough to wash out all the firm-level nonlinearity, leading to a macro-level
nonlinearity in the TFP-driven aggregate fluctuations.

Following a negative TFP shock, the responsiveness of firm-level dividends depends
on the level of cash holdings. For example, when a firm is short of cash, a negative TFP
shock causes a firm to reduce dividends further than it would do when it has abundant
cash stocks. This is due to a firm with little cash needing not only to pay out dividends
but save cash out of concern for the future. Due to this precautionary channel, household
consumption responds more to negative TFP shocks when the levels of cash holdings are
low.

Despite the cash holdings beneficial effect of reducing consumption volatility, both the
quantitative and theoretical model show zero socially optimal cash holdings. The cash ex-
ternality, of reducing household’s wealth, dominates the overall decrease in consumption
volatility. This result highlights that the true cost of frictions over the business cycle are

not on their effect on volatility, but rather on their impact on aggregate ergodic averages.

Empirical validation. Lastly, we empirically validate the two key model micro mech-
anisms. First, using Compustat data, we illustrate that firms with higher cash holdings
present smoother dividends, a result qualitatively and quantitatively similar to when us-
ing model generated data. Second, using PSID data, we find households’ consumption to
be positively correlated with dividends. A $1 increase in dividends is associated with a
7.85 cents increase in consumption. These two empirical tests directly support the model’s

key mechanisms that generate the nonlinear business cycle.



Related Literature. Our paper relates to three different branches of the literature. First,
to the literature studying how financial frictions amplify aggregate shocks. Bernanke et al.
(1999) introduced the financial accelerator mechanism, where credit market frictions am-
plify economic shocks due to entrepreneurs bearing all aggregate risk. Several papers
such as Gertler and Kiyotaki (2010), Ottonello and Winberry (2020), Begenau and Salo-
mao (2018), Cloyne et al. (2023), and Ferreira et al. (2023) explored how financial frictions
amplify firm-level risk, and this increase in risk can spill over to aggregate consumption
in response to negative shocks. These insights underscore that the concentration of risk in
leverage firms/entrepreneurs is essential to the propagation of shocks and the response
of aggregate variables.

We contribute to this literature by showing that, even absent changes in leverage or
borrowing costs, firms’ precautionary cash hoarding behavior can generate state-dependent
consumption responses to TFP shocks through a dividend smoothing channel.

Second, we contribute to the extensive literature that studies corporate cash hoarding
as a function of firm-specific risk, financial constraints, and macroeconomic uncertainty.
Opler et al. (1999) established that firms accumulate cash as a hedge against adverse fi-
nancial conditions, according to the results found by Acharya et al. (2007), who emphasize
the role of cash in reducing firms’ reliance on costly external funding. Bates et al. (2009)
highlighted the growing trend of cash holdings among US firms due to increased volatil-
ity in cash flows. Riddick and Whited (2009) argued that firms may accumulate cash even
in the absence of financing frictions, as cash holdings optimize investment decisions over
time. Chen et al. (2017) further demonstrated that the increase in profits together with
dividend stickiness explains the increase in corporate savings.

Our model builds on these insights by linking precautionary cash holdings to macroe-
conomic amplification, demonstrating how financing frictions can endogenously gener-
ate state-dependent consumption dynamics through dividend smoothing.

Third, we relate to the extensive literature on business cycle heterogeneous agent mod-



els. While heterogeneous agent models have been widely used to study macroeconomic
fluctuations, early work by Aiyagari (1994) and Krusell and Smith (1998) showed that
these models exhibit behavior that is largely linear at the aggregate level. Specifically, de-
spite the presence of idiosyncratic shocks, the household savings policy function remains
smooth and linear, leading to approximately linear aggregate dynamics. On the firm side,
Khan and Thomas (2008) demonstrated that investment policy functions are highly non-
linear due to fixed adjustment costs and capital irreversibility. However, their findings
suggest that in a general equilibrium setting, the elasticity of the interest rate offsets firm-
level nonlinearities, causing any potential nonlinearities at the micro-level to wash out in
the aggregate.

We contribute to this literature by showing that, contrary to prior findings, nonlin-
ear firm behavior—specifically, cash hoarding driven by financing frictions—can survive

aggregation and generate significant nonlinearities at the macro level.

Structure The rest of the paper is organized as follows: Section 2 describes and discusses
the model mechanisms in a two period setting, Section 3 introduces the business cycle
model, in Section 4 we compare the nonlinearity of the cash holdings policy function
to a standard Aiyagari (1994) model, Section 5 illustrates the aggregate implications of
this micro level nonlinearity, Section 6 presents empirical validation of the micro level

mechanisms, and Section 7 concludes.

2 A simple theory on cash holding

This section introduces a simple two-period model that analytically illustrates the main
mechanism of the paper and the source of inefficiency. Households, who own firms,
receive labor income and dividends in both periods and consume. Firms produce in
both periods. In period one, they choose dividend payouts and cash holdings for the

next period. In period two, firms distribute all remaining resources as dividends. This
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model illustrates why firms hold cash and how cash holdings have direct consequences

for consumption of households.

Firm The firm enters period 1 with initial cash holdings of ny. The firm produces gl
units of output, pays wages w;, distributes dividends d; and decides how much cash 7
to carry into next period. In period two, the firm produces A, units of output, pays wages
wy and distributes is net worth as dividends d; before exiting the market. Productivity in

both periods follows the stochastic process:

N A+A with probability 1/2,
Ay = (1)

A—A with probability 1/2.

In either period, if the firm issues equity (i.e. d; < 0, Vt = 1,2), the firm incurs a quadratic

equity issuance cost C(d), which is paid by the shareholder.! The problem of the firm is:

max = Cld) + E [m(A) (- C(d2))], @
st di = Ar—w —mB" +n, 3)
dy = Ay —wy + 1y, (4)

C(d) = £d’1(d < 0), 5)

where all the variables with a tilde represent random variables and m(A;) = Bc1 /¢ (A,)
is the stochastic discount factor. B" is the price of cash, assumed to be greater than or
equal to the SDE. A wedge between the return on cash and the risk-free rate is introduced
by assuming 8" > Em(A,) (Cooley and Quadrini, 2001; Alfaro et al., 2024).

The equity-issuance cost C(d) is the mechanism that gives firms a precautionary mo-

tive to stockpile liquidity: by holding cash today they can avoid paying the quadratic cost

!We here consider only a quadratic cost function, similar to the quantitative model in Section 3, to guar-
antee the function is continuously differentiable across the whole domain. Appendix B.1 extends the equity-
issuance cost to include a linear component, and Proposition 1 remains valid under this specification.
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tomorrow should revenues fall short. The next result formalizes this link between the size

of the issuance friction and the cash buffer the firm chooses to carry:

Proposition 1 (Optimal cash holding).  The firm’s optimal cash holding n7 is (weakly) in-

creasing in the equity-issuance-cost parameter y and is bounded above by wy + A — Aj.

Proof. See Appendix G. u

Intuitively, a higher y makes external equity more expensive, so the firm raises its
precautionary cash balance; the upper bound reflects the point at which an extra dollar of

cash no longer relaxes the period-2 financing constraint.

Household Having established how the equity-issuance cost shapes the firm’s cash-
holding decision, we now turn to the household in order to trace out the implications
for consumption. The household lives for two periods, supplies labor inelastically and
receives both labor income and firm dividends in each period. The household’s problem

is:

max log(c1) + BElog(ca), (6)
subjectto: 1 =dj +w;, (7)
& = dy + w). 8)

Although the household ultimately bears the equity-issuance cost C(d), as the firm deducts
it before paying dividends, the cost is immediately rebated to the household and thus
does not appear in the budget constraints above. Consequently, C(d) reallocates resources
across time but does not generate a deadweight loss. Its macroeconomic impact arises
instead through the firm’s precautionary cash behaviour and the resulting path of divi-
dends that enter the household’s consumption. The firm’s cash buffer transmits directly
to households through the dividend stream. The next result shows how a larger initial

cash position moderates the consumption impact of a negative productivity shock.
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Corollary 1 (The state-dependent consumption response).

The consumption impact of a negative TFP shock weakly decreases in ny.

8(c1(né{,A1 — A) — Cl(l’l(L),Al — A))

>0
onf!

Proof.

9 (Cr(nfl, Ay — A) — C1(nf, A1 — A)) 0 (BE (m(nf, Ay — A) — ny(nf, Ay — A)) +nfl —nk)

H H
ano ano

=1 — wN >0

w
As the term W

smaller than 1. |

is smaller than 1 but larger than 0, the above is positive and

This result shows that higher firm cash holdings smooth consumption by mitigating
the effects of negative TFP shocks. Consequently, the consumption response becomes

state-dependent, varying with the level of cash holdings.

3 Baseline model

We now proceed to include the mechanism of the preceding section into a quantitative
general equilibrium model to study its aggregate consequences. There are three sectors in
our economy: a production sector, a household sector and a government. The production
sector is populated by a continuum of measure one of ex-ante homogeneous firms that
face idiosyncratic productivity shocks. These firms can self-insure against future negative
shocks that may require costly external finance using cash, in the spirit of Froot et al.
(1993). The household sector features a representative household that consumes, prices
the risk-free bond, owns the firms and supplies labor. The government collects taxes from

firms and distributes them in a lump-sum fashion to the households. Idiosyncratic risk
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arises from firm-specific productivity shocks in the production sector, while aggregate

risk stems from time-varying fluctuations in total factor productivity (TFP).

3.1 Technology

Firms use labor to produce the final good.> The production function has decreasing re-
turns to scale and the following functional form:

it = Awzigl, )
where y;; denotes final good output, [;; labor demand, ¢y < 1 the span of control param-
eter, and z;; and A; idiosyncratic and aggregate productivities, respectively. Regarding

productivities, we assume that the log of idiosyncratic productivity follows an AR(1) pro-

cess:

log(zi) = pzlog(zis_1) +€it, €ir ~iiqa N(0,02), (10)

in which ¢ and p, denote the variance of the shock and the persistence of the productivity
process, respectively. The stochastic aggregate productivity process is assumed to follow
a two-state Markov process.’> Hence, the transition matrix and set of possible aggregate

productivity states are:

A = AplA;= A 1—v(A = AplA;=A
r, p(Ai B| At B) (1—p(Ara B| At B)) an

(1—=p(Ar = AglAr = Ag))  p(Ar = AglAr = Ag)

and A; € {AB, AG}/ (12)

2The absence of capital in the model is equivalent to a setup where firms use both capital and labor, but
optimal capital demand is frictionlessly embedded within the labor demand decision.

3This simplification does not affect our results significantly. In particular, the repeated transition method,
which is used to solve the model, is able to handle finer discretization than two grid points. For example,
Lee (2022) uses a finer discretization (five grid points). However, to simplify the interpretation of recessions
and booms, we resort to two grid points only.

11



where Ap := 1 - Ay and Ag := 1+ A4, and we calibrate A4 to match the aggregate
output volatility. Due to the presence of aggregate risk and incomplete markets, there
will be a time-varying distribution of firms over their idiosyncratic cash holdings 7;; and

productivity status z;;. Denote this distribution as ® and its evolution over time as:

D11 (zirr1, Mirr1) = G(Pe(zip, nit), Ar). (13)

where G denotes the transition operator that maps today’s distribution and aggregate
productivity into tomorrow’s distribution. Finally, for ease of notation, denote the collec-

tion of aggregate state variables X; as:

Xt = {Pt(zit, nit), At} (14)

3.2 Cash holdings and financial frictions

Cash Holdings Firms generate profits that equal revenues net of the wage bill and a
tixed operation cost { > 0 in each period. They then decide how much to distribute as

dividends (d;;) to their ultimate owners, the households. The portion of earnings retained

after dividends (and any financing costs) is allocated to adjusting the firm’s cash balance.*
We assume that the evolution of cash holdings follows:
Mity1 = Nt + G Big, (15)

where n;; represents the firm’s liquid asset holdings, g} is the price of one unit of lig-
uid asssets, and h;; denotes the net investment in liquid assets. Importantly, firms are
subject to a no net borrowing constraint on cash, ensuring that cash balances remain non-

negative, n;;11 > 0. This constraint mirrors the standard incomplete markets assumption

4In what follows we will, with a slight abuse of terminology, refer to liquid assets and cash holdings
interchangeably.
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with borrowing limits, as in Aiyagari (1994) or Huggett (1993).

Critically, we assume that the return on cash is lower than the risk-free rate, closely
following Alfaro et al. (2024) and Cooley and Quadrini (2001). Specifically, we set the
price as a multiple x of the risk-free bond price, such that q} = xg;, where x > 1 and g; is
the risk-free bond price, ensuring that cash is not an excessively attractive store of value.

On the aggregate level, the net supply of liquid assets is assumed to follow an exoge-
nous process linked to the price of liquid assets g}'. In particular, we again follow Alfaro

et al. (2024) and impose a constant elasticity of supply specification:

N[

NP = H(g))s, (16)

where { governs the elasticity of the liquid asset supply, and H > 0 is a scaling constant.
This assumption captures the responsiveness of liquid asset supply to changes in asset

prices.

External financing cost Beyond the non-negativity constraint on cash holdings, we as-
sume that firms face external financing costs when dividends are negative. In such cases,
firms incur an additional cost C(d;;) in the spirit of Jermann and Quadrini (2012) and Rid-

dick and Whited (2009). We assume that this costs takes the following functional form:
C(dy) = X1{d; < 0}a? (17)
it 2 it it

where 1 governs the magnitude of the financing cost, determining how costly it is for
firms to raise external funds when dividends are negative. A higher y implies that even
small equity issuances result in significant costs, discouraging firms from relying on ex-
ternal financing and strengthening their precautionary savings motive. The net dividend
is given by d;; — %H{dit < O}d%t. This function is continuously differentiable (C!) and con-

cave, ensuring smooth adjustment at d;; = 0 without kinks. Consequently, the standard
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theory of concave household utility applies seamlessly to the model.”

The external financing cost captures firms’ limited ability to adjust funding sources in
response to financial conditions, as in Jermann and Quadrini (2012). This also aligns with
the empirical literature on dividend smoothing where firms avoid drastic payout fluc-
tuations due to managerial incentives and agency considerations (Leary and Michaely,
2011; Bliss et al., 2015). In particular, Leary and Michaely (2011) show that cash-rich firms
smooth dividends significantly more than others, a pattern the model replicates.

Absent external financing costs, holding cash would not be optimal since cash earns a
lower return than dividends. However, due to these costs, firms hoard cash as a precau-
tionary measure, ensuring liquidity for adverse conditions (e.g., low z; or low A;). This
precautionary motive leads firms to smooth dividend payouts in equilibrium, consistent

with observed corporate behavior.

3.3 Recursive firm problem

We are now able to formulate the firm’s problem in recursive form. At the beginning of
each period, a firm i is identified by its idiosyncratic states n and z. Furthermore, firms
have rational expectations and are aware of the full distribution of the firm-level state

variables and its evolution. Using these pieces of the setup, the recursive formulation of

5Jermann and Quadrini (2012) highlight that the convexity assumption aligns with empirical findings
by Altinkilic and Hansen (2000) and Hansen and Torregrosa (1992), who document that underwriting fees
increase at a rising marginal cost as the offering size grows.
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the firm’s problem can be written as follows:
J(n,z;X) = max d—C(d)+E [m(X;X")](n,2; X")] (18)
n’,
subject to:
d=m(z;X)(1 1) +n—q"n,
n' >0,

n(z; X) = mlaszl“V —w(X) ¢,

C(d) = %H(d < 0)d,

X={D A},

and @' =G(D,A)

where | denotes the value function of a firm, d the dividend, m the stochastic discount
factor used to price future payoffs, 7t the operational profits, T° the profit tax imposed by

the government, w the wage and ¢ the fixed production cost.

3.4 Households

The household sectors is populated by a representative household that chooses labor sup-
ply 1, consumption ¢, bond holdings b and shares that households invest in firms, de-

noted by s. Thus, the household problem is given by:

VH(b,s; X) = max [log(c) — L(ZH)H% + BE [VH(b’,s’; X’)] (19)

1
I W JH =
c,s' b1 1+X

subject to:

c+g(X)W +Y Tau [ m(XX)s'dd = w(X)H +s+b+T(X
q ,
A/

X={d A
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where 7 is the labor disutility parameter, and y is the Frisch elasticity parameter.

3.5 Government

The government sets a tax on profits 7¢ and distribute its proceeds in a lump-sum fashion
to the households, ensuring a balanced budget every period. Consequently, the govern-

ment budget constraint reads as follows:

/ 271(2; X)d® = T(X) 20)

3.6 Competitive equilibrium

Definition 1. A recursive competitive equilibrium is a set of functions
(9.4",m,,T,],N,D,L,V!,C,L",5,B,N*, @)

that solve the firm problem, household problem, government budget constraint, and clear the mar-
kets for liquid assets, labor, output and household bond holdings, as described by the following

conditions:

1. Taking q", m and w as given, | solves the firm problem described in (18), and (N, D, L) are

the associated policy functions for firms.
2. VH solves (19) and (C, B, LY, S) are the associated policy functions for households.
3. T solves the government budget constraint described in (20).
4. The goods market clears.

5. The market for shares clears s(X) = [[J(n,z; X) + C(D(n,z; X))|d® as the external fi-

nancing costs and aggregate firm values jointly determine the supply of equity.

6. The labor market clears L"(X) = [ L(n,z; X)d®
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7. The liquid asset market clears (N°(X))' = [ N(n,z; X)d®
8. The evolution of the distribution is consistent with policy functions.

9. The bond market-clearing condition, B(X) = 0 is satisfied by Walras’s law.

4 The role of market incompleteness and the financial fric-
tions

In this section, we analyze the individual firm’s cash hoarding patterns in the stationary
equilibrium. This analysis is essential to understand why the model can feature highly
nonlinear dynamics under aggregate uncertainty. Due to the external financing cost, a
firm uses cash as a precautionary savings instrument. However, there exists a target cash
level beyond which firms do not accumulate further cash. Holding cash beyond this point
becomes increasingly costly: once a firm accumulates enough cash to nearly eliminate the
risk of future external financing, additional cash holdings yield returns lower than the
household discount rate. This logic is formalized in Proposition 2, which establishes the

existence of a target cash holding level.®

Proposition 2 (The existence of the target cash holding level).
Suppose policy functions are non-trivial: n'(n,z) > 0 and d(n,z) > 0 for some n > 0, given z.

Then, there exists 7i(z) > 0 such that n’(n,z) < 7(z) for Vn > 0.
Proof. See Online Appendix. |

Therefore, the optimal cash holding policy becomes flat once a firm’s current cash

stock reaches the target level.” Figure 2 plots the future cash holding policy function

®Tt is worth noting that the implication of Proposition 2 differs from Proposition 4 in Aiyagari (1993),
which suggests that households with excessively high wealth gradually decumulate. In contrast, the target
cash result here implies that a firm with an excessively large cash stock immediately reduces it to the target
level.

7This mirrors the behavior in the consumption buffer stock model (Carroll, 1997). Despite the flat region,
the policy function is smooth throughout (of class C'), with no kinks.
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Figure 2: Cash holding policy function of individual firms

Note. The solid line plots the future cash holding policy function of the lowest-productivity firms. The
dash-dotted line plots the future cash holding policy function of the highest-productivity firms.
for the lowest and highest productivity firms. For the most productive firms, the target
cash level is lowest due to the persistence of high productivity—they are least concerned
with future financing constraints. These firms’ policy functions cross the 45-degree line,
meaning they increase cash holdings until the target is reached. In contrast, the least
productive firms face higher target cash levels but generate insufficient profits to save,
leading them to reduce future cash holdings; their policy functions lie entirely below the
45-degree line.

The flat region in the cash holding policy function is contrasts sharply with the wealth
accumulation pattern of households in Aiyagari (1994). To facilitate comparison, we de-

tine liquidity on hand, a firm-side analogue to total resources in the Aiyagari framework:

Liquidity on hand, := Tt + n; .
~— ~—
Liquidity from operating profit =~ Cash

Figure 3 plots the cash holdings and dividend policies in panel (a) and the future liquidity

on hand in panel (b) as functions of today’s liquidity on hand. This figure is the firm-side
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Figure 3: Dividends and cash holdings and liquidity on hand policy functions (when
z = minZ.)

Notes: This figure is the firm-side counterpart of Figure I in Aiyagari (1994).

counterpart of Figure I in Aiyagari (1994).8 Fora sharp illustration, we only plot the policy
functions for a firm at the lowest productivity (z = minZ). Just as in the household case,
borrowing constraints bind in certain regions, resulting in flat saving policies near the
constraint. However, this region is narrow for firms and barely visible in panel (a) of
Figure 3.7

If a firm holds little liquidity, additional liquidity is split between dividends and cash
holdings, with a bias toward cash. In contrast, once a firm holds ample liquidity, any fur-
ther increase is paid entirely as dividends — reflected in the dividend function becoming
parallel to the 45-degree line in the high-liquidity region. In panel (b), future liquidity on
hand also becomes flat at high current liquidity levels, echoing the flat region in the cash
policy function from Figure 2.

Next, we show the nonlinear firm-level policy functions induce aggregate nonlinear-

ities in the business cycle. Specifically, the degree of nonlinearity in aggregate cash dy-

8Dividend d is the counterpart of consumption c, and future cash holding 7’ is the counterpart of future
wealth a;,1.

9 A similar kinked saving pattern appears in Krusell and Smith (1998). However, in both Aiyagari (1994)
and Krusell and Smith (1998), the fraction of these constrained households is negligibly small. Especially,
this is one of the major reasons why the aggregate dynamics in Krusell and Smith (1998) do not feature a
nonlinearity.
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namics depends on the fraction of firms operating in the flat region of the policy function.
Thus, aggregate fluctuations in this model are tightly linked to the endogenous distribu-

tion of firm states, ®.

5 Nonlinear business cycle and endogenous consumption
Risk

In this section, we quantitatively analyze the recursive competitive equilibrium alloca-
tions computed from the global nonlinear solution method in the sequence space. For
tractability, we normalize the firm’s value function by contemporaneous consumption c;
following Khan and Thomas (2008). We define the marginal utility price of consump-
tion as p; := 1/¢; and the normalized value function Ji = ptJt. From the household’s
intratemporal and intertemporal optimality conditions, we have w; = 7n/p; and q; =

Bpi+1/ pt. Thus, py is the only price to characterize the equilibrium.

5.1 Calibration and Solution

We adopt a standard calibration strategy: some parameters are fixed based on the liter-
ature, while others are estimated to match empirical moments. The model period is a
quarter, so we set the household discount factor 8 to 0.995, consistent with Chen et al.
(2017), implying an annualized real rate of approximately 2% at the non-stochastic steady
state. The Frisch labor supply elasticity is set equal to 1, consistent with previous liter-
ature, in line with Kaplan et al. (2018).1° On the firm side, we set the span of control
parameter equal to 0.930,

The two key parameters to be calibrated are the external financing cost i and the op-

erating cost ¢. The external financing cost is identified using the corporate cash-to-output

10Chetty et al. (2011) show that micro estimates imply a Frisch elasticity of 0.82. Our value is slightly
above this.
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Table 1: Fixed Parameters

Parameter Description Value Source
Households
B Discount factor 0.995 Chen (2017)
X Frisch labor supply elasticity 1.000 Kaplan et al. (2018)
Production
Span of control 0.930 Standard calibration
K Cash return wedge 0.870  Cooley and Quadrini (2001)
0z Idiosyncratic shock persistence 0.861 Bachmann et al. (2013)
o, Idiosyncratic shock volatility 0.075 Bachmann et al. (2013)
Aggqregate
p(Ap|Ap) Persistence of low aggregate TFP 0.875 Krusell and Smith (1998)

p(Ac|Ac) Persistence of high aggregate TFP 0.875 Krusell and Smith (1998)

Note. This table presents the fixed parameters used in the model, along with their sources. For cash return
wedge, we back out the ratio wedge x implied by the calibration used in Cooley and Quadrini (2001):
r/(1/B —1). For the idiosyncratic shock volatility ¢; we sum both the idiosyncratic and sector specific
shock volatility from Bachmann et al. (2013).

ratio. The cash quarterly data comes from the Flow of Funds (Federal Reserve), and
output is measured using GDP from the National Income and Product Accounts (NIPA,
BEA).!! As u increases, firms accumulate more cash due to heightened precautionary mo-
tives, raising the cash-to-output ratio.

The identifying moment of the operating cost parameter ¢ is the consumption-to-
output ratio. The consumption quarterly data is from NIPA.!? As operating costs increase,
dividend payouts fall, reducing aggregate consumption. The calibrated parameters and
the corresponding moments are summarized in Table 2. Data moments are calculates as
quarterly averages between 1970 and 2019.

The model on top of matching the targeted moments, equally matches well some un-

targeted moments. First, it generates a dividend to output ratio of 1.98%, close to the

data counterpart of 1.91%. Second, at the micro level, it generates a distribution of cash

1See Appendix A.1 for the detailed definition of aggregate cash holdings.
12Consumption includes both durable and non-durable consumptions.
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Table 2: Calibrated Parameters and Target Moments

Parameters Description Data Model Calibration

Targeted moments

U Corporate cash holdings relative to output (%) 10.00  9.95 0.08
¢ Consumption relative to output (%) 66.00 63.63 0.15
1 Hours worked relative to time available (%) 33.00 32.90 13.50
Aa Output volatility (% p.q.) 1.45 1.72 0.02

Untargeted moments

Dividend to output (%) 1.91 1.98

Note. This table presents the calibrated parameters along with the corresponding target moments, observed
data values, model-implied values, and the level of precision achieved. The observed data values are aver-
ages over quarterly data spanning from 1970 to 2019.

holdings to output in line with the micro distribution of cash holdings to sale in the Com-
pustat data.!® Figure F.11 in Appendix F shows that both in the model and in the data,

the correlation between cash-to-output and output is negative.

5.2 Algorithm - Repeated transition method

Despite its relatively parsimonious formulation, our model’s computation of recursive

competitive equilibrium presents several significant methodological challenges:

1. highly nonlinear aggregate fluctuations,
2. non-trivial market clearing conditions for both labor and consumption goods, and

3. occasionally binding constraints.

We employ the global nonlinear solution method in sequence space developed by Lee
(2025), which can efficiently solve this problem. The method solves the problem back-
ward over a long sequence of simulated exogenous aggregate states. During this back-

ward iteration process, conditional expectations are calculated by integrating the realized

13For details on the data cleaning procedure, please see Appendix A.2.
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value functions from previous iterations, thereby eliminating the need to explicitly specify
aggregate laws of motion.

Furthermore, the algorithm traces multiple price vectors throughout the iteration pro-
cess, updating them according to implied price levels derived from market clearing con-
ditions. It is important to distinguish between implied price levels and market clear-
ing prices—the former assumes either supply or demand is exogenously determined
by current-iteration guesses. As iterations progress, true market clearing prices emerge
asymptotically as both supply and demand converge to equilibrium values. This ap-
proach achieves market clearing only at the limit, substantially reducing computational
burden.

Our model features non-trivial market clearing for both labor and consumption goods.
According to Lee (2025), incorporating even a single non-trivial market clearing condi-
tion yields approximately tenfold computational efficiency gains compared to state-space
methods such as the Krusell and Smith (1997) algorithm. Given our model’s dual mar-
ket clearing requirements, theoretical computational gains could approach two orders of

magnitude.

5.3 Nonlinear business cycle

Using the repeated transition method, we compute the recursive competitive equilibrium
allocations over the simulated path of aggregate shocks. The sufficient statistic used is the
aggregate cash stock. The dynamics of the aggregate cash stocks are highly nonlinear for
two reasons: (1) the individual firm’s cash holding policy function becomes flat for high
levels of individual cash stocks, as described in Section 4; (2) the general equilibrium
effect does not strongly affect each firm’s cash holding demand. It is because the wedge
between price of cash holding and the risk-free bond is exogenously fixed at «, as the cash

is not allowed to be traded across the firms.

Figure 4 plots a sample of the simulated path of the price p; (panel (a)) and aggregate
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Figure 4: Aggregate fluctuations in the baseline model

Notes: The figure plots the time series of the price p; the aggregate cash stock N; in the baseline model. In

both panels, the solid line is the predicted time series (nth guess) { pgn), Nt(”) fg%oo; the dash-dotted line is

the realized time series {p}, N; }7%,; the dashed line is the predicted time series implied by the linear law

of motion.

corporate cash holding N; (panel (b)) obtained from both the repeated transition method
and the log-linear specification of the law of motion. The solid line plots the expected
allocations (guess from the n'" iteration), and the dash-dotted line plots the realized al-
locations (simulation based on the policy in (n + 1) iteration) in the repeated transition
method. The dashed line represents the dynamics of the allocations in the log-linear spec-
ification of the law of motion. To obtain the parameters in the log-linear specification, we
tit the equilibrium allocations from the repeated transition method into the log-linear

specification, and the result is as follows:

l0g(Ni11) = —0.5473 + 0.8899 % log(Ny), if Ay = Ag, and R? = 0.9977, MSE = 0.0006
log(Ni 1) = —0.7437 + 0.7331 % log(Ny), if Ay = Ag, and R? = 0.9914, MSE = 0.0011
log(ps) = 1.3545 — 0.0093  log(N;), if A; = Ap, and R? = 0.9332, MSE = 0.0000

log(ps) = 1.3284 — 0.0073 x log(N;), if A; = Ag, and R? = 0.9573, MSE = 0.0000

The repeated transition method generates near-perfect alignment between expected and
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realized paths (R? ~ 1, MSE ~ 107°). In contrast, the log-linear fits have notably lower
R? and larger MSEs, indicating substantial model misspecification if linearity is imposed.

One important reason for the nonlinearity is the nature of the market for cash. As
cash is not tradable across firms, the dynamics of the price of cash and aggregate cash
stocks are smoothed. For example, when there is a surge of cash holding demand, the
price of cash does not go up enough to mitigate the surge and vice versa for the case of
decreasing cash holding demand. In many of the models in the literature, the flattening
force from the general equilibrium has been proven to be powerful enough to guarantee
the log-linear specification as the true law of motion. One example is Khan and Thomas
(2008), where the micro-level lumpiness is smoothed out by real interest rate dynamics.
However, due to the friction in the market for cash, the log-linear prediction rule fails to
capture the true law of motion in this paper.

On top of the nonlinearity, there is another complication in the model that the pro-
totype method of Krusell and Smith (1998) cannot simply address: there is a non-trivial
market-clearing condition with respect to price p;. Krusell and Smith (1997) suggests an
algorithm to solve this problem by considering an external loop in the algorithm that
solves the market-clearing price p; in each iteration. This algorithm is known to suc-
cessfully solve the log-linear models with non-trivial market-clearing conditions, such
as Khan and Thomas (2008). However, due to the extra loop in each iteration, the algo-
rithm entails high computation costs. In contrast, the repeated transition method tracks
the implied price instead of the market clearing price on the simulated path. Therefore,
the method does not require an extra loop for computing the market-clearing price, so it

saves a great amount of computation time.
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Figure 5: Endogenous state-dependence in the shock responses of consumption

Notes: The figure plots consumption responses (relative to average consumption, in percentages) to negative
(blue dots) and positive (green dots) aggregate TFP shocks as a function of lagged aggregate cash stocks on
the horizontal axis.

5.4 The endogenous consumption risk and state-dependent consump-

tion responsiveness

This section explores the role of corporate cash in shaping consumption dynamics. In the
model, aggregate productivity A; switches between two states, Ag and Ag, following a
persistent Markov process. We define a negative shock as a switch from A to Ag and a
positive shock as the reverse.

A key mechanism in the model is that firm-level dividend sensitivity to TFP shocks
depends on cash holdings. Firms with low cash respond more aggressively to negative
shocks by cutting dividends to rebuild buffers, while cash-rich firms do so less. This
translates into state-dependent household consumption response as the responsiveness
of household consumption becomes dependent on dividends, and consequently on the
aggregate cash stock.

Figure 5 plots the relationship between the consumption responsiveness over the ag-
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gregate cash stocks separately for negative aggregate shock (panel (a)) and positive ag-
gregate shock (panel (b)). In this model, the magnitude of aggregate shock is uniform at
|Ag — Ag|(= 4% TFP shock).!* Therefore, if the consumption shock responses are differ-
ent across the periods, it is due to the endogenous state dependence of the responsive-
ness rather than the shock magnitude variation. Then, we separately collect the periods
of negative aggregate shock and positive aggregate shock and compute the consumption
changes AC; as a percentage of the stochastic steady state consumption [E(C;) and one-
period-ahead aggregate cash stock N;_; for each period. As can be seen from Figure 5,
the consumption responsiveness decreases in the aggregate cash stock for the negative
aggregate shock. From a similar intuition with the opposite direction, the consumption
responsiveness increases in the aggregate cash stock for the positive aggregate shock.
This asymmetric pattern reflects the role of precautionary motives in firm behavior and

the pass-through to household income.

Table 3: Endogenous state-dependence in consumption responses to negative and posi-
tive shocks

Dep. Var.: log(ct) (p.p.)

Neg. Pos.

1) 2)
Cashy(s.d.) 0.605 0.419
(0.006) (0.002)

Constant Yes Yes

Observations 119 119
R? 0.988 0.996

Notes: The table reports the results of the regression of consumption responses to a negative and positive
aggregate TFP shock on the lagged aggregate cash stocks using the simulated data. The first column is for
the negative aggregate TFP shock, and the second is for the positive aggregate TFP shock. The numbers in
the brackets are standard errors.

Table 3 reports the regression coefficient when the observations in Figure 5 are fitted
into the linear regression. The numbers in the brackets are the standard errors. When

the lagged aggregate cash stock increases by one standard deviation, the consumption re-

4The aggregate shock is defined as a shift from one productivity to the other.
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Figure 6: GIRF: Consumption responses to negative shocks for median and low cash

Notes: The figure plots the consumption % change to a negative aggregate TFP shocks when cash is at
median level (green solid line) vs lowest level (blue dashed line) over the entire simulation.

sponsiveness to the negative aggregate TFP shock (-4% TFP shock) significantly decreases
by 0.17 percentage points. For the positive aggregate TFP shock (+4% TFP shock), the con-
sumption responsiveness decreases by 0.07 percentage points when the lagged aggregate
cash stock increases by one standard deviation.

Therefore, the aggregate cash holding gives a consumption buffer against a negative
aggregate shock by smoothing the dividend stream in the simulated data. Also, the aggre-
gate cash holding helps a positive productivity shock solely pass down to the consump-
tion. And the consumption buffer effect against the negative TFP shock is significantly
stronger than the consumption boosting effect for the positive TFP shock in the model.

The state dependence is equally illustrated in Figure 6, which presents the generalized
impulse response function (GIRF) of consumption to a negative TFP shock for different
levels of cash. The solid green line presents the response when cash is equal to the median
cash level over the entire simulation. The blue dashed line presents the consumption
response when cash is at the lowest level over the entire simulation. Consumption drops
almost three times more when cash is low vs when cash is at the median value, illustrating

not only the state dependence, but equally the quantitatively meaningful effect.

28



Role of heterogeneity To illustrate the importance of firm heterogeneity in driving the
consumption state dependence we compare the baseline model to a representative firm
model. Essentially, we shut down the idiosyncratic productivity shock, keeping the mar-
ket incompleteness and the aggregate productivity shocks. We keep all the parameters
fixed at the baseline model value.

Figure 7 compares the results for the baseline, heterogeneous firms model, and the
representative firm model. As is illustrated by the figure, the state dependence is consid-
erably stronger in the baseline model. Two reasons explain the difference: 1) in the het-
erogeneous firms model, what matters, besides the average cash holdings, is the mass of
tirms that are on either of the flat parts of the cash holdings policy function — the constraint
on the bottom part, or the satiation point on the upper part — while in the representative
tirm model, either of the constraints rarely binds; 2) the cash fluctuations over the cycle
are much more muted in the representative firm model, as the firm can more easily in-
sure against aggregate fluctuations. The idiosyncratic productivity component creates an
additional layer against which the firms try to insure, and generates consistently higher
dispersion and fluctuation of cash holdings over the cycle.

In Appendix F Figure F.12 plots the GIRF to a negative TFP shock in both the base-
line and representative firm models, when cash is at the median and at the lowest point
over the two simulations. Results again indicate that the state dependence is three times

stronger in the heterogeneous agents model.

Efficient benchmark While firms’ cash holdings diminish the overall consumption volatil-
ity over the business cycle, one can ask if firms are holding the socially optimal amount of
cash. We now compare the baseline heterogeneous firms model with the social planner’s,
which coincides with the standard RBC model, as well as with the representative firm

model.!®

15For a detail description of the social planner’s problem, please see Appendix E.
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Figure 7: Endogenous state-dependence in consumption responses to negative and posi-
tive shocks in the baseline (a) and representative firm (b) models

Notes: The figure plots consumption responses (relative to average consumption, in percentages) to negative
(blue dots) and positive (green dots) aggregate TFP shocks as a function of lagged aggregate cash stocks on
the horizontal axis. Panel (a) plots the results for the baseline, heterogeneous firms model, while panel (b)
plots the results for the representative firm model.

Table 4 shows that the social optimal cash holdings are zero. Despite the increase in
consumption volatility with zero cash holdings, there is a negative cash externality, which
leads the planner to choose no cash. The negative cash externality takes the form of a
negative wealth effect due to the reallocation of resources towards a lower return asset,
and dominates the decrease in consumption volatility. This result indicates that the true
cost of frictions over of the business cycle is not on volatility is amplified, but rather on
the effects on ergodic averages over the cycle. In this case, the representative firm model,
which has lower cash holdings, much more closely replicates the social planner solution.

An extension of the theory in Section 2 pins down the exact mechanisms at play. While
in one hand higher cash holdings diminish the consumption volatility, there is a cash

externality, which reduces the overall household’s wealth. As it is costly to hold cash,

the social planner strictly prefers zero cash holdings to eliminate the cash externality and
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Table 4: Business cycle comparison across models

Baseline Social planner Rep. firm
std(log(C)) 0.0133 0.0188 0.0184
std(log(Y)) 0.0172 0.0119 0.0124
corr(log(C),log(Y)) 0.9335 1.0000 0.9803
E(N) 0.0333 0.0000 0.0018
std(N) 0.0198 0.0000 0.0021

Notes: The table reports business cycle statistics across the baseline heterogeneous firms model, the social
planner, and the representative firm model. The table reports the standard deviation of log consumption,
log output and cash holdings, as well as the average cash holdings and the correlation between loc con-
sumption and log output.

increase overall consumption, in line with the results in Table 4. For more details, please

see Appendix B.2.

6 Micro evidence of the mechanism

Our proposed mechanism relies on two key factors. First, firms using cash holdings to
smooth dividends. Papers such as Opler et al. (1999) and Gao et al. (2013) show that large,
publicly listed firms tend to hold more cash, and that these firms use this cash to smooth
their dividend over time. Using annual Compustat data, we provide evidence in support
of the model proposed mechanism. In particular, we show that firms with larger cash
holdings reduce dividend payments less during recessions.

Second, dividends being an important part of households” consumption. Papers such
as Baker et al. (2006), Di Maggio et al. (2020) and Brduer et al. (2022) have documented
that consumption responds positively to dividends, more than to other capital gains.'®

We here proceed to test for the correlation between consumption and dividends and how

consumption reacts to changes in dividends. To do so, we use micro data from PSID

16Notice these papers show this result in a cross-section of households. We show this result holds within
household over time.
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(2005-2021), which contains bi-annual data on total household expenditure together with

dividend and labor income.

6.1 Cash holdings and dividend smoothing

In this section we use annual Compustat data for the period 1980-2019 to show that firms
with more liquid assets tend to smooth their dividends.!” To test for how the firm'’s divi-
dend issuance during crisis periods depends on cash holdings, we run the following local
projection

dipyn = Precy +0nj_q + yrecy X ny—1 +IpXy—1 + o + € (21)

where dj;,j, is the log of the real dividends by firm i in year t + h, rec; is an indicator
variable that takes the value of 1 whenever real GDP growth is negative, n;;_1 represents
the ratio of cash and short-term investments to total assets, and X;;_1 is a vector of controls
that includes the lag of log real total assets, leverage, and real sales growth.!® &; represents
the firm fixed effects and standard errors are clustered at the firm level.

Panel (a) on Figure 8 plots the base effect () of recessions on dividends on the left
panel, and on the right panel the effect of cash holdings on dividends during recessions
(7). For firms with no cash holdings, dividends drop by approximately 2.5 percentage
points during a recession, but recover after two years. Importantly, panel (b) illustrates
that firms which have a higher cash-to-asset ratio do not reduce their dividend issuance
as much after a year of negative GDP growth, as the coefficient is positive and statistically
significant in both Year 0 and Year 1. One year after the recession, a 1 percentage point
increase in the cash-to-assets ratio mitigates the dividend drop by 0.1 percentage points.
Using the distribution of the cash-to-asset ratio in the sample, this implies that a one

standard deviation increase in cash holdings reduces the dividend drop by approximately

17 Appendix A.2 provides the full data cleaning procedure.
18 All variables except cash are deflated using the CPI.
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Figure 8: Dynamic dividend reaction to negative GDP and interaction with cash to assets

Note. The figure plots the impact of recessions on panel (a) up to three years after the recession. Panel (b)
plots the coefficient associated with the interaction term between cash to total assets ratio and the recession
indicator. Shaded bands represent 90% confidence intervals

50%. 17
This result is supportive of the precautionary mechanism proposed in our model.
Firms, to avoid costly equity issuance, hoard cash to be able to smooth their dividend

over time and are able to do so during recessions. This is also in line with results pre-

sented by Opler et al. (1999) and Gao et al. (2013).

Replication with model simulated data We replicate the empirical exercise using model
generated data.?’ Figure 9 plots the overall effect of the impact of a recession on dividends
and the coefficient on the interaction with cash. Overall, dividends drop by approxi-
mately 3% in the first period of a recession, qualitatively and quantitatively similar to the
2.5% found using Compustat data. Additionally, an increase of cash to output of 1% re-
duces the dividend decrease by 0.016 percentage points. This implies that a one standard

deviation increase in cash holdings reduces the dividend fall by approximately 50%, very

PFigure F.14 in Appendix F shows the results when considering the observations when dividends are
zero, by using the log of one plus the real dividends. The results are qualitatively and quantitatively similar.

20Notice that in the model the firm has no assets besides cash. So we use cash as a % of output. The
control variables are just output. Equally, to stay as close to the data as possible, we consider a recession
whenever aggregate TFP is in its lower state.
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Figure 9: Dynamic dividend reaction to negative GDP and interaction with cash to assets

Note. The figure plots the impact of recessions on panel (a) up to three years after the recession. Panel (b)
plots the coefficient associated with the interaction term between cash to total assets ratio and the recession
indicator, using model simulated data. Shaded bands represent 90% confidence intervals

similar to the data counterpart.

6.2 Household consumption and dividend income

Our result of corporate dividend state-dependency carrying over into consumption relies
on dividends being a key determinant of consumption at the household level. In order
to show this connection empirically, we utilize household-level bi-annual data from the
PSID between 2005 and 2021.2! The PSID records dividends received at the household
level from 2005 onwards along with total expenditure.?? Using the PSID, we then run the
following regression:

cit = Pdip—1 + T X1 + pi + pr + €it, (22)

2l Appendix A.3 describes the cleaning steps involved in the preparation of the PSID panel.

22Total expenditures include food (at home, delivered, or eaten out), housing (mortgage or rent, utilities,
internet & phone, insurance, property taxes, repairs, furnishings), health (hospital, doctor bills, prescrip-
tions, health insurance), transportation (vehicle loans, leases, down payments, insurance, repairs, gasoline,
parking, public transport, taxis), children & education (childcare, education), and personal & recreation
(clothing, trips, other recreation expenses).
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Table 5: Effects of real dividend income on real expenditure

Real Expenditure Real Expenditure Real Expenditure = Real Expenditure

Real dividend income 0.157*** 0.0886** 0.0814* 0.0785*
(0.0338) (0.0416) (0.0428) (0.0412)
HH covariates v v v
HH FE v v
Year FE v
Observations 46 419 23138 21223 21223

Note. This table shows the effects of a one dollar increase of dividends on real expenditure. Household
covariates include financial and business wealth, housing wealth, financial asset income, labor income, age
and education. Standard errors clustered at the household level.

*p <010, p <0.05 *** p < 0.01

Equation (22) estimates the relationship between household consumption c;; and divi-
dend income d;;_1, where i indexes households and t indexes time. The coefficient
captures the marginal effect of dividends on consumption. The vector X;;_; includes a
set of lagged household-level control variables such as labor income, financial income,
non-housing wealth, housing wealth, age, and education in order to account for other de-
terminants of consumption. We also include household fixed effects y; to control for time-
invariant household characteristics, and time fixed effects y; to absorb aggregate shocks
common to all households. This specification tests whether within-household changes
in dividend income are systematically associated with changes in consumption, after ac-
counting for a rich set of controls and fixed effects.

Results are presented in Table 5 and show that an increase in dividend income in
year t — 1 is positively correlated with expenditure in year t across a number of different
specifications. In our strictest specification, with household covariates, fixed effects and
time fixed effects, a 1 dollar increase in dividend income is associated with a 7.85 cent
increase in real expenditures. This result is in line with papers such as Baker et al. (2006),
Di Maggio et al. (2020) and Brauer et al. (2022), who show for example that consumption
responds positively to dividends in the CEX or transaction level data from a German

bank.
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7 Concluding remarks

Corporate cash holdings have been increasing globally over the past few decades. In this
paper, we analyze the effects of this increase on business cycle dynamics. Making use of
a heterogeneous-firm business cycle model with financial frictions, in which firms hoard
cash out of a precautionary motivation.

We show analytically that the firm’s precautionary cash holdings generate inefficiently
high levels of cash in the economy. In a stylized two-period model, we prove that the pri-
vately optimal cash policy diverges from the socially optimal one: firms hoard excessive
cash due to external financing costs while the social planner would prefer zero cash hold-
ings to avoid the pecuniary externality of holding cash.

Our quantitative model shows that precautionary corporate cash holdings signifi-
cantly amplify and shape the nonlinearity of aggregate fluctuations, especially in con-
sumption. In particular, the dividend smoothing motive induces a state-dependent re-
sponse: following negative TFP shocks, if cash levels are low, firms cut dividends sharply
to preserve internal funds, leading to a stronger drop in aggregate consumption. We find
that a one standard deviation increase in cash holdings reduces consumption decrease in
response to a negative TFP shock by 5%.

Using micro data for the firms and households, we find empirical evidence in support
of model mechanism. First, we find firms with higher cash holdings to have smoother
dividends. Second, we find that an increase in dividend income is positively associated

with increases in consumption.
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Appendix

A Data Construction and Cleaning

A.1 Definition of liquid assets from the Flow of Funds

The nonfinancial corporate business holdings of liquid assets are defined both as a narrow
measure and a broad measure. Liquid assets is defined as the sum of, private foreign
deposits (FL103091003.Q), checkable deposits and currency (FL103020005.Q), total time

and savings deposits (FL103030003. Q) and money market fund shares (FL103034000. Q).

A.2 Compustat Data Construction and Cleaning

We construct a panel of U.S. non-financial, non-utility firms using the Compustat North
America annual fundamentals file. The cleaning procedure follows standard practices.

The main steps are as follows:

1. Sample restrictions: We retain only firm-year observations that satisfy the follow-
ing:

* Report in U.S. dollars (curcd = USD), use standard data format (datafmt =

STD), industrial format (indfmt = INDL), and consolidated accounting (consol

= ().
¢ Incorporated in the United States (fic = USA).

¢ Have non-missing accounting dates (datadate).

2. Firm-year identification: We ensure each firm-year is uniquely identified. For firms
with multiple observations in a fiscal year, we keep the latest observation based on

reporting month.
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3. Industry exclusions: We exclude firms in the financial and utility sectors, defined
as those with NAICS codes beginning in 22 (utilities), 52 (finance), or 53 (real estate).
Multinational firms (NAICS = 999) are also excluded. Observations with missing or

overly coarse (e.g., 2-digit) NAICS codes are dropped.

4. Data validity and trimming: We apply the following filters to address data quality
and outliers:
* Observations must have strictly positive values for sales and total assets.
* The cash-to-assets ratio must lie within [0, 1].
¢ Observations with negative debt (short or long term) are excluded.
* Leverage (defined as total debt over assets) is trimmed at the 99th percentile.
¢ Dividends-to-assets ratios exceeding 10 are excluded.

¢ Sales values are winsorized by dropping the top and bottom 1% of the distri-

bution.

A.3 PSID Data Construction and Cleaning

Our empirical analysis draws on the Panel Study of Income Dynamics (PSID) Family and
Individual Files from 2005 to 2021. We construct a panel dataset of U.S. households with a
rich set of variables on income, wealth, consumption, and demographics. This appendix
summarizes the key steps involved in preparing the dataset used for the regression anal-

ysis in Section 6.

Data Sources and Structure

We use the PSID Family Files to construct household-level variables on consumption,
wealth, and various forms of income. These files are extracted for each survey year, stan-

dardized, and appended. We merge the Family Files with the PSID Individual File to re-
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cover detailed demographic characteristics and household composition, particularly the

number of dependents and the identity of household heads and spouses.

Cleaning and Harmonization Procedures

* Expenditure Variables: We construct total household consumption by aggregating
over categories such as food at home and away, rent, utilities, health care, trans-
portation, education, and durable goods. Where expenditures are reported on dif-
ferent time scales (weekly, monthly, annually), we convert all values to annual fig-

ures.

* Income and Dividend Variables: We compute household-level dividend income
as the sum of head and spouse self-reported income from dividends. Careful at-
tention is given to avoid double-counting in cases where joint asset ownership is
reported. We similarly construct interest, rent, and trust income, along with earned

labor income and transfer payments.

¢ Wealth Variables: Wealth is calculated as the sum of financial (cash, stocks, bonds),
real (real estate, vehicles), and business assets, net of outstanding debts such as

mortgages and other liabilities.

* Deflation: All nominal variables are deflated using the December values of the Con-
sumer Price Index (CPI-U) to reflect constant 2005 dollars. Forward-looking defla-
tion is applied to match the retrospective nature of many income variables in the

PSID.

* Sample Restrictions: We restrict the sample to households with a valid head, non-
missing expenditure and dividend data, and at least one year of observation be-
tween 2005 and 2021. Implausible or top-coded values (e.g., dividends ; $10 million)
are set to missing, and observations with zero or negative consumption or assets are

excluded.
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Key Variables for Analysis

The core regression examines the relationship between real dividend income and real house-

hold expenditure. The key variables used include:
* divtotal_real: Sum of head and spouse dividend income, deflated.
* totexpenditure real: Total household expenditure, deflated using future CPL

e wealth real, hlabinc_real, wlabinc_real: Real wealth and labor income of house-

hold members.

¢ id, year: Household and year identifiers used for fixed effects.
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B Two period model extensions

B.1 Linear equity issuance cost

The firm’s problem is to maximize its value, considering current and future dividends net

of equity issuance costs. The cost of equity issuance C(d) is given by:

wd + duod? ifd <0
C(d) = i

0 ifd >0

where d represents dividends. This cost is incurred only when the firm issues equity (i.e.,
when dividends are negative).

The firm chooses its cash holding 77 in period 1. The dividends in period 1 (d;) and in
period 2 (d>) are functions of n; and productivity shocks.

The firm’s objective is to maximize its value, which depends on its current cash hold-

ings n1. The firm'’s value function V(1) is given by:
V(I’ll) = (A1 — w1 — Vllﬁn + 7’[0) — C(dl) + lE[m(A2)(d~2 — C((jz))]

Case 1: 1] is such that d% > 0 (i.e., n] > nf"*)

Let n]""* = wy — Ay 4 A. In this scenario, C(d%) = 0 (since d% > 0), and thus C’(dé) =0.

The first-order condition becomes:

B+ m(Ar+A) + sm(Ay — A) = "+ E[n(Az)] =0

However, we assume B" > E[m(A,)], meaning —p" + E[m(A,)] < 0. This implies that

the firm has a satiation point at ny = nf"*.
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Case2:d; <0

The first-order condition is:
—B" 4+ u1B" + pop"dy + E[m(A2)](1 — p1 — piada) = 0

Solving for nj:

pa [B" (A1 — w1 + o) + E (m(A2) (wa — A2) ) | + (8" = E(m(A2)) ) (11 = 1)
(Em(A2) + (8)?) 12

np =

Proposition 3 (Precautionary savings and linear equity issuance cost.).

As B" > E(m(Ay)) an increase in iy leads to an increase in cash holdings.

B.2 Optimal savings

Social planner The social planner maximizes the present discounted value of the house-

hold’s utility:

max log(c1) + BElog(ca), (23)
st. ¢ =A1—nm " +ny, (24)
o =A+m, (25)
ny >0 (26)

Consumption in period 1 equals production net of changes in cash holdings, and con-
sumption in period 2 includes stochastic output and cash. Since the equity issuance cost

is rebated, it does not appear in the planner’s constraints.

Proposition 4 (Inefficiency of the decentralized cash holdings).
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Socially optimal cash holdings are equal to zero.

Proof. The social planner fist order condition implies

Al —pB'm+n
‘Bn = IB]E ! ~‘B ! 0 + )\(Al — ,B”nl + 1’10). (27)
Az +m
Notice the term ﬁﬁ%ﬁmo is equal to the stochastic discount factor and as p" is
2711

strictly lower than the SDEF, this implies A > 0 and n; = 0 for any level of ng. |

The social planner wants zero cash holdings due to the externality of cash holdings.
When firms increase their cash buffers, they depress household wealth by reallocating
resources toward lower-return assets, thereby leading to a decline in aggregate consump-
tion. This externality leads to the social planner strictly preferring zero cash to avoid the
externality. Despite the cost of holding cash, the firms still prefer strictly positive amounts
of cash for precautionary motives as they do not internalize that the equity issuance cost is
not a social cost. If firms fully internalized the externality, the decentralized and planner
solutions would coincide.

This proposition equally holds for the quantitative model, as the planner’s problem is
similar due to the presence of the wedge between cash return and the stochastic discount

factor and a representative household.

Pecuniary externality The above identified cash externality could also be seen as a pecu-
niary externality of holding cash, if equity prices were considered. As dividends become
on average lower with higher cash holdings, this depresses the equity prices, which leads
to a lower level of average consumption. The social planner maximizes the presented

discounted value of the household’s utility:
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max log(cq) + BElog(ca), (28)

C1,C

s.t. C1 —+ 6]2 = fh + wnq,
C2 = 2 + wo,
g1 = di + E(m(Ay)dy),

g2 = E(m(A2)dy)

Consumption in period 1 equals labor income w; net of changes in equity holdings
g1 — g2, and consumption in period 2 includes labor income w;, and the equity prices g,
in period 2. Since the equity issuance cost is rebated, it does not appear in the planner’s

constraints and does not affect equity prices.

Proposition 5 (Inefficiency of the decentralized cash holdings).

Socially optimal cash holdings are equal to zero.

Proof. The social planner fist order condition implies

Al — anTll + nop

p" = PE + A(AL = 'y + o). (29)
Ay +m
Notice the term ,BIE%W is equal to the stochastic discount factor and as " is
2 1
strictly lower than the SDF, this implies A > 0 and n; = 0 for any level of ng. u

The result is still the same as before, but the externality now is a pecuniary externality

as it operates via equity prices.
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C Note on computation

Then, the equilibrium price p; is determined from the following variant of the non-trivial

market clearing condition:?3

p = arg; {c(ﬁ) - / [d(x; X, P) + w(X, )l (x; X, p)] dP = o} .

This is a fixed-point problem and computationally costly to solve. Instead, the repeated

transition method uses the implied price p*, which is obtained as follows:

p = arg; {e(p) — [ [0 X,p) + (X, p)1(x; X, p)] do 0}
=1/ / [d(x; X,p(”)) + w(X,p(”))l(x; X,p(”))] do,
where p(" is the guessed price in the n!" iteration. We take the sufficient statistic ap-
p g P P

proach, and the aggregate cash holdings N; (the first moment of the distribution of cash

holding) is the sufficient statistic.

2This condition is derived from combining the household’s budget constraint and the equity market
clearing condition. For a sharp illustration, the time subscript is lifted.
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D Recovering the true nonlinear law of motion

In this section, we recover the true law of motion from the converged equilibrium out-
comes over the simulated path. Then, we test the validity of the true law of motion by
titting the law of motion into the out-of-sample simulated path.

Specifically, the following laws of motion are studied:

Nii1 = GN(Ng, Ni—1, Ni—p, ..., Nt—p; A¢)

pt = Gp(Ny, Ny—1, N2, ..., Nt_u; Ap).

Table D.6 reports the goodness of fitness (R?) of the different specifications. The first
five rows report the fitness when only the contemporaneous aggregate cash stock Nj is
considered up to different polynomial orders. When a single argument is considered
without the higher-order polynomials, R? gets as low as 0.8956 for Gy if the contempora-
neous productivity state is G.>* As the more higher-order polynomials are included, the
better the fitness becomes. However, the fitness of the specification of G, stops improving
after a certain threshold. This shows that the true law of motion can be recovered only by
including further historical allocations.

The bottom seven rows of Table D.6 report the fitness of the law of motion when
the additional lagged terms of the aggregate cash stock are considered. Up to the third
order polynomials are included for each of lagged terms on top of the polynomial terms
of the contemporaneous cash stocks up to the fifth order.”> As more lagged terms are
considered in the law of motion, the fitness improves, especially in G,. However, only
after the polynomials of the seven-period lagged aggregate cash stock are included in the
law of motion, the accurate law of motion is recovered.

This exercise shows the substantial nonlinearity of the aggregate fluctuations in this

24This pure linear specification is different from the log-linear specification in Section 5.
ZThe results only negligibly change over different order choices.
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Table D.6: The fitness of the law of motion across different specifications

Goodness of fitness: R?

#oflagged order CA;yq1:Good CAypq:Bad pi:Good py:Bad

Contemp. 0 1 0.8956 0.9452 0.9922 0.9966
0 2 0.9839 0.9952 0.9927 0.9976
0 3 0.9973 0.9995 0.9930 0.9976
0 4 0.9993 0.9999 0.9932 0.9976
0 5 0.9996 1.0000 0.9933 0.9976
Add. history 1 3 0.9999 1.0000 0.9987 0.9979
2 3 0.9999 1.0000 0.9997 0.9984
3 3 0.9999 1.0000 0.9998 0.9987
4 3 0.9999 1.0000 0.9998 0.9991
5 3 0.9999 1.0000 0.9998 0.9994
6 3 0.9999 1.0000 0.9998 0.9996
7 3 0.9999 1.0000 0.9998 0.9997

Notes: The first column (# of lagged) reports the number of lagged terms included in the specification.
The second column (order) reports the highest order of polynomials considered. When lagged terms are
included, contemporaneous terms are considered up to the fifth polynomial for all specifications. The third
and fourth column reports the R? of the law of motion of N;, 1 for Good and Bad shock realizations. The
fifth and sixth column reports the R? of the law of motion of p; for Good and Bad shock realizations.

model. In the repeated transition method, the contemporaneous aggregate cash stock is
used as a sufficient statistic of each period’s cross-section. However, this does not imply
that the true aggregate law of motion is a function of only the contemporaneous cash
stock. The contemporaneous cash stock is rather a labeling of each period that correctly

sorts the rankings of the value functions across the periods in the repeated transition

method.
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Figure D.10: Fitting into the out-of-sample path

Notes: The figure plots the time series of the price p; the aggregate cash stock N; in the baseline model for
an out-of-sample simulated path of the aggregate shocks. In both panels, the solid line is the predicted time

series (n'h guess) {pgn),Nt(") };12%00; the dash-dotted line is the realized time series {p;, N} fg%oo; the line

with the star tick mark is the predicted time series implied by the exact law of motion recovered from the

in-sample path; the dashed line is the predicted time series implied by the linear law of motion.

We validate the recovered law of motion by fitting it on the out-of-sample simulated
path.?® Specifically, we solve the model on another simulated path to obtain the con-
verged equilibrium dynamics using the repeated transition method and compare the dy-
namics with the implied dynamics in the recovered true law of motion on the in-sample
path. Figure D.10 plots p; (panel (a)) and N; (panel (b)) for 1) predicted time series (solid
line), 2) realized time series (dot-dashed line), 3) time series implied by the recovered
in-sample law of motion (solid line with ticks), and 4) time series implied by the linear
law of motion (dashed line). The predicted time series and the realized time series are
indistinguishably close to each other due to the convergence requirement of the repeated
transition method. The time series implied by the recovered law of motion also closely

tracks the converged equilibrium dynamics, validating the specification. The goodness

26The recovered true of motion refers to the specification that considers up to the seven-period lagged
aggregate cash stocks, where R? is the highest in Table D.6.
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of fitness (R?) in the time series implied by the recovered law of motion is greater than

0.999 for both Gy and Gy, in all shock realizations.

D.1 Proposition and proof of satiation point

Proposition 6 (The existence of the target cash-holding level).
Suppose policy functions are non-trivial: n'(n1,z) > 0 for some ny > 0 and d(ny,z) > 0 for

some ny > 0, given z. Then, there exists 71(z) > 0 such that n'(n,z) < 7(z) for Vn > 0.

Proof. To prove the proposition by contradiction, suppose there is no such 7(z). That is,
n'(n,z) < n'(n+e€,z) for V(n,z) and Ve > 0.

Define cash on hand as m(n,z) = (z) + n. Then,
d(n,z) +q"n'(n,z) = m(n,z).

m(n,z) strictly increases in n. Due to the monotone preference on greater d and n’ and
strict monotonicity of m on n, d and n’ weakly increase in n. Now consider 7 such that
n'(n,z) > 0and d(7,z) > 0. Such 7 exists as n’ and d weakly increase in 1. For example
n = max{ny,ny}.

Then, for a marginal incremental € in cash, the marginal cost of hoarding cash is 1

(forgone dividend), while the marginal benefit out of hoarding cash is qi,,:27

a1

qn
~—
Marginal cost Marginal benefit

where, g = B at the non-stochastic steady state. This implies that for the extra cash, the

firm does not have an incentive to hoard it in the cash reserve. Therefore, d(n + ¢€,z) =

In this argument, the non-negativity constraint does not matter, as n’(7,z) > 0.
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d(n,z) +e€,if d(n,z) > 0. Then, from a firm’s budget constraint,

g'n' (1 +e€,z) =ne+n(z) —d( +¢,z)

Therefore, any extra increase in the current cash stock # does not change the future cash

stock:
n

g'n'(n,z) = q"n’'(n +¢,2),

which is a contradiction. Therefore, there exists the target cash stock 71(z). |
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E Social planner’s problem

The social planner’s problem can be formulated in the following recursive form:

VH(n; A) = max |log(c) — Ll(LH)H% + BE [VH(n/; A/)] (30)
cn! LH 1+ X
subject to:

c+q"(X)n' = f(LY) +n

A’ ~T(A)

The social planner’s state variables are the aggregate cash holding n and the exogenous

productivity A. The cash return is determined by 4" (X) as in the baseline model.
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Figure F.11: Correlation between cash-to-output ratio and output in the model (panel a)

and in the data (panel b).

Notes: On the left panel, the figure plots the the correlation between cash-to-output ratio, on the y-axis,
and log of output, on the x-axis, in the baseline model. On the right panel, the figure plots the empirical
correlation between cash-to-sales ratio, on the y-axis, and log of sales, on the x-axis.
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Figure F.12: GIRF: Consumption responses to negative shocks for median and low cash
in the baseline model (panel a) and the representative firm model (panel b).

Notes: The figure plots the consumption % change to a negative aggregate TFP shocks when cash is at
median level (green solid line) vs lowest level (blue dashed line) over the entire simulation.
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Figure F.13: Standard deviations of percentage deviations from mean for dividend and
expenditure.

Notes: The figure plots the within household standard deviation of percentage deviations from mean ex-
penditure as a function of the standard deviation of percentage deviations from mean dividend income.
The regression includes, as controls, the standard deviation of labor income percentage deviations from the
mean, average cash and standard deviation of percentage deviations from mean cash.
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Figure F.14: Dynamic dividend reaction to negative GDP and interaction with cash to
assets

Note. The figure plots the impact of recessions on panel (a) up to three years after the recession. Panel (b)
plots the coefficient associated with the interaction term between cash to total assets ratio and the recession
indicator.Shaded bands represent 90% confidence intervals. Log of one plus real dividends considered.
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G Proofs two-period model

Proof.
d |dlog(ca(A1 —A)) ‘ 9 —1 ‘ (31)
g A ~ang |ca(Ar — D)
1 o
=~ (e —ay) w0 >
[
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