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Abstract

The Heterogeneous-Agent New Keynesian literature has revisited the transmission

of monetary and fiscal policy to consumption using models where heterogeneous house-

holds face idiosyncratic income risk and borrowing constraints. We show that the key

lessons from this literature also apply to investment using a model where heterogeneous

firms face idiosyncratic productivity risk and financial frictions: constrained firms’ in-

vestment depends on their free cash flow, generating indirect effects of monetary policy

and implying that transfer payments stimulate investment demand. Quantitatively, the

strength of these new mechanisms is governed by firms’ marginal propensities to invest

(MPIs), similar to the role of marginal propensities to consume (MPCs) for households.

But unlike MPCs, we currently lack quasi-experimental evidence about MPIs that we

can use to directly discipline the new mechanisms.
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1 Introduction

Over the past few decades, the New Keynesian framework has emerged as a workhorse to

study the aggregate effects of monetary and fiscal policy on the economy. Simple versions

of the model build on a “three-equation” specification in which consumption is the single

endogenous component of aggregate demand (Clarida, Gaĺı and Gertler, 1999; Woodford,

2003, chapter 4, Gaĺı, 2008), while quantitative versions of the model used for policy analysis

add investment and other features (Woodford, 2003, chapter 5, Christiano, Eichenbaum

and Evans, 2005; Smets and Wouters, 2007). Underlying all these models are the twin

assumptions of a representative household and a representative firm. Yet, micro data reveals

extensive heterogeneity across individual households and firms, raising a natural question:

how does micro-level heterogeneity matter for the transmission of monetary and fiscal policy?

Over the last ten years, the heterogeneous-agent New Keynesian (HANK) literature has

developed to answer this question, focusing on the household side (e.g., McKay, Nakamura

and Steinsson, 2016; Kaplan, Moll and Violante, 2018; Auclert, Rognlie and Straub, 2024; see

Kaplan and Violante, 2018, McKay and Wolf, 2023 and Auclert, Rognlie and Straub, 2025b

for recent reviews). Comparatively less work has been done to incorporate heterogeneous

firms, with the existing literature primarily focusing on the heterogeneous effects of policy

across firms (e.g. Ottonello and Winberry, 2020). From an aggregate perspective, this

imbalance is surprising, because investment accounts for a large share of changes in output,

both over the business cycle and in response to monetary shocks.

Our goal in this paper is to make heterogeneous firms a central component of HANK

models, exploiting analogies with heterogeneous households. To do so, we develop a canonical

heterogeneous-firm model in which firms face idiosyncratic productivity shocks and make

investment decisions subject to capital adjustment costs and financial constraints, as in Khan

and Thomas (2013) and Ottonello and Winberry (2020). In our model, constrained firms

have a positive marginal propensity to invest (MPI), which measures how much investment

increases in response to a one-time, unexpected increase in a firm’s current cash flow, holding

all other determinants of investment fixed.1

1This definition is parallel to the standard definition of MPCs on the household side. However, it differs
from other definitions of MPIs in the literature, such as when current cash flows signal higher demand in

2



The presence of high-MPI firms activates new mechanisms for the transmission of mon-

etary and fiscal policy to investment, just as the presence of high-MPC households does for

consumption. In particular, monetary policy influences investment not just through tradi-

tional direct effects (lower interest rates decrease firms’ discount rates) but also new indirect

effects (equilibrium changes in cash flows affect the investment of constrained firms). In

addition, deficit-financed fiscal transfers to firms stimulate aggregate demand by increasing

investment among constrained firms. Given the aggregate importance of investment, char-

acterizing these new mechanisms on the firm side seems just as important as characterizing

them on the household side.

Unlike MPCs, there are no quasi-experimental estimates of MPIs for a broad sample of

firms that we can use to directly discipline these new mechanisms. Instead, we indirectly

discipline the distribution of MPIs by matching other moments and relying on the structure

of the model. Going forward, we believe that more empirical work directly estimating MPIs

will spur progress in this space, similar to how direct estimates of MPCs have stimulated

the development of heterogeneous-household models over the last decade.

We begin our analysis by developing a representative agent benchmark with capital in-

vestment. We extend the textbook three-equation New Keynesian model (Clarida et al.,

1999, Woodford, 2003, Gaĺı, 2008) to include capital investment subject to standard capi-

tal adjustment costs, and use sticky wages rather than sticky prices. The resulting model

provides a launching point for incorporating micro-level heterogeneity throughout the paper.

Consumption in this representative agent benchmark follows the permanent income hy-

pothesis (PIH). This property implies that monetary transmission is dominated by direct

effects, i.e. changes in interest rates generating intertemporal substitution. In contrast,

indirect effects resulting from changes in income are small because MPCs out of tempo-

rary income changes are low. Furthermore, Ricardian equivalence holds under the PIH, so

transfer payments that are paid with future lump-sum taxes have no effect on consumption.

Investment in the representative agent benchmark follows a version of the Q theory, which

has similarly stark predictions for policy transmission. Monetary transmission is dominated

the future (Alati, Fischer, Froemel and Ozturk, 2024), or households’ marginal propensity to save in specific
accounts or securities (e.g., Luetticke, 2021).
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by direct effects, i.e. changes in interest rates affecting firms’ discounting; indirect effects

are small because the MPI out of changes in cash flows is zero. Furthermore, because the

MPI is zero, deficit-financed transfer payments have no effect on investment and are instead

simply paid out as dividends.

Both the PIH model of consumption and Q theory of investment have been routinely

rejected by the data. Early work testing the PIH typically found “excess sensitivity,” i.e.

that consumption is positively correlated with temporary changes in income (e.g. Flavin,

1981, Campbell and Mankiw, 1989; see Jappelli and Pistaferri, 2010 for a review). More

recently, well-identified empirical studies have confirmed this finding using exogenous vari-

ation in income (e.g. tax rebates in Johnson, Parker and Souleles, 2006, or lottery winners

in Fagereng, Holm and Natvik, 2021). On the firm side, early work testing the Q theory

typically found that average Q was not a sufficient statistic for investment, as predicted by

the theory, with investment highly correlated with cash flows instead (e.g. Fazzari, Hubbard

and Petersen, 1988). The promise of heterogeneous agent models is that, by moving beyond

the PIH and Q theory, we can develop richer, more realistic models of policy transmission.

In response to the failure of the PIH, the heterogeneous-household literature has focused

on models that can match the distribution of MPCs estimated in micro data. We summarize

the main takeaways of this literature using a canonical HANK model consistent with that

data. As in Kaplan et al. (2018), monetary transmission propagates through indirect effects

because high-MPC households are not very sensitive to interest rates but are quite sensitive

to changes in income. As a result, the effects of monetary policy depend on the distribution

of MPCs, as well as the reactions of fiscal policy and the labor market. Furthermore, as

in Auclert et al. (2024) and Angeletos, Lian and Wolf (2024), high-MPC households break

Ricardian equivalence, so deficit-financed fiscal transfers increase consumption even when

they must be paid back with future taxes. As a result, transfer payments are a potentially

useful source of aggregate stimulus.

Our main contribution is to show that similar insights apply in a canonical heterogeneous-

firm model of investment. In the spirit of the firm dynamics literature (Hopenhayn, 1992),

heterogeneity in our model is driven by both life-cycle dynamics and idiosyncratic produc-

tivity shocks. In the spirit of the Q theory, investment is subject to quadratic capital
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adjustment costs. But given the empirical relevance of cash flows to investment, we also as-

sume that firms face financial frictions in the form of collateral constraints (as in the earlier

representative-agent work of Kiyotaki and Moore, 1997 and Bernanke, Gertler and Gilchrist,

1999). As a result, constrained firms have a positive MPI because additional cash flows

provide additional resources which can be spent on investment; in fact, since firms can use

the new capital as collateral for additional borrowing, their MPI can be larger than one.

The new transmission mechanisms in our heterogeneous-firm model are governed by two

features of the MPI distribution. To understand these features, consider a deficit-financed

transfer to firms. If the transfer is uniformly distributed, it directly increases aggregate

investment according to the unweighted MPI aggregated across all firms.2 In our calibration,

the unweighted MPI is large (0.50), so the firm transfer multiplier is large—even larger

than the household multiplier. Given our assumption of sticky wages, the resulting increase

in aggregate demand lowers the real wage, raising firms’ cash flows and therefore further

stimulating investment. Since the increase in cash flows is in proportion to a firm’s initial

labor demand, this indirect effect is governed by the size-weighted MPI. In our calibration,

the size-weighted MPI is small (0.05) because high-MPI firms tend to be small. By the

same logic, the indirect effects of monetary policy are also relatively small in our calibration,

accounting for approximately 15% of the aggregate response of investment.

We emphasize that this modest size-weighted MPI is the result of our particular cali-

bration, not a general property of these models. In particular, our model features a strong

negative correlation between a firm’s size and its MPI, much like the first generation of

household models featured a strong negative correlation between a household’s income and

its MPC. Direct estimates of MPCs, however, ultimately indicated a much weaker correla-

tion between incomes and MPCs, and this spurred a new generation of models (e.g. Kaplan

and Violante, 2014). On the firm side, it is plausible that we will see a similar trajectory:

if direct empirical estimates of MPIs indicate a weaker correlation between firm size and

MPIs, the next generation of models will be consistent with larger size-weighted MPIs and

2While real-world fiscal transfers to firms generally do not take the form of a simple uniform lump-sum
transfer, analyzing this policy is useful for us to highlight the parallel with household transfers. Studying
more realistic policies, such as debt forgiveness programs or guaranteed loans, is an interesting avenue for
future research.
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therefore stronger indirect effects of monetary policy.

Finally, we show that there are complementarities from combining heterogeneous firms

with heterogeneous households. For instance, because transfers to firms stimulate aggregate

demand, they also raise household income; constrained households with high MPCs respond

by increasing their consumption demand, which further stimulates aggregate demand, and

so on. Quantitatively, we find that this additional stimulus from combining heterogeneous

households and firms accounts for about 20% of the aggregate effect of a fiscal transfer to

firms.

The new mechanisms unlocked by incorporating heterogeneous firms into the New Key-

nesian model are currently as underexplored as their cousins were on the household side

ten years ago. To reduce barriers to entry, we have developed code for solving models with

both heterogeneous firms and heterogeneous households using the sequence-space approach

of Auclert, Bardóczy, Rognlie and Straub (2021). The full model, with both sources of

heterogeneity and three state variables for firms, can be solved in a matter of minutes.

Outline of paper. The rest of our paper is organized as follows. Section 2 develops the

representative agent benchmark and shows that policy transmission is dominated by direct

effects. Section 3 incorporates household heterogeneity and reviews the main takeaways of

the HANK literature for policy transmission. Section 4 develops a canonical heterogeneous-

firm model and shows how borrowing constraints generate positive MPIs for constrained

firms. Section 5 describes how we use observed data to discipline MPIs and calls for more

empirical research to directly estimate them. Section 6 shows how high-MPI firms generate

indirect effects of monetary policy and imply that deficit-financed fiscal transfers stimulate

aggregate investment. Section 7 studies the aggregate demand complementarities that arise

from studying heterogeneous households and heterogeneous firms together. Finally, Section

8 summarizes the analysis by discussing various analogies between heterogeneous household

and firm models and uses these analogies as a framework to suggest possible avenues for

future research. Section 9 concludes.
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2 Representative Agent Benchmark

We begin by studying policy transmission in a representative agent benchmark to serve as the

foundation of our later models with heterogeneity. We show that this benchmark has stark

predictions for policy transmission: monetary policy is driven by direct effects and fiscal

transfers have no impact on aggregate spending. While these results are well-understood for

consumption, we are not aware of a similar analysis for investment.

2.1 Model

Our benchmark extends the RBC model to incorporate sticky wages.3 This benchmark is

a useful middle ground between the simplest three-equation New Keynesian model, which

lacks investment, and the quantitative versions, which add investment together with many

other features, such as habit formation or adjustment costs to the flow of investment itself.

Time is discrete and infinite. Aggregate shocks are modeled as MIT shocks, i.e. small

unexpected aggregate shocks at date 0 with perfect foresight after date 0. Due to aggregate

certainty equivalence, the impulse responses to this model are the same as those in the

equivalent model with aggregate uncertainty up to first order (see e.g. Auclert et al., 2021).4

Household. There is a representative household with preferences over sequences of con-

sumption Ct and labor supply Nt described by the utility function
∑∞

t=0 β
t [u (Ct)− v (Nt)].

Each period, the household receives the real wage wt = Wt/Pt per unit of labor Nt, may

receive a lump-sum transfer T ht from the government, and can invest its wealth At in shares

of a mutual fund. In turn, the mutual fund holds government bonds and shares of the firm.

The mutual fund provides a real realized return rpt per share at time t, so the household’s

budget constraint in period t is Ct + At = (1 + rpt )At−1 + wtNt + T ht . Let qt ≡
∏t−1

s=0
1

1+rps+1

3We use sticky wages, rather than sticky prices, for two reasons. First, wages change less than prices in the
micro data: wages are reset on average every 12 months (Grigsby, Hurst and Yildirmaz, 2021), while prices
are reset on average every 3 to 9 months (Bils and Klenow, 2004, Nakamura and Steinsson, 2008). Second, the
opposite assumption of sticky prices but flexible wages generates highly (and counterfactually) countercyclical
profits, and the distribution of these profits is well-understood to be key for aggregate outcomes once we
add heterogeneity (Broer, Hansen, Krusell and Öberg, 2020, Bilbiie, 2025).

4The nonlinear impulse responses of this perfect-foresight model are also related to the generalized impulse
responses of the model with aggregate uncertainty to higher order (see Auclert, Rigato, Rognlie and Straub,
2025c). How large these nonlinearities are is an open question, especially in the model with firm heterogeneity.

7



denote the discount factor associated with the mutual fund’s expected returns. Iterating

forward and using the transversality condition delivers the intertemporal budget constraint

∞∑
t=0

qtCt = (1 + rp0)A−1 +
∞∑
t=0

qt
(
wtNt + T ht

)
. (1)

The nominal wage Wt is sticky and labor is demand-determined at each date t. The

household supplies that labor demand Nt, but allows a labor union to negotiate for a new

level of the nominal wage. As in Erceg, Henderson and Levin (2000), the wage is reset

infrequently according to the mechanism in Calvo (1983), leading to a Phillips curve for

nominal wage inflation πwt ≡ Wt

Wt−1
− 1, which is given to first order by5

πwt = κ

(
v′ (Nt)

u′ (Ct)
− wt

)
+ βπwt+1. (2)

Mutual fund. The mutual fund invests household wealth in government bonds Bt, which

pay a promised real return rt between time t and t+1, and firm shares st, which have (real)

price pt at time t and pay a (real) dividend Dt per share. The mutual fund’s balance At

evolves as: ptst +Bt + (1 + rpt )At−1 = (pt +Dt) st−1 + (1 + rt−1)Bt−1 +At. Since portfolios

are unrestricted, equilibrium imposes the no-arbitrage condition

1 + rpt = 1 + rt−1 =
pt +Dt

pt−1

, all t ≥ 1. (3)

The discount factors qt can therefore also be written as qt ≡
∏t−1

s=0
1

1+rs
.

Normalizing the total number of shares to st = 1, the end-of-period mutual fund balance

equals the value of the underlying assets At = Bt + pt in each period t. At date 0, when an

unexpected shock may occur, the return paid to mutual fund holders must then be given by

1 + rp0 =

(
p0 +D0

p−1

)
p−1

A−1

+ (1 + r−1)
B−1

A−1

, (4)

where p−1

A−1
= 1− B−1

A−1
is the fraction of the mutual fund’s portfolio allocated to stocks prior to

5We assume, as in Erceg et al. (2000), that employment is subsidized to eliminate the monopolistic
distortion associated with the wage-setting power of unions.
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date 0. The value of a stock at date 0 is given by the present discounted value of dividends

p0 +D0 =
∞∑
t=0

qtDt. (5)

Firm. There is a representative firm with production function Yt = Kα
t−1N

ν
t , where

α+ ν ≤ 1. The firm hires workers in a frictionless labor market at real wage wt. Given that

our model features nominal rigidities, some form of capital adjustment cost is necessary to

limit the movement of investment in response to shocks that affect the real interest rate.6

Specifically, we assume that the resources required to go from Kt−1 to Kt are the sum of

investment It ≡ Kt − (1− δ)Kt−1 and adjustment costs φ
(
Kt−Kt−1

Kt−1

)
Kt−1, where φ (·) is

a convex function satisfying φ (0) = 0 so that no adjustment costs are needed to keep the

capital stock constant. The firm can also receive lump-sum transfers T ft from the government.

The objective of the firm is to maximize firm value (5) by choosing Kt and Nt subject to

the flow of funds constraint

Dt = Yt − wtNt − It − φ

(
Kt −Kt−1

Kt−1

)
Kt−1 + T ft , (6)

which determines dividend payments Dt.

Monetary and fiscal policy. The fiscal authority issues government debt Bt and pro-

vides lump sum transfers to households T ht and firms T ft (with negative transfers representing

lump-sum taxes). The government budget constraint is Bt = (1 + rt−1)Bt−1 + T ht + T ft . We

assume that the government has no initial debt, B−1 = 0, and that any change in the path

of fiscal policy
{
T ht , T

f
t

}∞

t=0
must respect the intertemporal budget constraint:

∞∑
t=0

qt

(
T ht + T ft

)
= 0. (7)

The monetary authority sets the nominal interest rate it to achieve a certain path for the

6Specifications of the New Keynesian model without adjustment costs suffer pathologies due to the ex-
treme responsiveness of investment to changes in real interest rates; see, for instance, Dupor (2001) and
Rupert and Šustek (2019).
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ex-ante real interest rate r∗t via

1 + it = (1 + r∗t ) (1 + πt+1) , (8)

where πt is consumer price inflation 1 + πt = (1 + πwt )
wt−1

wt
. This real rate rule, popularized

by Woodford (2011), implies that the ex-ante real interest rate is rt = r∗t . As is well-known,

a real rate rule generates equilibrium multiplicity; we select the unique equilibrium such that

aggregates are back to steady state in the long-run.7 We use this rule because it provides

a simple description of monetary policy in our decompositions. It can be thought of as an

intermediate case between very responsive monetary policy as under an active Taylor rule,

and very passive monetary policy as at the zero lower bound (see e.g. Auclert et al., 2024).

Equilibrium. Given the monetary and fiscal policy
{
r∗t , T

h
t , T

f
t

}
, equilibrium is a path

of prices {wt, πt, πwt } and quantities {Ct, It, Kt, Yt, Dt, Nt} such that all agents maximize and

the goods market clears at all dates: Ct + It + φ
(
Kt−Kt−1

Kt−1

)
Kt−1 = Yt.

2.2 Equilibrium analysis in the sequence space

We now analyze the equilibrium using the sequence-space approach. This approach is par-

ticularly useful for us because it allows us to cleanly decompose the different transmission

channels of macro policies both in this benchmark and in the heterogeneous agent models.

Consumption function. The representative household maximizes utility subject to its

intertemporal budget constraint (1). This yields a set of Euler equations in terms of the

realized return rpt , which combined with the no-arbitrage equations (3) imply

u′ (Ct) = β (1 + rt)u
′ (Ct+1) . (9)

7To implement this rule in practice, we can let the mutual funds trade nominal government bonds in
addition to real bonds, and assume that the nominal bonds are in zero net supply. No arbitrage then implies
a Fisher equation 1+ rt =

1+it
1+πt+1

, which combined with (8) implies rt = r∗t . The equilibrium we obtain with

our selection rule is the limit of equilibria such that 1 + it = (1 + r∗t ) (1 + πt+1)
ϕ
as ϕ approaches 1 from

above. This selection is natural because it implies that monetary policy has no long-run effects.
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In addition, combining the household’s intertemporal budget constraint (1), the mutual fund

revaluation equation (4), the asset pricing equation (5), and the government’s intertempo-

ral budget constraint (7), we obtain
∑∞

t=0 qtCt =
∑∞

t=0 qt (wtNt +Dt), where recall that

qt ≡
∏t−1

s=0
1

1+rs
. Note that government transfers T ht drop out of the intertemporal budget

constraint because they are paid back with future taxes—an expression of Ricardian equiva-

lence. Hence, the solution to the household problem only depends on the sequence of interest

rates {rs}∞s=0 and real incomes {wsNs +Ds}∞s=0. Let ωt = wtNt +Dt be real income at t.

We denote by Ct ({rs, ωs}∞s=0) the implied path of aggregate consumption given these

objects. This consumption function is useful to understand the forces shaping households’

consumption: first, movements in rt cause an intertemporal substitution effect through the

Euler equation (9), and second, movements in total income omegat cause an income effect

through the intertemporal budget constraint (1).

Since we know that consumption returns to steady state, we can also consider another

consumption function C̃t ({rs}∞s=0) obtained by solving only the consumption Euler equation

(9) given the condition at infinity C∞ = C−1. In equilibrium we must have at once that

Ct = Ct ({rs, ωs}∞s=0) = C̃t ({rs}∞s=0). The function C̃t (·) is useful for solving for equilibrium,

while Ct (·) is useful for understanding the underlying drivers of consumption.

Investment function. The representative firm maximizes the present discounted value of

dividends (5), with dividends given by (6). This delivers a version of the Q theory. Since

labor is chosen statically, we have that

wt =MPNt = νKα
t−1N

ν−1
t . (10)

The first order condition for capital can be written as

1 + φ′
(
Kt −Kt−1

Kt−1

)
=

1

1 + rt

(
MPKt+1 + 1− δ − φ

(
Kt+1 −Kt

Kt

)
+ φ′

(
Kt+1 −Kt

Kt

)
Kt+1

Kt

)
(11)

where MPKt+1 = αKα−1
t N ν

t+1 is the expected marginal product of capital at date t + 1,

which depends on the wage at t+1 through the choice of labor Nt+1.
8 Note that government

8Specifically, we have MPKt+1 = αν
ν

1−ν K
− 1−(α+ν)

1−ν

t w
− ν

1−ν

t+1 .
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transfers T ft do not enter either first order condition because they are additively separable

from these choices. Hence, the solution to the firm problem only depends on the sequence

of interest rates {rs}∞s=0 and real wages {ws}∞s=0.

We denote the implied path of investment by It ({rs, ws}). Analogously to the consump-

tion function, this investment function allows us to understand the forces shaping firms’

investment. First, movements in rt cause changes in discounting on the right-hand side of

(11). Second, movements in the real wage wt cause changes in the firm’s expected marginal

product of capital through the choice of labor Nt+1.

The firm’s investment and hiring decisions determine the paths of aggregate capital and

labor, and therefore aggregate output Yt = Kα
t−1N

ν
t . We denote this path as a function

of prices by Yt ({rs, ws}). Similarly, we denote the path of aggregate adjustment costs

φ
(
Kt−Kt−1

Kt−1

)
Kt−1 by Φt ({rs, ws}).

Equilibrium. Given a path of policies
{
r∗t , T

h
t , T

f
t

}
and recognizing that rt = r∗t , the key

step in finding equilibrium is to obtain the sequence of real wages {ws} satisfying

C̃t ({rs}) + It ({rs, ws}) + Φt ({rs, ws}) = Yt ({rs, ws}) . (12)

Once the path of real wages and aggregates is obtained, one can find wage inflation through

(2) and price inflation via 1 + πt = (1 + πwt )
wt−1

wt
. However, given our real rate rule, the

paths of inflation are irrelevant for equilibrium dynamics.9

To first order, we can summarize the behavior of the model in terms of the derivatives of

C̃, I, Φ and Y functions with respect to the paths of prices, which are known as sequence-

space Jacobians (Auclert et al., 2021). By the implicit function theorem, the path of real

wages dw = (dw0, dw1, . . .) that results from a change in the path of real interest rates

dr = (dr0, dr1, . . .) is given by

dw = (Yw − Iw − Φw)
−1
(
C̃r + Ir + Φr − Yr

)
dr. (13)

9The flexible price version of the model is determined by a sequence of real interest rates and wages
{rs, ws} such that the goods market clears and households’ labor supply is v′(Nt) = wtu

′(Ct) at all t.
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The path of any other aggregate, such as output Yt, follows from dY = Yrdr+ Ywdw. The

heterogeneous-agent models that we develop below also satisfy a version of (12), but differ

in their aggregate consumption and/or investment functions. Viewing the models in this

way makes the problem “modular” in the sense that we can easily swap out either form of

heterogeneity, or bring them both together.

2.3 Calibration

We now parameterize the model in order to study the impulse responses to monetary and

fiscal policy shocks. For this quantitative work, we choose standard functional forms for

utility and adjustment costs:

u (C) =
C1−σ

1− σ
, v (N) = ζ

N1+ψ

1 + ψ
, φ (x) =

ϕ

2
x2. (14)

The labor disutility parameters ζ and ψ are irrelevant for the aggregate dynamics of real

variables given sticky wages and our real interest rate rule.

Table 1 summarizes the parameters and targeted moments in our calibration. We set the

first four parameters to ensure that steady-state moments match long-run averages in the

data. In particular, we set the discount factor β = 0.99 to match an annualized real interest

rate of r = 4%. We set the depreciation rate δ = 2.5% quarterly to match the investment-

capital ratio, and the labor coefficient ν = 0.6 to match the labor share in the data. Finally,

we calibrate the capital coefficient α so that there are aggregate diminishing returns to scale,

α+ ν < 1. This proxies for a return to managerial skill and makes the optimal scale of firms

well-defined in the version of the model with heterogeneous productivity (e.g. Lucas, 1978).

In the aggregate, decreasing returns generate rents which get capitalized into the value of

the firm. We set α = 0.32, which delivers an annual ratio of capitalized rents to GDP of 2,

consistent with estimates of the markup and rent component of U.S. aggregate wealth (see,

eg, Auclert, Malmberg, Rognlie and Straub, 2025a.)10

The remaining two parameters—the elasticity of intertemporal substitution (EIS) σ−1

10In the steady state of our model, aggregate wealth is made of this rent-to-GDP ratio plus the capital-GDP
ratio of K/Y = 2.29, so the total wealth-to-GDP ratio is equal to 4.29.

13



Table 1: Parameters and Targets for the Representative-Agent Model

Parameter Description Value Target (all joint) Value

β Discount rate 0.99 Real interest rate 4%
ν Labor exponent 0.6 Labor share of output 60%
α Capital exponent 0.32 Rent/GDP ratio 200%
δ Capital depreciation rate 0.025 Investment/Capital ratio 10%
σ−1 EIS 0.8 C IRF to monetary shock 0.2%
ϕ Capital adjustment cost 9 I IRF to monetary shock 1%

Notes: The calibration is at quarterly frequency. The parameters in the left panel are not annualized; the
targets on the right are annualized.

and the adjustment cost parameter ϕ—control elasticities and therefore cannot be disci-

plined by steady-state moments alone.11 Instead, we follow a long tradition in the literature

of pinning down these parameters using the response of macro aggregates to identified mon-

etary policy shocks; in particular, we match the peak impulse responses of consumption and

investment from Christiano et al. (2005). While there exist many alternative ways of iden-

tifying monetary policy shocks in the data, these alternatives tend to deliver qualitatively

similar aggregate responses.

In response to a typical monetary policy shock, Christiano et al. (2005) find that the real

interest rate falls by 50 basis points, consumption rises by 0.2%, and investment rises by 1%.12

We model their monetary shock as a decline in the real interest rate target r∗t = r− 0.5
400

·(0.5)t

for t ≥ 0, implying an impact effect at date 0 of −50 basis points (annualized) and an

autocorrelation of 0.5. We then choose σ−1 = 0.8 and ϕ = 9 to match the peak responses of

consumption and investment.

The resulting paths for the real interest rate, output, consumption and investment are

displayed in Figure 1. Early on, the decline in the real interest rate increases consumption

and investment demand, resulting in excess demand in the goods market that must be

resolved by a decline in the real wage. Later on, consumption and investment demand have

11In the heterogeneous agent models, individual consumption and investment decisions still vary in response
to idiosyncratic shocks, even though aggregates are constant. In this sense, heterogeneous-agent models can
also let one calibrate elasticities in steady state, though we do not pursue this route for σ−1 or ϕ.

12Since consumption represents 80% of private spending, this implies that investment makes up over 55%
(= 0.2×1

0.8×0.2+0.2×1 ) of the total response of private spending to monetary policy in the data. Hence, it is
critical for quantitative models of monetary policy to feature investment as an endogenous component of
aggregate demand.
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returned to steady state but the capital stock is higher, resulting in excess supply in the

goods market that must be resolved by an increase in the real wage.

In our model, as well as our later heterogeneous-agent models, the peak response to a

monetary policy shock occurs on impact: the model does not feature ingredients to delay (and

reduce) the consumption and investment responses, such as habit formation in consumption

or adjustment costs on the change in investment. As a result, our calibrated adjustment

costs are higher than typically estimated in the literature.13

Calibration approach across models. As we add micro-level heterogeneity in Sections

3 and 4, we will recalibrate the EIS σ−1 and adjustment costs ϕ to match the same aggregate

responses to a monetary shock. We do so because aggregate data provide important discipline

on the aggregate strength of various mechanisms operating at the micro level. In this sense,

the exact numbers we target are less important than the fact that we maintain this target

across all models we study.

Importantly, the fact that the aggregate response to monetary policy is the same across

models does not mean that micro-level heterogeneity is irrelevant for those responses. First,

the channels through which monetary policy affects aggregates are different across models,

implying that the monetary authority (and researchers) need to consider a wider variety of

issues when formulating policy. Second, given these different transmission mechanisms, the

response to other shocks—in our context, fiscal transfers—will be different as well.

2.4 Policy Transmission in the Representative Agent Benchmark

We now use the consumption and investment functions to decompose the transmission chan-

nels of monetary and fiscal policy.

Consumption and the Permanent Income Hypothesis. We first consider the chan-

nels driving the response of aggregate consumption to a monetary shock. Using the consump-

tion function, Ct = Ct ({rs, ωs}), we can write the first-order impulse response of consumption

13See Auclert, Rognlie and Straub (2020) for an example of how humps can be reconciled with household
heterogeneity and MPCs.
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Figure 1: Monetary Transmission in the Representative Agent Benchmark

0 2 4 6 8
Quarters since shock

−0.6

−0.4

−0.2

0.0

0.2

0.4

%
fr

om
st

ea
d

y
st

at
e

Aggregates

Real rate rt
Real wage wt
Income wtNt +Dt

Output Yt

0 2 4 6 8
Quarters since shock

−0.05

0.00

0.05

0.10

0.15

0.20

0.25
Consumption Decomposition

Consumption Ct
Direct effect from rt
Indirect effect from wtNt +Dt

0 2 4 6 8
Quarters since shock

0.0

0.2

0.4

0.6

0.8

1.0

Investment Decomposition

Investment It
Direct effect from rt

Indirect effect from E[MPKt+1]

Notes: impulse responses of aggregates (left), consumption (middle, blue line) and investment (right, orange

line) to a monetary policy shock modeled as a 50bp annualized decline in the real interest rate with quarterly

persistence of 0.5, similar to Christiano et al. (2005). All variables are in percent deviations from their steady

state values, except the real interest rate which is in annualized percentage points. The middle panel also

displays the decomposition of consumption into a direct and indirect effect following equation (15). The

right panel also displays the decomposition of investment into a direct and indirect effect by considering the

first order effects from equilibrium movements in rt and MPKt+1 on It implied by equations (18)–(19).

dC = (dC0, dC1, . . .) as

dC = Crdr︸︷︷︸
direct effect

+ Cωdω︸ ︷︷ ︸
indirect effect

. (15)

This consumption decomposition writes the change in consumption as the sum of the effects

from the change in the real interest rate, which the literature calls the “direct effect,” and

the effect from equilibrium changes in wages and dividend, called the “indirect effect.”

In the representative-agent model, the sequence-space Jacobians Cr and Cω have simple

analytical expressions, which imply:

(Crdr)t =
C

σ

(
−

∞∑
s=t

dr∗s
1 + r

+ (1− β)
∞∑
s=0

βs
∑
j≥s

dr∗j
1 + r

)
(16)

(Cωdω)t = (1− β)
∞∑
s=0

βsdωs. (17)

The direct effect is the substitution effect: consumption is increased at t by any decline in real

interest rates at t or beyond, net of a constant term that ensures that the present discounted

value of the direct effect is zero. The scale of this effect is governed by the elasticity of
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intertemporal substitution 1
σ
. The indirect effect is the income effect: the present value of

labor and dividend income rises, which increases the household’s permanent income in their

intertemporal budget constraint—Friedman (1957)’s Permanent Income Hypothesis (PIH).

Each period, the household consumes the annuity value of that income, such that their MPC

is equal to 1− β.

The middle panel of Figure 1 shows that nearly all of the response of consumption to

the monetary shock is driven by the direct effect; indirect effects are small because the

MPC is 1 − β = 0.01. To delve even deeper into this result, recall that our real interest

rate rule implies that we have the alternative consumption function C̃t({rs}), which implies

dCt = −C
σ

∑∞
s=t

dr∗s
1+r

. It follows that the indirect effect in (17) is exactly offset by the second

term in the direct effect in equation (16).

Turning to fiscal policy, since transfers {T ht , T ft } do not enter the consumption function,

it immediately follows that households do not respond at all to deficit-financed changes in

transfers to either households and firms. Again, this is a reflection of Ricardian equivalence,

whose logic is closely tied to the PIH: the present value of any change in transfers is zero, so

transfers do not affect the household’s intertemporal budget constraint; hence, the effective

marginal propensity to consume out of current transfers is exactly zero.

We emphasize that the key mechanisms driving these results—the PIH and Ricardian

equivalence—have been rejected by the empirical literature (see Jappelli and Pistaferri, 2010

for a survey). Instead, this literature has consistently found large marginal propensities to

consume out of transitory windfall income shocks, as well as non-zero marginal propensities

to consume out of deficit-financed government transfers. The heterogeneous-household model

in Section 3 resolves these shortcomings.

Investment and the Q theory. We now study the transmission channels of monetary

policy to investment. To motivate our decomposition, it is useful to go back to the equation

determining investment in (11). Using our functional form for adjustment costs (14), we get

It
Kt−1

− δ =
1

ϕ

(
1

1 + rt
V ′
t+1 − 1

)
, (18)
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where V ′
t+1, the marginal value of capital at t+ 1, is given by the recursion

V ′
t+1 =MPKt+1 (wt+1, Kt)−

It+1

Kt

− ϕ

2

(
It+1

Kt

− δ

)2

+
1

1 + rt+1

Kt+1

Kt

V ′
t+2. (19)

These equations encode the standard forces from the Q theory of investment: equation (18)

says that net investment is positive as long as the discounted marginal value of capital (also

known as marginal Qt) exceeds 1, while equation (19) governs the dynamic evolution of Qt,

capturing the present discounted value of the marginal product of capital in future periods.

Equations (18) and (19) clarify the direct and indirect effects of monetary policy in the

representative-agent benchmark. The direct effect Irdr stems from the fact that lower real

interest rates raise firm value, thereby increasing the incentive to invest.14 This effect is

highest on impact of the real interest rate decline, when the effect of the new path of interest

rates on present discounted values is the highest. The indirect effect Iwdw stems from the

fact that higher real wages result in less hiring Nt+1 and therefore a lower marginal product

of capital in period t + 1. Since this effect only runs through changes in MPKt+1, we call

this the indirect effect from the expected marginal product of capital. Note that changes in

w0 have no effect on investment at any date; they affect dividends but not investment.

The right panel of Figure 1 shows that the response of investment to monetary policy

is primarily driven by the direct effects. In fact, the direct effects account for slightly more

than 100% of the increase in investment, with the indirect effect from the change in the real

wage being slightly negative over the first eight quarters of the shock. This occurs because

firms incorporate future wages into (19) in a forward-looking way. While the initial period

of low real wages would, on its own, raise investment, the following prolonged period of high

real wages pushes investment down. However, this effect is quite small, since the path of

wages does not significantly change the present discounted value of the marginal products.

Turning to fiscal policy, lump-sum transfers to firms at any date have no effect on in-

vestment because those transfers do not interact with the cost or benefit of investment—in

other words, the MPI in this representative agent benchmark is 0. Since firms are already at

14For instance, consider a purely transitory change in the real interest rate dr. This essentially does not
affect the present discounted value of capital V ′. Therefore, we have that dI

K = 1
ϕdr, so the semielasticity of

investment to the real interest rate is approximately 1
ϕ .
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an optimum of their investment plan, they instead distribute the proceeds from the transfer

back to their shareholders, per equation (6).15

Just like the PIH, Q theory was subject to extensive empirical testing starting in the

1980s. A key challenge for that literature is that marginal Q, V
′
/ (1 + r), is not directly

observable in the data. In the special case with constant returns to scale α+ν = 1, however,

marginal Q is proportional to average Q, which we can compute as the firm’s market value

relative to its capital stock (Hayashi, 1982). In this case, equation (18) predicts that a

regression of the investment rate on average Q should have an R2 of 1 and a coefficient on

average Q equal to 1/ϕ. By and large, the literature has found that these types of regressions

produce very low R2 because observables beyond Q, especially cash flows, tend to predict

investment (see, e.g., Fazzari et al., 1988).

The investment literature largely proceeded along two branches following the empirical

failures of the Q theory. The first branch interpreted the importance of cash flows as sug-

gestive evidence that the MPI is positive and therefore studied various forms of financial

frictions (e.g. Gomes, 2001, Hennessy and Whited, 2007). We will follow this branch in

Section 4 given our focus on indirect effects due to changes in aggregate demand. The sec-

ond branch of the literature questioned the assumption that the marginal cost of investment

is smoothly increasing in the amount of investment, which is required to arrive at (18).

This branch incorporated nonconvex costs of adjusting capital, motivated by the empirical

lumpiness of investment at the micro level (e.g. Caballero and Engel, 1999, Cooper and

Haltiwanger, 2006, and Khan and Thomas, 2008). While we will not review those models

given the constraints of space, studying the role of fixed costs in monetary transmission is a

potentially fruitful avenue for future research.

3 Heterogeneous Households: A Review of HANK

We now replace the representative household with heterogeneous households facing idiosyn-

cratic income risk and borrowing constraints (Zeldes, 1989, Deaton, 1991, Carroll, 1997;

15If we gave firms access to a borrowing and savings vehicle at rate 1 + rt, the timing of the distribution
of dividends would also not be pinned down, a reflection of the Modigliani-Miller theorem.
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Bewley, 1977, Huggett, 1996, Aiyagari, 1994.). Given that the material here is relatively

standard (see, for instance, Auclert et al., 2025b for a recent review of this literature), our

presentation will be fairly succinct and focus on aspects of the model that parallel the findings

with heterogeneous firms.

3.1 Model

A mass 1 of ex-ante identical, but ex-post heterogeneous households are subject to idiosyn-

cratic risk to their productivity e and their rate of time discounting β.16 The joint evolution

of (e, β) is governed by a Markov transition matrix Π, and we assume that the cross-sectional

distribution of (e, β) starts at the stationary distribution of Π, normalizing E [e] = 1. The

environment is identical to that in Section 2, except that households’ wage income in pro-

ductivity state e is now ewtNt, and they face incomplete markets in the sense that the

mutual fund payoffs cannot be made contingent on their realization of their idiosyncratic

shocks (e, β). In addition, we assume that households face a borrowing constraint, which for

simplicity we set to zero, so that the choice of assets a′ must satisfy a′ ≥ 0.

The dynamic problem of a household with exogenous state (e, β) and incoming asset

position a is described by the Bellman equation:

vt (a, e, β) = max
c,a′

u (c) + βE [vt+1 (a
′, e′, β′)] (20)

s.t. c+ a′ = (1 + rpt ) a+ ewtNt + T ht

a′ ≥ 0.

In the representative agent model, the solution was characterized by the Euler equation (9);

here, the Euler equation only holds with the weak inequality

u′ (ct (a, e, β)) ≥ β
(
1 + rpt+1

)
E [u′ (ct+1 (a

′, e′, β′))] .

This inequality is strict whenever the borrowing constraint a′ ≥ 0 binds; in this case, con-

16Shocks to the discount factor β help us jointly match the wealth distribution and average MPCs, as we
describe below.
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sumption is determined residually from the budget constraint so that c = (1+rpt )a+ewtNt+

T ht . For these households, consumption responds one-for-one to changes in current income,

generating an MPC of 1.

We represent the aggregate consumption sequence from this model with the new consump-

tion function Ct
({
rpt , wtNt, T

h
t

})
. Intuitively, this consumption function can be computed

as follows. First, given the sequence of real interest rates {rps}, labor income wtNt, and

transfers T ht , compute households’ decision rules by solving (20) as a function of individual

states (a, e, β). Second, starting from the stationary distribution of households over (a, e, β),

use the decision rules to iterate forward on the law of motion to compute the path of cross-

sectional distributions over time. Finally, compute aggregate consumption by integrating

individual consumption rules against the cross-sectional distribution for each t ≥ 0.

3.2 Calibration and the MPC vs. wealth tradeoff

We now calibrate the model in order to assess its implications for monetary transmission. As

discussed in Section 2, the MPC out of temporary changes in income is critical for determin-

ing the size of the indirect effects of monetary policy and the effects of fiscal transfers. The

quasi-experimental empirical literature has settled on a consensus that the average MPC at

a quarterly frequency is about 0.25 (see, e.g., the reviews in Kaplan and Violante, 2022 and

Auclert, Bardóczy and Rognlie, 2023).

As discussed in Kaplan and Violante (2022), in a model with a single discount factor β,

there is a fundamental tension between matching both the average level of the MPC and the

aggregate amount of wealth in the economy. In our model, aggregate assets equal the value

of firms because steady state government debt is 0; the value of firms to GDP is A
Y
= 4.29,

the sum of the capital-to-GDP and the rent-to-GDP ratio; given the labor share is wN
Y

= 0.6,

aggregate assets are 7.15 times average labor income. At our annualized real interest rate of

r = 4%, a single-β model calibrated to this amount of wealth features very patient agents

that are away from the borrowing constraint and have on average low MPCs, while a model

that hits the average MPC features very impatient agents that are close to the borrowing

constraint and hold too little wealth on average.
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Table 2: Parameters and Targets for the Heterogeneous Household Block

Parameter Description Value Target (all joint) Value
Markov Chain for (e, β) from Auclert et al. (2025b)
r Real interest rate 0.01 Real interest rate 4%
βL High discount rate 0.994 Assets/labor income 715%
βH Low discount rate 0.824 Average MPC 0.25
σ−1 EIS 0.61 C IRF to monetary shock 0.2%

Notes: parameters in the left panel chosen to match moments in the right panel. The calibration is at
quarterly frequency. The parameters in the left panel are not annualized; the targets on the right are
annualized. Production side parameters are as in the representative agent benchmark from Section 2. The
asset-to-labor income A/wN ratio and real interest rate are targeted to be the same as in that model, so
that the aggregate steady-states are identical in both models.

We resolve this tradeoff by assuming heterogeneity in β, as in Krusell and Smith (1998).17

We calibrate the model using the Markov chain for income and impatience described in

Auclert et al. (2025b): the income process is from Kaplan et al. (2018), featuring a high

degree of income risk, and the impatience process is a two-point process for β ∈ {βL, βH},
describing the slow evolution of patience across generations as in Krusell and Smith (1998).

We set (βL, βH) to simultaneously match an (unweighted) average MPC of E [MPC] = 0.25

and an asset to wage income ratio A/wN = 7.15 at our calibrated annual r = 4%.

Table 2 contains the parameter values for the heterogeneous household model. In addi-

tion to the parameters described above, we also re-calibrate the EIS σ−1 so that we continue

to match the impact response of aggregate consumption to a monetary shock. With hetero-

geneous households, this choice requires a significantly lower EIS than in the representative

agent benchmark (0.61 vs 0.8). The reason is that, as we will show below, the presence of

high-MPC households generates an amplification mechanism: lower interest rates stimulate

investment and therefore income, which in turn increases consumption (see Auclert et al.,

2020 and Bilbiie, Känzig and Surico, 2022). Offsetting this effect requires consumption to

be less responsive to interest rates in the first place, i.e., a lower EIS.18

17Other solutions in the literature certainly exist, with the leading approach being the introduction of a
high-return illiquid account that households use for most of their savings, but that is not useful for smoothing
period-to-period income fluctuations (e.g. Kaplan and Violante, 2014).

18If adjustment costs were infinite, so that investment had a completely inelastic response to monetary
policy, then the Werning (2015) result of equivalence between the aggregate consumption behavior of the
heterogeneous-agent model and representative-agent model would apply and we would not need to recalibrate
the EIS. In other words, it is the elasticity of the investment response that activates this amplification
mechanism. See Auclert et al. (2020), Appendix A, for more discussion of this point.
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Figure 2: Savings Decision Rules, MPCs, and Distribution with Heterogeneous Households
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Notes: households’ decision rules in steady state of heterogeneous-household model calibrated as in table 2.

The left panel plots net savings a′(e, a) − a for impatient households (β = βL) with two different levels of

idiosyncratic productivity e as a function of a. The right panel plots the marginal propensities to consume
∂c(a,e)
∂(1+r)a for these households. The grey bars show the location of the stationary household distribution.

Savings decisions and MPCs. The left panel in Figure 2 visualizes the steady state

net savings policy a′(a, e, β) − a as a function of households’ incoming asset position a, for

two types of households with relatively low income eL and relatively high income eH (both

households in this illustration are impatient, βL).

The high-income household in red has positive net savings for low initial assets a in

order to reduce the probability of becoming borrowing constrained, which generates costly

consumption fluctuations. On the other hand, the household has negative net savings for

high initial assets a because βL(1+ r) < 1. Therefore, there is a unique target level of assets

a∗ (e, β) to which the household will converge if their idiosyncratic state (e, β) were to remain

constant. This target, or buffer stock, of assets balances their impatience with their desire

for precautionary savings against future declines in income (see, eg, Carroll, 1997).

The low-income household in blue dissaves for any positive level of initial assets a. In

other words, when a household receives a negative shock and enters this low-income state,

they use their previously accumulated buffer stock to limit the drop in their consumption

induced by the decline in income.

The right panel of Figure 2 plots the implied MPCs of these agents. We compute the
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Figure 3: Monetary Transmission in the Heterogeneous Household Model
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Notes: impulse responses of aggregates (left), consumption (middle, blue line) and investment (right, orange

line) to a monetary policy shock modeled as a 50bp annualized decline in the real interest rate with quarterly

persistence of 0.5, similar to Christiano et al. (2005). All variables are in percent deviations from their steady

state values, except the real interest rate which is in annualized percentage points. The middle panel also

displays the decomposition of consumption into a direct and indirect effect in the spirit of equation (15).

The right panel also displays the decomposition of investment into a direct and indirect effect by considering

the first order effects from equilibrium movements in rt and MPKt+1 on It implied by equations (18)–(19).

MPC as 1
(1+r)

∂c(a,e,β)
∂a

, since a one-time transfer is equivalent to a one-time increase in current-

period assets. As is well known, the consumption function c (a, e, β) is concave in this model

(Carroll and Kimball, 1996). This implies declining marginal propensities to consume, which

equal 1 at the borrowing constraint and then fall for higher levels of a. The grey bars overlay

the stationary distribution of households; because of the presence of impatient agents, our

calibration locates a part of the distribution close to the borrowing constraint with high

MPCs, while another part of the distribution is made up of high-income patient agents with

very high target stocks of assets.

3.3 Policy transmission with heterogeneous households

We now revisit the transmission of monetary and fiscal policy with heterogeneous households.

Monetary policy. Figure 3 plots the impulse responses to the monetary policy shock,

analogously to Figure 1 from the representative agent benchmark. The aggregate impulse

responses are nearly identical, by construction: we re-calibrated the EIS σ−1 so that the
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impact effect is exactly the same, and the heterogeneous-household model does not have

very different dynamics after that. Given that all other aggregate paths are the same, so is

the path of aggregate investment.

However, the decomposition of consumption into direct and indirect effects is starkly

different: the indirect effects of monetary policy now represent about 40% of the consumption

response, compared to near 0% in the representative agent benchmark.19 The reason is that

constrained households have high MPCs: the initial increase in consumption and investment

from monetary policy generates additional income for these households, and their high MPCs

imply that this additional increase in income translates into higher consumption. This is

the key result in Kaplan et al. (2018). As they emphasize, the fact that the transmission

channels are different implies monetary policymakers and researchers need to consider a host

of new mechanisms more carefully than in the representative agent benchmark.

Fiscal policy. Figure 4 plots the impulse responses to a lump-sum transfer to households

T ht . Upon impact, the aggregate size of the transfer is equal to 1% of GDP and is financed

by government borrowing. Over time, the government pays off the debt through lower future

taxes; the entire implied path of transfers is in the left panel of Figure 4.20 As we described in

Section 2, this type of “NPV-0” transfer has no effect on consumption in the representative

agent benchmark due to Ricardian equivalence.

Our heterogeneous household model breaks Ricardian equivalence because borrowing-

constrained households’ decisions are dictated by their current budget constraint only, not

their intertemporal budget constraint. In other words, constrained households’ MPCs out

of the transfer are 1. Since the transfer is uniformly distributed across households, its direct

effect is determined by the unweighted MPC averaged across households, and is close to 0.25

upon impact. The higher consumption demand then increases aggregate income wtNt, which

increases individual income ewtNt in proportion to labor productivity e. These additional

rounds of spending from higher incomes are controlled by the income-weighted MPC, which

19In doing this decomposition, we count the component of the capital gain that comes from rising dividends
as part of the indirect effect, and the component that comes from falling real interest rates as part of the
direct effect, in order to keep it comparable to the representative-household decomposition.

20Specifically, we parameterize the path of transfers such that government debt follows an AR(1) path
with quarterly persistence ρB = 0.99.
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Figure 4: Fiscal Policy Transmission in the Heterogeneous Household Model
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Notes: impulse responses of aggregates (left), consumption (middle, blue line) and investment (right, orange

line) to a transfer shock of 1% of GDP, financed by an increase in debt that reverts back to steady state with

an autocorrelation of 0.99. Variables in the left panel are in percent deviations from their steady state values

except for the transfer, which is in percent of GDP. Variables in the middle and right panels are in percent

of GDP. The middle panel also displays the decomposition of consumption into a direct and indirect effect

in the spirit of equation (15). The right panel also displays the decomposition of investment into a direct

and indirect effect by considering the first order effects from equilibrium movements in rt and MPKt+1 on

It implied by equations (18)–(19).

is equal to 0.19 in our calibration. The overall transfer multiplier, which combines both the

direct and indirect effects, is nearly 0.3 upon impact.

Over time, consumption remains elevated for approximately two years, reflecting endoge-

nous propagation of this one-time transfer. The reason is that households near the borrowing

constraint, but not actually constrained, have an MPC which is significantly above 1− β—

so they consume out of the shock upon impact—but is also significantly below 1—so they

also save part of the transfer to consume in future periods. Auclert et al. (2024) call these

dynamic responses the intertemporal MPCs or “iMPCs.”

4 Introducing Heterogeneous Firms

The heterogeneous household model unlocked new policy transmission channels for consump-

tion by matching data on MPCs. We now turn to performing a similar analysis for the role of

firm heterogeneity in investment. While the consumption block was built on the foundation

of the standard incomplete markets model, no widely-used benchmark exists on the firm
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side. One objective of this section is therefore to build a canonical model capturing the core

elements of both firm dynamics models (as in Hopenhayn, 1992) and financial frictions mod-

els (as in Kiyotaki and Moore, 1997 and Bernanke et al., 1999). Specifically, our model is a

version of Ottonello and Winberry (2020), with collateral constraints replacing endogenous

debt default, and extended to include firm-level capital adjustment costs.

4.1 Model

A mass 1 of ex-ante identical, but ex-post heterogeneous firms are subject to idiosyncratic

risk to their productivity z and their ability to operate (exit shocks). The evolution of z

is governed by a Markov transition matrix Πz, and we assume that new entrants always

draw from the stationary distribution of Πz, such that the cross–sectional distribution of

z is always equal to its stationary distribution. Given its observed productivity zjt, firm j

produces output using the production function yjt = zjtk
α
jt−1n

ν
jt, where kjt−1 is its capital

stock chosen at t− 1 and njt is its labor demand at t. Decreasing returns to scale α+ ν < 1

ensure that there is an optimal scale of the firm and therefore a non-degenerate distribution

of firm sizes.

After production, firms receive an idiosyncratic exit shock and make investment decisions.

With probability θ, the firm continues into the next period, in which case it chooses its

investment ijt in order to accumulate capital kjt = (1 − δ)kjt−1 + ijt. Investment incurs

adjustment costs φ
(
kjt−kjt−1

kjt−1

)
kjt−1 in units of output, as in Section 2. With complementary

probability 1−θ, the firm is forced to exit the economy, in which case it sells its undepreciated

capital, pays back its debt (described below), and permanently exits the economy. The

capital sale of these exiting firms is not subject to adjustment costs.

Firms have two sources of finance for their investment decisions, both of which are subject

to frictions. First, the firm can issue debt in the form of coupon bonds, receiving
bjt
1+rt

units

of output in period t for each promise to repay bjt units of output in period t+1 (with bjt < 0

interpreted as financial savings).21,22 This borrowing is subject to the collateral constraint

21Therefore, debt in our model is real and short term. Jungherr, Meier, Reinelt and Schott (2024) incor-
porate both short- and long-term nominal debt to study how maturity structure affects the transmission of
monetary shocks.

22In our model, only the firm’s net debt position matters in the sense that cash is equivalent to negative
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bjt ≤ χkjt with χ ≤ 1 − δ.23,24 The second source of finance is the firm’s equity, i.e., using

internal resources and therefore reducing dividend payments djt to shareholders. However,

firms cannot issue new equity, implying that25

djt = yjt − wtnjt − bjt − (kjt − (1− δ)kjt−1)− φ

(
kjt − kjt−1

kjt−1

)
kjt−1 +

bjt
1 + rt

+ T ft ≥ 0.

One can view our representative agent benchmark as an all-equity financed firm in which we

implicitly removed this non-negativity constraint on dividends.

We employ a simple “one out, one in” entry process to keep the mass of firms fixed over

time. As described above, exiting firms repay their debt and sell their undepreciated capital

before exiting. Entering firms are endowed with k0 units of capital, b0 units of debt, and

draw idiosyncratic productivity z from the stationary distribution. One can view b0
1+rt

− k0

as the initial equity injection into the firm.

4.2 Solving the Firm’s Problem

We now characterize the solution to the firm’s problem and show that financial frictions gen-

erate positive MPIs. The dynamic problem of a continuing firm with exogenous productivity

debt. Jeenas (2025) develops a model in which gross positions matter because debt issuance is subject to a
fixed cost and cash pays a lower return than debt.

23Collateral constraints can be derived from an environment in which firms have limited commitment to
repay debt and lenders are only willing to lend up to the amount which firms would repay with probability
one. Ottonello and Winberry (2020) develop a model in which firms can default, and lenders compensate
for this risk by charging higher credit spreads. An alternative to collateral constraints is earnings-based
constraints, with firms’ borrowing limited by their cash flows rather than their capital assets. Lian and Ma
(2021) suggest that these constraints are quite prevalent empirically, and Caglio, Darst and Kalemli-Özcan
(2021), Drechsel (2023), and He (2025) explore their macroeconomic implications.

24Our model features a “financial accelerator” in the sense that the investment of constrained firms en-
dogenously declines with aggregate economic activity. However, since we have a one-good model, the relative
price of capital is always 1, ruling out changes in the market value of capital directly relaxing the constraint
as in Bernanke et al. (1999). One could endogenize the relative price of capital by incorporating “external
adjustment costs,” i.e. curvature in the transformation of output into investment goods. Disciplining these
costs is a matter of some debate given the relative acyclicality of the relative price of capital in the data
(e.g. House and Shapiro, 2008, Schmitt-Grohé and Uribe, 2012). Therefore, as our baseline, we keep all
adjustment costs internal to the firm.

25One could relax this assumption by incorporating costly equity issuance as in Chen (2025).
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state z, stock of capital k, and outstanding debt b can be written as follows:

vt(z, k, b) = max
n,k′,b′,d

d+
1

1 + rt
E
[
(1− θ)vt+1(z

′, k′, b′) + θvexitt+1(z
′, k′, b′)|z

]
s.t. d = zkαnν − wtn− b− (k′ − (1− δ)k)− φ

(
k′ − k

k

)
k +

b′

1 + rt
+ T ft

d ≥ 0 and b′ ≤ χk′, and where vexitt (z, k, b) = zkαnν − wtn− b+ (1− δ)k.

As in Section 2, labor demand equalizes the wage to the marginal product of labor (see

equation (10)).26 We define variable profits as

πt(z, k) ≡ max
n

zkαnν − wtn = ν̃z
1

1−νw
− ν

1−ν

t k
α

1−ν

and refer to πt(z, k) as the firm’s cash flows. The dynamic investment and financing prob-

lem is more complicated than the households’ consumption/savings decisions due to the

two occasionally-binding constraints d ≥ 0 and b′ ≤ χk′. Nevertheless, the solution is still

tractable, following the approach in Khan and Thomas (2013). We next summarize the

properties of this solution, with details provided in Appendix A.

The multiplier on the non-negativity constraint for dividends, which we denote by λt(z, k, b),

summarizes the tightness of financial constraints. In particular, the marginal value of

an additional unit of cash inside the firm is −∂vt(z,k,b)
∂b

= 1 + λt(z, k, b), the value of the

cash itself, 1, plus the shadow value of relaxing the non-negativity constraint, λt(z, k, b).

In other words, λt(z, k, b) captures the additional value of liquidity inside the firm com-

pared to outside the firm (Holmstrom and Tirole, 2011). At the optimum, firms equate

λt(z, k, b) to the present value of multipliers on the borrowing constraint: λt(z, k, b) =

µt(z, k, b)(1+rt)+(1−θ)Et[λt+1(z
′, k′, b′)]. Hence, resources inside the firm are more valuable

than resources outside the firm to the extent that they relax current or future borrowing

constraints; if there is any probability of being borrowing constrained, then λt(z, k, b) > 0

and the firm does not issue dividends.

With these objects in hand, we can characterize firms’ investment decisions as follows.

26In particular, the marginal propensity to hire (MPH)—the response of employment to a firm transfer,
holding the wage fixed—is zero for all firms in this model. See Melcangi (2022) for evidence of positive MPH
for some firms and a heterogeneous-firm model with a working capital constraint that generates this fact.
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Proposition 1. Consider a firm that will continue into period t + 1 and has initial state

variable (z, k, b). Its optimal decisions are characterized by three regions:

(i) Unconstrained: If b ≤ bt(z, k), then λt(z, k, b) = 0. In this case, the capital accumu-

lation policy k′ is independent of initial debt b and solves

k′ − k

k
=

1

ϕ

(
1

1 + rt
Et
[
π2,t+1(z

′, k′) + 1− δ + (1− θ)
∂

∂k′
φ

(
k′′ − k′

k′

)
k′
]
− 1

)
.

(21)

(ii) Actively constrained: If b ≥ bt(z, k, b), then both d ≥ 0 and b′ ≤ χk′ are binding.

In this case, the capital accumulation policy is k′ = kt(z, k, b), where kt(z, k, b) solves

kt(z, k)− (1− δ)k + φ

(
kt(z, k)− k

k

)
k = πt(z, k) + T ft − b+

χkt(z, k)

1 + rt
. (22)

(iii) Potentially constrained: If b ∈ (bt(z, k), bt(z, k, b)), then d ≥ 0 is binding but

b′ ≤ χk′ is slack. In this case, the capital accumulation policy solves

k′ − k

k
=

1

ϕ

 1

1 + rt
Et


θ + (1− θ)(1 + λt+1(z

′, k′, b′))

1 + λt(z, k, b)
π2,t+1(z

′, k′) + 1− δ

+
(1− θ)(1 + λt+1(z

′, k′, b′))

1 + λt(z, k, b)

∂

∂k′
φ

(
k′′ − k′

k′

)
k′

− 1

 . (23)

Proof. See Appendix A. ■

Firms with low enough debt (or high enough financial savings) b ≤ bt(z, k) are uncon-

strained in the sense that there is zero probability of being borrowing constrained at any

point in the future. In this case, λt(z, k, b) = 0, so the value of liquidity inside the firm is

the same as outside the firm. Here, the firm’s financial structure is irrelevant for investment,

and investment simply satisfies the first-order condition (21). As in equation (18) from the

representative-firm benchmark, the RHS of this expression is the firm’s marginal Q (adjusted

for the exit shock), so unconstrained firms’ investment follows the Q theory.27

27Unconstrained firms’ mix of debt and equity is indeterminate in the sense that any pair (d, b′) which
satisfies b′ ≤ χk′ and d ≥ 0 is a solution to the firm’s problem—the Modigliani-Miller theorem. Again
following Khan and Thomas (2013), we resolve this indeterminacy by assuming unconstrained firms issue
the maximum amount of debt b′ which leaves them unconstrained. One motivation for this choice is that our
model does not incorporate the tax advantage of debt, which would break Modigliani-Miller and incentivize
firms to issue debt.
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Firms with sufficiently high debt b ≥ bt(z, k, b) are actively constrained in the sense that

the borrowing constraint b′ ≤ χk′ currently binds, which implies that d ≥ 0 binds as well.

Together, these two constraints define the maximum level of capital accumulation kt(z, k)

that the firm can afford in (22). To see this, consider the case with no adjustment costs to

φ(·) = 0, which yields

kt(z, k, b) =
πt(z, k) + T ft + (1− δ)k − b

1− χ
1+rt

. (24)

In this case, the maximal investment levers up the firm’s current cash on hand πt(z, k) +

T ft + (1− δ)k − b according to the collateralizability of new investment χ.28

Finally, firms with intermediate levels of debt b ∈ (bt(z, k), bt(z, k, b)) are potentially

constrained in the sense that their borrowing constraint b′ ≤ χk′ is currently slack, but there

is a positive probability of facing a binding borrowing constraint in the future, so λt(z, k, b) >

0 and d ≥ 0 currently binds. For these firms, financial frictions affect investment through the

multipliers λt(z, k, b) in (23)—essentially, concerns about hitting future borrowing constraints

(encoded in the multipliers) create risk aversion for the firm. This effective risk aversion

generates behavior akin to that generated by household’s precautionary savings motives.

Marginal Propensities to Invest. We define the MPI as
−∂k′t(z,k,b)

∂b
, i.e. the response

of investment to a marginal infusion of liquidity (which is isomorphic to reducing their net

debt position b). In our model, increases in aggregate demand raise cash flows πt(z, k) by

reducing the real wage wt firms must pay to labor.

Since unconstrained firms’ investment follows the Q theory relationship (21), their MPI

is −∂k′t(z,k,b)
∂b

= 0, as in the representative firm benchmark. Currently constrained firms’

MPI is −∂kt(z,k)
∂b

, which (applying the implicit function theorem) is strictly positive. In

fact, using the special case without adjustment costs (24), we see actively constrained firms’

∂kt(z,k)
∂b

= 1
1− χ

1+rt

, which is generally larger than 1 because firms can lever up. Finally, we

will find numerically that potentially constrained firms have an MPI
−∂k′t(z,k,b)

∂b
> 0 because

higher cash flows reduce effective risk aversion. Hence, putting all these cases together, we

28In the general case, kt(z, k, b) solves a quadratic equation, but the logic is similar to (24).
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get that MPIs are highest for constrained firms and then converge to zero as firms become

unconstrained—similar to the finding that MPCs were highest for constrained households

and then converged to the PIH level as households became unconstrained.

Aggregate Investment. As in the heterogeneous household model, we construct the

sequence-space representation of the aggregate investment block It({rs, ws}) in two steps.

First, given the path of prices {rs, ws}, we compute the decision rules as a function of in-

dividual states (z, k, b). Second, given a path of these decisions, we compute the path of

distributions by iterating forward on the law of motion for the distribution. Aggregating up

investment decisions gives the path of aggregate investment It({rs, ws}).

5 Disciplining MPIs From the Data

We now calibrate the new parameters of the heterogeneous firm version of the investment

block, paying particular attention to those governing the MPIs.

5.1 The Empirical Literature Since the Q theory

As described in Section 2, the empirical literature on the Q theory finds a positive correlation

between investment and cash flows, suggesting that the average MPI is positive. However,

variation in cash flows is endogenous, which may bias these estimates relative to the true MPI.

For example, suppose that higher cash flows are driven by a higher realization of idiosyncratic

productivity z. Since productivity is persistent, the expected marginal product of capital

in the future also increases, which would increase investment even for unconstrained firms.

If we observed the true marginal Q, then we could control for the effect of higher future

marginal product of capital; however, we only observe average Q, which is only an imperfect

proxy for marginal Q. As a result, the estimated investment-cash flow sensitivity may still

be positive even if firms are unconstrained and have a true MPI of 0.29

29Furthermore, even among constrained firms, the estimated investment-cash flow sensitivity may not
resemble the true MPI; see Gomes (2001) for an example, and Kaplan and Zingales (1997), Cleary (1999),
Chen and Chen (2012) for an earlier literature arguing that investment-cash flow sensitivities are poor
measures of financial constraints. For the same reason, strategies that regress investment on unexpected
revisions to sales growth, such as proposed in Alati et al. (2024), will not recover the MPI as defined in this
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Unlike with MPCs, researchers have not found exogenous variation in cash flows to

directly estimate MPIs for a broad enough cross-section of firms to be useful for an aggregate

model.30 Instead, the investment literature has come to rely on structural models that are

calibrated to match other moments in the data, and implicitly trust in the structure of the

model to infer the distribution of MPIs.

That said, the empirical literature has provided evidence that financial constraints affect

investment decisions, which is a pre-requisite for positive MPIs to exist in the first place.

For example, Chaney, Sraer and Thesmar (2012) argue that increases in local real estate

prices lead to an increase in investment by increasing the value of the firm’s corporate real

estate. These types of papers are consistent with the idea that variation in credit supply—in

our model, variation in the collateral constraint parameter χ—impacts firms’ investment

decisions, rejecting the hypothesis that all firms are unconstrained.31 However, these papers

do not directly estimate the MPI, which captures the effects of changes in cash flows rather

than changes in credit supply.

A related literature documents heterogeneous responses of investment to price changes,

also consistent with financial frictions impacting investment. For example, Zwick and Ma-

hon (2017) estimate the response of investment to the Bonus Depreciation Allowance, a

temporary tax incentive that reduces the after-tax relative price of investment. They find

that small, non-dividend paying firms are more responsive to the Bonus. More related to

monetary policy, a number of papers document heterogeneous responses to monetary policy

shocks (for example, Gertler and Gilchrist, 1994 by size, Ottonello and Winberry, 2020 by

default risk, Jeenas, 2025 by cash holdings, Cloyne, Ferreira, Froemel and Surico, 2023 by

age, Cao, Hegna, Holm, Juelsrud, König and Riiser, 2023 across firms in Norway, etc.). Best,

Born and Menkhoff (2025) provide similar empirical evidence using a high-quality firm sur-

vey of CEOs. Broadly speaking, these papers show that the response of investment to price

paper: this regression would yield a non-zero regression coefficient even in the version of our model where
all firms are unconstrained and MPIj = 0 for all firms j.

30Blanchard, Lopez-de Silanes and Shleifer (1994) estimates MPIs out of windfall cash winnings from court
cases, but the sample only contains eleven firms. Rauh (2006) estimates MPIs using variation in pension
funding requirements, but these are based on discontinuities that affect a very small subset of firms (see
Bakke and Whited, 2012).

31Indeed, Catherine, Chaney, Huang, Sraer and Thesmar (2022) use the Chaney et al. (2012) estimates to
calibrate a model with collateral constraints and shows that the constraints are tight.
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changes depends on the value of inside liquidity λt(z, k, b), but again that does not directly

estimate the MPI.32

We believe that there is scope for a literature to estimate MPIs out of transitory cash

flow shocks using the same credibility-revolution methods that have been used over the past

decade to estimate MPCs. Structural models with financial frictions such as the one in

this paper require not just estimates of average MPIs, but also of the distribution and firm

correlates of MPIs in the data, as well as the time path of the investment response to a

transitory cash flow shock (the intertemporal Marginal Propensity to Invest, or “iMPI”). A

promising step in this direction is the work of Martin-Baillon (2021), who uses the Blundell,

Pistaferri and Preston (2008) semi-structural method to estimate average and sectoral MPIs.

5.2 Calibration

Without direct estimates of the MPI, we follow the approach of the structural investment

literature: calibrate the heterogeneous-firm block to match other moments in the data, and

infer the distribution of MPIs using the structure of the model. The left panel of Table 3

contains all the parameters for the heterogeneous firm block, which we choose to match the

moments in the right panel. While all these parameters are jointly chosen to match all the

moments, there is a clear mapping between certain parameters and moments.33

The first three parameters—the coefficients of the production function and the capital

depreciation rate—are the same as in the representative agent benchmark in order to match

the same moments. We also calibrate the adjustment cost parameter ϕ to match the peak

impulse response of aggregate investment to a monetary shock, as in the representative agent

benchmark. We find that the required adjustment cost parameter is ϕ = 13.5, somewhat

higher than its value in the representative agent benchmark.

32See Koby and Wolf (2020) for a structural interpretation of the empirical results in Zwick and Mahon
(2017) in the context of a model with fixed adjustment costs.

33Some of the moments which are influenced by the household side through general equilibrium; we
continue to use the heterogeneous household specification for now, and discuss their interaction in Section
7 below. We again re-calibrate the EIS σ−1 on the household side to ensure that we continue to match the
same impact response of consumption to a monetary policy shock, and re-calibrate the β process to match
the level of aggregate wealth. A small recalibration is needed relative to that in the model of Section 3 since
the level of aggregate assets relative to labor income now depends on the endogenous distribution of firm
rents and firm debt issuance decisions.
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Table 3: Parameters and Targets for the Heterogeneous Firm Block

Parameter Description Value Target (all joint) Data Model

Production function and depreciation rate
ν Labor exponent 0.60 Labor share 0.60 0.60
α Capital exponent 0.32 Returns to scale 0.92 0.92
δ Capital depreciation rate 0.025 Aggregate I/K 0.025 0.025

Adjustment costs
ϕ Quadratic ACs 13.50 IRF to monetary shock 1% 1%

Collateral constraint
χ Collateral constraint 0.35 Kermani and Ma (2023) Direct measurement

Lifecycle
k0 Initial capital 0.50 New entrant size 4% 4%
b0 Initial debt 0.175 χk0 Imposed

Idiosyncratic shocks: log z′ = ρz log z + ε, where ε ∼ N (0, σ2
z)

ρz Persistence 0.94 Syverson (2011) Direct measurement
σz SD of innovations 0.085 Syverson (2011) Direct measurement
θ Exit probability 0.02 BDS data 0.02 0.02

Notes: parameters in the left panel chosen to match moments in the right panel. “Production function and
depreciation rate” parameters chosen as in representative agent benchmark from Section 2. Adjustment
costs are quadratic φ(x) = ϕ

2x
2 and ϕ chosen to match 1% peak response of aggregate investment to a

50bps annualized decline of real rate (also following procedure from Section 2). Collateral constraint
χ = 0.35 chosen to match average capital recovery ratios estimated by Kermani and Ma (2023). Initial
capital stock k0 chosen to be 4% of average capital and initial debt chosen to be b0 = χk0 so that new
entrants are maximally leveraged. Persistence ρz and standard deviation σz of idiosyncratic productivity
shocks chosen to match stylized facts from Syverson (2011) described in main text. Exit probability θ
chosen to match average exit rate of 8% from Business Dynamic Statistics (BDS).

The collateral constraint χ controls the MPI for constrained firms through kt(z, k). We

choose χ = 0.35 to match the average liquidation value of capital during bankruptcy esti-

mated by Kermani and Ma (2023). This value is directly informative about the ex post value

of collateral to lenders during default; Kermani and Ma (2023) also show it is consistent with

surveys of lenders’ ex ante collateral requirements when making loans, which is more relevant

for our model (which does not have default).34

The initial conditions for new entrants (k0, b0) control how much young firms need to

34An alternative approach would be to choose χ to match features of the distribution of leverage. We
do not follow that approach because our model is an extremely stylized representative of leverage among
constrained firms, is driven by arbitrary choices about the borrowing decisions of unconstrained firms, and
doesn’t have features like the tax advantage of debt that are likely important in the data. That said, average
leverage in our model is 0.29, close to the 0.34 reported by Crouzet and Mehrotra (2020) from the microdata
underlying the Quarterly Financial Reports (QFR).
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grow and, therefore, how likely they are to be constrained. Ideally, we would choose (k0, b0)

to match firm dynamics over their lifecycle; we make a simple choice in this spirit. First,

to cut down on free parameters, we impose b0 = χk0, i.e that new entrants are maximally

leveraged. Second, we choose k0 to be 4% of the capital of the average incumbent firm as in

Li, Lian, Ma and Martell (2025). As a result, small and young firms grow faster than the

average firm in our model, as in the data.

Finally, we take the idiosyncratic shocks—both idiosyncratic productivity z and the exit

shocks—from the data. There is a large literature estimating idiosyncratic productivity

differences across firms.35 Syverson (2011) summarizes this literature with two stylized

facts: productivity is persistent (with an annual autocorrelation between 0.6 and 0.8) and

highly dispersed (with a within-sector productivity gap between the 90th and 10th percentiles

around 0.65 log points). We assume that z follows an AR(1) process, log z′ = ρz log z + ε,

where ε ∼ N (0, σ2
z), and choose the parameters ρz and σz to match Syverson (2011)’s stylized

facts.36 For the exit shocks, we choose the probability of exit θ = 0.02 quarterly to match the

roughly 8% annual average exit rate reported in the Business Dynamics Statistics (BDS).

5.3 Steady State Decision Rules and MPI Distribution

We now inspect the firm’s decision rules and implied MPIs in the steady state of our cal-

ibrated model. The left panel of Figure 5 plots the net investment policy, k′(z, k, b) − k,

as a function of the firm’s initial capital k (for a given level of productivity z). The “un-

constrained” curve in purple plots the net investment rate for a firm with low enough b to

be unconstrained for all levels of k. The unconstrained policy has a target level of capi-

tal, k∗(z), to which the firm would eventually converge if its productivity were to remain

constant—similar to the buffer-stock target asset level a∗(e, β) in the household model. The

35A key issue in this literature is the distinction between physical productivity, which is quantity produced
per bundle of inputs, and revenue productivity, which is revenue per bundle of inputs. Typically, studies
are only able to estimate revenue productivity because most datasets do not record prices and quantities
separately. Given this challenge, some researchers calibrate the productivity process by matching another
set of statistics, such as the implied distribution of investment rates. While we do not follow that approach
here, we note that our cross-sectional dispersion of investment rates is 0.11 annualized, compared to 0.14 in
Zwick and Mahon (2017).

36In particular, we set our quarterly autocorrelation ρz to match an annual autocorrelation of 0.8 and then
set the dispersion of idiosyncratic shocks σz so that the cross sectional 90-10 gap in log productivity is 0.65.
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Figure 5: Investment Decision Rules with Heterogeneous Firms
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Notes: firms’ decision rules in steady state of calibrated model. Left panel plots net investment k′(z, k, b)−k

for a firm with given level of productivity z and borrowing capacity χk− b as a function of initial capital k.

“Unconstrained” line refers to k∗(z, k) which solves (21). “Constraint” refers to k(z, k, b) which solves (22).

“Full policy” refers to the true policy function k′(z, k, b). Right panel plots net investment k′(z, k, b) as a

function of its borrowing capacity χk − b, holding fixed productivity z and capital k.

grey “constraint” curve plots the maximal net investment level k(z, k, b)−k for a firm with a

positive amount of initial debt b > 0. The constraint is increasing in initial capital k because,

all else equal, firms with higher k have higher cash on hand π(z, k) + (1− δ)k − b+ T ft .

The firm’s full policy function in blue pastes together the constraint (which is binding

for low levels of capital k) and the unconstrained policy (which is optimal for high enough

levels of k). For intermediate levels of k, the firm is potentially constrained and invests less

than the unconstrained choice even though the unconstrained choice is feasible. The reason

is that the marginal product of capital is lower when productivity z′ falls, and these are also

the states in which the constraint becomes tighter. As a result, the covariance between the

multipliers λt+1(z
′, k′, b′) and the return to capital πt+1(z

′, k′) in (23) is negative, inducing

the firm to invest less than it would if it were unconstrained.

The right panel of Figure 5 plots net investment k′(z, k, b)−k as a function of its financial

position. To make the units interpretable, we measure financial position using the firm’s

initial borrowing capacity χk − b inherited from last period’s choices and vary b holding k

fixed. If the firm were actively constrained in the last period, it would have set b = χk
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Figure 6: MPIs and Distribution
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right y-axis) as a function of borrowing capacity χk− b. MPIs are plotted for firms with low and high values

of productivity z, fixing a value of k.

and therefore have zero borrowing capacity. These firms are also constrained in the current

period, so their investment policy is given by k′(z, k, b) = k(z, k, b). As initial borrowing

capacity increases, the firm has more cash on hand and can therefore invest more. Eventually,

for high initial borrowing capacity, the firm becomes unconstrained and its investment is

independent of borrowing capacity. Hence, the investment policy is a concave function of

borrowing capacity, similar to how the consumption function is concave out of wealth.

Figure 6 plots the MPI −∂k′(z,k,b)
∂b

, which equals the slope of the investment policy with

respect to initial borrowing capacity. Firms with low levels of initial borrowing capacity are

actively constrained and have the highest MPIs (in some cases above 1 due to the ability

to leverage described above); in our calibration, 66% of firms are actively constrained. As

initial borrowing capacity increases, firms become potentially constrained, and therefore have

smaller but still positive MPIs; in our calibration, 21% of firms are potentially constrained.

Finally, for high enough levels of initial borrowing capacity, firms become unconstrained and

have MPI= 0; in our calibration, 13% of firms are unconstrained. Averaging across all firms,

the unweighted average MPI is 0.50.
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Figure 7: Monetary Transmission with Heterogeneous Firms
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Notes: impulse responses of aggregates (left), consumption (middle, blue line) and investment (right, orange

line) to a monetary policy shock modeled as a 50bp annualized decline in the real interest rate with quarterly

persistence of 0.5, similar to Christiano et al. (2005). All variables are in percent deviations from their steady

state values, except the real interest rate which is in annualized percentage points. The middle panel also

displays the decomposition of consumption into a direct and indirect effect in the spirit of equation (15). The

right panel also displays the decomposition of investment into a direct and indirect effect using the sequence-

space Jacobians of the firm model. The E[MPK] effect is the effect of wt via the expected marginal product

of capital. The new cash flow effect is the indirect effect resulting from the effect that changes in wt have

through constraints.

6 Policy Transmission with Heterogeneous Firms

We now show that the presence of financially constrained firms with high MPIs creates

new transmission channels for investment, just like the presence of constrained, high-MPC

households did for consumption.

6.1 Monetary Policy

Figure 7 plots the impulse responses to the expansionary monetary shock. As in Sections 2

and 3, the shock reduces the real interest rate by 50 basis points upon impact and reverts

back to steady state with quarterly autocorrelation 0.5. Given our calibration strategy, the

aggregate responses (left panel) and the responses of consumption (middle panel) are nearly

identical to Section 3.

The right panel of Figure 7 decomposes the response of aggregate investment now that we

have heterogeneous firms. The existence of high-MPI firms generates new cash flow effects
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of monetary policy: higher aggregate demand lowers the real wage wt, which increases firms’

cash flows and therefore increases investment among constrained firms. However, these new

indirect effects are relatively modest, accounting for 13% of the total response. The majority

of the response of investment continues to be driven by the direct effects of monetary policy;

the effect of changes in future real wages on the future MPK continues to play a minor role.37

The indirect effects of monetary policy are modest because they are governed by the size-

weighted MPI, which downweights the contribution of small, high MPI firms. To see why,

note that our Cobb-Douglas production function implies that cash flows are proportional to

output, πt(z, k) = yjt − wtnjt = (1− ν)yjt. Since the real wage wt is the same for all firms,

changes in aggregate demand dYt affect individual firms’ cash flows in equal proportion,

dπjt
πjt

= dYt
Yt
, implying that the change in an individual firm’s cash flow is proportional to its

initial size dπjt = πjt
dYt
Yt
. The aggregate MPI, which we denote MPI, is then the average

MPI weighted by initial size: MPI = (1 − ν)E
[(

πjt
E[πjt]

)
MPIjt

]
. In our calibration, the

size-weighted MPI is 0.05, an order of magnitude smaller than the unweighted MPI of 0.50.

The fact that the size-weighted MPI is an order of magnitude smaller than the unweighted

MPI reflects an extreme negative correlation between size and MPI in our particular cali-

bration. However, there are good reasons to be suspicious of this result; for instance, the

correlation between size and leverage is extremely negative in our model but somewhat pos-

itively correlated in the data, suggesting that large firms may also be affected by borrowing

constraints but have a higher borrowing capacity (see Chatterjee and Eyigungor, 2023). As

we discussed in the introduction, it may well be that the true empirical correlation between

size and MPI is weaker than in our model, just like the empirical correlation between income

and MPC is weaker than in the first generation of heterogeneous household models.

There are at least three natural candidates to break the extreme correlation between

size and MPI that arises in our model. First, incorporating the tax advantage of debt

would incentivize large firms to borrow and get closer to the constraint. Second, permanent

heterogeneity in returns to scale would imply that many large firms have high returns to

37Appendix B studies the heterogeneity in the effects of changes in interest rates on households and firms
in our model. This effect, aggregated across households and firms, kick-starts a transmission mechanism to
aggregate wage and dividend income and firm cash flows, and back to consumption and investment, which
our paper studies in detail.
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Figure 8: Fiscal Policy Transmission with Heterogeneous Firms
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Notes: impulse responses of aggregates (left), consumption (middle, blue line) and investment (right, orange

line) to a transfer shock of 1% of GDP, financed by an increase in debt that reverts back to steady state with

an autocorrelation of 0.99. Variables in the left panel are in percent deviations from their steady state values

except for the transfer, which is in percent of GDP. Variables in the middle and right panels are in percent

of GDP. The middle panel also displays the decomposition of consumption into a direct and indirect effect

in the spirit of equation (15). The right panel also displays the decomposition of investment into a direct

and indirect effect using the sequence-space Jacobians of the firm model. The E[MPK] effect is the effect

of wt via the expected marginal product of capital. The new cash flow effect is the indirect effect resulting

from the effect that changes in wt have through constraints.

scale and would want to grow by even more, making them constrained. Third, increases

in aggregate demand could affect small firms by more than large firms, upweighting their

contribution to the aggregate MPI.38

6.2 Fiscal Policy

We now study the effects of a one-time fiscal transfer T ft to firms, equivalent in size to 1%

of steady state GDP. These transfers are similar in spirit to the debt forgiveness programs

enacted during COVID because an increase in the transfer T ft has the same effect on cash on

hand πt(z, k) + (1− δ)k + T ft − b as a decline in outstanding debt b. As with the household

transfer in Section 3, we assume that the transfer is deficit-financed upon impact, and that

the deficits are gradually paid back using lump-sum taxes on firms (such that the quarterly

persistence of government debt is again 0.99).

38More broadly, just like a literature estimates the incidence of demand shocks across the household
distribution and its correlation with MPCs (e.g. Patterson, 2023), it would be natural to perform a similar
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The right panel of Figure 8 shows that the transfer increases investment by 3% upon

impact, which is equivalent to more than 0.5 percent of steady state GDP. Most of this

increase is driven by the direct effect of the transfer, i.e. higher T ft increases investment of

constrained firms according to their MPI. Since the transfer is uniformly distributed across

firms, the magnitude of this direct effect is governed by the unweighted average MPI, which

is 0.50 in our calibration. Since the unweighted MPI is larger than the unweighted MPC, the

transfer has a larger effect on aggregate spending than the same-size transfer to households.

The transfer also generates indirect effects on investment, but Figure 8 shows that those

effects are small. As with monetary policy, the increase in aggregate demand lowers the

real wage wt, increasing cash flows πt(z, k). But, as discussed above, the aggregate effects of

these cash flows are determined by the size-weighted MPI, which is an order of magnitude

smaller than the unweighted MPI; as a result, the indirect effects out of higher cash flows

are an order of magnitude smaller than the direct effects of the transfer.

The right panel of Figure 8 also shows that the dynamic effects of the transfer are not

persistent; investment essentially reverts back to steady state after impact. This finding

contrasts with the household model, where the iMPCs generated endogenous persistence

out of the transfer; apparently, the heterogeneous-firm model does not have very persistent

iMPIs. Characterizing these iMPIs and relating them to aggregate demand propagation,

similar to how Auclert et al. (2024) did for iMPCs on the household side, would be an

interesting avenue for future research.

The middle panel of Figure 8 illustrates a new spillover mechanism in our model from

combining household and firm heterogeneity: the transfer to firms also increases consump-

tion spending (by 0.12 percent of steady state GDP). This spillover occurs because higher

investment demand increases aggregate demand and therefore household incomes, which

then stimulates consumption according to the income-weighted MPC. We turn to the study

of this type of complementarity between household and firm heterogeneity next.

exercise for the firm distribution and MPIs.
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7 Aggregate Demand Complementarities

So far, we have mostly studied the heterogeneous-household and heterogeneous-firm blocks

separately from each other. Here, we show that having these two blocks together creates

aggregate demand complementarities : having both high MPCs and high MPIs generates

larger effects than either does in isolation.

We illustrate aggregate demand complementarities in the context of uniform, lump-sum

fiscal transfers. Since monetary policy holds the real interest rate constant, goods market

clearing is

Ct(r0, {T hs , wsNs}) + Ĩt({T fs , ws}) = Yt({T fs , ws}),

where r0 is the implied capital gain for households and Ĩt({ws, rs}) includes both aggregate

investment and adjustment costs. To build intuition, consider the impact effect of a given

combination of transfers dT h0 and dT f0 , ignoring the contribution of changes in r0 or {ws}s≥1.
39

In this case, one can show that the change in aggregate income is

MPC× dT h0 +MPI× dT f0 +MPC× dY0 +MPI× dY0 = dY0. (25)

The first two terms in (25) capture the direct impacts of the transfer on consumption and

investment spending; as we showed in Sections 3 and 4, these direct effects are controlled by

the unweighted MPC and MPI. The second two terms in (25) then capture the indirect im-

pacts through changes in household income and firms’ cash flows; these effects are controlled

by the income-weighted MPC and size-weighted MPI. Solving this equation yields

dY0 =
MPC× dT h0 +MPI× dT f0

1−MPC−MPI
. (26)

We say that household and firm heterogeneity generates aggregate demand complemen-

tarities because the implied MPC and MPI enter nonlinearly in (26). This nonlinearity re-

flects the addition of investment to the Keynesian cross: a given shock to spending (here, the

39Properly accounting for these future changes would require working with iMPCs, as in Auclert et al.
(2024), or the analogous iMPIs on the firm side. We leave this analysis for future research; our goal here is
simply to motivate and interpret the numerical results in this section.
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Table 4: Policy effects by household/firm heterogeneity

(a) To firms

Rep firm Het firm

Rep household 0 0.52

Het household 0 0.64

(b) To households

Rep firm Het firm

Rep household 0 0

Het household 0.29 0.31

Notes: percentage change in GDP in response to fiscal transfers to households (panel A) or firms (panel B).
Transfers are 1% of GDP upon impact, which are then deficit-financed through higher future taxes, as
described in Sections 3 and 4. Effects computed in the four models described in the main text.

transfers) raises aggregate demand, which stimulates both consumption through constrained

households and investment through constrained firms, etc. To quantify their effects, we

compute the effects of transfers in four models:40

(i) Representative household, representative firm. On the household side, the direct effect

of the transfer is MPC = 0 and the indirect effect of aggregate demand is MPC ≈ 0.

On the firm side, both MPI = MPI = 0.

(ii) Heterogeneous household, representative firm. The presence of household heterogeneity

implies that MPC > 0 and MPC > 0, but the representative firm still implies MPI =

MPI = 0.

(iii) Representative household, heterogeneous firm: the representative household has MPC =

0 and MPC ≈ 0, but the presence of firm heterogeneity implies that MPI > 0 and

MPI > 0.

(iv) Heterogeneous household, heterogeneous firm: combining both gives MPC > 0, MPC >

0, MPI > 0, MPI > 0.

For each model, we separately compute the effects of a lump-sum transfer to households and

to firms, each of which are equivalent to 1% of steady state GDP.

The left panel of Table 4 shows that the aggregate demand complementarities are strong

in the case of the firm level transfer. With heterogeneous firms but only a representative

household, the multiplier in (26) simply becomes MPI
1−MPI

; since MPI = 0.50, the direct effect

40In each case, we re-calibrate the EIS σ−1 and adjustment cost parameter ϕ to match the same impact
effects of monetary policy on aggregate consumption and investment.
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of the transfer is large. However, since MPI = 0.05, the indirect effects are small. Once we

incorporate household heterogeneity, the multiplier becomes MPI
1−MPI−MPC

; since MPC = 0.2,

the indirect effects are significantly strengthened through consumption, leading to a 20%

larger total response to the transfer.

In contrast, the right panel of Table 4 shows that the complementarities for the household

transfer are modest. This occurs because adding firm heterogeneity increases the multiplier

from MPC
1−MPC

to MPC
1−MPC−MPI

, which is small given that MPI is small.

8 Analogies and Directions for Future Research

To conclude our analysis, we summarize the various analogies between heterogeneous house-

hold and heterogeneous firm models that arose in our study. We then use these analogies as

a framework to guide possible directions for future research.

Analogies. Table 5 collects the key analogies. In steady state, households with idiosyn-

cratic shock (e, β) eventually converge to a target level of assets a∗(e, β), just like firms

with productivity z converge to a target capital stock k∗(z). The speed of convergence

is controlled by the EIS σ−1 for unconstrained households and by the adjustment costs ϕ

for unconstrained firms. However, these decisions are distorted by the occasionally binding

borrowing constraint a′ ≥ 0 for households and the financial frictions d ≥ 0 and b′ ≤ χk′

for firms. Even for agents not currently constrained, idiosyncratic risk still affects their

behavior—through prudence for households, and the possibility of facing a binding con-

straint in the future for firms. Together, these forces give rise to a concave consumption

function out of wealth and a concave investment function out of initial borrowing capacity.

The bottom panel of Table 5 summarizes how these mechanisms shape the response

to monetary and fiscal shocks. Relative to the representative agent benchmark, the new

channels operate through having high MPCs on the household side and high MPIs on the

firm side. As a result, monetary policy generates indirect effects by increasing incomes among

constrained households and cash flows among constrained firms. Since Ricardian equivalence

no longer holds on the household side, and the MPI exceeds 0 on the firm side, deficit-financed
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Table 5: Analogies Between the Heterogeneous Agent Blocks

Households Firms

Target buffer stock of assets Target stock of capital

EIS Adjustment costs

Steady state Borrowing constraint Financial frictions

Prudence Concern about hitting constraints

Concave consumption function Concave investment function

MPCs/iMPCs MPIs/iMPIs

Response to Indirect effects of monetary policy Cash flow effects of monetary policy

shocks Breaking Ricardian equivalence Breaking inside = outside liquidity

Income-weighted MPC governs multiplier Size-weighted MPI governs multiplier

Notes: summary of conceptual analogies between heterogeneous household and heterogeneous firm models
described in the main text.

fiscal transfers can stimulate spending. Finally, high MPCs and MPIs generate an aggregate

demand multiplier in the spirit of the Keynesian cross, governed by the income-weighted

MPC for consumption and size-weighted MPI for investment.

Possible Directions for Future Research. Over the last ten years, the HANK literature

has worked to characterize the new transmission mechanisms in the bottom left panel of

Table 5, but the bottom right panel remains relatively underexplored. For example, iMPIs

may provide a useful sufficient statistic for the full dynamic effects of changes in aggregate

demand on investment. The indirect effects of monetary policy likely differ under different

monetary policy rules, specifications of debt (real vs. nominal, short vs. long maturity), or

other extensions such as those described in Section 6. Similarly, we have only studied a very

simple fiscal transfer, but the effects of other fiscal policies like investment tax credits, debt

forgiveness, or loan guarantees may be different. In addition, government debt may crowd

out investment and generate interesting interactions between monetary and fiscal policy.

At the same time, the heterogeneous firm literature has worked to better understand

investment behavior in a variety of settings, and this may prove useful for the consumption

side as well. In particular, the durability of capital has two implications missing from models

of nondurable consumption: (i) the interest sensitivity of investment is much higher than

nondurable consumption and (ii) capital is collateralizable, changing the behavior of MPIs.
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Importantly, these features are also present in models of durable consumption, but these

models are not as well studied as those of nondurable consumption.41

Finally, households and firms are linked together through many rich channels that we

have excluded from our benchmark models. For example, our mutual fund was a simple, fric-

tionless financial intermediary which transformed households’ savings into firms’ investment.

However, financial intermediaries are often constrained by various balance sheet constraints

or capital requirements. Changes in the tightness of these constraints—such as during fi-

nancial crises—may affect the ability of monetary policy to impact consumption and invest-

ment.42 As another example, in the labor market, households are matched to individual

firms, so the performance of those firms directly impacts their labor income. In this type

of setting, policies that impact firms may pass through differentially to the workers in the

economy.

9 Conclusion

The New Keynesian framework has undergone substantial development since the simplest

versions were first introduced. The first wave of research, working in the representative agent

version of the model, incorporated various elements to help the model quantitatively match

the data. The second wave of research introduced HANK, which broke the representative

household assumption. As we reviewed, the presence of high-MPC households unlocked new

indirect policy transmission mechanisms, spawning a new literature to fully unpack them.

Our hope is that we are now on the cusp of a third wave of research, which will break

the representative firm assumption and incorporate heterogeneous firms into HANK. In this

paper, we proposed a canonical heterogeneous-firm model with financial frictions, and showed

how high-MPI firms generate new indirect channels of policy transmission. We hope that

this is only a preview of the coming literature, which will more fully discipline and quantify

these mechanisms.

41For notable exceptions, see Aaronson, Agarwal and French (2012), McKay and Wieland (2021), Laibson,
Maxted and Moll (2022), and Beraja and Zorzi (2025).

42See Jamilov and Monacelli (2025) and Bellifemine, Jamilov and Monacelli (2025) for models in which
banks’ marginal propensity to lend is negatively correlated with their net worth, so that the distribution of
net worth across banks matters for the transmission of monetary policy.
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A Proof of Proposition 1

From the main text, the firm’s dynamic problem is

vt(z, k, b) = max
k′,b′,d

d+
1

1 + rt
E
[
(1− θ)vt+1(z

′, k′, b′) + θvexitt+1(z
′, k′, b′)|z

]
s.t. (27)

d = πt(z, k)− b− (k′ − (1− δ)k)− φ

(
k′ − k

k

)
k +

b′

1 + rt
+ T ft

d ≥ 0 and b′ ≤ χk′, and where vexitt (z, k, b) = zkαnν − wtn− b+ (1− δ)k.

We begin by taking the first-order conditions and then simplifying them to arrive at the

characterization in Proposition 1.

A.1 First-Order Conditions

We solve the firm’s problem using Lagrangian methods. We plug in the definition of dividends

d to the objective function and attach multipliers λt(z, k, b) and µt(z, k, b) to the d ≥ 0 and

b′ ≤ χk′ constraints.

Borrowing The first-order condition for b′ is

0 =
1 + λt(z, k, b)

1 + rt
− µt(z, k, b)−

θ

1 + rt
+

1− θ

1 + rt
Et [v3,t+1(z

′, k′, b′)]

=⇒ 1 + λt(z, k, b) = µt(z, k, b)(1 + rt) + θ − (1− θ)Et [v3,t+1(z
′, k′, b′)] . (28)

To get v3,t+1(z
′, k′, b′), we use the envelope condition to see

v3,t(z, k, b) = −(1 + λt(z, k, b)) =⇒ v3,t+1(z
′, k′, b′) = −(1 + λt+1(z

′, k′, b′).

Plug this into (28) to get

1 + λt(z, k, b) = µt(z, k, b)(1 + rt) + θ + (1− θ)Et [(1 + λt+1(z
′, k′, b′)]

To simplify, note that θ+(1−θ)Et[1+λt+1(z
′, k′, b′)] = 1+(1−θ)Et[λt+1(z

′, k′, b′)]. Plugging
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this in and subtracting 1 from both sides, we have the final expression

λt(z, k, b) = µt(z, k, b)(1 + rt) + (1− θ)Et[λt+1(z
′, k′, b′)]. (29)

The expression (29) says that the shadow price of issuing equity today is related to the

shadow price of issuing debt plus a continuation value. We can solve (29) in sequence form

for firm j to see

λjt = Et

[
∞∑
s=0

(1− θ)s(1 + rt+s)µjt+s

]
.

In other words, firms equate the shadow price of issuing equity to the shadow price of issuing

debt in all future states of the world in which the firm may be borrowing constrained.

Therefore, if there is a positive probability of being borrowing constrained in some future

state, then λjt > 0, so the firm will not pay dividends. Another way to say that is that

funds are more valuable inside the firm if there is ever a future state in which the firm may

be borrowing constrained.

Investment The first-order condition for capital investment k′ is

−(1 + λt(z, k, b))

[
1 + φ′

(
k′

k
− 1

)]
+ µt(z, k, b)χ+

θ

1 + rt
Et [π2,t+1(z

′, k′) + (1− δ)]

+
1− θ

1 + rt
Et [v2,t+1(z

′, k′, b′)] = 0. (30)

To get the marginal value function, we use the envelope condition

v2,t(z, k, b) = (1 + λt(z, k, b))

(
π2,t(z, k) + (1− δ)− φ

(
k′

k
− 1

)
+ φ′

(
k′

k
− 1

)
k′

k

)
.

For ease of notation, define φ̂k,k′ = −φ
(
k′

k
− 1
)
+ φ′ (k′

k
− 1
)
k′

k
, so that v2,t(z, k, b) =

(1+λt(z, k, b)) (π2,t(z, k) + (1− δ) + φ̂k,k′). Now plug this expression for the marginal value
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function into the first-order condition for investment (30) and rearrange to get

(1 + λt(z, k, b))

[
1 + φ′

(
k′

k
− 1

)]
= µt(z, k, b)χ+

θ

1 + rt
Et [π2,t+1(z

′, k′) + (1− δ)] (31)

+
1− θ

1 + rt
Et [(1 + λt+1(z

′, k′, b′)) (π2,t+1(z
′, k′) + (1− δ) + φ̂k′,k′′)] .

Summary To summarize, a solution to the firm’s problem is a set of policy functions

k′t(z, k, b) and b
′
t(z, k, b) together with multiplier functions µt(z, k, b) and λt(z, k, b) such that

the following four conditions hold:

(i) Borrowing FOC:

λt(z, k, b) = µt(z, k, b)(1 + rt) + (1− θ)Et[λt+1(z
′, k′, b′)]. (32)

(ii) Investment FOC:

(1 + λt(z, k, b))

[
1 + φ′

(
k′

k
− 1

)]
= µt(z, k, b)χ+

θ

1 + rt
Et [π2,t+1(z

′, k′) + (1− δ)] (33)

+
1− θ

1 + rt
Et [(1 + λt+1(z

′, k′, b′)) (π2,t+1(z
′, k′) + (1− δ) + φ̂k′,k′′)] .

(iii) No equity issuance constraint: λt(z, k, b)d = 0 with λt(z, k, b) ≥ 0.

(iv) Borrowing constraint: µt(z, k, b)(χk
′ − b′) = 0 with µt(z, k, b) ≥ 0.

A.2 Analysis

Following Khan and Thomas (2013), we will now show that the solution to this problem falls

into three regions of the (k, b) state space:

(i) Unconstrained: λt(z, k, b) = 0.

(ii) Potentially constrained: λt(z, k, b) > 0 but µt(z, k, b) = 0.
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(iii) Actively constrained: µt(z, k, b) > 0 (which implies that λt(z, k, b) > 0).

We will sometimes collapse categories (ii) and (iii) into one category of “constrained.”

Unconstrained To characterize decisions of the unconstrained firms, we will presume

that λt(z, k, b) = 0 and then derive the optimal decisions under this presumption. If these

decisions are feasible, then the firm will want to choose them because they maximize the

firm’s objective subject to fewer constraints than the full problem.

We know that from (32) that, if λt(z, k, b) = 0, then µt(z, k, b) = 0 and λt+1(z
′, k′, b′) = 0

with probability 1. Plugging this into the capital FOC and simplifying gives

1 + φ′
(
k′

k
− 1

)
=

1

1 + rt
Et [π2,t+1(z

′, k′) + (1− δ) + (1− θ)φ̂k′,k′′ ] . (34)

Call the policy function which emerges from solving this problem k∗t (z, k). Note that it only

depends on current productivity z and capital k.

For unconstrained firms, the mix of financing between dividends d and borrowing b′ is

not pinned down (a version of the Modigliani-Miller theorem). Following Khan and Thomas

(2013), we assume these firms follow the “maximum borrowing policy” b∗t (z, k), i.e. the

choice of borrowing b′ such that borrowing is set to its highest level such that the firm

remains unconstrained. To solve for the maximum borrowing policy, we conduct the following

thought experiment: suppose the firm adopts the unconstrained capital accumulation policy

starting today and the minimum savings policy starting tomorrow — what is the highest

level of borrowing today b′ such that the firm can pay positive dividends with probability

one?

If the firm receives the exit shock, then dividends in the next period, conditional on

idiosyncratic productivity level z′, is

dt+1(z, k, z
′) = πt+1(z

′, k∗t (z, k)) + (1− δ)k∗t (z, k) + T ft+1 − b′.

For these dividends to be positive with probability one, we need

b′ ≤ πt+1(z
′, k∗t (z, k)) + (1− δ)k∗t (z, k) + T ft+1 ≡ b1t (z, k, z

′)
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for all z′ with p(z′|z) > 0.

If the firm does not receive the exit shock in the next period, then dividends conditional

on idiosyncratic productivity z′ are

dt+1(z, k, z
′) = πt+1(z

′, k∗t (z, k)) + (1− δ)k∗t (z, k) + T ft+1 − b′ − kt+1(z
′, k∗t (z, k))

− φ

(
kt+1(z

′, k∗t (z, k))

k∗t (z, k)
− (1− δ)

)
k∗t (z, k) +

bt+1(z
′, k∗t (z, k))

1 + rt

For these dividends to be positive with probability one, we need

b′ ≤πt+1(z
′, k∗t (z, k)) + (1− δ)k∗t (z, k) + T ft+1 − kt+1(z

′, k∗t (z, k))

− φ

(
kt+1(z

′, k∗t (z, k))

k∗t (z, k)
− (1− δ)

)
k∗t (z, k) +

bt+1(z
′, k∗t (z, k))

1 + rt
≡ b2t (z, k, z

′)

for all z′ with p(z′|z) > 0.

In addition, the minimum savings policy must satisfy the borrowing constraint in order

to be feasible. Putting all these cases together, we have

b∗t (z, k) = min{min
z′

b1t (z, k, z
′),min

z′
b2t (z, k, z

′), χk}. (35)

If the unconstrained choices are feasible, then the firm will want to choose them. These

choices are feasible if adopting them starting in the current period does not violate the

no-equity issuance constraint:

d = πt(z, k) + (1− δ)k + T ft − b− k∗t (z, k)− φ

(
k∗t (z, k)

k
− 1

)
k +

b∗t (z, k)

1 + rt
≥ 0.

This condition is satisfied as long as current debt b is not high enough:

b ≤ πt(z, k) + (1− δ)k + T ft − k∗t (z, k)− φ

(
k∗t (z, k)

k
− 1

)
k +

b∗t (z, k)

1 + rt
≡ bt(z, k). (36)

All firms with state variable (z, k, b) such that b ≤ bt(z, k) will be unconstrained.
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Potentially Constrained Firms Constrained firms have λt(z, k, b) > 0 and therefore set

d = 0. To derive the cutoff bt(z, k), suppose that the collateral constraint were slack so that

µt(z, k) = 0. Denote the associated policy functions kpt (z, k, b) and b
p
t (z, k, b). Since d = 0 is

binding, we must have that

bpt (z, k, b) = −(1 + rt)

(
πt(z, k) + (1− δ)k + T ft − b− kpt (z, k, b)− φ

(
kpt (z, k, b)

k
− 1

)
k

)
.

If the firm could adopt these policies, then it would be optimal to do so because they solve

a relaxed version of the full problem. The policies are feasible as long as bpt (z, k, b) ≤ χk.

Using the expression above, this occurs if

b ≤ χk

1 + rt
+ πt(z, k) + (1− δ)k + T ft − kpt (z, k, b)− φ

(
kpt (z, k, b)

k
− 1

)
k ≡ bt(z, k, b). (37)

Actively Constrained Firms Given the discussion above, firms with b > bt(z, k, b) will

have both constraints binding. Plugging b′ = χk′ into d = 0 gives

πt(z, k) + (1− δ)k + T ft − b− k′ − φ

(
k′

k
− 1

)
k +

χk′

1 + rt
= 0.

The highest level of k′ that solves this equation is the maximal investment level kt(z, k, b)

from the main text.

B Interest rate sensitivities

Figure B.1 compares the interest rate sensitivities of households and firms, defined as the

sensitivity of their policy functions to a one-time change in the real interest rate. In the

representative-agent model, ∂ log c/∂r is equal to the EIS σ−1, while in the representative

firm model ∂i/k∂r is equal to 1/ϕ.

The heterogeneous household model features heterogeneity in the consumption sensitiv-

ity to interest rates, for two reasons. First, households have higher marginal propensities

to consume, dampening their response to interest rates. Second, households with higher

assets experience a positive income effect from a rise in interest rates, which offsets their
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Figure B.1: Interest Rate Sensitivies of Households and Firms
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Notes: steady-state interest rate sensitivities of households’ decision rules (left panel) and firms (right panel).

Household model calibrated as in Table 2, firm model calibrated as in Table 3. Interest rates have hetero-

geneous income and substitution effects on households and firms, leading them to be affected differentially.

substitution effect. This effect is larger for richer agents, explaining why richer agents have

lower sensitivity of consumption to interest rates. Eventually, for rich enough agents, this

income effect turns positive.

Likewise, the heterogeneous firm model features heterogeneity in the investment sensi-

tivity to interest rates. This heterogeneity has been the focus of much of the literature

following Ottonello and Winberry (2020). Firms close to the borrowing constraint are af-

fected by a cash flow effect from movements in the rates, explaining relatively high sensitivity

at the constraint. Just like for households, there are income effects from changes in rates.

Overall, it is ambiguous whether firms at the constraint respond more or less than firms far

from the constraint: in our calibration, unconstrained low-capital firms respond more, while

unconstrained high-capital firms respond less than constrained firms.
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