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Abstract

This paper analyzes how firm-level financial frictions shape the transmission of

foreign borrowing shocks in a small open economy. We embed dividend non-negativity

and collateral constraints into a heterogeneous firm New Keynesian (HANK) model,

calibrated to key moments of the Hungarian economy just prior to the Global Financial

Crisis. We introduce a small Sudden Stop shock, an unanticipated 1% drop in foreign

capital inflows followed by a gradual recovery, and examine its aggregate effects. Our

results show that a high prevalence of collateral-constrained firms dampens aggregate

investment volatility (a 0.03% decline compared to 0.45% in a representative firm

benchmark) but amplifies fluctuations in consumption and output. This amplification

arises because muted investment cuts reduce the pool of domestic resources available

for consumption smoothing, leading to sharper swings in aggregate consumption and

output. These dynamics are driven by a novel composition mechanism: constrained

firms increase investment when collateral values rebound, offsetting the adjustments of

unconstrained firms and reshaping the aggregate response.
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1 Introduction

Global financial integration has accelerated over the past few decades. Many emerging and

advanced economies have deregulated capital controls and shifted from fixed to floating

exchange rate regimes. As a result, foreign capital inflows have surged, and private external

borrowing has risen sharply, fueling increases in investment and consumption. However, the

Global Financial Crisis of 2008 and the subsequent eurozone crisis exposed the vulnerabilities

of this arrangement: even modest reversals in external funding can trigger credit tightening,

sharp contractions in investment, and, in extreme cases, currency and sovereign debt crises.

These episodes have sparked renewed interest in understanding how reversals of foreign

capital flows propagate through a small open economy and their implications for welfare.

This paper contributes to this understanding by analyzing how a sudden reversal in

foreign capital flows affects firm decisions and, in turn, aggregate consumption, output, and

investment in a small open economy. We study a setting with heterogeneous firms subject to

financial frictions, in which a representative household can borrow and save in both domestic

and foreign currencies. To this end, we embed firm-level financial frictions into a small open

economy New Keynesian model with heterogeneous firms. Each firm faces two constraints:

(i) a nonnegativity constraint on dividends and (ii) a collateral constraint on borrowing.

Markets clear under a flexible exchange rate, and agents have perfect foresight regarding the

path of capital inflows. We calibrate the model to match key moments of the Hungarian

economy just prior to the Global Financial Crisis and then introduce a hypothetical foreign-

borrowing shock: an unanticipated 1% drop in external lending (equivalent to about 0.1%

of steady-state GDP), followed by a gradual mean-reverting recovery.

By examining this illustrative foreign-borrowing shock, we shed light on the interac-

tion between firm-level borrowing constraints and capital flow dynamics. Our analysis offers

three key contributions. First, we extend the Sudden Stop literature by integrating collateral

constraints into a small open economy Heterogeneous Agent New Keynesian (HANK) frame-

work, showing how even a modest hypothetical shock can generate rich aggregate dynamics.
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Second, we demonstrate that financial frictions and firm heterogeneity amplify fluctuations

in aggregate consumption, not by deepening the investment contraction, but precisely by

moderating it. This moderation reduces the pool of domestic resources that can shift toward

consumption. Third, we provide a quantitative assessment of how the proportion of finan-

cially constrained firms shapes the magnitudes of fluctuations in investment, consumption,

and output, offering policy-relevant insights for countries when designing macroprudential

policies and exchange rate regimes.

Our main finding is that the distribution of firms with respect to their financial con-

straints is crucial to understanding the economy’s response to reversals in foreign capital

flows. Specifically, we find that aggregate investment volatility is dampened in the hetero-

geneous firm model compared to a representative firm model. In the representative firm

case, investment falls by 0.45% in the first period, while in the heterogeneous firm model,

where 59.25% of firms are collateral-constrained, it declines by only 0.03%. Interestingly,

this muted investment response amplifies the drop in consumption and the increase in out-

put. In the representative firm scenario, a large reduction in investment frees up domestic

resources, labor, and goods, thereby dampening the decrease in consumption (which falls

by only 0.04%) and limiting the rise in output (to 0.01%). By contrast, when investment

barely adjusts, fewer resources are reallocated to consumption, causing a sharper drop in

consumption (0.08%) and a more pronounced rise in output (0.05%).

1.1 Related literature

This paper contributes to three strands of literature. First, it builds on work examining how

aggregate shocks affect firm investment, particularly in the presence of financial frictions.

Our model draws heavily on Khan and Thomas (2013), Ottonello and Winberry (2020),

and Khan et al. (2020), all of which study how unanticipated shocks impact firm behavior

under different forms of credit constraints. Ottonello and Winberry develop a heterogeneous

firm New Keynesian model in which firms face idiosyncratic productivity shocks and make
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investment and financing decisions by issuing bonds. Crucially, firms may default on their

debt, which leads to endogenous discounting based on default risk. They show that mone-

tary policy shocks disproportionately affect low-risk (i.e., less financially constrained) firms,

highlighting the importance of the firm distribution for the transmission of policy shocks.

We extend this framework to an open economy setting in which firms face collateral con-

straints rather than default risk. Instead of analyzing domestic monetary policy, we study

a negative shock to foreign capital inflows. Similarly to Ottonello and Winberry, we find

that the cross-sectional distribution of financial constraints is central to understanding the

aggregate effects of the shock. We also use a collateral constraint in a heterogeneous firm

setting, rather than debt default. Ottonello and Winberry (2024) use this to study how

this impacts firms’ choice between investing in capital and innovation. Jo and Senga (2019)

look at how subsidies targeted at more constrained firms increases aggregate productivity

by reducing misallocation. Instead, we study the presence of collateral constraints changes

the response to a shock to foreign capital inflow.

Second, the Sudden Stop literature has long emphasized the role of collateral constraints

in amplifying external-funding reversals. Kehoe and McGrattan (2005) show that sudden

stops and financial frictions cannot generate observed output drops by themselves, but that

these, in combination with policy distortions inducing productivity declines, are necessary.

Arellano (2008) shows how endogenous government debt default leads to sudden stops and

generates high volatility in consumption due to limited insurance in these economies. Men-

doza (2010) shows that endogenous borrowing limits generate debt-deflation dynamics that

exacerbate output contractions when foreign capital inflows abruptly reverse.Fornaro (2015)

has a similar model but highlights that financial frictions create a pecuniary externality

where there is a choice between price stability and supporting asset prices. During sudden

stop episodes, a flexible exchange rate helps to increase collateral values and thereby damp-

ening the negative effects on consumption and investment volatility. Villalvazo (2024) shows

in a similar setting with debt-deflation dynamics how heterogeneity among households mat-
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ters for aggregate effects as more leveraged households substantially reduce consumption,

showing that higher inequality leads to more severe crises with stronger and more persistent

current account reversals. Schmitt-Grohé and Uribe (2021) demonstrate that collateral value

feedback can even produce self-fulfilling Sudden Stop equilibria. Building on these insights,

this paper embeds potentially binding collateral constraints directly on firms’ borrowing and

quantifies how the cross-sectional distribution of these constraints governs the propagation

of foreign shocks. Unlike these papers, we find that the presence of constrained firms mutes

the investment response to even a small, 1 percent drop in external lending.

Finally, in parallel, a growing body of work has extended HANKmodels to open economies,

highlighting distributional propagation channels. Sunel (2018) documents how gradual dis-

inflation in an small open economy with incomplete household markets yields regressive

welfare effects. Zhou (2022) finds that the covariance between households’ marginal propen-

sities to consume and their dollar-debt exposures drives aggregate consumption volatility

under exchange-rate shocks. Verner and Gyöngyösi (2020) show that when households hold

debt denominated in foreign currency, following a local currency depreciation, reduce con-

sumption one-to-one with their debt revaluation. De Ferra et al. (2020) further integrate

incomplete markets and price rigidity to quantify how household balance-sheet exposures

amplify Sudden Stop dynamics. Auclert et al. (2021) show that heterogeneity amplifies the

real-income channel of exchange-rate movements, potentially making depreciations contrac-

tionary. Iyer (2015) shows that in a setting with both wealthy households participating in

the asset market, and hand-to-mouth households, the optimality of monetary policy under

an exchange rate peg is increasing in the share of hand-to-mouth households. This is be-

cause real exchange rate fluctuations gives rise to a high consumption volatility for these

households. Ottonello (2021) show that in a setting with both collateral constraints on for-

eign currency borrowing, and nominal wage rigidities, policy-makers face a tradeoff between

reducing unemployment and upholding collateral values following external shocks. Oskolkov

(2023) show that floating exchange rate regimes poorer households through dampening in-
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terest hikes. Guo et al. (2023) show that household integration in international trade and

financial markets is crucial to understanding aggregate effects of external shocks. Cugat

(2019) shows that household heterogeneity in uninsurable income risk, and in wealth, ampli-

fies consumption and output drops following external shocks. Drenik et al. (2018) show that

wealthier households are more likely to hold assets denominated in foreign currency, lead-

ing to heterogeneous exposure to exchange rate movements. A home currency depreciation

then increases wealth inequality, showing policy should account for the distributional effects.

This paper instead focuses on firm balance sheets, embedding both dividend and collateral

constraints into a small open economy HANK setup to trace how firm heterogeneity and

financial frictions reshape the dynamics of investment, consumption, and output following

reversals in foreign borrowing. There are also papers that study settings where firms borrow

directly in foreign currency. Aghion et al. (2004) show that firms optimally borrow in for-

eign currency, and that with credit constraints, credit easing can help dampen firms’ credit

crunches in a credit crisis. Salomao and Varela (2022) show that when more productive

and high propensity to invest type firms issue foreign currency debt, aggregate investment

increases, and default rates decreases. We instead focus on a setting where foreign borrowing

effects firms indirectly through terms of trade conditions and demand.

By uniting the Sudden Stop and small open economy strands of the HANK literature, this

framework uncovers a novel composition mechanism. When foreign borrowing contracts, the

majority of collateral-constrained firms, once collateral values rebound, expand investment,

muting the aggregate investment drop. At the same time, muted investment cuts leave fewer

domestic resources (labor and goods) for consumption, thereby amplifying the consumption

decrease and output surge relative to a representative firm benchmark. Embedding firm-level

frictions into a HANK setting thus reveals how even modest external shocks can generate

highly nonlinear macroeconomic fluctuations.

The paper is organized as follows. Section 2 describes the model. Section 3 describes

our calibration and computational methods. In section 4 we move on to a discussion of our
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results, while section 5 concludes.

2 Model

In this section, we describe the model in detail. The model consists of three blocks: an

investment block populated by a distribution of heterogeneous firms facing financial frictions,

a New Keynesian block featuring price rigidities, and a representative household who saves

and borrows foreign capital, and consumes a mix of home and foreign final goods.1 The

model is built on the one developed by Ottonello and Winberry (2020). We extend their

framework to an open economy setting with free flows of goods and capital between home

and foreign.

2.1 Preliminaries

The model features two countries, Home and Foreign, where Home is a small open economy

taking world market prices and foreign capital inflows as given. We assume that purchasing

power parity holds between the two countries:

PH,t = etP
⋆
H,t, PF,t = etP

⋆
F,t (1)

where et is the exchange rate between home currency and foreign currency, defined as the

price of one unit of foreign currency in terms of home currency in period t. Therefore, an

increase in et indicates the depreciation of the domestic currency against the foreign currency.

For simplicity, we normalize P ⋆
F,t = 1, such that PF,t = et.

1The international market’s decisions are all taken as exogenous in our model, and only enters the model
through the household’s decisions.
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2.2 Investment block

There is a [0, 1] continuum of production firms that are incumbents or entrants. Firms

produce undifferentiated intermediate goods with a decreasing returns-to-scale production

function: y = zkαlν , with α+ ν < 1. Capital k and labor l are the only two inputs, and z is

the level of stochastic idiosyncratic productivity of the firm. They invest in capital subject to

financial frictions. They have two available instruments to finance investments. First, firms

can use their cash on hand, subject to a nonnegative dividend constraint.2 Second, firms can

issue bonds subject to a collateral constraint. Production firms differ in three dimensions:

idiosyncratic productivity z, capital stock k, and real debt position b.3 All production firms

are owned by the representative household, and there is no aggregate uncertainty.

Production Firms. At the beginning of each period, each firm is hit by an idiosyncratic

productivity shock, which follows a log-AR(1) process denoted by H(z′|z):

log z′ = ρz log z + ϵ′, ϵ ∼ N(0, σ2
z)

After firms observe their productivity level, they make their labor decisions to maximize

profits. A firm’s profit ιt and cash on hand nt are defined as follow:

ιt(z, k, b) = max
l

pty − wtl

nt(z, k, b) = ιt(z, k, b) + qt(1− δ)k − b

ΠH,t

where pt is the real price of undifferentiated intermediate goods relative to the final home

goods, wt is real wages, δ is the capital depreciation rate, qt is the real price of capital, and

ΠH,t =
PH,t

PH,t−1
is the inflation of home final goods. Note that the firm’s optimal labor decision

2We assume that firms cannot issue equity to finance investments, first, because the literature has
documented significant costs to equity issuance, and relatedly, equity issuance is very infrequent.

3The debt position of a firm is positive when the firm is a net debtor, and is negative when the firm is a
net saver.
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and maximized profits are given by:

l⋆ =
(ptνzkα

wt

) 1
1−ν

ι̂t(z, k, b) = (ptz)
1

1−ν

( ν

wt

) ν
1−ν

k
α

1−ν

(2)

Once a firm completes operations and repays all its debt, they receive an exogenous exit shock

with probability πd, preventing the firm from continuing into the next period. Conditional

on receiving an exit shock, the firm rebates all profits to the representative household as

dividends and leaves the economy. Firms that are not hit by the exit shock, then make

investment and borrowing decisions prior to continuing to the next period, by their flow

profit function:

Ft(z, k, b) = nt(z, k, b)− qtk
′ +Qtb

′, (3)

where qt is the price of capital, k′ is the firm’s next period capital stock, Qt the real debt

discount rate, and b′ the firm’s next period’s debt.

The value function that incumbent firms solve is then:

Vt(z, k, b) = πdnt(z, k, b) + (1− πd)Ṽt(z, k, b), (4)

Ṽt(z, k, b) = max
k′,b′

Ft(z, k, b) + Et

[(xt+1

xt

)1−χ

Λt+1Vt+1(z
′, k′, b′)

∣∣∣∣z] (5)

s.t. Ft(z, k, b) ≥ 0,
b′

ΠH,t+1

≤ λqt+1k
′ (6)

where xt =
PH,t

et
is the terms of trade, and Λt+1 = β u′(Ct+1)

u′(Ct)
the real stochastic discount factor

of the representative household.4

In equation (5), we see that firms choose next period capital k′ and debt b′, to maximize

their continuation value Ṽt(z, k, b), subject to the two constraints in (6). The first constraint

is a nonnegativity constraint on dividends, meaning that firms cannot finance investments

4Firms have the same stochastic discount factor as the representative household because the representa-
tive household owns all firms.
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through equity issuance.5 Whenever flow profits are positive, this will be rebated to the

representative household at the end of the period. The second constraint is a collateral

constraint, where the real value of a firm’s debt should not exceed a certain λ ∈ (0, 1)

fraction of the firm’s capital value. The collateral constraint mimics the financial friction

that limits small- and medium-sized firms’ borrowing capacity.6

Importantly, note that a firm’s value is affected by a change in the terms of trade xt =
PH,t

et

of the home economy, even though the terms of trade does not enter the firm’s profit function

ιt(z, k, b) directly. This is related to two features of our model. First, because final goods are

traded on the international market, any change in the terms of trade shifts relative prices. In

turn, this changes the relative demand of final goods from home and foreign, by both home

and the foreign consumers. This indirectly changes the demand for intermediate goods used

to produce the home final good, and thereby the firm’s value function. Second, changes in

the terms of trade affects the household’s aggregate consumption, such that her stochastic

discount factor changes, changing the value for all firms. This explains why the variation in

terms of trade xt+1

xt
enters the firm’s continuation value in Equation (5).

Entry and exit of firms. Due to the exit shock, a measure πd of incumbent firms

exogenously exits the economy after production in each period. At the beginning of each

period, we assume that there is an equal mass of firms entering production such that the total

mass of firms remains time-invariant. Entering firms differ in their initial productivity z0,

which they draw from a time-invariant distribution G(z): z0 ∼ G(z), G(z) = logN(0, σ2
z

1−ρz
).

They receive initial capital k0 > 0 from the representative household, and their initial debt

holdings are zero: b0 = 0. Entering firms proceed to produce, and make decisions in the

same way as incumbent firms.

We can now define the state space of firms, denoted by (Z × K × B) ∈ R+ × R+ × R

denote the state space of firms. Define a measure µt(z, k, b) : (Z × K × B) → [0, 1]. The

5We see this as a reasonable constraint, as equity issuance is expensive for firms, hence they do this very
infrequently. This increases the computational efficiency of the model in general equilibrium.

6This mimics the case where firms lack commitment, banks get a fraction of firms’ collateral when they
default, or banks offer only risk-free loan contracts.
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transition of beginning-of-period firm distribution is characterized by the following equation:

µt(Z ×K ×B) = µstay
t−1 (Z ×K ×B) + µent

t (Z ×K ×B)

µstay
t−1 (Z ×K ×B) =

∫
k

∫
b

∫
z

µstay
t−1 (z × k′ × b′) dH(z′|z) db dk

µent
t (Z ×K ×B) =

∫
k

∫
b

πd

∫
z

µent
t (z, k0, b0) dG(z) db dk

(7)

where µstay
t (Z×K×B) denotes the measure of firms who are not affected by the exogenous

exit shock in period t, and µent
t (Z ×K ×B) denotes the measure of entering firms in period

t. The measure of all firms µt(Z ×K ×B) equals one, as every period a πd measure of firms

leaves the economy due to the exit shock, while another πd measure of firms enters. In steady

state, while firms’ productivity level changes over time due to idiosyncratic productivity

shocks and firms change their investment and debt positions accordingly, the cross section

of firms remains time-invariant.

2.3 New Keynesian Block

Retailers and Final Good Producer. We have a unit measure of retailers. They purchase

undifferentiated intermediate goods from production firms and use them as input to produce

differentiated goods. Retailers produce with a linear one-to-one production technology: ỹit =

yit, where ỹit is the differentiated good produced by retailer i and yit is the undifferentiated

intermediate good demanded by retailer i. The market for differentiated goods is under

monopolistic competition, and the elasticity of substitution between retailers’ differentiated

goods is ϵ. Each retailer sets period t nominal price p̃it to maximize its present discounted

value of profits, and they are subject to a fixed real adjustment cost φ
2
( p̃it
p̃it−1

− 1)2Yt:

max
{p̃it+s}∞s=0

Et

∞∑
s=0

βt+1u
′(Ct+s)

u′(Ct)

Pt

Pt+s

PH,t+s

PH,t

[
(
p̃it
PH,t

− pt)(
p̃it
PH,t

)−ϵYt −
φ

2
(
p̃it
p̃it−1

− 1)2Yt

]
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From the retailer’s problem we can derive the linearized New Keynesian Phillips Curve

(NKPC)7:

log ΠH,t =
ϵ− 1

φ
log(

pt
pss

) + βEt log ΠH,t+1 (8)

where pss is the steady state value of pt. Yt is the final good, produced by a representative

final good producer with a CES production function, aggregating differentiated goods from

the retailers, Yt = (
∫ 1

0
ỹ

ϵ−1
ϵ

it di)
ϵ

ϵ−1 . Hence, the final good producer solves the following

problem:

max
ỹit

PH,t

(∫ 1

0

ỹ
ϵ−1
ϵ

it di

) ϵ
ϵ−1

−
∫ 1

0

p̃itỹit di

Home final goods can be consumed by the representative household, exported to foreign

consumers through international trade, or used to produce capital goods.

Capital Good Producers. There is a unit measure of competitive capital good pro-

ducers who purchase final goods from the final good producer, produce capital goods, and

sell them to production firms at price qt. Their production technology is one-for-one, and is

subject to a convex adjustment cost Φ( It
Kt
)Kt =

ϕ
2
( It
Kt

− δ̃)2Kt. δ̃ is the steady state invest-

ment rate. Each period, new investment equals the sum of capital demanded by entering

firms and operating incumbent firms, less the aggregate undepreciated capital stock:

It =

∫
[k′ − (1− δ)k] dµstay

t +

∫
k0 dµent

t − (1− δ)

∫
kdµexit

t (9)

where µexit
t denotes the mass of firms that leave the economy in period t.

A capital good producer then solves the following problem:

max
It

qtIt − [It + Φ(
It
Kt

)Kt]

7For derivation of the linearized NKPC see Appendix A.
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From its optimality condition, we can derive the pricing equation for capital:

qt = 1 + ϕ(
It
Kt

− δ̃) (10)

Monetary authority. The central bank sets the interest rate to achieve the flexible

price allocation in the Home economy, allowing the exchange rate to fluctuate. This means

that the nominal price of the home final good PH,t is constant in equilibrium, such that

nominal price rigidities have no impact on the real economy:

PH,t = PH , ∀t (11)

2.4 Representative Household and the International Market

Representative Household. There is a representative household in the home economy.

It derives utility by consuming both home final goods and imported foreign goods, supplies

labor to production firms, and makes consumption and saving decisions:

max
Ct,Lt

E0

∞∑
t=0

βt

(
logCt −ΨLt

)
(12)

s.t.
PtCt

PH,t

+ B̃HH
t+1 + qt

∫
k0 dµentrant

t = (1 + rt)B̃
HH
t + wtLt

+

∫
d=0

Ft(z, k, b) dµt + πRetailer
t + πCapital

t + qt(1− δ)

∫
k dµexit

t

Ct is the household’s aggregate consumption, B̃HH
t the household’s real asset, denominated

in the home good, Lt the household’s labor supply, and Ψ is a parameter governing labor

disutility. In period t, the representative household exchanges B̃HH
t+1 units of real bonds with

a mass of financial intermediaries, and each real bond pays 1+rt+1 units of home final goods

in the next period. The representative household also invests initial capital k0 in each new
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entering firm in exchange for its ownership and claim to dividends. We assume that the

representative household owns all production firms and all retailers, which is why firms and

households share the same stochastic discount factor. Production firms’ flow profits, Ft, are

rebated to the household as dividends. Similarly, dividends from the retailers are denoted

by πRet
t .

With trade in goods, consumption C is made up of two components: final home goods

CH and final foreign goods CF . The representative household optimally chooses CH and CF

by solving the following problem:

max
CH ,CF

C =

[
(χ)

1
θ (CH)

θ−1
θ + (1− χ)

1
θ (CF )

θ−1
θ

] θ
θ−1

s.t. PtCt = PH,tCH,t + PF,tCF,t

where θ is the elasticity of substitution between home final good and foreign final good.

From the household’s problem we can solve for the aggregate price level Pt:

Pt =

[
χP 1−θ

H,t + (1− χ)P 1−θ
F,t

] 1
1−θ

(13)

Since we will calibrate θ = 1, we can derive the following:

C =
Cχ

HC
1−χ
F

χχ(1− χ)1−χ (14)

P = P χ
HP

1−χ
F = P χ

He
1−χ (15)

This implies that, in equilibrium, the household’s real consumption expenditures can be

decomposed as:

PC

PH

= (
1

x
)1−χC = CH +

1

x
CF , (16)

where xt =
PH,t

et
is the terms of trade. Then, given ( 1

xt
)1−χCt, the household’s expenditures
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on home goods and foreign goods are constant:

CH,t = χ
[
(
1

xt

)1−χCt

]
(17)

1

xt

CF,t = (1− χ)
[
(
1

xt

)1−χCt

]
(18)

Finally, the household’s intratemporal decision is given by:

wt = (
1

xt

)1−χ Ψ

u′(Ct)
(19)

Financial intermediaries. There is a continuum of competitive financial intermediaries

in the economy. They receive foreign investment bonds, B̃⋆, and purchase/sell bonds to/from

all production firms j ∈ J , bj, and the household, B̃HH . All bonds are real and denominated

in the home good. The interest paid on the foreign bond is r⋆, the interest received on the

household bond is r, and financial intermediaries discount bonds issued by firms by Q.

The financial intermediaries per-period real budget constraint must be balanced:

∫
bj,t
ΠH,t

dj = (1 + r⋆t )B̃
⋆
t + (1 + rt)B̃

HH
t

Qt+1

∫
bj,t+1 dj = B̃⋆

t+1 + B̃HH
t+1

(20)

We can obtain the pricing equation for r from the household’s problem:

1

1 + rt+1

= Et

[(xt+1

xt

)1−χ

Λt+1

]
(21)

where Λt+1 = β u′(Ct+1)
u′(Ct)

is the household’s real SDF.

To derive the discount factor on bonds issued by firms, let Bj,t+1 be the nominal face

value of an arbitrary corporate bond in the home currency. We assume that these bonds are

not inflation-indexed. The real face value of the bond bj,t+1 when issued in period t is defined

as bj,t+1 =
Bj,t+1

PH,t
. In the next period, the firm still pays Bj,t+1, but the real face value will
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be affected by home good inflation:
Bj,t+1

PH,t+1
=

PH,tbj,t+1

PH,t+1
=

bj,t+1

ΠH,t+1
. The financial intermediary

lends out Qtb̃j,t+1 units of home goods and receives
bj,t+1

ΠH,t+1
. Therefore, it must be that:

Qt = Et

[
1

ΠH,t+1

(xt+1

xt

)1−χ

Λt+1

]

Note that this is the pricing equation for nominal (non-inflation-indexed) bonds, as in Ot-

tonello and Winberry (2020).

The International Market. The international market consists of a goods trade market

and a financial market. Let C⋆
H,t denote Home’s export to Foreign in period t. We assume

that Foreign’s demand for the Home final good is a decreasing function of Home’s terms of

trade vis-à-vis Foreign:

C⋆
H,t = x−θ⋆

t D⋆ (22)

where θ⋆ is the elasticity of demand from the Foreign household, D⋆ is a demand shifter

that captures the magnitude of the foreign market, and xt is the terms of trade as described

above.

In addition, in period t, foreign investors inelastically deposit foreign capital B̃⋆
t+1 in the

Home economy. We assume that this foreign capital inflow is denominated in terms of real

domestic good and is fixed in steady state, denoted by ¯̃B⋆. In case of an unanticipated shock,

the transition of B̃⋆
t+1 is governed by the following mean-reverting process:

B̃⋆
t+1 = (1− ρB)

¯̃B⋆ + ρBB̃
⋆
t + ϵ⋆t+1 (23)

We can now combine the markets for goods and capital, to obtain the world market

clearing condition:

C⋆
H,t =

1

xt

CF,t + (1 + rt)B̃
⋆
t − B̃⋆

t+1 (24)

This states that, from the Home economy’s perspective, its exports must cover its im-

ports and the net interest payment on foreign capital inflow. This will be important in
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understanding the transmission of foreign shocks that we analyze in our policy experiment.

2.5 Aggregation and General Equilibrium

We can define aggregate variables as:

Yt =

∫
d=0

yt dµt

Kt =

∫
k dµt

It =

∫
[k′ − (1− δ)k] dµstay

t +

∫
k0 dµent

t − (1− δ)

∫
kdµexit

t

Φt =
ϕ

2
(
It
Kt

− δ̃)2Kt

Ξt =
φ

2
(
p̃it
p̃it−1

− 1)2Yt

Here, Yt is aggregate output, Kt is the aggregate capital stock, It is aggregate investment,

which is equal to incumbents’ investment, entrants’ initial capital stock, less the capital

stock of exiting firms, which is lump-sum rebated to the representative household. Φt is the

adjustment cost of capital, and Ξt is the price adjustment cost.

We define the general equilibrium in this economy as follows: the policy functions

{k′
t(z, k, b)}∞t=0, {b′t(z, k, b)}∞t=0 and the value functions {Vt(z, k, b)}∞t=0, {Ṽ (z, k, b)}∞t=0 max-

imize the market value of each production firm; the consumption portfolios {CH,t, CF,t}∞t=0

and the aggregate labor supply {Lt}∞t=0 maximize the utility of the representative household,

given the equilibrium price sequences {pt}∞t=0, {p̃t}∞t=0, {qt}∞t=0, {wt}∞t=0, {rt}∞t=0, {xt}∞t=0.

Prices clear the goods market, the capital market, and the labor market in all periods.

2.6 Classification of firms

In this section, we classified production firms into three groups: Type-1 constrained firms,

Type-2 constrained firms, and unconstrained firms. We then discuss their investment and

borrowing decisions, and present their distribution in the steady state.
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Following Khan and Thomas (2013) and Jo and Senga (2019), we partition the firm

distribution into three subsets: unconstrained firms, Type-1 constrained firms and Type-2

constrained firms. First, we define unconstrained firms as firms whose nonnegative dividend

constraint would not be binding in all possible future states. The Lagrange multipliers for

an unconstrained firm’s collateral constraint and nonnegative dividend constraint are all

zero. An unconstrained firms’ investment decision k′⋆
t (z) is therefore determined solely by

the marginal cost and marginal benefit of investing an additional unit of capital:

k⋆
t (z) = argmax

k′
−qtk

′ + Et

[
Λt+1

(
profitt+1(z

′, k′) + qt+1(1− δ)k′
)∣∣∣z] (25)

Unconstrained firms are indifferent between any level of b′ that leaves them unconstrained.

To see this, note that the marginal cost of saving is Qt in the current period, while the

discounted marginal return of saving in the next period is 1
Λt+1

. In equilibrium Qt =
1

Λt+1
.

As long as the firm remains unconstrained, the marginal cost equals the discounted marginal

return for any level of b′. To solve this indeterminacy issue, we define the minimum saving

policy b⋆(z):

b⋆t (z) = min
z′

{
profitt+1(z

′, k⋆
t (z)) + (1− δ)k⋆

t (z)− k⋆
t+1(z

′) +Qt+1min
{
b⋆t+1(z

′), λk⋆
t+1(z

′)
}}
(26)

Equation (26) defines a minimum level of firm saving b⋆t (z) that an unconstrained firm could

have at the end of period t. By definition, b⋆t (z) ensures that the firm’s collateral constraint

and nonnegative dividend constraint would not be binding in the next period, given all

possible realizations of z′.

In practice, unconstrained firms are characterized by a cash on hand threshold n̄t(z),

all firms with idiosyncratic productivity z and cash on hand n ≥ n̄t(z) are identified as

unconstrained firms. To see this, note that when firms make investment and borrowing

decisions (k′, b′), they only consider two state variables, their idiosyncratic productivity z

and their cash on hand n, since there is no real adjustment cost conditional on capital stock
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k and debt holding b. Then, the cash on hand nt of an unconstrained firm investing k⋆
t (z)

and saving b⋆t (z) with nonnegative dividend must satisfy n− qtk
⋆
t (z)+Qtb

⋆
t (z) ≥ 0, based on

which we can define the cash on hand threshold n̄t(z)

n̄t(z) ≡ qtk
⋆
t (z)−Qtb

⋆
t (z) (27)

By definition, all firms with n ≥ n̄t(z) will choose k′ = k⋆
t (z) and b′ = b⋆t (z), and paying

nonnegative dividend d ≥ 0.

The remaining firms with n < n̄t(z) are defined as constrained firms. Constrained firms

can be further classified into two groups: Type-1 constrained firms and Type-2 constrained

firms. For both types of constrained firms, the shadow value of retained earnings is greater

than that of paying dividends, therefore they all pay zero dividends and their nonnegative

dividend constraint is binding. Type-1 constrained firms adopt the optimal capital policy

k⋆
t (z), but cannot adopt the minimum saving policy b⋆t (z). The debt policy of Type-1 con-

strained firms can be derived using the nonnegative dividend constrained by substituting

k′ = k⋆
t (z) and cash on hand n, which is b′ = (qtk

⋆
t (z)− n)/Qt. On the other hand, Type-2

constrained firms are facing both a binding collateral constraint and a binding nonnegative

dividend constraint, and they can only invest to the extent allowed by the collateral con-

straint. Their investment and borrowing decisions (k′, b′) are solutions to the linear system

made up by the binding collateral and nonnegative dividend constraints.

The decision rules (k′, b′) of firms with different states (z, n) are summarized below:

• Firms with n ≥ n̄t(z) are unconstrained and adopt k′ = k⋆
t (z), b

′ = b⋆t (z).

• Firms with n < n̄t(z) are constrained. The upper bound of firm’s investment is given

by k̄t(n) ≡ n/(qt − λQtΠH,t+1qt+1). By comparing k̄t(n) to k⋆
t (z), we have:

– Firms with k̄t(n) ≥ k⋆
t (z) are Type-1 constrained. They adopt k′ = k⋆

t (z), b
′ =

qtk⋆t (z)−n

Qt
.

18



– Firms with k̄t(n) < k⋆
t (z) are Type-2 constrained. They adopt k′ = k̄t(n) and

b′ = λΠH,t+1qt+1k̄t(n).

Figure 1 illustrates the steady-state decision rules for firms with medium levels of id-

iosyncratic productivity. In the following discussion we remove the time subscript since the

firm’s problem is time-invariant in steady state. The left panel shows how such firms choose

capital, debt, and dividends when they have limited cash on hand. In this case, the firm

cannot fully finance its optimal investment level, denoted by k⋆(z), using internal funds alone

and must rely on external borrowing. However, due to limited commitment, borrowing is

constrained by the amount of capital investment, which serves as collateral. Under these

conditions, the firm is classified as Type-2 constrained, meaning its investment and borrow-

ing decisions are interdependent. A Type-2 firm invests less than the optimal k⋆(z), using all

available cash and the maximum allowable debt to fund investment, and pays no dividends

to the representative household.

Assuming the firm’s idiosyncratic productivity remains unchanged, its profits are gradu-

ally added to its cash holdings. As internal funds grow, the firm increases both investment

and borrowing, leading to further cash accumulation in subsequent periods. However, be-

cause the production function exhibits decreasing returns to scale, the firm eventually reaches

the optimal capital level k⋆(z), where the marginal return on investment equals its cost. At

this point, investment stops increasing, and the firm begins deleveraging by reducing its debt.

Once it reaches the optimal saving policy threshold b⋆(z), it ceases to accumulate savings

and begins to pay out dividends to the representative household.

3 Calibration

We calibrate our model to the Hungarian economy. Since we do not have access to Hungarian

firm-level data, we imputed most of the parameter values from the previous literature that

studies firm dynamics in Hungary. The remaining parameters are jointly calibrated to match
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Figure 1: Firm decision rules

selected moments of Hungarian firms. Time is discrete, and we calibrate our model at an

annual frequency.

Figure 2: Reverse of foreign capital inflow in Hungary after the 2008 financial crisis. Left
panel: annual net foreign capital inflow as % of Hungary GDP. Right panel: the exchange rate
of Hungarian forint (HUF) against Euro (EUR) and Swiss Franc (CHF). The black dashed
lines correspond to September 15th, 2008, the date when Lehman Brothers collapsed.

Our calibration of the corporate sector relies on Kátay and Wolf (2008) and Salomao

and Varela (2022). Kátay and Wolf (2008) estimated a Cobb-Douglas production function

using the balance sheet data of Hungarian firms over 1993-2004. Following the estimation

strategy suggested by Levinsohn and Petrin (2003), they concluded that in Hungary the
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Table 1: Calibration

Parameter Value Target/Source

Discount factor β = 0.96 Real interest rate, 4.1%

Disutility of labor Ψ = 1.06 Employment share, 50%

Intertemporal EOS of Household σ = 1 De Ferra et al. (2020)

Home and foreign good EOS in home θ = 1 Feenstra et al. (2018)

Home and foreign good EOS in foreign θ⋆ = 3 Feenstra et al. (2018)

Share of home goods in consumption χ = 0.6 De Ferra et al. (2020)

Capital share α = 0.29
Kátay and Wolf (2008)

Labor share ν = 0.50

Firms’ productivity
ρz = 0.63

Salomao and Varela (2022)σz = 0.57

Depreciation rate δ = 0.1 Salomao and Varela (2022)

Entrant’s initial capital k0 = 0.003 Entrant’s employment share, 3%

EOS between home varieties ϵ = 10 De Ferra et al. (2020)

Capital adjustment cost parameter ϕ = 17 De Ferra et al. (2020)

Rotemberg adjustment cost parameter φ = 100 Kaplan et al. (2018)

Supply of foreign credit B̄⋆ = 0.11
Private inflow (% GDP), 9.58%

Foreign demand shifter D⋆ = 0.39

labor share is around ν = 0.5, and the capital share is around α = 0.29. Salomao and Varela

(2022) estimated Hungarian firms’ productivity process using Hungarian firms’ balance sheet

data and banks’ corporate credit data. They followed Bloom et al. (2018) and Gopinath et

al. (2017) and ran regressions. Their estimation result suggested that the persistence of

Hungarian firms’ productivity is ρz = 0.63, and the standard deviation of productivity shock

is σz = 0.57. Salomao and Varela (2022) also reports a δ = 10% capital depreciation rate of

the Hungarian economy, which we adopt directly. We also must calibrate the initial capital

holding of new entrant firms. Lacking firm-level data to pin down this value directly, we

instead target the entrants’ share of total employment. Following Ottonello and Winberry

(2020), we set the employment share of the entrants to 3% and then choose the initial capital

level k0 so that the model reproduces this moment. Solving for k0 yields a value of 0.003.

We then calibrate parameters that are relevant to the nominal rigidity. Following De Ferra
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et al. (2020), the elasticity of substitution between differentiated goods is set to be ϵ = 10, so

that the steady state markup is 10% of the output. Also, De Ferra et al. (2020) recommend

setting the capital adjustment cost parameter to ϕ = 17, to match the elasticity of investment

to Tobin’s Q in Hungary. Following Kaplan et al. (2018), the Rotemberg price adjustment

cost is set to φ = 100.

As for the representative household, we set household’s discount factor β = 0.96, match-

ing an average of 4.1% real interest rate over 2001-2008. We set the elasticity of intertemporal

substitution σ = 1. Labor disutility Ψ is calibrated so that in steady state the representative

household’s aggregate labor supply is 0.5, matching the average labor participation rate in

Hungary from 2001 to 2008. Following De Ferra et al. (2020), the share of home goods in

consumption is set to be χ = 0.6, so that the ratio of exported value added to GDP is around

33%. According to Feenstra et al. (2018), the elasticity of home and foreign goods in Home

is set to be θ = 1, while the elasticity of home and foreign goods in Foreign is set to be

θ⋆ = 3.

Finally, we assume that, in steady state, Foreign investor’s lending to Home is approxi-

mately 9.58% of Foreign’s output, matching an average of 9.58% of private inflows excluding

direct investment (% of GDP) in Hungary, over 2001-2008.

The calibrated parameters are summarized in Table 1.

3.1 Stationary Distribution

The numerical results given our calibration show a stationary distribution in which only a

small fraction of firms are financially unconstrained. As shown in Figure 3, the distribution

of firms’ cash on hand is highly skewed, with a large concentration near zero. This reflects

the prevalence of liquidity constraints among firms in the economy. Our numerical results

indicate that 59.25% of firms are Type-2 constrained, 40.53% are Type-1 constrained, and

only 0.22% operate without financial constraints. The predominance of constrained firms

plays a critical role in determining the economy’s response to fluctuations in foreign capital
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Figure 3: Histogram of firm’s cash on hand in the steady state

flows, as we will explore in the next section.

4 Experiment: An Unanticipated Foreign Capital Out-

flow

In this section, we present a numerical experiment in which the home economy experiences

an unanticipated, temporary capital outflow. We begin by plotting the transition dynamics

of the benchmark model with heterogeneous firms. Next, we compare these results with those

from a frictionless model, which—due to the absence of financial constraints—collapses to a

representative firm framework. Finally, we examine the impulse responses of different types

of firms in the benchmark model to shed light on the mechanisms driving the divergence

between the heterogeneous firm economy and its representative firm counterpart.
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4.1 Transitional dynamics

We conduct the following experiment: in period 1, the foreign capital inflow B⋆ experiences

an unanticipated 1% decline, which corresponds to approximately 0.1% of steady-state out-

put. After this initial shock, capital inflows gradually recover with a persistence parameter

of ρB = 0.5. Given this path, we compute the impulse responses of prices and key aggregate

variables to trace the economy’s dynamic adjustment.

This experiment represents our main scenario: a sudden stop in foreign capital inflows

followed by a perfect-foresight transition back to the steady state. It is designed to capture

the key features of Hungary’s experience during the Global Financial Crisis in 2008, when a

sharp contraction in external financing led to a rapid depreciation of the Hungarian forint.

Figure 4: Evolution of prices after an unanticipated shock on foreign capital outflow

The solid blue lines in Figures 4 and 5 depict the dynamic responses of aggregate

variables and prices following the capital outflow shock. The initial impact is felt through

the balance of payments: with reduced access to foreign capital, the home economy faces

a higher net external payment. This necessitates a reallocation of domestic resources to

meet external obligations. In response, market-clearing prices—including the real interest
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Figure 5: Impulse responses of aggregate variables after an unanticipated shock on foreign
capital outflow

rate rt, wage rate wt, and terms of trade xt—adjust accordingly, which in turn alters firms’

investment and borrowing decisions.

In the first period, the terms of trade deteriorate, boosting exports and helping to offset

the increased net external payment. Under the assumed flexible exchange rate regime, the

domestic currency depreciates while the price of home goods remains fixed in domestic terms.

The worsening terms of trade also compel households to reduce their imports. Meanwhile,

falling wages incentivize firms to expand labor demand. Because capital stocks are predeter-

mined, the increased labor input raises firms’ output. However, this output expansion does

not lead to a corresponding rise in consumption. Instead, the real interest rate—measured

in domestic goods—rises, encouraging households to cut consumption of both domestic and

foreign goods. As a result, net exports rise. At the same time, the higher real interest rate

discourages firm investment, resulting in a decline in aggregate investment during the first

period.

From the second period onward, the direction of foreign capital flows reverses. As capital

returns to the home economy, net external payments fall below their steady-state level,
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implying that the economy no longer needs to export as many domestic goods to finance

imports and service external obligations. This reversal is reflected in price movements: the

terms of trade, wage rate, and real interest rate all begin to move in the opposite direction.

These price adjustments, in turn, induce a reversal in the dynamics of aggregate variables.

In response to the shock to foreign capital inflow and associated price changes, house-

holds increase their consumption. At the same time, firms reduce labor demand, produce

fewer domestic goods, and raise investment levels. Subsequently, both prices and aggregate

quantities gradually converge back to their steady-state values.

4.2 Comparison to the case with no financial frictions

To understand the role of financial frictions, we compare our model to a setting with no

financial frictions. We do this by eliminating both financial frictions in our economy, that

is, the nonnegativity constraint on dividends and the collateral constraint.8 With no finan-

cial frictions, all firms are free to choose the unconstrained policies k′⋆(z). As is shown in

Appendix B of Khan and Thomas (2008), a heterogeneous firm problem with no financial

frictions can be written as a representative firm problem. This is because the aggregate

capital choice now in a separable way depends on the firm-specific productivity and the

aggregate state, so that the type-specific capital choice is time-invariant. In the representa-

tive firm economy, we use the same percentage deviation in foreign capital inflows as in the

benchmark heterogeneous firm case, although the absolute values may differ. Based on this

shock path, we compute the impulse responses of aggregate variables and prices.

The dashed red lines in Figures 4 and 5 show the results from the representative firm

model. A key difference that emerges is the significantly higher volatility of aggregate invest-

ment. In the first period, following the capital flow shock, investment in the representative

firm economy drops by 0.45%, while consumption falls by only 0.04% and output increases

slightly by 0.01%. In contrast, in the benchmark heterogeneous firm economy, investment

8With no nonnegativity constraint on dividends, the collateral constraint becomes superfluous, as firms
can just issue equity instead of bonds.
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decreases by only 0.03%, while consumption drops by 0.08% and output increases by 0.05%.

In other words, compared to the representative firm case, the heterogeneous firm economy

exhibits a 15-fold smaller decline in investment, a twofold larger drop in consumption, and

a fivefold greater increase in output. Since both models generate similar export responses,

these differences reflect contrasting internal adjustment mechanisms. In the representative

firm economy, the sharp contraction in investment frees up domestic resources, allowing more

home goods to be reallocated toward consumption. This substitution dampens the responses

of consumption and output relative to the heterogeneous firm benchmark, where frictions

prevent such a sharp reallocation.

4.3 Mechanism

What drives the differences in impulse responses, particularly in aggregate investment, be-

tween the representative firm and heterogeneous firm models? One hypothesis is that finan-

cial frictions prevent firms from freely adjusting their investment in response to economic

shocks. As a result, firms with varying levels of idiosyncratic productivity and cash on

hand adopt different investment strategies. From our calibration, the stationary distribution

of firms in the benchmark economy with heterogeneous firms is dominated by financially

constrained firms. This may explain the muted investment response compared to the repre-

sentative firm case.

To evaluate this hypothesis, we first examine the investment behavior across firm types.

For Type-1 constrained and unconstrained firms, investment is determined by the optimal

capital stock k′⋆
t (z), which satisfies the following first-order condition:

−qt︸︷︷︸
marginal cost

+Λt+1

[
qt+1(1− δ) +

∂Et

[
profitt+1(z

′, k′)
]

∂k′

]
︸ ︷︷ ︸

marginal revenue

= 0

27



Table 2: Initial states of chosen firms

Firm Type Productivity Capital Debt
Type-2 Constrained median(z) 0.1k′⋆(median(z)) qλk′⋆(median(z))
Type-1 Constrained median(z) k′⋆(median(z)) 0.5b′⋆(median(z))

Unconstrained median(z) k′⋆(median(z)) b′⋆(median(z))

=⇒ k′⋆
t (z) =

{αp
1

1−ν

t+1 (
ν

wt+1
)

ν
1−νEt

[
z′

1
1−ν

∣∣∣z]
qt

Λt+1
− (1− δ)qt+1

} 1−ν
1−(α+ν)

(28)

In other words, these firms invest up to the point where the marginal cost of capital,

given by the current price of capital goods qt, equals the marginal revenue, defined as the

discounted value of the marginal increase in next period’s profits and undepreciated capital.

When the external shock hits the economy, changes in prices shift both the marginal cost

and marginal benefit of investment, thereby altering the optimal capital level k′⋆
t (z).

In contrast, a Type-2 constrained firm determines its investment jointly with its bor-

rowing decision, due to a binding collateral constraint. The presence of this constraint

introduces a positive Lagrange multiplier, which complicates the firm’s optimization prob-

lem. The investment decision for a Type-2 constrained firm is characterized by the following

condition:

k′ =
n

qt − λQtqt+1ΠH,t+1

(29)

Unlike the optimal investment condition for unconstrained or Type-1 constrained firms,

which depends on marginal returns and includes the wage rate, the investment decision for

Type-2 constrained firms is not directly affected by wages. Instead, investment depends

critically on the firm’s internal liquidity and financing conditions. Specifically, the invest-

ment increases with more cash on hand, as it expands the firm’s available resources. It

also increases with a higher debt discount rate, reflecting a lower effective interest rate on

borrowing.

To illustrate the heterogeneity in investment responses, we select three representative sub-
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Figure 6: Investment responses of different firm groups

groups of firms from the steady state. All firms in these groups share the same median level

of idiosyncratic productivity, but differ in their capital and debt positions. Based on their

financial status, the firms are classified as either Type-2 constrained, Type-1 constrained, or

unconstrained.

In the Type-2 constrained group, each firm’s capital stock is only 10% of its optimal

level, and its debt is at the maximum allowed by the collateral constraint. For the Type-1

constrained group, the capital stock is at the optimal level. However, the firm’s savings are

low, equal to only half of the minimum savings policy. Finally, firms in the unconstrained

group hold both the optimal capital stock and the minimum level of precautionary savings,

and thus face no binding constraints. We verify the accuracy of these classifications by

checking the corresponding policy functions.

Figure 6 shows the investment responses for our three firm groups. After the sudden

capital outflow, Type-1 constrained and unconstrained firms cut their investment, just as in

the representative firm model,whereas Type-2 constrained firms increase their investments.

Because Type-2 firms account for 59.25% of the stationary distribution, their upward invest-
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Figure 7: Impulse responses of prices

ment response substantially offsets the investment declines by the other firms. Consequently,

aggregate investment falls much less in the first period than in the representative firm econ-

omy.

To unpack the drivers of heterogeneous investment responses, we examine the impulse

responses of the six key prices that enter firms’ optimal investment conditions. Figure 7

shows the transition paths of the intermediate-goods price p, the wage rate w, the capital

price q, the debt deflator 1/PH , the debt discount rate Q, and the firm’s stochastic discount

factor Λ.

According to the first-order condition in Equation (28), unconstrained and Type-1 firms’

optimal capital choice depends on all of these prices except the debt discount rate. Under our

floating exchange rate assumption with a fixed domestic-goods price, both the intermediate-

goods price and the debt deflator remain constant, and thus drop out of the investment

decision. In period 1, the fall in the price of capital goods lowers the marginal cost of
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investment, but the marginal revenue, driven by the wage rate and the stochastic discount

factor, also declines because wages and the firm’s discount factor shifts downwards. In

period 2, the price of capital goods rebounds above its steady-state level, mechanically

raising marginal revenue, but the simultaneous rise in the wage rate and the drop in the

stochastic discount factor more than offset this effect. In sum, the interaction of these price

movements leads to a net decrease in the marginal revenue of investment relative to its cost.

Consequently, both Type-1 constrained and unconstrained firms reduce their investment in

the immediate aftermath of the shock.

Now consider Type-2 constrained firms, whose investment rule is given by Equation (29).

In the first period, the fall in the price of capital goods lowers the cost of investment, directly

encouraging higher investment. In the second period, the rebound in the price of capital

goods not only increases the value of the firm’s collateral but also relaxes its binding collateral

constraint, since higher capital valuations allow a higher borrowing limit against the same

stock of capital. This additional borrowing capacity further amplifies investment. Although

the drop in the debt discount rate implies a higher implicit interest cost on new debt, the

combined effect of cheaper capital, relaxed collateral requirements, and increased borrowing

capacity still yields a net positive impact on the firm’s investment.

In summary, different responses from different types of firms contribute to the small

aggregate investment response we see in the benchmark economy with heterogeneous firms.

Since Type-2 constrained firms have a positive investment response and Type-1 constrained

firms and unconstrained firms reduce their investments, the aggregate response will depend

crucially on the distribution of these different types of firms in the economy. In contrast,

in a representative firm economy, the investment response to a foreign capital reversal is

negative and equal to that of an unconstrained firm. Hence, a representative firm model

would overestimate the investment response and underestimate the consumption and output

responses.
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4.4 Comparison to previous literature

In this section, we summarize how our results differ from previous literature, in particular,

how our model produces a muted investment response compared to what has been previously

found.

Mendoza (2010) develops an open economy business cycle model in which Sudden Stops

in foreign capital flows emerge endogenously in certain states of the world, typically following

a sustained rise in asset prices and leverage. These crises are triggered when high-leverage

conditions cause collateral constraints to bind, leading to a Fisherian debt-deflation spi-

ral: agents are forced to fire-sell capital, which depresses asset prices, tightens borrowing

constraints further, and deepens the downturn. In this setting, the tightening of collateral

constraints reduces access to external finance, leading to simultaneous declines in consump-

tion, output, and investment. While agents anticipate the possibility of Sudden Stops and

accumulate precautionary savings to buffer consumption, the investment response remains

sharply contractionary due to the feedback loop between leverage and falling asset prices.

In contrast, our model introduces firm heterogeneity and features a subset of firms that

are always financially constrained, even prior to the shock. As a result, the aggregate in-

vestment response to a sudden capital flow reversal is substantially dampened relative to

Mendoza’s findings. Specifically, Type-2 constrained firms, already subject to binding col-

lateral constraints, are less exposed to a rapid deleveraging cycle. When the price of capital

falls, their investment actually increases, as the lower capital cost partially offsets their bor-

rowing limitations. Moreover, as capital prices recover in subsequent periods, these firms

experience a relaxation of their collateral constraints, further boosting investment. Thus,

instead of a generalized debt-deflation spiral, our model highlights a composition effect: the

presence and behavior of persistently constrained firms buffers the aggregate investment

decline and leads to a delayed but amplified investment response during the recovery phase.

Another closely related study is De Ferra et al. (2020), which also focuses on Hungary

around the time of the Global Financial Crisis. While both papers consider a flexible ex-
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change rate regime and a foreign capital withdrawal shock, the mechanisms emphasized

differ substantially. De Ferra et al. focus on household heterogeneity. Specifically, they

study how the distribution of foreign currency-denominated debt across households with

varying marginal propensities to consume (MPCs) shapes the aggregate response. In their

framework, the shock leads to a nominal exchange rate depreciation, which revalues foreign-

denominated debt and reduces indebted households’ wealth. This, in turn, lowers consump-

tion but raises labor supply, leading to higher output. The depreciation also worsens the

terms of trade, causing both domestic and foreign consumers to shift from foreign to do-

mestic goods. Investment falls sharply, driven by reduced access to foreign capital and an

increase in real interest rates, which depresses capital demand from the representative firm.

The amplification mechanism in their model comes from high-MPC households bearing a

disproportionate share of foreign currency debt.

In contrast, our paper emphasizes a different transmission channel: firm-level financial

frictions in a setting with heterogeneous, financially constrained firms. Rather than focusing

on household balance sheets, we examine how the prevalence of collateral constraints among

firms shapes aggregate dynamics. The key departure from De Ferra et al. is the introduction

of financially constrained firms, particularly Type-2 constrained firms, which fundamentally

alters the investment response to the shock. Whereas their model features a representative

firm whose investment falls significantly, our heterogeneous firm framework shows that the

presence of constrained firms mutes the negative aggregate investment response. This muted

investment response, in turn, has important implications for how resources are reallocated

and for the dynamics of consumption and output. In short, while De Ferra et al. highlights

the composition of household debt as the central amplification mechanism, we show that firm-

side heterogeneity and financial frictions can generate distinct and quantitatively significant

aggregate effects.
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5 Conclusion

This paper embeds firm-level dividend and collateral constraints into an open economy New

Keynesian model with heterogeneous firms to examine the propagation of foreign borrowing

reversals. A calibrated Sudden Stop shock, a 1% drop in foreign capital inflow followed by

mean-reverting recovery, reveals that when a higher share of firms are subject to collateral

constraints, aggregate investment volatility is sharply muted compared to a representative

firm economy. However, this dampened effect on investment cuts moves resources away

from consumption, leaving fewer goods available to households and increasing their labor

supply, leading to higher output. These patterns are driven by a composition mechanism:

constrained firms, benefiting from higher collateral values, expand investment, and offset

cutbacks by other firms.

Our results extend the sudden stop literature by highlighting how cross-firm heterogeneity

and binding collateral constraints can dampen investment responses and amplify real side

fluctuations. From a policy perspective, the findings suggest that macroprudential regulation

of collateral values and borrowing limits can critically shape an open economy’s resilience to

even modest external funding reversals. An interesting avenue for future research is to study

optimal policy design under alternative exchange rate regimes, or in settings with richer

models of financial intermediation.
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Appendix

A New-Keynesian Phillips Curve (NKPC)

Recall that each period the retailer i produces differentiated goods using a one-for-one tech-

nology ỹit = yit using the undifferentiated good as input. Retailer i solves the following

(nominal) cost minimization problem:

min
yit

PH,tptyit

s.t. yit ≥
(

p̃it
PH,t

)−ϵ

Yt

The inequality constraint comes from the representative final good producer’s demand func-

tion. Solving it with the Lagrangian:

L = −PH,tptyit + λit

[
yit + (

p̃it
PH,t

)−ϵYt

]
∂L
∂yit

= −PH,tpt + λit = 0

=⇒ λit = PH,tpt

The Lagrange multiplier λit can be regarded as the nominal marginal cost. Normalizing it by

PH,t, we obtain the expression for real marginal cost: mct :=
λit

PH,t
= pt, which is exactly the

real relative price of undifferentiated good. Retailer i then maximizes its sum of discounted

real profit by setting nominal prices {p̃it+s}∞s=0:

max
{p̃it+s}∞s=0

Et

∞∑
s=0

βt+su
′(Ct+s)

u′(Ct)

Pt

Pt+s

PH,t+s

PH,t

[
p̃it
PH,t

ỹit − ptyit −
φ

2
(
p̃it
p̃it−1

− 1)2Yt

]
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Plugging in the demand function for ỹit and ỹit = yit, retailer i’s problem is equivalent to

max
{p̃it+s}∞s=0

Et

∞∑
s=0

βt+su
′(Ct+s)

u′(Ct)

Pt

Pt+s

PH,t+s

PH,t

[
p̃it
PH,t

(
p̃it
PH,t

)−ϵYt −mct(
p̃it
PH,t

)−ϵYt −
φ

2
(
p̃it
p̃it−1

− 1)2Yt

]

where mct = pt. The first-order condition with respect to p̃it is

(ϵ−1)(
p̃it
PH,t

)−ϵ Yt
PH,t

= ϵmct(
p̃it
PH,t

)−ϵ−1 Yt
PH,t

−φ

(
p̃it
p̃it−1

−1

)
Yt

p̃it−1
+βφ

u′(Ct+1)

u′(Ct)

Pt

Pt+1

PH,t+1

PH,t

(
p̃it+1

p̃it
−1

)
p̃it+1

p̃2it
Yt+1

In equilibrium all firms behave identically, so p̃it = p̃t, and PH,t =

(∫ 1

0
p̃1−ϵ
it di

) 1
1−ϵ

= p̃t.

Substitute the above expressions into the first-order condition, we obtain the nonlinear New-

Keynesian Phillips Curve (NKPC):

ϵ− 1 = ϵmct − φ(ΠH,t − 1)ΠH,t + βφEt

[
u′(Ct+1)

u′(Ct)

Π2
H,t+1

Πt+1

(ΠH,t+1 − 1)
Yt+1

Yt

]

In steady state, ΠH,t = 1, ΠH,t+1 = 1, Πt+1 = 1, Ct+1 = Ct = Css, Yt+1 = Yt = Y ss,

mct = mcss = ϵ−1
ϵ
. Log-linearize the NKPC around the steady state, we obtain:

0 =
1

ϵmcss

{
ϵ(mct −mcss)− φ(ΠH,t − 1) + φβ(ΠH,t+1 − 1)

}
0 =

ϵ

ϵ− 1
(mct −mcss)− φ

ϵ− 1
(ΠH,t − 1) +

φβ

ϵ− 1
Et(ΠH,t+1 − 1)

0 =
mct −mcss

mcss
− φ

ϵ− 1
(
ΠH,t − 1

1
) +

φβ

ϵ− 1
Et(

ΠH,t+1 − 1

1
)

0 = m̂ct −
φ

ϵ− 1
Π̂H,t +

φβ

ϵ− 1
EtΠ̂H,t+1

φ

ϵ− 1
Π̂H,t = m̂ct +

φβ

ϵ− 1
EtΠ̂H,t+1

Π̂H,t =
ϵ− 1

φ
m̂ct + βEtΠ̂H,t+1

log ΠH,t =
ϵ− 1

φ
log(

pt
pss

) + βEt log ΠH,t+1

which is the linearized NKPC (8).
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B Current Account Balance

Recall the representative Home household’s budget constraint:

1

x1−χ
t

Ct + B̃HH
t+1 + qt

∫
k0 dµent

t

= (1 + rt)B̃
HH
t + wtLt +

∫
Ft(z, k, b) dµt + πRetailer

t + πCapital
t + qt(1− δ)

∫
k dµexit

t

= (1 + rt)B̃
HH
t + wtLt +

∫ [
ptyt − wtl + qt(1− δ)k − b

ΠH,t

− qtk
′ +Qtb

′
]
dµstay

t

+

∫ [
ptyt − wtl + qt(1− δ)k − b

ΠH,t

]
dµexit

t + πRetailer
t + πCapital

t

= (1 + rt)B̃
HH
t +

(
pt

∫
yt dµt + πRetailer

t

)
+
(
wtLt − wt

∫
lt dµt

)
− qt

∫
[k′ − (1− δ)k] dµstay

t + qt(1− δ)

∫
k dµexit + πCapital

t

−
∫

b

ΠH,t

dµt +Qt

∫
b′dµstay

t

In equilibrium the labor market clears, so wtLt − wt

∫
lt dµt = 0. Also, the sum of retailer’s

dividend and production firm’s sale equals the total output: Yt = pt
∫
yt dµt + πRetailer

t . The

above equation can be rewritten as:

1

x1−χ
t

Ct + B̃HH
t+1 − (1 + rt)B̃

HH
t +

∫
b

ΠH,t

dµt −Qt

∫
b′dµstay

t

= Yt − qt

∫
[k′ − (1− δ)k] dµstay

t + qt(1− δ)

∫
k dµexit − qt

∫
k0 dµent

t + πCapital
t

= Yt − qtIt + qtIt − [It + Φt]

= Yt − It − Φt

Now consider the left-hand side of the equation. From the financial intermediaries’ per-
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period budget constraint we can derive that

Yt − It − Φt

=
1

x1−χ
t

Ct + B̃HH
t+1 − (1 + rt)B̃

HH
t +

∫
b

ΠH,t

dµt −Qt

∫
b′dµstay

t

=
1

x1−χ
t

Ct + (1 + rt)B̃
⋆
t − B̃⋆

t+1

= CH,t +
1

xt

CF,t + (1 + rt)B̃
⋆
t − B̃⋆

t+1

The last equality comes from the consumption expenditure: 1

x1−χ
t

Ct = CH,t +
1
xt
CF,t.

Compare the resource constraint of the home economy with the above equation:

Yt = CH,t + C⋆
H,t + It + Φt

Yt = CH,t +
1

xt

CF,t + (1 + rt)B̃
⋆
t − B̃⋆

t+1 + It + Φt

Then, we have the following equation:

C⋆
H,t =

1

xt

CF,t + (1 + rt)B̃
⋆
t − B̃⋆

t+1

which is equation (24).
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C Computation

Our computational method closely follows the approach in Appendix C of Ottonello and

Winberry (2024), but we accelerate convergence by avoiding numerical optimization or root-

finding when solving firms’ policy functions. We summarize the steady-state solution proce-

dure as follows:

Outer loop:

1. Choose a candidate steady-state wage rate w and set a target for aggregate labor

supply.

2. Inner loop:

(a) Discretize the idiosyncratic productivity process z.

(b) Given the wage w, compute the unconstrained capital policy k⋆(z) and the mini-

mum saving policy b⋆(z).

(c) Construct a three-dimensional grid of firm states (z, k, b).

(d) For each state (z, k, b), compute cash-on-hand n and the constraint threshold n̄(z).

Then, for each pair (n, z):

• If n ≥ n̄(z), the firm is unconstrained:

k′ = k⋆(z), b′ = b⋆(z).

• If n < n̄(z), the firm faces a financing constraint. Let

k̄(n) =
n

q − λQΠH q
.

Compare k̄(n) to k⋆(z):

42



– If k̄(n) ≥ k⋆(z), the firm is Type-1 constrained, choosing

k′ = k⋆(z), b′ =
q k⋆(z)− n

Q
.

– If k̄(n) < k⋆(z), the firm is Type-2 constrained, choosing

k′ = k̄(n), b′ = λΠH q k̄(n).

(e) Using all firms’ policy mappings (z, k, b) → (z′, k′, b′), build the transition matrix

and solve for the stationary distribution µ(z, k, b).

(f) Compute aggregate labor demand L.

3. If L deviates from the labor-supply target, update w via bisection and repeat the inner

loop.

To compute the transition path, we assume the economy reaches the steady state by

period T > 0. We fix the initial firm distribution at its stationary value and guess the entire

price paths {xt, qt}Tt=0. Then we iterate:

1. Given {xt, qt}, solve for all other prices using market-clearing and debt-pricing condi-

tions.

2. At each t, compute firms’ policy functions as above.

3. Aggregate demand and supply for {Ct, It}Tt=0; if they do not coincide, update {xt, qt}

and repeat.

In our implementation, we solve for the equilibrium paths {xt, qt} using MATLAB’s

fsolve routine.
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