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Abstract

This paper studies how credit expansions affect economic activity and quantifies the
relative role of household and firm-side channels in accounting for the aggregate effects. Using
data from the quasi-natural experiment of bank deregulation across U.S. states in the 1980s,
we document that deregulation led to an expansion of credit and economic activity. We use
this causal evidence to estimate a small open-economy heterogeneous-agent New Keynesian
model that replicates the effects of this shock. In the long run, reduced borrowing costs for
firms account for the lion’s share of the rise in output and employment. In the short run,
the firm-side and household-side channels are equally important in driving the expansion
of output and employment. Household demand is mostly associated with consumption
whereas the firm side is mostly associated with investment. The finding that employment
and production—including tradable output—experiences sustained growth after a credit

expansion is consistent with the role we attribute to the firm-side channel.
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1 Introduction

Changes in credit conditions affect the real economy through household-side and firm-side channels.
Lower borrowing costs for firms increase investment whereas lower borrowing costs for households
stimulate consumption. Both channels impact output and employment. The effects are shaped by
assumptions about the economic environment, including financial frictions, tradability of goods, and
price rigidities. Which of these channels is more important for the aggregate effects of looser credit
conditions? This question is central to understanding the effects of credit expansions and guiding
governments’ and central banks’ responses to changing credit conditions. For instance, if most of
the macroeconomic effects of financial shocks are due to changes in household consumption, then
supporting households through e.g. cash transfers might be a desirable response to contractionary
financial shocks. On the other hand, such a policy makes less sense if the main effects of financial
shocks are due to tighter financial constraints on firms.

This paper quantifies how loosening credit conditions affects the aggregate economy through
each of these channels. To this end, we combine a Heterogeneous Agent New Keynesian (HANK)
model with empirical evidence from the quasi-natural experiment of U.S. banking sector deregula-
tion, which a large literature has argued induced a credit expansion in US states in the 1980s. We
assume a small open economy with heterogeneous households and firms and two sectors producing
tradable and non-tradable goods, respectively. This economy, which is assumed to represent a U.S.
state, is hit by an expansionary credit shock, modeled as a shock to external borrowing costs. The
model incorporates many forces through which a credit shock may impact the economy, including
effects on consumer demand, labor supply, investment, and firm entry and exit. The magnitudes
of these various channels depend, unsurprisingly, on the parametrization of the model.

We identify the key model parameters using data on the credit expansion associated with the

IThis literature begins with the seminal work of Jayaratne and Strahan (1996). For more recent references, see
Rice and Strahan (2010), Kroszner and Strahan (2014), and citations therein.



US bank deregulation in the 1980s. This deregulation happened in different states at different
times, in a way that the literature has argued is quasi-random conditional on controls. Using a
local projection approach we estimate the effects of this deregulation on state-level financial and
macroeconomic variables. We find that the deregulation caused a decrease in borrowing costs for
households and firms, followed by an increase in aggregate output and employment that persisted
for more than 10 years. We set key parameters of our HANK model to match the estimated
impulse responses of financial and macroeconomic variables to this empirical credit shock.

We use the parameterized model to decompose the effect of the expansionary credit shock into
two parts reflecting household-side versus firm-side channels: the effect of lower borrowing costs for
households (and therefore on consumer demand), and the effect of lower borrowing costs for firms
(i.e. effects through investment and firm entry). Our main finding is that the firm-side channel
dominates: for parameter values that best fit our estimated impulse responses, the firm-side
channel accounts for around 71% of the cumulative effect of the credit expansion on most variables
during the first ten years after deregulation, while the household-side channel accounts for around
27%. The firm-side channel accounts for more than half of the short-run dynamics and grows
in importance over time. This channel explains the cumulative rise of investment (accounting
for 92%) and in the dynamics of firm entry and exit. The household-side channel nevertheless
plays the dominant role in the rise of consumption (accounting for around 94%) and also plays an
important role in the rise of output in the first five years after deregulation (accounting for 41%) .

The reason why the data points to the firm-side channel as the main driver of the aggregate
effect of credit expansions in the medium term is that output and employment grow gradually
after deregulation. This is consistent with the way firms respond to lower borrowing costs because
sustained investments induce a gradual increase in firms’ capital stock. The household channel,
by contrast, induces a rapid rise in output and is therefore more important for the short-run

dynamics. This narrative is consistent with the empirical dynamics of tradable output following



a credit expansion at the state level. Using data on state-level data on tradable output from
Mian and Sufi (2014) we find, using local projections, positive point estimates for tradable output
growth after the deregulation. This is consistent with the importance of the firm-side channel
because a lower borrowing cost for firms is the only mechanism that can stimulate tradable output:
lower borrowing costs for firms boost investments and, hence, production and exports of tradable
goods, whereas lower borrowing costs for households would decrease tradable output because the
economy would satisfy this demand by producing more non-tradables and importing tradables.
To the best of our knowledge, our paper is the first to integrate a quantitative, heterogenous
firm New-Keynesian model with causal empirical evidence from a natural experiment for credit
market deregulation. Overall, our results point out the importance of both decreased borrowing
costs for firms and households in accounting for the short-run effects, while in the longer run,

reduced borrowing costs for firms account for the lion’s share of the rise in output and employment.

Related Literature. Our paper builds on and contributes to several strands of literature.
Closest to our paper is other work that seeks to evaluate the relative importance of different
channels through which financial market changes impact real economic activity. Mian, Sufi, and
Verner (2020) leverage the same natural experiment in bank deregulation. Using a qualitative
model they argue that a number of empirical facts are consistent with deregulation mainly
impacting the economy via demand-side rather than supply-side channels. We estimate dynamic
impulse responses from the data and use our dynamic structural model—estimated to match these
impulse responses—to quantify the role played by household-side versus firm-side channels.
Similar to us, Kehoe et al. (2020) study the relative importance of household-side and firm-side
channels for the transmission of a financial shock. Unlike us, they study the tightening of financial
markets, focusing on the US Great Recession. They use a different theoretical framework, based

on search and matching models with human capital accumulation and no nominal rigidities. We



instead study this question within a small open economy HANK model with endogenous firm
creation, closer to the standard workhorse model in the business-cycle literature. We find a larger
role for the firm channel than they do. Our results complement theirs and suggest that the
importance of the household channel of credit shocks in the short run is a robust prediction of
a variety of models; however, our results suggest that the effect of changes in firm borrowing
conditions may still ultimately be more important, especially in the longer run.

More broadly, our paper relates to the large literature on the effects of financial shocks. Our
theoretical approach is closest to models in the New Keynesian open economy literature that
formalize credit shocks as a rise in the cost of external borrowing, such as Gertler, Gilchrist, and
Natalucci (2007) and Cugat (2022).

Our modeling framework builds upon the literature on open-economy heterogeneous agent New
Keynesian (HANK) models. Our model features heterogeneity on both the household and firm
side. On the household side, our model uses the TANK framework, which distinguishes between
liquidity constrained and unconstrained households in a tractable way (Bilbiie, 2008, Boerma,
2014, Buffie and Zanna, 2018, Gali, Lopez-Salido, and Vallés, 2007 in open-economy contexts).
Rich firm-side heterogeneity of the kind we consider has only recently been introduced into New
Keynesian DSGE models (Koby and Wolf, 2020, Ottonello and Winberry, 2020, Reiter, Sveen,
and Weinke, 2013), with an almost exclusive focus on closed economies. An exception is the recent
work of Caldara et al. (2020), who incorporate firm-side heterogeneity in an open economy New
Keynesian model. Our modeling of firm-side heterogeneity follows Ottonello and Winberry (2020),
although differently from their paper, we endogenize firm entry and exit. Our modeling of the
open economy features follows Gali and Monacelli (2005) and Nakamura and Steinsson (2014).

In terms of methodology, our paper is in line with the recent emerging literature that uses

20ur approach and focus is different from other papers that study financial shocks, such as Gertler, Gilchrist,
and Natalucci (2007), Bernanke, Gertler, and Gilchrist (1999) and Ottonello and Winberry (2020), which incorporate
the role of asset prices in financial accelerator, and Jermann and Quadrini (2012) and Melcangi (2024), which
highlight the role of working capital in the transmission of credit shocks.
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identified estimates of causal effects to discipline structural macroeconomic models (Beraja, Hurst,

and Ospina, 2019, Nakamura and Steinsson, 2014, Ottonello and Winberry, 2020).

2 Model

There are four types of agents in the domestic economy: households, intermediate goods firms,
final goods firms, and capital-producing firms. Each intermediate goods firm operates in one of
two sectors: a tradable goods sector, indexed by H, or a non-tradable goods sector, indexed by
N. The final goods firms combine goods from the firms in the tradable and non-tradable sectors
with foreign goods, indexed by F', to produce a non-differentiated final good. Households and
capital-producing firms use final goods for consumption and investment. In mapping the model to
the data, we interpret the domestic economy as a US state, and thus model it as a small open

economy, and the foreign economy as the rest of the world.

Households. There are two types of households: a measure x of “spenders”, indexed by L, and
a measure 1 — y of “savers”, indexed by S. Savers and spenders are identical within their group,
so there is a representative household of each.® In each period ¢, households choose final goods for
consumption. Savers also choose their next-period financial assets. Each household type is made
up of a continuum of workers who each produce a differentiated labor supply indexed by j € [0, 1].

Households seek to maximize

Eo)  B'U(CH{N;}),

>0

3We adopt a two-agent framework rather than a fully heterogeneous-agent representation of the household
sector primarily for computational tractability. Our spender-saver dichotomy is a stylized representation of the
hand-to-mouth behavior modeled in Kaplan and Violante (2014) and Kaplan, Moll, and Violante (2018). As Boar,
Gorea, and Midrigan (2021) argue, this behavior effectively captures key predictions of richer housing models that
explicitly incorporate institutional details of the mortgage market.



subject to their budget constraints. The budget constraint of a spender is
PC} = /wj,th,tdjy

and the budget constraint of a saver is

H
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where P, is the price of the final good, w; is the nominal wage at which worker j supplies labor,

is the saver’s

Bt

Div; is the total net dividend paid by all firms in the domestic economy, and 7 N

net financial assets at the start of period t. We assume that period utility takes the GHH form:

. N1t 1—-0
Ci — qbszo 1‘1’2 dj
U(Ct, Nt) == F
1—0

We also assume labor is immobile across states and that wages feature nominal rigidity as in Gali
(2015, Chapter 6) (see Appendix A.1 for details).

In a small open economy, there is a market for international borrowing and lending with an
exogenous risk-free interest rate r. However, the domestic economy faces an exogenous wedge /7
which determines the spread between the domestic and foreign interest rates. Thus, the interest

rate faced by savers is:

ri =4 yH. (2)

When studying credit market liberalization we consider exogenous changes to /.

Capital Goods Producer. Capital in the local economy is produced by perfectly competitive

capital goods producers who own the capital stock and lease it to intermediate goods producers.



The representative capital goods producer has the following production function:

K 2
Kt+1 = (1 — (sK)Kt + [t — K ( }_i_+1 — 1) Kt' (3)

t

Capital is leased at the endogenous nominal rate P;(rf + k), so nominal flow profit is:
I = P(rf + 6x)K; — P, (4)

All firm owners maximize the present value of real profits, evaluated in units of the final good.

The firms’ stochastic discount factor M, is consistent with the real interest rate faced by firms:

Pra

M= — 1
"R+ )

()

Analogously with the household interest rate r, we assume that /" = r + ¢[". In our baseline
case, we assume that [ = ¢ so that rI' = rZ.* In our counterfactuals, we will deviate from this.

Since the capital good’s producer has constant returns to scale, its value at the start of the
period is proportional to its capital stock. Denote the representative capital producer’s value by
Q; K in units of the final good for which Q; = Q(X;). As a result, the Bellman equation for the

representative capital goods producer is:
QK = mIaX(Tf{ + 0K )(Ke) — Ie + MyEy [Qpia] K. (6)

Final Goods Firms. There is a representative, perfectly competitive, final goods firm with two

constant returns to scale technologies. The first technology is that the final goods firm aggregates

4Given the household’s Euler equation, this assumption is equivalent to setting 3 ";(,?gz)l) as the firm’s discount

factor for real units in the next period.




output purchased from retailers in each of the two domestic sectors N and H into a composite
good in that sector and then integrates the output of retailers in the foreign economy into a
composite imported good. Let Is denote the set of retailers in sector S € {N; H; F'}, where F
denotes the foreign economy. Each retailer ¢ € Ig produces a separate variety ¢, sold at price p;.

Specifically, the final goods firm uses the first technology to produce output Y¢ of the composite

good of sector S € {N; H; F'}. This technology uses the following production function:”

T RCR @

where 3¢ is the output of the variety produced by retailer i € Is and 1 > 1 is the elasticity of
substitution across varieties.®

The second technology is that the final goods firm aggregates some amount of domestically
produced tradable goods Y# with imported tradable goods Y# and non-tradable goods Y to

produce a final good, based on the following production function:

Yi= (1 -y))"" [(w;{ (Yﬁ,t)% + (1 —wn)
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This production function entails that tradable goods from the home and foreign economy can be
substituted for one another with a constant elasticity of substitution (. Tradable and non-tradable
goods can be substituted for one another with a constant elasticity of substitution of 1. Here,
wy € (0,1) measures the degree of home bias in demand, and (77(1 —~)*™) ™" is a normalization
factor that ensures the price of final goods satisfies P = 1 in the steady state.

Final goods firms purchase composite goods at price Pg, for S € {N; H; F'} and sell final

goods at price P. We adopt the normalization that the price of imported composite goods (which

5For the moment, we omit the time index.
SWe typically use the superscript d to denote demand.



depends on conditions in the foreign economy) satisfies Pr; = 1 for all .
Final goods firms choose the input of each variety ¢ and the output of each composite good, to

maximize profits from the first technology, PsYd — /. el piyldi, for each S € {N; H; F}. Their

)

3=

choice of y¢ satisfies Ps (Y§l) (yfl) = p;. Furthermore, final goods firms choose the input Y¢ of

each composite good S and output of final goods to maximize the profit from the second technology,

1=¢

PY?=3%"¢ PsY¢. These choices satisfy: PyYyd = (1—~)PYY, PyYf = wgyYP (P;P;,_VPA) v
1-¢

and Y = (1 — wy)yY4P (Py "P~') 7 . The last equation uses our normalization of the price for

the foreign goods to one and where the final goods price satisfies:

1N\
P = Pﬁ;fy (|:WHP11{<+ (1 _CL)H):| 1(:) .

We let Ys; denote the total real output of retailers in sector S € {N, H}. In the non-tradable

sector, market clearing requires that this equals the real input of the final goods firm, so Y]fl,,t = Yn,..

Exports. Final goods firms in the foreign economy behave similarly to those in the do-
mestic economy. Thus, the foreign demand y; for each tradable domestic variety ¢ satisfies

(g/f)_Tl = p;, where the aggregate foreign demand for domestic tradable goods Y} satis-

3=

Py (Yy)
1-¢

fies PyYy; = (1—wp)yY*P* (Py (P3)' ™7 (P*)™") 7 . In a small-open economy foreign expenditure

Y, foreign price levels P*, and Py are all exogenous and constant, so we can write Y;; = YP}}C,

where X is a constant. We will calibrate the model so that, in the steady state, Py = 1 and X is

the steady state level of exports. The home economy’s level of (nominal) net exports is:
— 1-¢
NX, = PyY; - Y&, =XPy* — (1 —wghYP(Py P71 7 (8)

Market clearing in the home tradable sector implies that the output of retailers in this sector is

equal to the demand of the final goods firms at home and abroad, so that Yy, + Y, = Y.
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Retailers. There is a continuum of measure one of retailers in each sector S. Retailers do not
enter or exit. Each retailer uses one unit of the intermediate good in its sector to produce one
unit of its variety i € [0, 1]. The price of the intermediate good in sector S is Py g;. Retailers set
their price p; to maximize present discounted profits, given domestic and foreign demand function
for their variety. However, they face Calvo pricing frictions: only a fraction 1 — ¥p of retailers can

change their price each period, as in Gali (2015, Chapter 3). See Appendix A.1 for details.

Intermediate Goods Producers. Intermediate goods producers have idiosyncratic productivity
and produce homogeneous products for each sector S € {N, H}. For these firms, both input
and output markets are perfectly competitive. We explicitly model endogenous firm entry, as in
Hopenhayn (1992). Potential new firms pay a fixed entry cost at the start of the period and then
draw productivity z from a distribution with density ¢g(z). Each period a continuing firm keeps
its productivity z with probability p.; and with probability 1 — p,, it draws a new z from the

distribution g. For tractability, we make the following distributional assumption.

Assumption 1. The distribution g is Pareto, so that g(z) = £27571 for z > 1 and zero otherwise.

A firm i produces with y; = 2} ~?(k}7*n@)?, where n; is a composite of the quantities of labor

w—1

ew—1 €
of each worker j that is used by the firm, and it satisfies n;, “* = fol n;;* dj, and n;; denotes
firm i’s use of labor j. Each period, if the firm chooses to stay in business, it must pay ¢’ units of
final goods as fixed cost; or the firm must exit.

The optimization problem for the firm at time ¢ is described by the following Bellman equation:

W(zX,S) = 7%(2X,,9) + Myp, max{W(z; X;41,5); 0}

+Mi(1 = p2) E[max{W (2"; X¢11, 5); 0] (9)
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where X; is the aggregate state, 7" (2;X,, S) is the optimal flow profit, and M, is the discount

factor, the same as for the capital goods producing firms. The static profit 7" (z; Xy, S) is:

k{ni;

1
Pr(2X,,8) = max} {PW,S,tyi — (rK + 0Pk — F P, — / wt,jni,jdj} ) (10)
0

In equilibrium, the value of an intermediate goods firm W (z; X, S) is increasing in z. Therefore,
there is a unique cutoff 23, such that the firm will exit iff its productivity falls below z7%,.
We assume that the entry cost is paid in units of final goods, but that the cost of entry
is an increasing convex function of the number of entrants. (see Bergin, Feng, and Lin (2018)
and references therein). In particular, we assume that the entry cost in a sector is equal to
Mg,

e
vP, < YAl ) , where © > 0 is the elasticity of entry costs with respect to the number of entrants.
S,;t—1

In equilibrium, the following conditions for free entry and exit must be satisfied:

Q)
Mg, \ _ . _
v T = Emax{W(z; Xy, 5); 0}] (11)
Mg, 4
W(25 X4, 8) =0, or W(1;X;,5) >0 and 25, = 1. (12)

The latter case here corresponds to the case in which no firms exit.

We let M th denote the mass of active intermediate goods firms in period ¢ in sector S, after
both entry and exit decisions have been made, Mg, denote the mass of firms that enter, even
though some of these firms will exit immediately, and pg;(z) denote the density function for active
firms’ productivity in period ¢ in sector S. We characterize in Appendix A the law of motion for

the measure of intermediate goods produces with any productivity 2.
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Aggregate Profits. Total nominal profits (net of entry costs) are given by:

(S (C]
Me ME
11, :/ Paldi +TIE + TIE —vP, | i | Mg, —vPB | | Mg, (13)
ielygUly ’ My, 4 ’ My, ’

where WZ‘{ is the period profit of the intermediate goods producer 7 in units of the final good,

according to the function in equation (10), and ITX and TI' are the total profits of capital goods
firms and retailers given in equation (4) and equation (A.3). IT; = IIF at the steady state since all
firms apart from retailers are either competitive or face free entry. Since final goods firms make

zero profits every period, we do not need to consider their profits here.

Exogenous Dividend Rules and Firm Borrowing. As discussed above, firms in the economy
are owned by saver households, to whom they pay dividends equal to Div; in the aggregate. The

aggregate assets of firms, BY', evolve according to:
BF =11, — Div, + BF (1 ++F), (14)

where II; is the total net profits as defined in equation (13).

In our benchmark case, where /" = r the level of Div, is neutral for the aggregate allocation,
in line with the Modigliani-Miller theorem: if firms borrow more at time ¢ and issue higher
dividends this has no effect on savers. In our counterfactuals, when firms and consumers face
different interest rates, the level of dividends matters for the allocation. For instance, if r/" < rff
then households in the domestic economy are better off if firms borrow as much as possible and
issue as high as possible dividends to households. Conversely, if r < rf'| households in the
domestic economy are better off if dividends are as low as possible. An implication of this is that
if firms optimally chose their dividends to maximize the present discounted utility of their owners,

then there would be a corner solution or no finite solution for optimal dividends when rff # rf".
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To avoid such corner solutions, we follow Chen, Karabarbounis, and Neiman (2017) and assume
that firms smooth dividends over time, setting them according to an exogenous distribution rule.
That firms smooth dividends has been demonstrated by a large empirical literature, and may
reflect asymmetric information between managers and investors, agency problems, or external
financing constraints, among other factors (Leary and Michaely, 2011). In particular, we assume

that firms set dividends equal to a constant fraction = of the output of final goods: Div; = ZY.

Equilibrium. In Appendix A we define the equilibrium of the economy and characterize the
decision rules of each agent. In line with the small-open-economy assumption, the interest
rates {rf’,r'} and the price of foreign goods Pp are treated as exogenous. The domestic prices
{wi, 7E, Qy, Puy, Pyy, P} ensure market clearing in the markets for labor, capital, and the domestic

tradable, nontradable, and final goods.”

3 Parameterization

In this section, we discuss how we parameterize the model. We set a number of parameters
exogenously to conventional values. We estimate the rest to match features of the data, notably
causal estimates of credit expansion on macroeconomic aggregates obtained from a quasi-natural

experiment, namely the deregulation of the banking sector in the United States in the 1980s.

3.1 Parameters Set Exogenously

The parameters we set exogenously are listed in Table 1. A model period is one year. On the
household side of the economy, we set the discount factor 5 to 0.96, the risk aversion parameter o

to 2, and the parameter v to 0.25; these values are typically used in the literature (e.g., Arellano,

7“Our small open economy has the foreign tradeable goods as the numéraire. Moreover, there is no local
government (hence, no link between fiscal policy and the interest rate) and bonds are denominated in foreign goods
with an exogenous interest rate. The equilibrium is therefore determinate (Hagedorn, 2023).
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Bai, and Kehoe, 2019). We normalize the disutility of labor ¢ to 1. The fraction of spender
households, ¥, is set to be 0.25 (Aguiar, Bils, and Boar, 2024). The interest rate r is equal to
1/ — 1, consistent with the existence of a steady state level of consumption when ¥ = 0.

On the production side of the economy, we set the depreciation for physical capital dx to
0.1 and o = 0.64 so that the share of labor income relative to capital income is consistent with
standard values. We set the returns to scale parameter for intermediate goods firms at § = 0.85, so
that the economic profit share absent fixed costs (which is 1 — # in the model) corresponds to the
share of rents going to entrepreneurs in the data (Cagetti, De Nardi et al., 2006, Quadrini, 2000).
We calibrate 7 so that the share of tradable goods is about 0.7 in the steady state (Nakamura and
Steinsson, 2014). Similarly, we set the degree of home bias in the demand of tradable goods, wy,
to 0.17. In the Pareto distribution g(z) = zfnzfﬁ we normalize z,, to 1 and we use data on the
US distribution of firm size to discipline our choice of £.* Figure 9 in the Appendix shows that
our model matches the firm size distribution in the data reasonably well. To calibrate parameters
related to sticky prices and wages, we follow the literature (Gali, 2015, Chapter 3, Nakamura and
Steinsson, 2013, Basu and House, 2016) and set the elasticity for type-specific labor variety €, to
20, 6, to 0.3895, which is consistent with a probability of nominal wage changes per quarter of
21%, and also set ¥p to 0.2470, which is consistent with a probability of nominal price changes
per month of 11%. Lastly, we calibrate = so that the initial firm-side debt is roughly about 62%

of total debt, consistent of the data in 1980. The implied value of = is 0.245.

3.2 Estimated Parameters

We estimate the remaining parameters to match several features of the data. These parameters are:
K, the capital adjustment cost parameter for capital goods producers; ¢/, the flow operating cost for

intermediate goods producers; p,, the persistence for firm-level productivity among intermediate

8We used the data from Restuccia and Rogerson (2008) and Rossi-Hansberg and Wright (2007).
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Table 1: Parameters Set Exogenously

Parameter Description Value
Io) Discount factor 0.96
o Risk aversion 2.0

vy, Labor supply elasticity parameter 0.25

v Preference over Tradable goods 0.7

X Share of HHs hand-to-mouth 0.25
0K Capital depreciation 0.1

Q Labor share for Intermediate Goods Firms 0.64

¢ Scale for Productivity Pareto Dist. 1.3

0 Return to scale for Intermediate Goods Firms 0.85
WH Home bias within tradable goods demand 0.17
€w Elasticity for type-specific labor variety 20.0
O Prob. for wages not changing 0.3895
Ip Prob. for prices not changing 0.2470
= Dividend distribution ratio 0.245

goods producers; v, the level coefficient for new firms’ entry costs; O, the elasticity of entry costs
with respect to aggregate entry rates; 7, the demand elasticity for intermediate goods; (, the
constant elasticity of substitution between home tradable goods and foreign tradable goods; and
the average level of steady state debt, B.

To estimate these parameters, we choose the values that minimize the distance between a
number of moments in the model and in the data. As we will argue below, the dynamic effect of
credit market conditions on a number of economic variables in the model is informative for the
values of these parameters. To estimate such dynamic effects in the data, we leverage the credit
expansion induced by the graduate deregulation of the banking sector across US states the 1980s.
We focus specifically on the deregulation of intrastate bank branching, so as to minimize concerns
regarding spillover effects across state borders. This event has been studied extensively in the
literature (see Rice and Strahan, 2010 and Kroszner and Strahan, 2014 and the references therein)

and the established consensus is that it can be plausibly considered to be exogenous (conditional
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on a few controls, which we also incorporate), allowing quasi-experimental identification of the
effect of the deregulation at the state level.” In Appendix B, we review the institutional details of
this reform and describe all our data sources.

We estimate the impulse responses at the state level after bank branching deregulation for
lending rates, household debt, output, employment, wages, and firm entry and exit rates. Our
data on lending rates and household debt are from the Call Report data of institutions regulated
by the Federal Deposit Insurance Corporation (FDIC). Data on output, employment, and wages
are from Bureau of Economic Analysis (BEA), and data on firm (establishment) entry and exit
rates are from the Business Dynamics Statistics database.

Our estimation of impulse responses follows a local projection approach, which does not
require us to first specify an underlying dynamic model, and is known to be relatively robust to
mis-specification of the data-generating process (Jorda, 2005). We estimate specifications of the

form:

J J k—1
Giark = Qg+t Y Bikdio—j+ Y UsDi"s + > 6D + TXy + €ipan (15)
=0 =0

j=1

where g; ;11 is the growth rate of the outcome variable that we consider in state ¢ between ¢ +k — 1
and t+ k; fo}tm is a dummy variable equal to 1 if state ¢ lifted its intrastate branching restrictions
in year t and zero otherwise; X;; is a vector of controls for output and employment growth,
employment share of major sectors; a;, and @,y are state and year fixed effects, respectively. The
specification also includes lags of the dependent variable to control for potential pre-trends, with
the coefficients 3, capturing the autoregressive structure of the outcome variables’ growth. We set

the number of lags J to 4 and estimate equation (15) in growth rates to account for non-stationarity

9The easing of intra-state branching restrictions occurred gradually between 1970 and 1994, with states
dominated by well-capitalized large banks lifting restrictions sooner (Rice and Strahan, 2010). To mitigate concerns
that such states might be different in terms of economic outcomes, we follow the literature and include in our
specification lags of our outcome variables of interest, as well as controls for indicators of economic activity.
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in some of our outcome variables.'” Although controlling for lags of the dependent variable and
state fixed effects may, in principle, bias the estimation in small samples, Nickell (1981) shows
that the order of bias is 1/7", which is small for our dataset (a panel of 51 states observed over 57
years). We cluster standard errors at the state level to account for serial correlations within state
and across time.

Given this specification, the estimated impulse response function for the level of an outcome
variable is IRF (T') = ZZ:O Y,k Using the estimated impulse response function for the lending
rate and equation (2), we back out the sequence of underlying shocks 1/7, which we then feed into
the model. Since our empirical analysis only focuses on the first 10 years after the deregulation,
we also focus on the first 10 years’ responses in our model, and to capture the persistence of
shocks we assume that the underlying shock of 1 gradually returns to its initial level with a
fixed persistence parameter of 0.99.'' We jointly calibrate all the parameters using the simulated
method of moments (SMM) to match the impulse responses to bank deregulation of real GDP,
employment, (real) wages, firm entry rates and exit rates, and household debt, as well as steady
state moments (the average level of debt to output across states, about 27%; the entry and exit
rates in the steady state).'” We use the inverse of the empirically estimated variances (for each
variable and at each horizon of the impulse response function) as weights for the distance between
model and data moments.?

Table 2 lists the estimated parameters. We briefly discuss the intuition for how they are pinned

10We show in Appendix B that our results are robust to estimating (15) in levels rather than growth rates and
to not including lags of the deregulation variable in the specification.

"U'Numerically, we also experimented with many other settings, such as persistence parameter of 0.95, or letting
the shocks of 1/ remain at their lowest point for an additional 10 years or 50 years and then gradually reverting
to the initial level of 0. Since our empirical and quantitative analysis focuses on the first 10 years, we find that our
results are essentially not affected when we change our assumptions regarding what happens in the very long-run
future in the model.

12We assume that aggregate labor in the model, Ny, corresponds to aggregate employment in the data.

BNominal GDP in our model economy is Pthd + NX; and Real GDP is nominal GDP deflated by P;. Note
that GDP components include total consumption, total investment (including physical capital investments, the
entry costs for all new firms, and the total operating costs for active firms), and net exports.
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down. Given other parameters, B is mostly relevant for the steady state level of debt to output (of
course, B also matters for how households respond to interest rates shocks). We use 1.2% as the
target for the debt service to output ratio in the steady state (the debt to output ratio is about 27%
as in the data from around the 1980s). k affects the speed of capital adjustment and hence output
and employment dynamics. The parameters cf', p,, v, and © affect firms’ productivity, profits,
and therefore firms’ decisions to enter and exit. Thus, entry rates and exit rates in the steady
state and their dynamic responses can provide important information about these parameters.
Lee and Mukoyama (2015) report that in the Census of Manufacturers, 1972-1997, the average
entry and exit rates are approximately 6.2% and 5.5%, respectively. The demand elasticity for
intermediate goods 7 is mostly relevant for firms’ demand changes, and thus output dynamics will
provide important information to discipline these. The elasticity of substitution between home
tradable goods and foreign tradable goods, (, matters for foreign demand in responses to domestic
price changes.

Comfortingly, a number of the parameters are estimated to take values close to what is typically
used in the literature. For example, with our estimated capital adjustment cost, the implied
elasticity of the capital price with respect to the investment capital ratio is fairly close to that
defended by Bernanke, Gertler, and Gilchrist (1999). Additionally, the constant elasticity of
substitution between home tradable goods and foreign tradable goods, (, is estimated to be about
2.15, which is fairly close to the value of 2 used by Gali and Monacelli (2005) and Nakamura
and Steinsson (2014). Furthermore, our value for 7 is about 5.58, so the implied markup is 21%,
largely consistent with values typically used in the literature (Basu and Fernald, 1997, Burstein
and Hellwig, 2008 and Atkeson and Kehoe, 2005).

Figure 1 shows our estimated impulse responses in the model and in the data. Overall, our
model can match these responses fairly well, despite the small number of parameters we use to

target these statistics. In Appendix C we provide further intuition for identification by examining
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Table 2: Parameters Calibrated Internally

Parameter Description Value Relevant Moments
K capital adj. costs 0.4868 Employment and GDP dynamics
cF flow operating costs 8.3664 Entry and exit rates
Pz persistence for firm-level productivity 0.7210 Entry and exit rates
v entry cost, linear coefficient 46.0895 Entry and exit rates
e elasticity of entry costs w.r.t. to Agg. entry rate  0.4488 Entry and exit rates
n demand elas. for intermediate goods 5.5836 Employment and GDP dynamics
¢ elasticity between Home and Foreign tradables 2.1567 Employment and GDP dynamics
B HH steady state debt level -0.8723 Debt service to output ratio; Debt dynamics

how the impulse responses vary with the internally calibrated parameters. Specifically, in Figures
10-17 we compare our benchmark impulse responses with those obtained with higher and lower
values of the parameters n, vy, (, k, ¢, p,,v and ©, and in Figure 18 we show that the moments

implied by the model are monotonic in parameter values.

4 Effects of Bank Deregulation

Having estimated the model, in this section we perform our main decomposition exercise aimed at
quantifying the relative importance of household and firm-side channels in explaining the aggregate
effect of the credit expansion. We also discuss the role of different model ingredients and discuss

alternative transmission mechanisms.

4.1 Quantifying the Relative Importance of Different Channels

To quantify the relative importance of household and firm-side channels in explaining the aggregate
effect of the credit expansion, we consider the case in which there are interest rate shocks 1/,
that apply only to households or only to firms in the economy. This allows us to decompose
the relative importance of household and firm-side channels and investigate the extent through
which deregulation acts through the production and the household side of the economy. In the

benchmark model, we assumed that 1), was the same for households and firms, implying that all
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Figure 1: Impulse Responses from Bank Deregulation, Model vs. Data
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agents face the same interest rate (rp; = ;). By contrast, in the decomposition analysis, rp,
will no longer equal 7.

Figure 2: Shocks to Firms vs. Households Only: Impulse Responses
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Figure 2 plots the impulse responses for three different situations: (1) the benchmark model
which we label “Benchmark”; (2) shocks only to interest rate that households face, rp,, while
keeping 7, is fixed at its initial level, which we label “HH shocks Only”; and (3) shocks only to
the interest rate firms face, rp;, while keeping 7y, fixed its initial level, which we label “Firm
shocks Only.” All variables are expressed in percent deviations from their steady state values.

By comparing the three different impulse responses and inspecting the dynamics, we find
that the increases in GDP, employment and consumption are due to a combination of household
and firm-side channels. In the short run, firm-side and household-side channels are roughly
equally important. In the long run, the firm-side channel dominates. We now discuss the precise

mechanisms operating in the two channels.
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The Firm Channel. The mechanism of how an interest rate shock propagates through the
firm-side channel is that, as capital goods producers face lower interest rates and thus lower costs
for investment, they will supply more capital goods to the rental market, reducing the rental rate
of capital. However, the response is dampened by the capital goods adjustment costs and by the
fact that some intermediate inputs must be produced at home and the boom causes the prices
for the home goods to increase. The lower interest rate and capital rental rate will also raise the
profitability and present value of a firm, which in turn implies an increase in firm entry and a

decrease in firm exit.

The Household Channel.  An interest rate shock operates as follows through the household
channel: when interest rates are exogenously reduced, the financially unconstrained are on the
Euler Equation and will borrow more from abroad, front-loading their consumption from the future
to the present. The hand-to-mouth agents will also increase their consumption because current
wages go up. Thus, the nominal demand for goods in both sectors increases in the aftermath of
the shock. This raises prices in both sectors.

In the non-tradable sector, the increase in prices makes it profitable for firms to increase
production by hiring more labor and renting more capital. This in turn will drive up factor prices
(real wages and capital goods renting prices r). Rising real wages in turn raise labor supply,
aggregate employment and output. In addition to their effect on production, rising prices in the
non-tradable sector tend to cause a rise in firm profits; in turn, fewer incumbent firms exit and
more new firms enter.

The growth in output in the non-tradable sector is exacerbated in the first few periods by
nominal rigidities in goods and labor markets, which cause rising demand to lead to higher
production rather than price increases. At the same time, as we discuss in Section 4.2 below, the

core mechanisms of the household channel are not radically changed when we reduce nominal
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rigidities, in contrast to what one might expect from closed economy New Keynesian models. As
such, the core household demand channel that drives the rise in output and employment is not
the usual New Keynesian channel that operates via nominal rigidities. The reason that output
and employment can rise even in the absence of nominal rigidities is that real wages can rise
due to real exchange rate appreciation (i.e. a higher relative price of non-tradables compared to
imported tradables). Since the price of imported tradables is determined by conditions outside
the domestic economy, this price remains fixed (normalized at the value 1) after the interest-rate
shock. Thus, final goods prices are also less responsive to the shock, since these partly depend
on the price of imports. As such, rising nominal wages after the shock translate into rising real
wages, and so labor supply, employment and, therefore, output increase, even in the absence of
nominal rigidities.

For the tradable goods sector, however, rising domestic household demand propagates differently.
Increased domestic demand for tradable goods is met by importing more foreign tradable goods.
Demand for foreign tradables rises while demand for domestically produced tradables falls because
higher domestic demand pushes up domestic relative to foreign prices. The shift towards importing
tradables frees up labour to move to the the non-tradable sector to meet higher non-tradables
demand, which in turn lowers domestic production of tradable goods—a mechanism reminiscent
of the J-curve effect in the international business cycle literature (e.g., see Kehoe, Kydland, and
Backus (1992)). As a result, a shock that lowers the interest rate of households only leads tradable
good production to fall and remain below steady state for more than 10 years, while non-tradables

production rises (see Figure 2).

Comparing the Overall Importance of the Two Channels. Figure 2 quantifies the
importance of the two channels for various aggregate variables. The figure shows that firm shocks

are more important for GDP, investment, and employment, whereas household shocks account for
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most of the dynamics of consumption.

Figure 3 computes averages for the percentage deviation from steady state for each variable

across different horizons (years 2 to 10, years 2 to 5, and years 6 to 10). In each panel the sum of

the two bars is approximately 100%. We interpret these bars as representing the fraction of the

overall response of the variable that is due to each of the two channels. Figure 4 provides more

information for other economic variables’ decomposition over years 2 to 10, such as the price for

capital goods, prices for different sectors’ output goods, real wages, employment and output in

different sectors.
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This accounting exercise suggests that over 10 years, shocks to the firms account for the lion’s

share of movements in output and employment following a credit deregulation: The firm channel

accounts for 71% of the GDP increase, 70% for total employment, and 92% for investment, whereas

shocks to the households can account for just 28% of the GDP increase over 10 years. The patterns
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for non-tradable output, total employment, and wages are similar to that of GDP. For aggregate
consumption, however, household-side shocks are dominant, accounting for 94% overall, and even
larger in the short run. Closely related, the household channel is important for price dynamics:
this channel is dominant for the price dynamics of non-tradable goods, domestic tradable goods,
and final goods (see Figure 4). For investment, entry and exit, firm-side shocks have shares larger
than that for GDP, and firm-side shocks are more important at longer horizons (years 6-10).
The reason why the data identifies the firm-side channel as the main driver of the aggregate
effect of credit expansions in the medium term is the fact that output and employment grow
gradually after deregulation. This is consistent with the way firms respond to lower borrowing costs
because sustained investments induce a gradual increase in firms’ capital stock. The household
channel, by contrast, induces a rapid rise in output and is therefore more important for the

short-run dynamics.

Identification Through Dynamics of Tradable Output. Note that the household channel
and the firm channel exhibit opposite responses for tradable goods output: tradable output falls
in response to household-only shocks and increases in response to firm-only shocks (as the rental
rate of capital falls, firms in both sectors increase capital, employment, and production). The
dynamics for net exports follows the pattern of tradable output and drops more in the case of
household-only shocks.

This suggests that the dynamics of tradable goods after credit deregulation could provide
identification for the household channel versus the firm channel (see Mian and Sufi (2014) and
Mian, Sufi, and Verner (2020) for a similar argument). Unfortunately, the BEA, our data source
for state-level time series for macro aggregates, only publishes industry-level GDP by state going
back to 1997, long after the branch deregulation completed. We thus rely on the state-level

tradable and non-tradable output data provided by Mian and Sufi (2014), which goes back to 1963.
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Figure 4: Shocks to Firms vs. Households Only: Other Variables
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In these data, tradable output is produced by industries with gross trade higher than $10,000
per worker, or higher than $500M in absolute value, whereas non-tradable output is produced
only by retail and restaurants. As a consequence, the tradable sector accounts for 11% of total
employment and the non-tradable sector for 20%, with the majority of employment unaccounted
for in the output measures.

With this caveat in mind, we estimate impulse responses of the Mian and Sufi (2014) tradable
and non-tradable output data to the intrastate branching deregulation following the same strategy
as in Section 3. Figure 5 plots the empirical impulse responses against the model counterparts from
Figure 2. We find positive point estimates for the responses of both tradable and non-tradable
output to the lifting of the intrastate branching restrictions, although the 90% confidence interval

includes zero. This is consistent with our finding that firm-side shocks is the main channel for
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the macroeconomic responses, at least in the medium term. Note also that our model matches
the point estimates for the impulse responses quantitatively, even though these impulse response
functions were not used in the estimation of the model. We interpret this as auxiliary evidence in

support of our model.

Figure 5: Tradable and Non-Tradable Outputs in the Model and Data
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Simple AR(1) Shock to the Interest rate. Our benchmark experiment features a highly
persistent shock to the interest rate. To understand the role of persistence of interest rate shock,
we now vary the persistence by considering the effects of interest rate shocks that follow AR(1)
processes. The economy starts from the initial steady state. In period 1 there is an unanticipated
shock to the interest rate that decays with persistence ¢, so that 1 = /!=1H . We consider two
cases — one with high persistence (¢« = 0.95) and one transitory case (¢ = 0). The persistent
shock ¥ is 0.35 percentage points on impact—the same as in our estimated 1 at year 10. The
transitory is three times larger on impact in order to ease the comparison. The impulse responses
are compared in Figure 6. All variables are denoted in percent deviations from their corresponding
initial steady state values, and we only report the first 20 periods.

The effects of the persistent AR(1) interest rate shock are qualitatively similar to those of the
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calibrated interest rate shock shown in Figure 2. Consumption largely rises via the household
demand channel, and investment by the firm-side channel. Since interest rate shocks are mean-
reverting by design, there are no permanent changes in interest rates, rental rates for capital, firm
technology, or any other economic fundamentals in the long run. Consequently, after an initial
burst in household debt, households gradually repay the debt burden and reduce their consumer
demand. Since firms expect that their profits only increase in the first few periods following shocks,
the incentives for long-term investment and for new firms’ entry are also relatively transient.'*

For a transitory interest-rate shock the economic effects are, as one can expect, short lived
and propagate through the increases in household and firm debt, as well as through price and
wage stickiness. For investment, the initial responses have similar patterns with a slightly smaller
magnitude; however, the main difference is that investment quickly reverts in the case of transitory
shocks, as the capital stock in the first period builds up and firms have to lower investments when
interest rates are back to normal levels.

For the transitory case, a notable feature is that in the short run the initial boom caused
by the lower interest rate is immediately followed by a recession. The reason is that prices and
wages are stuck on too high levels when the stimulus is over. During the period with low interest
rates some firms get to increase wages and domestic prices. However, the period after, when the
stimulus is over, prices are too high relative to the price of the tradeable foreign good, whose price

is constant. This may cause a short-lived recession despite the fact that capital remains above its

steady state level.

4 Numerically, after about 50 years, the economy gradually converges back to the initial steady state. Along
the transition the economy features a slightly lower consumption and non-tradable output/employment, higher
tradable goods output/employment, and a slightly higher net export. We solve for the model with a very large
number of time periods (800) periods; our results for the first 10 or 20 periods (our main focus) essentially remain
the same when we further increase the number of periods.
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Figure 6: Model Responses to AR(1) shocks in interest
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4.2 Robustness to Parameter Changes

In Appendix C.4, we inspect how changes to our model parameters affect ourmodel impulse
responses and decomposition results. We explore, in turn, the effects of varying the Calvo
parameters governing wage and price rigidity, of varying the size of capital adjustment costs,
of varying the firm entry cost parameters v and O, of varying the elasticity of intertemporal
substitution and Frisch elastictity of labor supply, and of varying the intial level of firm debt.
As shown in Appendix C.4, our main conclusions are very robust to moderate changes in the
values of almost all these parameters. Impulse responses for aggregate variables change a little as
parameters vary, but are ultimately very similar across the different parametrizations. Our main
decomposition results likewise hold up: firm-side shocks account for about 70% of the responses
in GDP, employment, and non-tradable outputs over 10 years; shocks to households are more
important for consumption dynamics, and they are more important in the short run; shocks to
firms are important for investment and even more important in the longer run. Tradable and
non-tradable output have opposite responses, and firm dynamics are affected by both shocks
but relatively more by firm-side shocks. The only parameter we consider where results turn
out to be more sensitive is the elasticity of intertemporal substitution: when households have
lower inter-temporal substitution incentives (higher value of o), the household-side effects are
greatly reduced, and shocks to firms largely account for responses in GDP, employment, although
consumption is still mainly accounted by the household side. Intuitively, for interest rate shocks
on households to work, it is important that households are able to adjust their consumption path
over time.

The limited effect of nominal rigidity on impulse responses reflects the fact that the expansionary
credit shock is close to permanent. Consequently, the response of real output due to nominal

rigidities is small compared to the response of inflation, because the New Keynesian Phillips curve
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is relatively steep in response to permanent shocks. In Appendix C.4, we show that higher levels
of price rigidity do induce a larger rise of output and employment in the short run after the credit
expansion, but that this effect dies out within about 2 years. The lack of importance of nominal
wage and price rigidity for results also draws attention to the fact that the key household demand
channel in our model is not the usual New Keynesian channel involving nominal rigidities, as
discussed in Section 4.1 above. The limited effect of entry and adjustment costs on results likewise

reflects the extreme persistence of the shock.

4.3 Other forms of financial or interest rate shocks

In this paper we studied the effects of an expansionary financial shock by modeling the deregulation
of intrastate bank branching succinctly as an exogenous decrease in the interest rate faced by
households and firms in the state. While this simplified representation of financial shocks follows
a long tradition in the business-cycle literature (Neumeyer and Perri, 2005, Smets and Wouters,
2007), it begs some deeper questions about the effects of financial deregulation. First, is it possible
to provide microfoundations for how intrastate bank branching deregulation reduced interest rates?
Second, does the main effect work through a reduction in interest rates, which is our focus, or are

there other effects? In this section, we suggest that the answer to each of these questions is ‘yes’.

Microfoundations of interest rate decrease after deregulation. @ We document that
the empirical effects of bank branching deregulation involved increasing debt and lower interest
rates on this debt. A standard micro foundation for these effects is that the deregulation caused
a rightward shift in the overall supply curve for credit. Intuitively, if each bank branch has an
upward sloping supply curve for lending, then removing legal restrictions on new branches forming
would shift the market supply curve of lending rightwards, reducing the interest rate on loans and

increasing the quantity of debt. In Appendix A.5, we provide a simple formalization of this idea.
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Different channels for economic effects of deregulation. A potential concern with our
approach is that the macroeconomic effects of banking deregulation might have operated through
channels entirely different from the interest rate channel we study. For instance, many models
of financial frictions assume that agents face quantity rationing in the amount they can borrow
(e.g., via a collateral constraint), and banking deregulation might have influenced the extent of
such credit rationing. Alternatively, banking deregulation could have introduced more generous
mortgage contracts, leading to higher house prices, which might, in turn, affect household demand
through wealth effects or by relaxing collateral constraints.

While these other channels are undoubtedly worth exploring, we view the primacy of the
interest rate channel as a useful working assumption for several reasons. First, our empirically
estimated impulse responses in Figure 1 show that loan interest rates declined after deregulation,
allowing us to quantify the size of the financial shock. In contrast, reductions in credit rationing
are harder to observe and measure directly. Second, it is straightforward to imagine that branching
deregulation, by encouraging the entry of new bank branches, increased loan supply and lowered
interest rates. It is less obvious that it would have loosened collateral constraints. Third, the
interest rate channel in our model predicts a slightly larger increase in household debt than what
we estimate in the data, suggesting that the observed rise in debt can be explained without
invoking changes in credit rationing. Fourth, many effects of reduced credit rationing resemble
those of lower interest rates, as both operate as wedges in the first-order conditions for households
and firms. Thus, relaxing credit rationing would likely amplify the effects of the interest rate
channel rather than introduce qualitatively different dynamics. For these reasons, we focus on

interest rates rather than modeling changes in credit rationing.
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4.4 Additional Channels for Amplification

Our main finding—that most of the effects of credit deregulation worked through the firm channel—
would be strengthened if we were to incorporate two standard extensions to our model: working

capital constraints and endogenous technical change.

Working capital constraints on hiring and other inputs. = Working-capital constraints
would increase firms’ reliance on external capital. A fall in firms’ borrowing costs would then lead
to a larger rise in output as it would be easier for firms to finance their working capital and hire
more labor.’> We conjecture that such extension would lead to a greater role for the firm-side

channel relative to the household channel, particularly in the short run.

Long-run technological change. An alternative mechanism could be the effect of the credit
expansion on long-run technological progress. Our model does not feature endogenous technological
change, but could be extended along the lines of the endogenous growth literature so that the
rate of technological progress depends on firm investments in R&D. Queralto (2020) develops a
model where entrepreneurs finance R&D by borrowing from banks, and R&D leads to endogenous
growth. An increase in the cost of borrowing reduces entrepreneurs’ R&D expenditures, reducing
the growth rate and leading to a permanent decrease in output. Our model could readily be
extended to incorporate this channel. Doing so would presumably not overturn our conclusions
that the firm-side channel accounts for roughly half of the output increase in the short term, but
would strengthen the long-run impact of this channel.

This mechanism could be even more potent if investment in R&D is risky. For instance, Cui,
Xie, and Zhang (2024) study how interest rates affect the risk taking behavior of firms. If a

decrease in interest rates leads to a greater willingness by firms to take on risks, then this could

I5Tf firms have variable capital utilisation, then in this case it is also possible that capital utilization could
increase when the marginal product of capital increases.
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increase their incentive to engage in risky R&D investment as opposed to safer investments in

physical capital, potentially increasing long run growth.

5 Conclusion

This paper explores, both theoretically and empirically, the effects of changes in credit conditions
on the real economy. We ask whether these effects work primarily through households or firms.
To study this issue we focus on the bank deregulation in the U.S. in the 1980s and interpret
deregulation as a fall in borrowing rates. To derive theoretical predictions we propose an open-
economy New-Keynesian model with heterogeneous firms and households. The model incorporates
tradable and non-tradable goods sectors, nominal frictions in both goods prices and in wages, and
endogenous firm entry and exit. Following a large literature in finance, we view the state-level
bank deregulation as a staggered natural experiment. We use the causal evidence from these credit
market deregulation episodes to estimate the model. The model generates impulse responses for
key economic variables consistent with causal empirical evidence.

Using our model as a laboratory, we quantify the relative importance of household-side and
firm-side effects when there are changes in interest rates. The firm-side channel accounts for
around 70% of the cumulative response of most variables in the first 10 years after the shock,
while the household channel explains roughly the remaining 30%. The household channel is
more relevant in the short run as it accounts for about half the short-run output movements and
most of the consumption dynamics. The identification of the firm-side shocks as the main driver
of medium-term dynamics stems from the fact that macroeconomic aggregates such as output
and employment expanded gradually following the credit expansions—consistent with sustained

investments and growing capital stocks associated with firm-side shocks. Lower borrowing costs
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for households induce instead an immediate increase in consumption but not a gradual increase.'®

We have studied the effects of credit shocks at the state level and therefore abstract from
potential spillover effects across state borders. The main mechanism works through firm investments
and households’ demand for tradable and nontradable goods and the quantitative effects could
potentially be different for changes in credit conditions that apply to the U.S. as a whole. We
leave it for future work to extend the analysis to shocks that affect the entire U.S.

Our decomposition into household and firm channels contrasts with some previous work
including (Mian, Sufi, and Verner, 2020), who studied the relative importance of demand and
supply channels for the transmission of credit shocks. The task of decomposing supply and demand
effects in a large dynamic model such as ours is not straightforward, since, for instance, the effect
of the shock on firms’ investment can be viewed as affecting both the demand for capital goods
and the subsequent supply of output through capital accumulation. We leave this task to future
work. At the same time, our results suggest that any such decomposition is likely to find an
important role for both demand and supply channels. This is because the effects that we ascribe
to household shocks operate through consumer demand, and therefore presumably would mainly
qualify as a demand channel, whereas the effects on firms are a mixture of demand-side effects (due
to investment demand) and supply-side effects (due to capital accumulation). Since we have found
that the household channel is quantitatively quite important in the short run, this is suggestive
that demand-side effects are likely to be significant. On the other hand, in the long run, the effect

of capital accumulation is important in our model, highlighting the importance of the supply side.

16Preferences incorporating habit formation might be an alternative mechanism that could induce more gradual
consumption responses, thereby strengthening the role of the household channel even in the medium term.
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Online Appendix: Not Intended for Publication

A Equilibrium and Numerical Solution

In this section we define the equilibrium of the economy and characterize the solution to each

agent’s problem.

A.1 Additional Model Elements

Nominal wage rigidity. In line with our small open-economy assumption, the labor market is
closed in the sense that there is no labor migration across state borders. We assume that wages
feature nominal rigidity along the lines of Gali (2015, Chapter 6). Each household is made up of a
continuum of workers who each produce a differentiated labor supply indexed by j € [0, 1]. Each
worker j sets a nominal wage at which she will work, and firms choose how much of the worker’s
labor to demand at this wage. Worker nominal wage setting is subject to a Calvo-type rigidity;
that is, at the start of period ¢, a worker can set a new nominal wage with probability 1 — 6,,, and
with probability #,, she must continue to work at the nominal wage from the previous period.

If a worker j is free to set a new wage in period t, then she is assumed to set this wage to
maximize the present discounted value of the worker’s contribution to the household’s utility.

Therefore, the new wage w}, solves:

= W5 Ny ik NHUk
E ewk 25t o 7,t+ ’ Al
maxEs 3 (9 )( e (A1)

* 17

where Nj; iy, is the demand for j’s labor in period ¢ + &, given the wage rate wj,.

Nominal price rigidity for retailer. Retailers set their price p; to maximize present discounted
profits, given domestic and foreign final goods firms’ respective demand function for their variety.
However, they face Calvo pricing frictions; only a fraction 1 — ¢p of retailers can change their
price each period, as in standard literature (such as Gali (2015, Chapter 3)).

As shown in Gali (2015, Chapter 3), these assumptions, combined with the first-order conditions
of the final goods firm, imply that the price of each composite good Ys, S € {N, H}, satisfies:

Pg, )1_” ( Pg, )1_"
ot —9p+(1-29 : , A2
<Ps,t—1 s r) Psi_q (#.2)

1T"We will not introduce notation to specify if worker j is a member of a spender or saver household because, as
we will show later, a worker j will choose the same w;; and IV;; regardless of which of the two household types she
belongs to.
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where Pg, is the price chosen by firms that reset prices in period ¢. This is given by the first-order

condition:

> hE,
k=0

k J—
Pgt K 1 n
j];[ﬂ ™ (Ps,t+k) Sittk (Pt+k) ( Syt —77 1 Wﬁ,t—&-kz)

Total nominal profits of the retailers II/* are as follows:
Hf = Z PsYst — PwsiYwse | - (A.3)
Se{N,H}

where Yy, = [ reg Yidi is the intermediate goods output of sector S € {N; H}, which is used as

an input for the retailers in that sector. By integrating the demand curves for retailers we find
-1

that, Yivs: = Ys: (Dsy) ", where Dg; is a measure of price dispersion, Dg; = ( v 77dz') " /Pgy.

Then, analogously with Pg;, Dg; evolves according to the following expression:

PsDg; )n ( Pg, )—n
—_— =J9p+ (1 -1 _ ) A4
(PS,t—lps,t—l P ?) Psy 1Dg1 (A.4)
A.2 Equilibrium

We first define the equilibrium of the economy.

Market Clearing Conditions. The following equations ensure that all markets clear:

e The market for labor of each type j clears:

S MY [ x5, usi(e)dz = Ny (A5
Se{H,N}

e The market for capital goods clears:

Z M%/I{z>z*(S,Xt)}k*(S> Z)”t(s> Z)dZ = Kt- (A6)
Se{H,N}

e The market for domestically produced tradable goods clears (total supply Yy, equals total

demand Yy, + Yy ,):
Ve =Yh, + Y, (A7)
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The market for domestically produced non-tradable goods clears (Y, is the total demand):

1—~)PYs
Voo = v = L (A8)
The market for final goods clears (Y, is the total supply):
Mg, \°
YI=Ci+ L+ Y, M+ Y vMg, (ﬁ) (A.9)
Se{H,N} Se{H,N} Sit—1

Equilibrium Definition.  Denote the total mass of continuing firms in sector S as M gﬁ, denote

the pdf for continuing firms as p15,(2), and denote the total mass of new entrants at the end of

each period ¢ as M§,. The competitive equilibrium consists of prices {Pnt, P:,w; }52, and value
functions of W(z; Xy, .S) such that,

CE, CF, Bl and Nj; for each j solve the spender’s and saver’s problems.
The interest rate faced by savers is given by (2).

The discount factor of firms is given by (5), and the aggregate profit of firms is given by
(13), and retailers’ profits are given by (A.3).

For Y, and st,t of each S € {N, H}, final goods firms maximize their period profits.

Py, Py and w, evolve according to the Calvo price-setting and wage-setting conditions
(A.2) and (A.1).

Aggregate investment I; solves the optimization problem of the capital goods firm (6). The
total profits of capital goods firms are given by (4). Total capital stock evolves according to

the law of motion in (3).

Intermediate goods firms’ value function W(-) evolves according to the Bellman equation
(9). For each intermediate goods producer i, its profit WZ‘Z , output y;, and input uses k;,
n; ;¢ (for each j) are given by the solution of its within-period problem in (10). 25, and

Mg, are consistent with the free entry and exit conditions (11) and (12).

The distribution and total mass of intermediate goods firms evolves according to (A.10) and
(A.11) as follows:

The measure of intermediate goods producers with any productivity 2, 2 > 2*(Xg41),
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evolves according to:

Mgv,tﬂ/I{z'zz*(Xs,m)}f{z'gz}ﬂs,tﬂ(Z/)dZ/
= Mg, / I oo p<at 220 (X g 00 ) s (2)d2

+ [M%(l — pz) + ME,H—J /I{z’gé}[{z’zz*(Xs,tH)}dGz(Z/)- (AlO)

and the measure of all active and exiting firms evolve according to:

Mgy = Mgyp: / Lo e g ) (2220 (X5, 5, (2) A2
-+ [M,S‘:I,/t(l — pz) + Mg,t+l:| X /‘I{Z’Zz*(Xs’tJFl)}dGZ(ZI)
MEY, = Mgv,tpz/f{zzz*(Xs,t)}f{st*(Xs,t+1)}ﬂs,t(2)d2

+ [M,(1 = p.) + MG, 4] x /I{z/<z*(xs,t+1)}dGz(Z') (A.11)

e Total firm assets evolve according to (14), with dividend payments given by ZY,%.

e Labor, capital, non-tradable goods markets, and final goods markets clear, according to Egs.

(A.5), (A.6),(A.9) and (A.8).

A.3 Characterization for the Economy

We next characterize the decision rules of the agents in the economy.

A.3.1 Dynamics of the Number of Intermediate Goods Firms, and Their Average
Productivity

To better describe the dynamics of average productivity and the total measure of intermediate

goods producers, we first define the average TFP of active intermediate goods producers as

Z = fz>z* zpt(2)dz. The exact dynamics of Z; and the total mass of intermediate goods producers
t

M} are described by the following proposition.'®

Proposition 1. Suppose that Assumption 1 holds. Let

Jt = max Hk‘ € {0,1,..,t =1}z > 2 orz; > 2/, Vi< k‘} U {0}] (A.12)

BFor convenience, we omit the subscript S for sector in the statement of the proposition.
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Then the values of Z; and MY evolve over time according to the following equations:

B £z N i—jt M]ZV (E ﬁmin{zt*; Z;t})

= 3 T VA R |
o* —£ t—ji
MtW = pi Jthszin{l; (Z_i> } £Zp 1 _pz Mth_'_Mte 2+1)
Jt
Proof. See Appendix A.4.1. n

Intuitively, there are two facts are important for the analytical results. First, we assume that
a firm’s productivity does not change in the next period with probability p., and with probability
1 — p., the firm draws a new productivity from the same, exogenous distribution g). Second,
intermediate good firms are perfectly competitive, so that the firm’s optimal decision is relatively
simple (maximizing static profits for a given z, and deciding on exits or not). As a result, the

dynamics of optimal cutoffs and the average TFP of active firms are relatively easy and tractable.

A.3.2 Closed-Form Solution for Entry and Exit

In our model, heterogenous firms have endogenous entry and exit behavior. We find that
convergence of the computation is vastly improved when we use the following closed-form solution
for the free entry and free exit conditions. In particular, we can solve for the optimal cutoffs and

the mass of entrants, z; and M.

Proposition 2. z; and M¢ satisfy:

Me *—(§—1)
u< ot ) ZA” (— (A.13)
MS,tfl -

and
. o
cp — M(1 - p2) ijo A1 (E—Jl)
(= — ) (A4
B (1 — pz M)A ((1 — pM;)A ) ZAt’J Ay~ Arga) (A1)
where
—W
TSt
Agy = ———— A.15
>t 1 - pth ( )
2o, = max{zg, }r_ S (A.16)

Hii%(Mtprz)

Aij = (1= pzMiyj)Ass M, ip
+ilFz

(A.17)
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Proof. See Appendix A.4.2 for proofs and more details. O

A.3.3 Solving the Household’s Problem

We then consider the optimality conditions of the households. Let T'A? P; denote the marginal

utility of consumption for savers at time t. Then, we have:

1+’U
sb/ N Y

A = BL+rHEN,, = 0 (A.19)

MNP = (A.18)

A.3.4 Retail Price Setting

Recall that retail prices of each composite good evolve according to (A.2), which we repeat for

P, >1n ( Pg, )1_n
’ —dp+ (10 ’
(Ps,t—1 S ?) Psy q

where P§, satisfies the first-order condition:

%t) ( 1)( 0 )
Mei\ g, ) Yoo\ g ) \Psu = 110 ~ 0.
H t+j ( St+k S,t+k Pt+k St n— 1 W,S, t+k

To simplify this, we let:

convenience:

}:WEt

MiAps; = n—Zﬂ’“Et

1
H Mt+] Sit+k (P+k) YS,t+kPW7S,t+k]

7=0

1
H MtﬂPng (P+k) Y4k

7=0

MiBps: =) UpE:
k=0

Then, we can write the first-order condition as:
*
BpsiP, — Apsy =0

or

Apsit

P
St
BP,S,t

Substituting this into the equation for the evolution of aggregate composite good prices, we

find that these prices must satisfy:

Ps, )1_77 ( Ap.s )1_77
d =vp+(1—-19 _— ) A.20
(PS,t—l P ?) BpsiPs—1 ( )
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That is, for any given ¢, when adjusting prices, all retailers in sector S choose the same price,

Ap,s
*x ,S,t
PS,t " Bpst®

The equations above also imply that Apg; and Bpg; satisfy:

Apgi = (%) Pg,tPt‘le,tPW,s,t +Up M EyAp 5411
Bps: = Pg,tpt_lys,t +Ip M1 EBps it

A.3.5 Wage Setting

Following the arguments of (Gali, 2015, Chapter 6), it is straightforward to show that firm i’s

demand for labor j will satisfy:

where w; is an aggregate wage index:

1
1 1 l—ew
wy = /wj;e“’dj
0

Aggregating across intermediate goods firms, we therefore have:
Nj,t = (—) Nt = w;tew'lf]t
where w; = w;* Ny is an aggregate variable, and

€w
1 ey —1 ew—1
Nt :/ n@tdi :/ / n; cw dj di
i€Incuply i€lnUTy 0

Recall that a worker j who is free to choose their wage in period ¢ sets w;; = w}, to maximize
(A.1):

> 5N, Nl
k w],t Jit+k Jit+k
B ) (50) ( o —¢>1+U>,

k=0

Substituting in the labor demand function, this is:

00 *1—€qy ~ltv, *—ew(14v)
E Z 0. \k Wip Witk Wyt Wiy
o t+k +v
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The first order condition for optimization is:

t+k

0= (B6u)

P,
k=0 t+k

which rearranges to:

< ((1 — €)Wy

(1+v)-1 wz:tlilg
» 1 a.c—ew v)—1
+e ( + U)¢wj,t 1 + v

Py

o (1 = ew)w! b, .
R (S

k=0

which rearranges to:

Ee 35 o(80u)* (ewdiirsy)

w"f&‘i'ﬁwv =
4 Ei Y e o(B0w)* ((€w — 1) Ptiyr)
Now, let
At =B (80,)" (cwdiv) )
k=0
By =E; Z(ﬂ@w)k(ew - 1)Pt11kwt+k
k=0

These satisty the recursive equations:
Aw,t = quswtl—l—v + /BHwEtAw,t—i-l

Bw,t = (ew - 1>Pt_lwt + ﬁewEth,t+1

So we use these recursions to solve for A, ; and B, ;, and let:

1
w* — (Awﬂf) Iewy
at
’ Bw,t

Thus, we have that, for both savers and spenders:

Auit = € (wwat)HU + B0,Er Ay i1 (A.21)

Byt = (€w — 1)Pt_1wwat + BOLE By 141

1
w* — (Awﬂf) Hewy
at
’ Bw,t

and we see that w;, and NV, are the same for each j and the same for savers and spenders.

(A.22)

Following the arguments of (Gali, 2015, Chapter 6), the evolution of the aggregate wage wy; is

given by:
wy = (watl__f” (1-—

1
0 )w*lfew) T—ew
w t
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Substituting in the equation for w}, above, we can write:

Aw 1+€2Uv T-ew
w, = <9ww,} T+ (1—0,) (B :) >

We showed above that the saver’s marginal utility of consumption at time ¢ is:

NP =

1+U
P — ¢/ N dj

Using the labor demand curve above, this is:

1+v
N1+U 1 . —€w
on = feosn (7)o
+ v =0 Wy

—0

which is

NBo= |CF -

1+wv

¢N1+UD €w(1+U)] -

where the wage dispersion term D,, satisfies:

—1
1 —eu(14v) .| cw(@+v)
|:f0 w],t ( )dj]

Dw,t =

Wy

The dispersion term evolves according to:

—1
—ew(14+v) \ T (140)
e v Aw 14+ewv

Bw,t

A.3.6 Solving the problem of the capital goods producer

(A.23)

(A.24)

(A.25)

Substituting the capital goods production function into the Bellman equation for the capital goods

producer, we obtain:

QK = (TtK + 0k ) (Ky) + MyEy [Qri] Kia
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The first order condition for K, is: (omitting the S subscript)

K,
By [MyQyq] —1 -2k ( }?1 — 1) =0

t

The envelope condition is:

which simplifies to:

K 2
Qt:5K+rf(+<1—§K+/<a<( tH) —1))
K

Combining the first order condition and the envelope condition to eliminate O, we get:

EM(dk + 7’?,1;“)] + Ei

A.3.7 Solving the Intermediate Goods Producer’s Problem

KSt+2>2
M, (1= 6+ n <— _1
t( K ( Ksii1
Kgiiq
=142k ———
( (Ks,t

))

For the static profit of intermediate goods producers firms. 7% (z;X;), we have

P,
™(2 X, S) = maX{( V;;S’t) yi = (rf + 0k )k — % -

t t

P
= HI%%X {( V]l;,tS,t) zil_a(k:il_an?)e - (TtK + 0 )k — % —
The first order conditions are:
(ry + )k =(1—a)f P zi e (ki ng)
t
wyn Pwst\ 1.9 1—a, a\6
Y)Y _ e St} -0 (ploagc
() = (Pt ) ate ey
Then
kl_ano‘ _ Oza(l — a)lfa 0 (Pw,s,t) 1-6 (kl_an(-l)e
(i + o) (%) B

o1

(A.26)

CF} (A.27)



and so

and so

a l—« P 10
P XS) = (1= 0) | Ut | gt (BT
(rK 4 05 )t (%ﬁ) Fi
Therefore, we may write:
TV (2;Xy, 5) =Tg,2 — "
where
_0
all )1—04 e 0 P ﬁ
-«
Toe=(1-0) o | 077 ( W’S’t) (A.28)
7 (K 4 65 )t (%) Fi
The total revenue of intermediate goods producers 1 is:
1 Pﬁwzl
Pw.syi = B (m) (7" (2, X4, ) + cp) = i _Ste

A.4 Proofs of Propositions
A.4.1 Proof of Proposition 1

Recall that, for the dynamics of the measures of firms, we have:

Vz 2 Z*<Xt+1), Mtlj-l /Sa[{Z’Zz*(Xt+1)}I{Z’§2’}Mt+1(Z/>dzl

= MtFpZ [{ZzZZ*(Xt)}I{Ztﬁi}[{zzZZ*(Xt+1)}/“Lt(Zt)dZt

+

M (1= p.)+ Mg, ] / Iy lsar(x,00)3dG L (2) (A.29)

Mtil = MtFIOZ/[{ZtZZ*(Xt)}[{ZtZZ*(Xt+1)}/J’t(Zt>d’zt
+ [ML (1= p.) + M, % / Is o x, o dGL(2) (A.30)
MES = MtFPz/f{zpz*(xt)}f{Zt<z*(xt+1)}Mt(Zt)dzt

FME( = )4 M2] % [ Do dGL(2) (A.31)
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To simplify these expressions, let H;(z) be the cdf of continuing firms associated with p;. That
is,
B fzi* we(z)dz
N fzotf pe(z)dz

Then, from the expressions above, we can say that H; and M}" evolve according to:

Hy(y)

M1 (1 = He(2) =
p MY (1= Hy(2)) + (1= p) M + M7, )(1 - G(2))  if 2 > 2,

(A.32)
MY, if 2 <27

Here, there is no z > z; in these expressions because H;(z;) = 0, so all the necessary information
is already contained in H;.

At 27, both cases must give the same term on the left hand side, and so:
MYy = p-My" (1= Hi(21)) + (1= p2) MY + M) (1 = G(240)) (A.33)

Finally,
M = MY poHi(274) + (1= p2) M + M) G(2744) (A.34)

Differentiating equation (A.32) with respect to z, we have:

P MY i (2) + (1 — p) MYV + Mg )g(z)  if 2> 25,

Mtli/lut+1(z) = )
0 if 2 < 27

(A.35)

These equations fully describe the evolution of the firm distribution given M} and z;, for each ¢.

We may guess and verify that, for any z, the solution has the following form:

k41 -1 W e ; *
2) D ic1 Py (L —po) M2, + M7, if 2>z

MtWMt(Z) _ 9(2) 222, pa (( p2)M, t +1) t (A.36)
0 it 2 < zf

where k is the number of consecutive periods for which 2} < z.

That is, max{z;_,}'=F < z, but 27 , > z. If 2} < 2 for all ¢, then k = oo.

It can be proved by induction that this is the solution. Assume it holds for some ¢, then plug
it into equation (A.35) and we see that it also holds for ¢ + 1.
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Recall that, for the dynamics of the measures of firms, we have:

£ 2 (Xeet) ME [ sty Tpocsppens ()42
= M, pz/I{zt>z X st Lz o (X o) i (2) d 2

LML= p.) + Mg ] / Tresy Iiosmr iy dG- () (A.37)

Mtil = MtF’Oz/I{ZtZZ*(Xt)}]{ZtZZ*(XzH)}:ut(Zt>dzt
+ (M (1= po) + M, ] % / Isor (X013 dGL(2) (A.38)
M = Mp. / Lo (X (o< (Xea) pie (20) d 2

+ [MI(1 = p.) + M7 y] x /I{Z’Sz*(XtJrl)}dGz(Z/) (A.39)

To simplify these expressions, let H;(z) be the cdf of continuing firms associated with p;. That
is,
o Mt(Z)d
Hi(y) = “%———
f pe(2)

Then, from the expressions above, we can say that H; and M}" evolve according to:

MY, (1 — Hypa(2))
_ p MY (1 = Hy(2)) + (1 = po) MV + M7 ) (1= G(2)  if 2 > 2 (A40)
MY if 2 <zfyy

Here, there is no z > z; in these expressions because Hy(z}) = 0, so all the necessary information
is already contained in H;.

At 27, both cases must give the same term on the left hand side, and so:
MYy = oMy (1= Hi(271)) + (1= p2) MY + M)A = G(2744)) (A.41)

Finally,
MEm MthZHt(Zt-i-l) + ((1 - pZ>MtW + Mte+1)G<Z:+1) (A-42)
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Differentiating equation (A.40) with respect to z, we have:

/)thW,Ut(Z) + ((1 - pZ)MtW + Mte—i-l)g(z) if z > Z;-H

0 if 2 < 27

th/ﬁtﬂ(z) = (A.43)

These equations fully describe the evolution of the firm distribution given M} and 2}, for each t.
Now suppose that for some k > 0, that 2z > max{z; ,}* ,. Then, iterating equation (A.35)
forward, we have that

M pu(z)
k i— i
_ PEFIMY k1 (2) + g(2) Ziill P (U= p) MY+ M) i 2> 2 (A.44)
. if z <zf

More generally, we may guess and verify that, for any z, the solution has the following form:

kE+1 51 %% e 3 *
2) ) Py (L= po) M, + M, if 2>z

MtW,ut(Z) 9(2) 222, pa (( p2)M, t +1) t (A.45)
0 it 2 < zf

where k is the number of consecutive periods for which 2} < z.

That is, max{z; ,}=F < z, but 27 , | > 2. If 2; < z for all ¢, then k = oco.

It can be proved by induction that this is the solution. Assume it holds for some ¢, then plug
it into equation (A.35) and we see that it also holds for ¢ + 1.

Using equations (A.44) and (A.36) we now describe the evolution of zZ and M/V. First note
that under Assumption 1, it is easy to show that

and that

We now prove the Proposition by considering two separate cases: first, the case in which 23, < 27

and, second, the case in which 27 > 27, with j; defined in both cases according to equation (A.12).

Case 1: Suppose that 2}, < z7. Then, by the definition of j; in equation (A.12), it must be
that 2 > 27 > 2, for all ¢ < j;. Furthermore, it must be that there exists no k > j;, with k <
that satisfies z; > z;, since otherwise it would be the case that j; = k. In combination, these

inequalities imply that it must be the case that for all 7 < ¢, z; > 2. Then, integrating equation
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(A.36) and setting k = oo we get:

MtW/ (ZP ]- — Pz Mt 7 + Mte 1+1>> / Zg(Z)dZ (A46>
z>z* ~

>z*
That is,
— e 5 * —
M}z, = (ZP (1= po) MY + My z—l—l)) (5_—1) (z)'7%. (A.47)

This expression is problematic in that MY is not defined for ¢ < 0. However, we can make

this expression meaningful by assuming that at ¢t = 0 the economy is in a steady state, so that
MY = MYV, Mf = M§ and z; = 2 for all t < 0.
Similarly, we have that with 2} > 27, for all « > 0,

MtW/ z)dz = (ZP (1= po) MY + My z—l—l)) / g(z)dz. (A.48)
z>z* 2>
That is,

= (Zp (1= p) MY, + My m)) E (A.49)

Comparing equations (A.47) and (A.49), we see that, in this case,

zZ, = (gf—l) 2, (A.50)

Equally, since by assumption 27, > 27, for all i < j;, we can also use equation (A.36), setting

k = 00, to conclude that:

% = (%) o (A51)

MJZV = <Zp 1 — Pz M]ZV i + M]et Z+1)> (Z;,)_g (A52>

Now, combining equations (A.50) and (A.51), we see immediately that

. S _ &AM &
_ _ R A53
Zt f _ 1 5 _ 1 _I_ MtW Z]t 5 _ 1 ( )
Likewise, combining equations (A.49) and (A.52), we get:
o> =£ t—jt
MtW = L JthVtV <Z_i) (27) - Zp (1= p2) Mth + M) (A.54)
Jt
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Since 2 > 27, equations (A.53) and (A.54) correspond to the results of Proposition 1 in this case.

Case 2: Now consider instead the alternative case, where 2}, > zF. By the definition of
Ji in equation (A.12), it must then be the case that zF < z; for all i satisfying j; < ¢ < t. Then,
setting k =t — j; — 1 it follows that z; > max{z; ;}¥ ;. Then, integrating equation (A.44) with
k=1t — j; — 1 we have that:

t—ji

MtW/ 2py(2)dz = pt~ JtMW/ z,ujt(z)dz—i-/ dzZp (1= po) M + M)
2>zf 2>2f

Z>Zt

Since in this case it holds that [ _ . zu;,(2)dz = [._ . zp;,(2)dz = Z;,, we may simplify this to:
t gt

t—7t
Mz = oz () G DS P M M) (455)

Similarly, in this case we may also integrate (A.44) with k =t — j; — 1 to get that
‘ t—j¢
Y [ =g [ e [ gl Mo 3 (0 p M+ M)
2>2f 2>zF >zf
This simplifies to:
t—jt

MY = pt MY + (27) 52;] (1—po) MY, + Mg ). (A.56)

Dividing equation (A.55) by equation (A.56) implies that

(A.57)

Zt =

S My
£—1 MY -1

Since, by assumption, z§ > zF, equations (A.56) and (A.57) correspond to the results of Proposition

) ]t
1 in this case.

The intuition for the proof is as follows. Let j; denote the latest period k < t such that z; > z;
(the definition of j; has to be slightly more complicated than this in practice, to account for the
cases where no such period k exists). The dynamics of intermediate goods firms productivity imply
that, in order to know the distribution of intermediate goods firms productivities at time ¢, it
suffices to know only the distribution at time j;, along with 2} and the number of new entrants in
periods j; + 1,...t. This is because each wholesaler either retains the same productivity z as it had
in the previous period, or draws a new productivity according to the Pareto distribution g, with

all new entrants drawing a productivity according to g. Then, since 2}, > 27, it follows that all
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intermediate goods producers who were active in period j; who have not drawn a new productivity
will still be active in period ¢. Now, the measure pu(z;) of intermediate goods producers with
a given z; will be the sum of the measure of intermediate goods producers who have retained
the same z since period j; and the measure of intermediate goods producers who either entered
or drew a new productivity between j; and t. Intermediate goods producers who draw a new
productivity or entered between these periods will be active in period ¢ if and only if their current
productivity exceeds z; (since zj < zf for all periods j; < k < t). Therefore, the distribution of
z; across intermediate goods producers who drew a new z between j; and ¢ will be the Pareto
distribution ¢ truncated at z;. Combining this with the measure of intermediate goods producers
who have not changed productivity since j; gives the distribution of z; across all intermediate

goods producers. Integrating this to get Z; and M/ then gives the results of Proposition 1.

A.4.2 Proof of Proposition 2

To begin with, we substitute 7'V(2, X;) = 27" — cp into the intermediate goods producer Bellman

equation to get:

W(z; Xy, 8) = 27g, — cp + Myp. max{W(z; Xy41,5); 0}
+M,(1 — p,)Eq. [max{W(z'; X;41,5); 0}] (A.58)
It turns out to be much more convenient to define WS(Z, X;) as:

Ws(z,X;) = max{W(z;X,, S);0}

Then, we can write the free entry and free exit conditions as:

Mg, \°
) = Eq Ws(z,X,) (A.59)
Mg
2, = inf{z>1: Ws(z,X,) > 0} (A.60)

To prove the Proposition, we first show the following Lemma giving a closed form solution for
W-

Lemma 1. Suppose that z§, > 1 always. The mazimized firm’s value function Ws(Z,Xt) satisfies:

2 = * Hl]zié(Mt-l-kpz)
Ws(z,Xy) = Z(l — My jp.)Aspqjmax q 2 — 2, ;30 _]\4—p (A.61)
=0 t+jFz
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where

T
Agy= —24 (A.62)
’ - pth
25, = max{z§, }7 (A.63)
In the steady state, these equations become:
Ws(z) = A" max{z — 2%; 0} (A.64)
* 1 —

Proof. The proof below frequently omits the S subscript, but the proof is unchanged if this is
included.

Using the definition of W, the intermediate goods firm Bellman equation implies that:

WS<Z7 Xt) -
mac {072 — e+ Milp. W Xoga) + (1= p2) B Ws (25 Xo1)] )

We can use the free entry condition to simplify the recursive equation for Wg(z, X;) further:

WS<Z7 Xt) -
=W T Mg 11 ©
max 3 0;7g,2 — cp + Mi[p-Ws(2; Xeq1) + (1 — p2)v ( M ) ] (A.66)

We first solve for the intermediate goods firm’s maximized value function Wg (X, z) in the
steady state.

First note that free exit means that Wg(z*) = 0 in the steady state (z* > 1 must hold in
the steady state since otherwise no firms would exit). Since the continuing firm’s profits 7}V (2)
are linear in z, we may guess (and will verify) that for the continuing firm the maximized value

function should also be linear in 2 in the steady state. Since Wg(z*) = 0, this implies that:
Ws(z) = A" max{z — z*; 0},

for some constant A*.
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Substituting this into the Bellman equation and assuming a steady state, we get:

A

Ws(2) = 27a2—cp+ Mp, A" max{z — 2*;0}

+ M(1—p,)A" / (2" — 2)dG,
{z'22*(X¢41,9)}

This is consistent with our guess that Wg(z) = A* max{z — 2*; 0} provided that % = A* for
z > z*, which holds as long as:
A* =78 2+ Mp,A*

ie. .
A= —— 7%
1—p,M s
Now we prove the dynamic solution for WS(Z, X;) by induction. The dynamic solution for
WS(Z, X;) equivalent to the steady state solution just derived, in steady state, so the dynamic

solution is definitely correct once we reach steady state. Let

(C]
Me
St(Z) = 72’;2 —cCcp + Mt(]- - pz)V ( S7t+1>

Now, suppose the dynamic solution holds for ¢ 4+ 1, then the Bellman equation for W implies that:

A

WS(Zv Xt)

. max{o; Su(2) + Mypa(1 = Miy1pe)Aver itz — 24,150}
+ Mp. i(l = Mit14jp2) Arsryy max{z — 28, ;i O}H:;iﬁ(Mmz)}
j=1
which is:
Ws(z,X,) = 1(2 > %) <St(2) + i(l — Mij14p2) Ay max{z — 2y 3 O}HZZH(MTPZ)>

J=0

and, since Wg(z*, X;) = 0, it must also be the case that:

0=Si(2) + > (1= Mypryp:) Ay max{z; — 2y 5 OHIT L (M, pyz)
=0
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Combining these, we have:
Ws(z, Xs) =W(z > 2) (Si(2) — Si(2F)) + 1(z > 27) x

o0
D (1= Myp1gjpa) Apgryy (max{z — 27y 530} — max{zf — 2y ;:03) T2 (Mypz) |
i=0

which is
Ws(z, X;) = Ay(1 — Myp.) max{z — z; 0} + Z
7=0

(At+1+j(1 — Myp145p: W (2 > zf) (max{z — 241,55 0F — max{z — 2y 53 0}) HZEH(MTPZD )
which is

Ws(z,Xy) = A(1 — Myp,) max{z — 2,0} + Z
j=1

(A5 (1 = Mugypa (2 > =) (ma{z = 2415150} = max{ef = 2851300 T2 (Mypz))
which is
Ws(z, Xy) = Ay(1 — Myp,) max{z — z;; 0}
+ i Apyi(1 = Mgy jp.) (HZZH_l(MrPZ))
j=1
X (2 -1 > 2 (2 > 2 -1) (2 = 2l m1) HHE(ES > 250 - 0 (2 > 20)(2 = 27)]
which is
Wo(z,X,) = A(1 — Myp,) max{z — 250}

+ZAH-] 1 _Mt+3p2)max{z_max{zt7zt+lj 1) 0} 7= tﬂ 1(MTpZ)
J=1

which is
WS(Z7Xt) = A1 — Myp.) max{z — 2;;0}

+ > Apyi(1 = Myyjp.) max {z — 2; O}H:z;**j‘l(MTpZ)

J=1
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which is

1F=0 (Myyrp.
(z,Xy) = Z Api(1 = My jp,) max {z — 2 0}%
jPz

and so the induction is proved.
It is straightforward to show that in the steady state (A.17) becomes:

and so .
Y A=A
=0
Then, it is immediate that (A.13) and (A.14) become:
e\ © *—(6-1)
v e
MW £—1
. crp— M(1—p,)v (%)9
(1 — pzM)A*

z

]

Now, we use the Lemma to prove Proposition 2. Recall the Proposition: z; and MF satisfy:

Me *— (5 1)
u( o ) ZAU< (A.67)
MS,t—l -

and

Me 6
er = My(1 = po)v (55 ) X
L g— S,t—1 . A
K (1 — pz M)A, <(1 — p. M)A > ZA” % T - 1) (A.68)

where s
5o (Myyxp2)

Arj = (1= pzMiyj)Ary; Miip
iPz

(A.69)

Proof. First we derive (A.67). Recall that, when z is Pareto, E [max{z — 2*;0}| = %, which

can be verified by integration.
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Using this to take the expectation of the equation for W (z,X,) in (A.61) above, we have:

e © 00 *—(€-1) k=j
M5, 7 “t,j I (Myy1p-)
vy :E[Wz,X}: 1= pyMy Ay, [ 22 k=0
(Mé/lg_1> ( t) J;O( Z t+]) t+7 ( 5 1 MtJrij

Using the definition of A in (A.69), we obtain (A.67).

Now, we derive (A.68). We use the Bellman equation:

A A

O = W(ZZ(, Xt) = 0 = St(Z*) + MthW(Z;7 Xt+1)

where, as above,

(C]
e
MS,t+1
w
MS

,t

Si(z) = zﬁ?jt —cp+ My(1—p,)v (
Then, since (1 — M;p,)A; = S;(2), it follows that:
(1 — Mtpz)At = ﬁg[,/t

Then, z; satisfies:

e
— M
(L= Mip.)Aezf = cp — My(1 = p.)v < S,t+1>

M= (Mg 1kps)
M1y

- Z(l — Myy14p2)Ars145 max {Zt* T 0}
=0

which is:

S}
MeE
S,t+1>

(1 = Myp.)Aizy = cp — My(1 — p,)v o
MS,t

Y e V) M (M)
— ZAt+1+j<1 - Mt+1+jpz) <maX {zt ; Zt+1,j} - Zt+1,j> k=0 +14+kPz

M1y
=0 t+145

(1 — Myp.)Aizy = cp — My(1 — p,)v (

MILZH (Mg 41p2)
M1y

a Z(l = Mit14jp2) Ariisy (Z?Ljﬂ N Zt*HJ)

j=0
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Using the definition of A in (A.69), this is:

*
2y =

Mg 141 ©
er = Mil1 = pv (52 Mip. iA (2 f)
(1 - pZMt)At (1 — pth>At = t+1,5 \PHj+1 — #t+1,j

Now, note that
A jr1 = AvjMyp.

So we can write the equation for z; as:

— M, (]_ — ) (—Mg’t+1>@ o)
Z: _ Cp t Pz)V Mg,/t B ( 1 > ZAH’]-_’_I (Z;Ij+1 _ Z:+1j)
(1 —pz M)A (1= pM)A: ) <= ’ ’
which is the same as (A.68). O

The intuition for the proposition is as follows. The left hand side of equation (A.13) is the

cost of entry at time t. The right hand side is the value of entry, which is proportional to a

weighted average of future Z%Il, because, since the distribution of new z draws is Pareto, it is
straightforward to show that E[z|z > 2*|Prob(z > 2*) = Z*;_—Il The term A, ; in equation (A.13)

is simply a present discounted sum of future ﬁg ¢» which determines intermediate goods producer

profits.

The optimal value of z; is given by equation (A.14). The first term on the right hand side
of (A.14) is (l—pj—FMt)At ;gt This first term is the cutoff value of 2z needed to break even in
the present period, since the intermediate goods producer’s period profits are ﬁg’ .2 —cp. The
remaining terms on the right hand side of (A.14) reflect the option value to a intermediate goods
producer of remaining in operation in the hope of receiving a better draw of z in future. As such,
these terms depend on a similar weighted sum of future z* terms to the right hand side of equation
(A.13).
It is straightforward to show that in the steady state (A.17) becomes:

‘At,j = (1 - Mpz>Mjpj;A*'

and so

S A=A
j=0
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Then, it is immediate that (A.16), (A.13) and (A.14) become:

* 1 =W
AS - 17pZM7TS )

e\ © *—(6-1)
Gz) - (=)
My -1
e
crp— M1 —p,)v (%—F)
(1 —pz M)A

A.5 Microfounding Interest Rate Decrease After Deregulation

Here, we provide a simple microfoundation for the idea that ending restrictions on the formation
of new branches increased the supply of credit and reduced interest rates on loans, as suggested in
the main text. Suppose that there are a large number of banks in the domestic economy (i.e. the
US state) and, for simplicity, assume that there is perfect competition between banks and that
banks are all owned by households outside of the domestic economy. In period ¢, each bank branch
J receives deposits dep;, from outside the domestic economy which earn the common interest rate
r and it lends —B;; to households and firms in the domestic economy at the market lending rate
r + ;. The bank takes r and r 4 v, as given.

The bank chooses its level of lending and deposits in branch j to maximize the profits of the
branch, given by:

Profit;, = —(r + ;) B;; — r - dep;, — Cost(—Bj),

subject to the constraint —B;, < dep;,. Here, Cost(—Bj;,) is a convex intermediation cost, and
the function Cost(+) is assumed to be identical across bank branches and banks.

The bank’s first order condition implies that ¢, = Cost'(B;;). Since all bank branches will
choose the same B;;, we have that B;; = ﬁ;nt where Num; is the total measure of bank branches

in the domestic economy. Then, 1, = COStI(Nﬁ;n ). Since Cost’(+) is increasing in its argument,
t

this is an upward sloping supply curve for aggregate loans, —B;. It is immediate that an increase
in the number of bank branches, Num,, shifts the supply curve to the right and, conditional on
total lending, — B;, reduces ;. Given the growth of —B; after deregulation in the data, a large
enough increase in Num; would induce the decrease in lending rates, r + v;, that we observe.
This, then, provides a possible microfoundation for the reduction in lending rates following bank

deregulation.
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B Data Appendix

In this section we investigate the effect of bank deregulation on economic activity by studying
the relaxation of intrastate branching restrictions in the United States. Until the late 1970s most
US states restricted intrastate branching. Between mid 1970s and mid 1990s states lifted these
restrictions in cohorts, such that by 1993 almost all states had deregulated their banking sector.
The restrictions to banking were completely repealed with the passage of the Reigle-Neal Interstate
Banking and Branching Efficiency Act of 1994.

B.1 Specification

We are interested in examining the dynamic impact of bank deregulation on various economic
outcomes. To that end, we estimate the impulse response function of inequality to the deregulation
of the banking sector by using the local projections estimator proposed by Jorda (2005) and
extended by Teulings and Zubanov (2014) to correct for the bias that arises when controlling for
state fixed effects.!” The specification that we estimate is in equation (15). However, in Figures 7
and 8 below we show that our results are robust to estimating (15) in levels rather than growth

rates and to not including lags of the deregulation variable in the specification.

B.2 Data

To assess the effect of bank deregulation on economic activity, we gather data on the timing of bank
deregulation and state level economic characteristics. There are two bank reforms that occurred in
the US between mid 1970s and mid 1990s: the interstate banking deregulation and the intrastate
branching deregulation. In what follows, we provide some historical context for these reforms and
highlight how we construct the bank deregulation indicators D" and D" used in estimating
equation (15). We draw similar conclusions from the two reforms, so in estimating the parameters
of the model we use the impulse response functions to the intrastate branching deregulation. This
also isolates the mechanism we explore from consideration of geographic expansion that firms
might have and that we abstract from.

After the United States Constitution prohibited the states from issuing fiat money and from
taxing interstate trade, states used their regulatory authority over banks to generate a substantial
part of their revenues (Sylla, Legler, and Wallis, 1987). Since states could not exert charter

fees from banks incorporated in other states, they prohibited out-of-state banks from operating

Y Teulings and Zubanov (2014) show that, when controlling for group fixed effects (state fixed effects in our
application), the local projection impulse response function is subject to a downward bias for k > 1. The bias
increases with the forecast horizon k. Their suggested solution is to include in the local projection equations dummy
variables for the event of interest (bank deregulation in our application) occurring between ¢ and ¢ + k. This not
only improves efficiency, but also takes away the bias in the local projection estimator. In our specification, the
effect of these dummy variables in captured by the coefficients d; .
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Figure 7: Effects of Deregulation on Interest Rates, Output, Employment and Wages, Robustness
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Figure 8: Effects of Deregulation on Firm Entry, Firm Exit and Household Debt, Robustness
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in their territories — hence the origin of the prohibition on interstate banking. In addition to
excluding banks from other states, the legislatures often restricted intrastate bank expansion
— restriction on intrastate branching. The 1927 McFadden Act formalized the authority of the
states over the regulation of national banks branching activities within their borders (Kroszner
and Strahan, 2014). After the passage of the McFadden Act, banks tried to circumvent state
branching restrictions by building multi-bank holding companies, but The Douglas Amendment to
the 1956 Bank Holding Company Act ended this practice. According to the Douglas Amendment,
banking was a state right and, therefore, states had the option to exclude out-of-state banks or
holding companies from buying or building a bank or branch in their state. All states exercised

this option, effectively prohibiting interstate banking.

Interstate banking deregulation.  In 1978 Maine took the first step towards interstate
banking deregulation by passing a law that allowed entry by bank holding companies from any
state that allowed entry by Maine banks. The next to follow were Alaska and New York, who
passed similar laws in 1982. Other states followed gradually, so that by 1992 all states but Hawaii
had lifted interstate banking restrictions. These state changes, however, did not permit banks to
open branches across state lines (Rice and Strahan, 2010). The restrictions to interstate banking
were completely repealed with the passage of the Reigle-Neal Interstate Banking and Branching
Efficiency Act of 1994. Reigle-Neal made interstate banking a bank right, not a state right, so that
banks or holding companies could now enter another state without permission. Table 3 compiles
the interstate banking deregulation dates and illustrates how states deregulated in cohorts rather
than at the same time to reform, which we exploit in our empirical analysis. Based on this table
we construct a dummy indicator D" that we set equal to 1 if state ¢ lifted its restrictions to

interstate banking in year ¢ and zero otherwise.

Intrastate branching deregulation.  Although there was some deregulation of branching
restrictions in the 1930s, most states continued to enforce intrastate branching restrictions well
into the 1970s. Only 11 states allowed unrestricted statewide branching in 1970 and a total of
16 states prohibited branching entirely. Between 1970 and 1994, however, 38 states eased their
restrictions on branching (Rice and Strahan, 2010). First, states permitted branching via mergers
and acquisitions through the holding company structure. Second, states began allowing banks to
open new branches anywhere within state borders. Table 4 compiles the dates at which states
started lifting intrastate branching restrictions. These dates refer to the year in which a state
allowed branching via mergers and acquisitions. As before, we construct a dummy indicator Dirtre
that we set equal to 1 if state ¢ lifted its restrictions to intrastate branching in year ¢ and zero
otherwise. Since the states listed in the first line of Table 4 lifted these restrictions before 1970
and the exact date is not known with certainty, the dummy variable is not defined before 1970 for

these states.?"

20This is one of the reasons we choose to estimate equations for each type of reform. The obvious alternative,
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Indicators of economic activity.
assess the immediate effect of the bank deregulation on the banking sector we examine the impulse
responses of branch density, interest rate on loans, quantity of loans to households and businesses.

We obtain these from the Call Report data of institutions regulated by the Federal Deposit

Insurance Corporation (FDIC).

To asses the effect of bank deregulation on the activity of firms we measure the response of
firm entry and exit, wages and employment. We use data on the number of establishments and

establishment entry and exit from the Business Dynamics Statistics database. We use wage and

employment data from the Bureau of Economic Analysis (BEA).

Table 3: Timing of Interstate Banking Deregulation

We consider various indicators of economic activity. To

Year States Total
1978 Maine 1
1982 Alaska, New York 2
1983 Connecticut, Massachusetts 2
1984 Kentucky, Rhode Island, Utah 3
1985 District of Columbia, Florida, Georgia, Idaho, Maryland, Nevada, 10
North Carolina, Ohio, Tennessee, Virginia
1986 Arizona, Illinois, Indiana, Michigan, Minnesota, Missouri, New Jersey, 10
Oregon, Pennsylvania, South Carolina
1987 Alabama, California, Louisiana, New Hampshire, Oklahoma, Texas, 9
Washington, Wisconsin, Wyoming
1988 Colorado, Delaware, Mississippi, South Dakota, Vermont, West Virginia 6
1989 Arkansas, New Mexico 2
1990 Nebraska 1
1991 Towa, North Dakota 2
1992 Kansas 1
1993 Montana 1
1999 Hawaii* 1

Source: Morgan, Rime, and Strahan (2004); *Park (2012)

which we implement as a robustness exercise, is to simultaneously control for both. However, in this case we
lose all observations related to interstate banking deregulation for all the states which lifted intrastate branching

restrictions prior to 1970.
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Table 4: Timing of Intrastate Branching Deregulation

Year States Total
< 1970 Alaska, Arizona, California, District of Columbia, Idaho, 10
Maryland, Nevada, North Carolina, Rhode Island, South Carolina
1970 Vermont 1
1975 Maine 1
1976 New York 1
1977 New Jersey 1
1978 Virginia 1
1979 Ohio 1
1980 Connecticut 1
1981 Alabama, Utah 2
1982 Pennsylvania 1
1983 Georgia 1
1984 Massachusetts 1
1985 Nebraska, Oregon, Tennessee, Washington 4
1986 Hawaii, Mississippi 2
1987 Michigan, New Hampshire, North Dakota, West Virginia, Kansas )
1988 Oklahoma, Florida, Illinois, Louisiana, Texas, Wyoming 6
1989 Indiana 1
1990 Kentucky, Missouri, Montana, Wisconsin 4
1991 Colorado, New Mexico 2
1993 Minnesota 1
1994 Arkansas 1
1999 Towa 1

Source: Morgan, Rime, and Strahan (2004)
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C Appendix for Quantitative Exercises

In this section we report additional results referenced in the main text.

C.1 The Firm Size Distribution

Figure 9 plots the distribution of firm size.

Figure 9: Distribution of firms by employment: model vs. data

(log) Employee Shares

Number of Employees (log scale)

C.2 Model Fit Under Alternative Parameterizations

In this section we compare the impulse responses of our benchmark calibration with those obtained
under lower and higher values of the parameters n, vy, (, k, ¢, p.,v and ©. We generally consider
cases of parameters that are 20% higher and 20% lower than the benchmark values (for elasticities,

we consider 5 and 2 for v, and 5 and 1.2 for ().
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Figure 10: Model responses with different values in 7, demand elasticity for intermediate goods
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Figure 11: Model responses with different values in labor supply elasticity, vy,
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Figure 12: Model responses with different values in (, elasticity between home and foreign tradable
goods)

—e— Benchmark ===-= Lower Valug e Higher Value
Consumption Investment Tradable Output o Net Exports
35 -20
3 -40
25 -60
5 -80
15 -100
; -120
-140
0.5
-160
0
0 5 10
Entry rate o Exit rate Employment Real GDP 05 Wages (real)

Figure 13: Model responses with different values in capital adjustment costs k
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Figure 14: Model responses with different values

in flow operating costs ¢’
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Figure 15: Model responses with different values in persistence for firm-level productivity, p,
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Figure 16:

Model responses with different values in entry cost level parameter v
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Figure 17: Model responses with different values in the elasticity of entry costs, ©
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Figure 18 summarizes the sensitivity of key model moments to changes in parameter. For a
given parameter, we compute the model’s responses — the percent deviations from corresponding
steady state values — averaged from periods 2 to periods 10, as summary moments. We observe

that almost all of the model responses are monotonic in parameter values.

Figure 18: Model moments change with parameters (s, ¢, p., v, ©, 1, ¢)

pH

Notes: his figure plots the model moment changes as one of the model parameter changes. In the first row, we
change k as in the x-axis, and plot the model’s responses for 6 variables in the y-axis (from left to right, Real GDP,
Total Employment, Real Wages, Entry rates, Exit rates, Household Debt). The model’s responses are computed as
the percent deviations from corresponding steady state values averaged from periods 2 to periods 10. Rows from 1
to 7 are for w, ¢, p., v, ©, n, (, respectively.
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C.3 AR(1) Shocks to Aggregate Productivity

Shocks to Aggregate Productivity. We then study the model’s responses with an aggregate
productivity shock. This is a quite standard exercise in the literature for business cycles, and we

can further understand how the model works. Specifically, we do it as follows:we slightly modify

«
2

the wholesalers’ production function to y; = (Ay2;) (ki ~*n¢)?, where A, = 1 in steady states.
Similarly, we assume there is an “MIT” shock to A; in the beginning of period 1 so that A; is
increased by 1%; over time, the shocks decay with a persistence parameter of 0.95. The results
are now collected in Figure 19 and we only display the first 20 years. Like in a standard New
Keynesian Model with productivity shocks, the nominal prices for the two types of goods both
decline on impact and gradually return back, simply because with increased productivity, firms
can produce more with the same amount of inputs. Since prices are with nominal frictions, firms
still find it profitable to hire more labor and capital inputs and produce more. Thus, we see
factor prices are all driven up (e.g., real wages and the real, capital rental cost), employment
and output in the two sectors are also both increasing. Since the persistence of productivity
shock is relatively high, labor income and profits increases are persistent and households increase
their consumption in the first few periods and gradually return to the steady state. With GHH
preferences in labor supply, households will supply more labor even if their wealth also increases,
and thus the equilibrium employment overall increases. At the same time, households save more
and accumulate more assets. The entry rate increases on impact and the exit rate decreases. Real
GDP increases for about 0.2%, and total employment increases for about 0.25% on impact (note
that using back of envelop calculation, 1 — 6 is about 0.15, and the effective firm TFP, (A;)'~?,

would increase for about 0.15%).
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Figure 19: Model Responses to Aggregate Productivity AR(1) shocks
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C.4 Sensitivity of Results to Changes in Model Parameters

Figure 20: The Role of Sticky Wages
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Notes: We vary the Calvo parameter for not adjusting nominal wages within one period, 8,,. We experiment with
values of 6, 50% higher and 50% lower than the benchmark value.

Table 6: Relative Importance of Household vs. Firm Channels: the Role of Firm Side Parameters

Higher adj. cost Lower adj. cost Higher v Lower v Higher © Lower ©

0 @ ® ® © © ©®  © (0 1) (12

HHs Firms HHs Firms HHs Firms HHs Firms HHs Firms HHs Firms
GDP 279 70.8 289 70.1 28.2  70.6 283 70.5 284 70.4 28.0 70.8
Employment 28.8  69.9 29.8  69.1 29.1  69.6 29.2  69.6 294  69.4 28.8  69.9
Consumption 101.1 -54 88.3 8.5 94.6 1.6 94.3 2.0 94.4 1.8 94.4 1.9
Investment 7.1 92.7 8.0 91.9 7.4 92.4 7.4 92.3 7.2 92.5 7.6 92.1
Tradable output -42.7  143.6 -23.8 124.2 -33.3 1339 -31.3 132.0 -35.3 136.1 -29.7 130.2
Non-Tradable output 38.5  60.4 41.0 579 39.6 59.3 39.5 59.5 39.8 59.1 39.2  59.7
Entry rates 18.6  80.6 18.7 81.6 18.0 78.1 19.8 81.7 20.1  81.0 18.6  79.0
Exit rates -20.6  -79.1 -20.6 -79.1 -20.1 -79.5 -25.0 -74.5 -21.9 -779 -19.3 -79.3

Notes: The numbers represent the percent of the benchmark response that can be explained by shocks to the
household interest rate only and shocks to the firm interest rate only.
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Figure 21: The Role of Sticky Prices
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Notes: We vary the value of ¥p, the Calvo parameter for not adjusting nominal goods prices within one period, to
be 50% higher or 50% lower than the benchmark value.

Table 5: Relative Importance of Household vs. Firm Channel: the Role of rigid Wages and Prices

GDP
Employment
Consumption
Investment

Tradable output

Non-Tradable output

Entry rates
Exit rates

More rigid wage

Less rigid wage

More rigid Price

Less rigid Price

(1)

(2)

HHs Firms
286 70.2
30.0 68.8
94.2 2.1
7.5 92.3
-29.4 130.0
39.7 59.2
18.5 &81.0
-20.5 -79.1

3) ()

HHs Firms
28.1  70.7
28.8 70.0
945 1.7
7.5 92.3
-34.0 134.7
39.5 594
19.5 81.6
-20.7 -79.1

) (6)

HHs Firms
28.7 70.1
30.0 68.8
93.9 24
7.6 92.2
-28.6 129.2
39.8 59.1
19.4 79.2
-21.2 -784

(7)
HHs

28.0
28.6
94.8
7.4

-35.2
39.5
19.8
-20.8

(8)

Firms

70.8
70.2
1.4

92.4

135.9
59.5
82.2
-79.2

Notes: The numbers represent the percent of the benchmark response that can be explained by shocks to the
household interest rate only and shocks to the firm interest rate only. We vary the value of ¥p and 6,, to be 50%
higher or 50% lower than the benchmark value.
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Figure

22: Impulse Responses with Different Capital Adjustment Costs
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Table 7: Relative Importance of Household vs. Firm Channel: the Role of Household Side Parameters

Higher y Lower y Higher 1/v;,  Lower 1/vy, Higher o Lower o

[OC) 3 @) (5) (6 (O 9 @10 (11 (12)

HHs Firms HHs Firms HHs Firms HHs Firms HHs Firms HHs Firms
GDP 27.6 712 29.0 69.9 273 715 31.8 67.1 171 814 34.2 64.8
Employment 28.5 70.3 29.9 68.9 28.1 70.6 32.8 66.1 17.7  80.7 35.2 63.8
Consumption 94.5 1.7 944 20 928 34 99.7 -3.0 86.9 5.9 96.6 0.6
Investment 7.2 92.5 7.7 92.1 7.2 92.5 8.1 91.8 4.1 95.5 9.5 90.4
Tradable output -31.0 1316 -34.1 134.8 -25.6 126.1 -84.5 186.1 -14.9 1157 -47.2 147.6
Non-Tradable output 38.8  60.1 40.4 58.6 38.1 60.8 44.8 543 254 728 46.5 52.8
Entry rates 19.0 82.2 194 815 20.6 81.8 23.9 80.1 10.5 88.1 23.8 76.7
Exit rates -20.0 -79.7 -21.2 -78.6 -19.7 -79.9 -240 -76.3 -12.0 -87.3 -25.5 -74.5

Notes: The numbers represent the percent of the benchmark response that can be explained by shocks to the
household interest rate only and shocks to the firm interest rate only. We vary the share of hand-to-mouth
households (i.e. x) from 50% below our benchmark calibration (i.e. close to 10%) to 50% above the benchmark
(close to 40%). We vary the labor supply elasticity parameter 1/vy, (with different values of 5 and 1.25), and the

elasticity of intertemporal substitution.
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Figure 23: Larger Firm Debt
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Notes: We consider a case where firm debt is 50% larger than in the baseline steady state. Household debt also
adjusts to the change in dividend policy so that the total indebtedness of the domestic economy at the initial
steady state is the same as in the baseline calibration.
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Notes: We consider a case where firm debt is 50% larger than in the baseline steady state. Household debt also
adjusts to the change in dividend policy so that the total indebtedness of the domestic economy at the initial steady
state is the same as in the baseline calibration. The numbers represent the percent of the benchmark response that
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Figure 24: Larger Firm Debt: Household vs. Firm Channels
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can be explained by shocks to the household interest rate only and shocks to the firm interest rate only.
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Figure 25: No Firm Debt
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Notes: We consider a case where initial firm debt is equal to zero. Household debt also adjusts to the change in
dividend policy so that the total indebtedness of the domestic economy at the initial steady state is the same as in
the baseline calibration.
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Figure 26: No Firm Debt: Household vs. Firm Channels

\_‘Shocks to Households only -Shocks to Firms only

Employment Consumption Investment
120
0 112 100 o5
80 7 80 7 9
100} 11 90 87
5 93
g 70 69 70 68 80
=
- 80 .
g 60 60
£ 55 54 60 &0
3
o 50 50 50
£ 24 £ 10
3 40
o %0 40 %
s 31 32 20
S0 30 6 20
& 24 24 0 — L ol s B
20 20 .'M >
20 0
210 25 6-10 210 25 6-10 210 25 6-10 210 25 6-10
Tradable Output Non-Tradable Output Entry rate Exit rate
150 135 102
113 0 100
3 100 65
] 80
80
i 60 71
£ 57
£
E 0 55 0
g las 52
@ 50
° 50 48
£ 40
24100 S a3 Ell
°
g
2 21
T 40
$ 150 a7 20
B
-200 3
0
30
-250 -260 100
2-10 25 6-10 2-10 25 6-10 2-10 25 6-10 210 25 6-10

Notes: We consider a case where initial firm debt is equal to zero. Household debt also adjusts to the change in
dividend policy so that the total indebtedness of the domestic economy at the initial steady state is the same as in
the baseline calibration. The numbers represent the percent of the benchmark response that can be explained by
shocks to the household interest rate only and shocks to the firm interest rate only.

36



Figure 27: No Firm Debt: Household vs. Firm Channels; (con’t) for Other Variables
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Notes: We consider a case where initial firm debt is equal to zero. Household debt also adjusts to the change in
dividend policy so that the total indebtedness of the domestic economy at the initial steady state is the same as in
the baseline calibration. The numbers represent the percent of the benchmark response that can be explained by
shocks to the household interest rate only and shocks to the firm interest rate only.
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