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Abstract

This paper examines the impact of banking sector losses on inequality in a
quantitative model with income and portfolio heterogeneity among households and
financial intermediation frictions. Consistent with U.S. data, the model predicts
that low-income households are disproportionately affected. Their consumption
declines significantly due to higher borrowing costs and labor income losses. High-
income households are better insured through liquid assets. About 20% of them
benefit from temporary asset price declines and higher future returns by adjusting
their illiquid savings. These portfolio adjustments shape aggregate dynamics in the
presence of financial frictions, by affecting the relative response of consumption and

investment to aggregate shocks.
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1 Introduction

Are the costs of bank distress distributed equally among households? In the aftermath of
the global financial crisis, policymakers have turned their attention to the consequences
of financial distress on the real economy and its implications for inequality (e.g. Mersch,
2014; Bernanke, 2018; Draghi, 2016). Inequality is now at the forefront of the policy
debate (e.g. BIS, 2021)." Although we have gained important insights into how monetary
policy and business cycle fluctuations affect inequality (e.g. Krueger et al., 2016; Kaplan
et al., 2018; Auclert et al., 2018), little is still known about how different groups of house-
holds are impacted by banking sector distress. A clear assessment of the heterogeneous
effects of banking crisis is crucial for understanding which households ultimately benefit
from government support to distressed financial institutions.

Addressing this question is challenging for at least two reasons. First, general equilib-
rium considerations are critical since only some households are directly exposed to losses
in the banking sector, while all households are affected indirectly by their impact on the
broader economy. Distress in the banking sector leads to reduced credit supply, rising
borrowing costs, falling asset prices and widespread economic downturns (e.g. Reinhart
and Rogoff, 2009; Laeven and Valencia, 2013; Baron et al., 2021). Capturing these gen-
eral equilibrium effects of bank distress requires an explicit model of the banking sector
(e.g. Gertler and Kiyotaki, 2010). Second, households are heterogeneously exposed to the
general equilibrium channels of bank distress, depending on the composition of their in-
come between labor earnings and financial returns, whether they are savers or borrowers,
and the composition of their savings portfolios. Capturing how these different channels
impact households requires a framework that incorporates rich heterogeneity (e.g. Kaplan
and Violante, 2014; Kaplan et al., 2018).

This paper provides a quantitative general equilibrium framework suitable for studying
the distributive effects of bank losses.? The model captures heterogeneity in households’
exposure to a wide range of general equilibrium channels. Our findings indicate that, on
average, households lose from distress in the banking sector. A more disaggregated anal-
ysis reveals significant heterogeneity in effects across households. As a result, inequality
increases following an exogenous reduction in bank equity. Consumption of low-income
households declines twice as much as that of high-income households over three years,
in line with empirical evidence from local projection estimates on U.S. data. We use the
model to construct counterfactuals and isolate individual transmission channels. Higher
borrowing costs and labor income losses shape the consumption response of low-income

households. High-income households are better able to self-insure through their holdings

! The issue of inequality was also a prominent topic of discussion in the 2020 monetary policy strategy
reviews of the Federal Reserve and the ECB (see e.g. Powell, 2020; Lagarde, 2020).

2In line with Baron et al. (2021), we examine the implications of banking distress through the lens of
bank equity declines.



of liquid assets. In addition, part of the initial decline in consumption of high-income
households is due to portfolio adjustments and increased savings to take advantage of
temporary asset price declines and higher future returns. Using a model enables us to
compute the welfare effects of banking sector distress. We show that welfare losses are
more unevenly distributed than initial consumption responses. The top 1% of the income
distribution are directly affected by a reduction in bank dividends. Still, approximately
20% of households with disproportionately high income and wealth benefit overall, driven
by adjustments to their savings portfolios. We show that these portfolio adjustments
shape aggregate dynamics in the presence of financial frictions, making aggregate con-
sumption more responsive and aggregate investment less responsive to aggregate shocks.

We build a two-asset heterogeneous agent model with an explicit banking sector.
Households are heterogeneous in labor income, wealth, and portfolio composition. They
face uninsurable income risk and choose how much to save and in which type of asset.
They can save or borrow through a one-period liquid asset, intermediated by banks.
In addition, they can also invest directly in productive capital, which is illiquid due
to portfolio adjustment cost and is therefore adjusted infrequently (e.g., Kaplan and
Violante, 2014; Bayer et al., 2019). All households receive labor earnings, and the top 1%
of the income distribution receive additional income from dividends. Banks use equity and
deposits to invest in productive capital and to grant short-term consumer loans. Because
of limited enforcement problems in the deposit market (see e.g. Gertler and Kiyotaki,
2010; Gertler and Karadi, 2011; Maggiori, 2017), banks face an endogenous leverage
constraint. Competitive intermediate goods firms produce using labor and productive
capital as inputs. Monopolistic final goods firms differentiate intermediate goods into
final goods. Capital producers transform the final good into capital goods.

The model captures rich interactions between households’ financial decisions and
banks’ balance sheets. Banks’ leverage constraint generates an endogenous spread be-
tween the expected return on bank assets and deposits. Portfolio adjustment costs and
the resulting illiquidity of capital holdings for households allow the model to sustain
this spread in equilibrium without further assumptions on households’ ability to evaluate
and monitor capital projects.> They are willing to accept a liquidity premium on de-
posits, which they use to insure against idiosyncratic income risk. In addition, the model
generates general equilibrium effects of bank distress on labor income, asset prices, and
interest rates. This allows us to isolate and quantify the contribution of both direct (bank
dividends) and indirect (asset prices, borrowing costs, income) transmission channels of
bank distress to household consumption and welfare. The model also features substantial

heterogeneity in how households are exposed to these transmission channels, depending

3Papers in the financial intermediation literature commonly either exclude direct capital holdings by
households exogenously (e.g. Gertler and Karadi, 2011; Gertler and Kiyotaki, 2010) or assume households
to be less efficient in managing capital projects than banks (e.g. Gertler et al., 2019).



on whether they are savers or borrowers, their income composition (labor vs. financial),
and the composition of their savings portfolio (liquid vs. illiquid). This enables us to
examine the distributional effects of banking sector losses.

The model matches targeted moments from macro, banking and financial data for the
U.S.. It also closely replicates additional untargeted moments of the joint distribution
of income and wealth, as well as differences in portfolio composition along the income
distribution. The model’s ability to accurately capture the heterogeneity across house-
holds observed in the data is an important validation for this paper, as it ensures that
the framework captures well households’ exposure to banking sector losses.

Bank distress in the model is triggered by an exogenous loss of bank equity.* We model
this shock as an unanticipated MIT-shock, motivated by the observation that substantial
losses in the banking sector are rare events. A sudden decline in bank equity reduces
banks’ ability to intermediate funds from savers to firms and households. The overall
reduction in banks’ net worth depends not only on the initial exogenous shock, but also
on an endogenous financial amplification mechanism. Due to the leverage constraint, the
initial loss in bank equity leads to a reduction in banks’ balance sheets, which in turn
results in a decline in asset prices. This triggers additional losses to bank equity and
further weakens banks’ balance sheets. As a result, borrowing costs rise and aggregate
productive capital falls, leading the economy into an economic contraction.

While these implications of bank distress for aggregate economic outcomes are widely
studied (see e.g. Gertler and Kiyotaki, 2010; Gertler and Karadi, 2011; Brunnermeier and
Sannikov, 2014; Tacoviello, 2015; He and Krishnamurthy, 2019; Mendicino et al., 2024),
their distributive effects on household consumption and welfare are largely unexplored.
We make progress in this direction and assess the unequal incidence of bank distress by fo-
cusing on differences in households’ consumption response along the income distribution.
While the consumption of all income groups declines on impact before it gradually recov-
ers, households in the bottom quintile of the income distribution experience the largest
decline. Their consumption falls by a cumulative 6.2 percent over twelve quarters, about
twice that of the households in the top income quintile.

We validate these model predictions against empirical evidence, using consumption
data from the Consumer Expenditure Survey as in Coibion et al. (2017) and bank equity
returns provided by Baron et al. (2021). We estimate local projections of consumption
by income quintile in response to changes in bank equity returns, controlling for the
return on non-financial equities. Our results capture the response to banking distress over
and above the effects of overall economic conditions. The estimates confirm significant

inequality in how banking sector distress impacts households. The model predictions are

4Baron et al. (2021) use historical data to show that large bank equity declines are associated with
substantial contractions in credit and economic activity. They further show that while panics amplify
the effects of bank equity declines, they are not a prerequisite for severe economic consequences. For
tractability, our analysis focuses on bank equity losses that are not accompanied by panics.



both qualitatively and quantitatively in line with the estimated distributive impact of
banking sector distress.

The model allows us to isolate the transmission channels behind households’ con-
sumption responses. We decompose changes in consumption into the contributions of
general equilibrium movements in asset prices, interest rates and labor income by sim-
ulating the behavior of households under counterfactual price paths as in Kaplan et al.
(2018). Low-income households are particularly exposed to fluctuations in borrowing
costs and labor income. They are often borrowers, poorly insured against income shocks
through liquid savings, and highly dependent on labor income to finance their consump-
tion. High-income households are less exposed to the fall in labor income and better able
to self-insure through their holdings of liquid assets. A substantial part of the initial
decline in their consumption is driven by an increase in their direct investment in capital
in response to temporarily low asset prices and high future returns.

Our model allows us to translate consumption responses of households into welfare
changes. On average, households would be willing to permanently forgo 0.20 percent
of their consumption to avoid the consequences of a 10 percent decline in bank equity.
While those in the lowest income quintile would give up 0.64 percent of consumption to
avoid the shock, households in the highest quintile experience no welfare loss on average.
A small fraction of the wealthiest households hold claims to bank dividends and see their
welfare reduced substantially due to their direct exposure to the banking sector. Still, we
find that 18% of households experience welfare gains in response to bank losses. These
are typically high-income, high-wealth households, with a high proportion of their income
from financial sources. These results emphasize that the welfare effects of bank distress
are more unevenly distributed than the initial responses of consumption.

Households’ portfolio adjustments are the main factor explaining why the welfare
effects are distributed more unevenly. Despite substantial capital holdings, high-income
households are not necessarily affected by a temporary decline in asset prices. Losses
would only materialize if they were to dis-save during a period of low asset prices. Instead,
they leverage their ability to increase their capital holdings at low prices and earn high
returns going forward. While the increase in savings reduces their consumption initially
in response to the shock, it sustains higher consumption in the future. This mechanism
is consistent with the role of net savings position for the distributive impact of asset price
movements emphasized in Del Canto et al. (2023) and Fagereng et al. (2024). It explains
why the heterogeneity in welfare changes — which includes the gains in future consumption
— is more pronounced than what initial consumption responses would suggest.

In summary, we show significant inequality in the impact of bank distress on house-
holds. Losses in the banking sector exacerbate inequality, with low-income households
experiencing a more substantial reduction in their consumption and welfare relative to

high-income households. Our results underscore the central role of household portfolio



adjustments between liquid and illiquid assets in determining their responses to bank
distress and shaping its distributional implications.

Building on the prominent role of portfolio adjustments for households’ response to
bank losses, the final part of the paper documents that households’ ability to substitute
(liquid) deposits for (illiquid) capital is also an important determinant of the economy’s
aggregate response to productivity shocks. We compare our baseline model to two coun-
terfactual economies: One without banks, where all capital is held directly by households,
and one where all savings are intermediated by banks (with no direct capital holdings).
We show that, relative to the baseline model, investment is more responsive when all sav-
ings are intermediated by banks. In contrast, aggregate investment responds less when,
in the absence of banks, all savings are invested directly by households. The opposite
is true for consumption. These results are driven by the ability of households to shift
savings from deposits to capital, which provides a backstop to the financial accelerator
mechanism and stabilizes the response of investment. Our findings emphasize the impor-
tance of considering explicit micro-foundations for the demand of intermediated savings

when studying the role of financial frictions for aggregate fluctuations.

1.1 Related Literature

This paper bridges two areas of macroeconomic research, studying the implications of
financial intermediation frictions and the redistributive effects of shocks and policies in
heterogeneous-agent models. The first line of research has provided important insights
into the aggregate implications of shocks and policies affecting banks (e.g., Gertler and
Kiyotaki, 2010; Gertler and Karadi, 2011; Brunnermeier and Sannikov, 2014; He and
Krishnamurthy, 2019; Tacoviello, 2015; Mendicino et al., 2024).5 The second has advanced
our understanding of the heterogeneous effects of business cycle fluctuations and monetary
policy (see e.g. Krusell and Smith, 1998; Krueger et al., 2016; Gornemann et al., 2016;
McKay et al., 2016; Guerrieri and Lorenzoni, 2017; Glover et al., 2020; Kaplan et al., 2018;
Auclert et al., 2018), abstracting from banks and associated financial amplification effects.
Our framework encompassed both an explicit banking sector with financial intermediation
frictions and household heterogeneity with endogenous portfolio choices. As a result, the
model features endogenous movements in borrowing costs and asset prices as well as
heterogeneity in household exposure to the (direct and indirect) transmission channels of
bank losses. This enables us to examine the distributional implications of banking sector
losses and to show how they exacerbate inequality.

The focus on banks connects us to contemporaneous work combining heterogeneous

SThis strand of the literature builds on the seminal work of Kiyotaki and Moore (1997) and Bernanke
et al. (1999), and subsequent studies on the aggregate consequences of financial shocks, such as shocks to
collateral constraints or credit spreads that hit borrowers directly (e.g., Eggertsson and Krugman, 2012;
Jermann and Quadrini, 2012; Christiano et al., 2014; Justiniano et al., 2019).



households and a banking sector: Arslan et al. (2024) study a house price boom and
bust in a small open economy framework. Ferrante and Gornemann (2024) analyze the
heterogeneous pass-through of exchange rate shocks. Fernandez-Villaverde et al. (2023)
show how interacting financial frictions and household heterogeneity can generate endoge-
nous aggregate volatility. Lee et al. (2024) study how countercyclical borrowing wedges
amplify business cycles. We share with these papers the joint consideration of finan-
cial intermediaries and household heterogeneity, but our focus is on understanding the
distributive effects of losses originating in the banking sector. Methodologically, a distin-
guishing feature of our work is the adoption of a two-asset framework and households’
decision to hold capital either directly or indirectly through banks. This feature allows us
to consider a portfolio rebalancing mechanism in response to asset price movements. Our
results highlight an important role for households’ portfolio adjustments both in shaping
the distributional implications of bank losses and in affecting aggregate fluctuations in
the presence of financial frictions.

Our calibration approach aligns with the empirical literature studying consumption
dynamics across the income distribution in response to macroeconomic fluctuations.
Meyer and Sullivan (2013) examine the evolution of US consumption inequality dur-
ing the Great Recession. Using a factor model, De Giorgi and Gambetti (2017) find
consumption inequality to be procyclical. Few papers study consumption responses to
monetary policy shocks across the income distribution (Coibion et al., 2017) and the
homeownership status (Cloyne et al., 2020).° Our paper provides complementary evi-
dence on the consumption response to banking sector distress, building on the approach
of Baron et al. (2021) who provide valuable insights into the response of macroeconomic

aggregates to bank equity losses.

The remainder of the paper is structured as follows: Section 2 presents the model; Sec-
tion 3 discusses the model’s quantitative implementation and compares its performance
when compared to untargeted moments of the data; Section 4 examines the unequal im-
pacts of banking sector losses in detail; and Section 5 studies the implications of a key
feature of our model — the fact that households can hold capital alongside banks — for

the response of the economy to aggregate shocks.

2 Model

To analyze the distributive effects of banking sector losses, we build a model economy with
rich household heterogeneity and an explicit banking sector featuring frictions to financial

intermediation. The economy is populated by five types of agents: Households save or

6Recent studies using micro-level data Andersen et al. (2021); Holm et al. (forthcoming); Jasova et al.
(2024) provide empirical evidence that low income individuals are generally disproportionately more
exposed to policy rate changes.



borrow through a bank-intermediated liquid asset and invest directly in illiquid capital.
Banks collect deposits from saving households and lend to borrowing households, invest
in productive capital, and are subject to an endogenous leverage constraint. Competi-
tive production firms produce intermediate consumption goods, which are differentiated
into final goods by monopolistically competitive retailers. Competitive capital producers
transform consumption goods into capital goods. We outline the problem solved by each

agent below.

2.1 Households

The demand side of the economy consists of a continuum of heterogeneous households,
following Bayer et al. (2019). Households are ex-ante identical but ex-post heterogeneous

due to idiosyncratic shocks to their labor productivity.

Earnings. Households decide how much labor n to supply in each period and receive
compensation wz per unit of labor, depending on the market wage w and their idiosyn-
cratic productivity z. Labor productivity evolves stochastically over time according to
a first-order Markov process. We assume that households in productivity state z = z*,
which we refer to as capitalists, receive additional income in the form of dividends div.

Throughout the paper, we refer to non-capitalist households as workers.”

Savings. In each period, households can freely adjust their position in a liquid asset a,
which is intermediated by the banking sector. We will refer to positive a as deposits and
negative a as consumer loans. In addition, households can invest directly in productive
capital k, which is subject to stochastic illiquidity: At the beginning of each period, an

idiosyncratic utility cost 6 of adjusting capital holdings is drawn from a distribution Fj.

Timing. At the beginning of period ¢, households can access their liquid assets and
receive the return on their illiquid capital holdings, labor earnings, and potential dividend
income conditional on the realization of their idiosyncratic productivity state z;. They
also learn about their current cost of adjusting the illiquid portfolio 6;. They first decide
on whether to adjust their capital holdings in this period (extensive margin), and in a
second stage jointly decide on borrowing/saving in the liquid asset a;, investing in capital

k; (intensive margin, if they chose to adjust), labor supply n;, and consumption ¢;.

Non-adjusting. A non-adjusting household incurs no utility cost but must keep capital

holdings constant at k; = k;_;. Non-adjusting households solve the dynamic optimization

TAs in Bayer et al. (2019), households transition stochastically into and out of the capitalist state.
We detail this process in Section 3, where we describe the model’s quantitative implementation.



problem

Vi (ai—1, ki1, 2) = max {U(Ct, nt) + PE Vi (ar, ke, Zt+1)} (1)

ct20,ar>a,nt >0

st.cp+ (1 —7(2,a0))ar < RFF (ay_1)ap_y + (RE — q)ke_1 + wezeny + Lo, —oedivy,

where a denotes the (exogenous) borrowing limit and ( is households’ discount factor.
The gross return on capital holdings RX = r + ¢, — ¢ includes the rental rate of capital
(rK), the price of capital (¢;), and the depreciation rate(d). The gross return on the liquid
asset RFH (a, ) depends on the asset position and reflects either the gross market return

on deposits RP or loans RE, such that

RD ifa_1>0
o (@) {RtL if @,y < 0. @)

Further, we assume that there is a transaction cost of issuing loans 7(z;, a;), which assumes
positive values when the household is a borrower (a; < 0) but equals 0 whenever a; > 0.
The transaction cost is considered a deadweight loss to the economy. We allow 7(-) to
depend on labor productivity to reflect higher cost of monitoring low income borrowers,

resulting in higher credit spreads.®

Adjusting. If households chose to incur the utility costs of adjusting, they can select

any non-negative value of k;. Adjusting households solve

Vta(at—h kt—l; Zt) = max {U(Cta nt) + @Etvtﬂ(at; ktv Zt+1)} (3)

ct>0,at>a,kt >0, >0

s.t. ¢ + (1 — T(Zt, Clt))(lt -+ qtkt S R;HH(at,l)at,l + R{{kt,1 + wizgny + Hzt:z*divt~

Adjustment decision. The value function of a household after the realization of its

current labor productivity z; and portfolio adjustment cost 6, is given by

Vt(at—h ki1, 2, Qt) = max{Vt“(at_l, ki1, Zt) — 0, th(at—h ki1, Zt)} (4)

8In section 3, we explain how we calibrate the dependence of 7 on labor productivity z to match the
share of liquid asset holdings by households at the bottom of the income distribution.



The maximization summarizes a household’s decision of whether or not to adjust their

portfolios. Households choose to adjust their portfolios whenever
0, < V;:a(at—ly ki1, Zt) - th(at—la ki1, Zt)-

Before the current adjustment cost is revealed, the probability of adjusting conditional

on state (a, k, z) is hence given by
Fy (‘/;Ea(av k, Z) - ‘/tn(a’v k, Z)) :

In the model, as in the data, households hold both deposits and capital simultaneously.
The portfolio adjustment cost and the resulting illiquidity of capital holdings at the
household level provide an explicit micro-foundation for the willingness of households
to hold assets indirectly through banks. Idiosyncratic income risk makes the liquidity
provided by holding deposits valuable to households, allowing for a wedge between the
market return on holding capital and deposits. This wedge reflects the (endogenously
determined) liquidity premium on deposits. The setup provides a micro-foundation of
households limited capacity to manage capital (e.g. Gertler et al., 2019). Contrary to
models with a representative household, in our framework it is not necessary to assume
that direct financing of capital by households entails e.g. an ad-hoc management cost for

reduced bank intermediation capacity to be costly.’

2.2 Banking Sector

The banking sector consists of a continuum of ex-ante identical banks, which operate
under an endogenous leverage constraint as in e.g. Gertler and Kiyotaki (2010) and Gertler
and Karadi (2011). Banks are run by risk-neutral bankers, which are assumed to have
zero mass and the same discount factor as households. Banks finance their investments
using deposits d and equity e. They invest in two types of assets: claims on productive

capital £Z, and consumer loans [. The banks’ balance sheet satisfies
B _
qtkt + lt = dt + €. (5)
Further, bank equity evolves according to

et = REEP |+ REL,_, — RPd, 4, (6)

9Representative household models with a banking sector assume that households hold capital directly,
but are less efficient than banks at evaluating and monitoring capital projects (see e.g. Gertler et al.,
2020). A management cost function (increasing and convex in the amount of capital) is assumed so that
households have limited capacity to manage capital. This creates a wedge between the return to capital
accrued to households and to banks. In our model, households and banks earn identical returns on their
capital holdings, but households value the additional liquidity provided by deposits.



where, as before, R” is the gross return on deposits, R is the gross return on (con-
sumer) loans, and R¥ is the gross return on banks’ investment in capital. Note that
RP and R are pre-determined, while R is determined ex-post and responds to shocks
contemporaneously.

Banks’ are liquidated exogenously with probability 1 — p, in which case their banker
exits. The objective of existing bankers is to maximize their bank’s expected terminal

net worth, given by

B
feti ko letidets 520

vl = max (1 —pE, ijﬁjﬂetﬂ-ﬂ. (7)
=0

Leverage constraint. Lending activity is constrained by limited commitment. In each
period, bankers can choose to liquidate their bank and divert a fraction y of their funds
before investing them. To prevent this, depositors ensure that the value of continuing

banking activity is at least as large as that of diverted funds, i.e.
v > x(aky +1b). (8)

Optimal allocation. Given the maximization problem (7), subject to constraints (5),
(6), and (8), the bank must be indifferent between lending to households or investing in

capital, implying a no-arbitrage condition between returns:

K
s

Rl =FE
t+1 ' qt

We can express an individual banker’s objective function as
B _ b
vy = vi(qiki + 1) + meey, 9)

where v, and 7; represent respectively the marginal values of bank assets and bank net

worth.!® Combining equations (9) and (8) yields

Iy + thf < ey, (10)

where ¢, = X’“ determines banks’ maximum leverage ratio.

—v

Aggregation. The linearity in banks’ problem allows us to aggregate the banking sector

into a single representative bank, with aggregate leverage constraint

@K + Ly < ¢Ey, (11)

10Gee Appendix A.4 for a detailed derivation of this result.

10



where KP| L;, and E; are banking sector holdings of productive capital, consumer loans,
and equity, respectively. This leverage constraint is binding in equilibrium and the bank-
ing sector is constrained by its equity in expanding lending as long as R{jrl > Rfjrl, ie.
as long as expanding leverage yields positive expected profits.!!

We assume that exiting bankers are replaced by new ones. Each new banker receives
identical startup funds provided by households.!? Aggregate equity is given by the sum

of continuing bankers’ equity E.; and new bankers’ equity FE,; such that
E,=FE;+ Ey

The first term is obtained by integrating individual banks’ equity law of motion (6) for

the share of continuing banks p

E.=p(REKP, + RFL, , — RPD, ). (12)

Each new banker’s equity is proportional to a fraction 1%1) of the value of the assets of
exiting banks, i.e.

En = w(q: K7 4 Liy) (13)

Combining (12) and (13) yields the law of motion for aggregate bank equity as
By =p(R{KZ + Ry Ly — R Dyr) + w(@i K2 + L) (14)

Finally, we assume that capitalist households receive all dividends from banking activity.!3
Bank dividends are given by the equity of exiting bankers net of new equity provided to

new bankers

div

W

(A=,
- Ey — Eny (15)

2.3 Production

Intermediate Goods Producers. A continuum of identical production firms combine

K efficiency units of capital and labor input N to produce intermediate goods using

1We ensure that this condition holds throughout all simulations of the model.

12Banks raise additional equity in the model only through accumulating retained earnings. For
tractability we abstract from (outside) equity issuance. While outside equity could enhance banks’
ability to mitigate the impact of fluctuations in their net worth, it is costly for a bank to issue outside
equity, especially when the banking sector is in distress (see e.g. Gertler et al., 2020). The pivotal factor
for banks’ lending ability is therefore their inside equity (e.g. Gertler et al., 2019).

13An interpretation of our approach is that capitalist households own the banks and delegate their
management to bankers, which are paid upon exit of a bank proportionately to net worth upon exit. As
bankers are assumed to be of zero mass, their income does not affect aggregate quantities.

11



production technology

Y, = A KON}, (16)

where A; represents total factor productivity, 7/ denotes the rental rate per efficiency
unit of capital and w; the wage per unit of labor.

Production firms sell the intermediate consumption good at price p! to retailers.
Assuming competitive markets for capital and labor input, as well as the output of

intermediate goods, profit maximization yields factor prices as

wy = ptI(l —a) AL KN (17)
TtK = ptIozAth‘_thl_a. (18)

Retailers. Monopolistically competitive retailers differentiate the intermediate con-

sumption good into varieties of final goods. Final goods are combined into households’
1 oqm

consumption baskets with a standard CES aggregator such that ¢, = [ f] cﬁ”dj] , where

@ > 1. The demand for each variety is given as

R Dt =
¢l = [ = Cy. 19
gyt (Pt> i ( )

Normalizing the price of a unit of the consumption bundle ¢; to P, = 1 and imposing a
symmetric equilibrium, the profit maximization problem of retailers yields the price for

the intermediate good as

1
t U ( )

Retailers’ profits are distributed to capitalist households as dividends given by

—1
divy =2y, (21)
1

Capital Producers. A continuum of identical, competitive capital producers trans-
form the final consumption good into capital, which they sell to households and banks at
price q. As in Gertler and Karadi (2011), capital producers face adjustment costs on to
the net-of-depreciation investment. Capital producers are risk neutral and discount the
future with households discount factor 5. At each period, they select net investment to

maximize the present discounted value of profits

¢K [nt + Iss ?
Eo Y B4 (g — Dl — oo (22 ) (Lu+ L) ¢ s 29
Hflix ’ t=0 ﬁ {(Qt ) ' 2 [n,t—l + Iss ( ! * ) ( )

12



where I,,; = I, — 0 K; denotes net investment and investment is defined as [y = K;,1 — (1 —
0)K;. Net investment is zero in the steady state of the economy, while gross steady-state
investment [*° exactly refurbishes existing capital (I35 = 0K,s). Assuming a competitive

market for capital, the resulting optimality condition yields the price of capital as

[nt + [ss ? ¢ Int + [ss 2
=14¢F (2T LA (L L 23
a * ¢ (In,tl + [ss ) * 2 (In’tl + [35 ( )
2
g ((Uneni H L) g (e + Lo
(In,t + [ss) In,t + [ss

This pricing equation highlights how adjustment costs to the aggregate capital stock are
important to generate fluctuations in the price of capital. It implies a steady-state value
of ¢ = 1. In addition, temporary increases in net investment (1,,; > I, ;1 and L,y > I, 141)
lead to an increase in the price of capital (¢ > 1). The profits from capital production

given by equation (22) are distributed to households as dividends

]n ]ss
dZUtI = (qt — 1)]nt — ¢—K ( i +

2 In,t—l + Iss

)2 (T + 1)

2.4 Aggregate Shocks

To study the distributive effects of banking sector losses, we consider an exogenous re-

duction in bank equity ¢; such that
€ = RtI{ktBil + Rtth—l — Rtht—l — €, (24)

where €gg is assumed to be zero. ¢; is considered a deadweight loss to aggregate resource.
One interpretation of this shock is that banks make losses on foreign investments.!4
Crucially, this shock has a direct impact only on banks’ ability to intermediate funds and
affects all other actors in the economy only indirectly, through the response of equilibrium
variables such as factor prices and interest rates. It is therefore uniquely suited to study

how losses in the banking sector transmit to households along the income distribution.'®

2.5 Market Clearing

Define A\;(a, k, z,0) as the beginning of period distribution of households over the state
space, and a;(a, k, z,0), ki(a, k, z,0), and ny(a, k, z,0) to be the household policy functions

“Baron et al. (2021) provide a discussion of the origins of a large set of historic banking crises.
Common causes are exposure to (ex post) troubled sectors, either domestically or internationally. In
line with their findings, our shock can be interpreted as banks international investments producing lower
returns than expected.

15Tn Appendix B, we show that our results are robust to an alternative shock that hit the productivity
of bank intermediated capital, rather than bank equity.
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for liquid assets, capital, and labor hours respectively. Market clearing requires that the

quantities chosen by bankers align with households’ choices of the liquid asset such that

L= [ Makn0) Lussoco (~afa.k.26) (25)
(a,k,z,0)

Dt - / /\t(aa k?, 2, 6) Hat(a,k,z,e)zo at(a7 k? 2,y 9)7 (26)
(a,k,z,0)

where I is an indicator function. In addition, aggregate capital holdings of households

are given by
KtHH - / )\t(a,k},Z,Q) kt(a7 k},Z,@). (27)
(a,k,z,0)

The law of motion for total capital in the economy has to be consistent with the investment

choices of capital-producing firms,
Kipn =L+ (1-0)K, (28)
and capital market clearing requires that
K =K" + K[, (29)

Dividends to capitalist households are the sum of dividends from banks, retailers and
capital producers, distributed evenly among all households in the capitalist income state,
such that

divy + divl + divP

di'Ut = (30)
f(a,kﬂ) Ae(a, k, z*,0)
Market clearing in the goods market requires
Ci+ L +Z =Y, (31)

where =Z; consists of deadweight losses from the cost of capital adjustment, loan issuance

and the bank equity shock!6, given by:

—t

_ _¢_K< Ly + 1%

2
— ot T4 I, I°8
2 ]rmt_l + ISS) ( t+ )+

+/ T(a,z) Mla, k, 2,0) Lo, (akz0<0 (—ai(a,k,z,0)) + €. (32)
(a,k,z,0)

16Deadweight losses from bank equity shocks resembles the bankruptcy costs emerging in the the
financial accelerator literature (e.g. Bernanke et al., 1999).
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Labor market clearing is given by
N, :/ Mla, k, z,0) zini(a, k, z,0).
(a,k,z,0)

A brief definition of an equilibrium in our model economy consists of household value and
policy functions, a measure over idiosyncratic states A(a, k, z,0), a path of exogenous
shocks {¢;}, and initial conditions \;(a, k, z,0), K&, KF*, and RP, RY such that given
prices and shocks, households and banks solve their problems in (1), (3), and (7), the
measure over states is induced by policy functions, and all markets clear as outlined

above. We define an equilibrium in the economy formally in Appendix A.

3 Quantitative Implementation

We calibrate the model to the U.S. economy. We proceed in two steps: First, we calibrate
a stationary version of the economy and show that the model performs well in matching
untargeted moments of the joint distribution of income, wealth and portfolio composi-
tion. Second, we estimate local projections of consumption responses to banking sector
conditions, which we use as targets to calibrate the dynamic response of the economy. We
outline the calibration strategy and model fit in detail below and describe the algorithm

to solve the model in Appendix A.2.

3.1 Calibration: Steady State

We calibrate the steady state of the model economy to match U.S. data prior to the 2007
Global Financial Crisis. A model period corresponds to one quarter. We first set a range
of parameters to values commonly used in the literature, and calibrate all remaining

parameters jointly to match targets on aggregate outcomes.
Preferences. We assume GHH preferences, such that

1—0o
nlt+v
<c — Pz o )

l1—0

u(e,n) = ule,n|z) =

and set the coefficient of relative risk aversion o to 2. Following Bayer et al. (2019),
we scale the disutility of labor by idiosyncratic productivity z to ensure that hours are
constant in the cross section of households, while still allowing them to fluctuate in
response to aggregate shocks. We set the inverse Frisch-elasticity ¢ equal to 2.

Further, we assume the distribution of adjustment cost Fy to be the logistic distri-
bution with mean gy and variance o3, and the cost to be i.i.d. across periods. Given

the i.i.d. assumption, py determines the demand for illiquid capital and we calibrate it
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jointly with other parameters below. oy is closely related to the dispersion in households’
portfolio adjustments. Since there is little empirical evidence on this moment, we set
o9 = 10 in the baseline and repeat our main counterfactual for different values to ensure

that this choice does not drive our main conclusions.'”

Production and Banking. We set the capital share « to 0.33, and the markup pa-
rameter p to 1.1, as in McKay and Reis (2016).'® We set households’ borrowing limit a to
one time the average quarterly earnings as in Kaplan et al. (2018), which we normalize to
1 by scaling households’ labor productivity process. Finally, we follow Gertler and Karadi

(2011) and set p = 0.972, implying bankers’ average time of operating is a decade.

Labor Earnings. Capturing a realistic process for labor earnings is crucial for de-
termining households’ motive to self-insure against risk, which in turn determines the
demand for liquid deposits. Households with high earnings risk tend to hold a relatively
larger portion of liquid assets in their portfolio to insure against negative income realiza-
tions, thereby increasing the demand for deposits at any given interest rate. To match
the rich earnings dynamics in the data as precisely as possible, we construct the process

for labor productivity z from two components, such that
z=7(%Y)Z%. (33)

The first is a stationary process for idiosyncratic shocks 2, which we assume to follow an
AR(1) process with innovations drawn from a mixture of normal distributions to capture

higher moments of the distribution of earnings changes. The process for Z is given by

log(2;) = plog(2:_1) + &,
with

N (p1,0%) with probability p
Et ~
N (p2, 03) with probability 1 — p.

The process is characterized by six parameters, {p, p1, pio, 02,03, p}. We calibrate
these via simulated method of moments. We target (i) the cross-sectional variance of
log annual earnings, (ii) the standard deviation, (iii) skewness, (iv) kurtosis, and (v) the
ratio of the 90th to the 10th percentile of log annual earnings changes. Furthermore, we

normalize po = —%ul.

17See Appendix B for details. In an alternative approach, Bayer et al. (2019) target the second quintile
of portfolio liquidity, obtaining a value of oy = 22,500. In practice, we find that oy has little influence
over this moment in our model, which motivates our decision to set it exogenously.

18 Allowing for positive profits from production and distributing them as dividends to high-income
households helps the model in matching moments related to wealth inequality.
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We target moments of the distribution of labor earnings, consistent with the as-
sumption of constant hours worked across households that is implied by our choice for
preferences. Our model economy does not feature a system of tax and transfers, and thus
we target after-tax, household-level earnings. We obtain the values for our five targets
from De Nardi et al. (2019)." The model-implied moments are obtained by simulating
the evolution of quarterly earnings for a panel of workers and aggregating them to annual
frequency. Table 1 summarizes the results. The model matches all five targets, with
implied parameter values p = 0.963, o; = 0.50, o5 = 0.01, p = 0.156, u; = —0.105, and
e = 0.019. We discretize the workers’ labor productivity on a grid with eleven earnings
states, using the method of Farmer and Toda (2017).

The second part of the earnings process is the function (2,Y"), which captures the
differential effect of aggregate fluctuations on individual earnings along the income distri-
bution. We calibrate it to match the elasticity of earnings to GDP at different percentiles
of the earnings distribution as reported in Guvenen et al. (2017). The function is given

by

u) , (34)

(Y0 = 1410 (P

where I'(2;) is based on the elasticities reported in Guvenen et al. (2017) at different
percentiles of the earnings distribution of the model. In Appendix A.3, we explain how

we map to their estimates while keeping average labor productivity constant over time.

Table 1: Calibration—FEarnings Process

Target Model Data
Cross-Sectional Variance 0.57 0.57
Standard Deviation of Changes  0.33 0.33
Skewness of Changes -0.99  -0.98
Kurtosis of Changes 10.5 10.3
P90-P10 of Changes 0.65 0.64

Notes: Data moments computed for annual log earnings using the PSID waves from 1962 to 1992, based
on De Nardi et al. (2019). Corresponding parameter values: p = 0.963, o1 = 0.50, o2 = 0.01, p = 0.156,
p1 = —0.105, and po = 0.019.

Capitalists. In addition to income from labor earnings, we assume the existence of a

capitalist state at the top of the discretized labor productivity process and allocate all

19Moments are computed from the PSID waves for 1962 to 1992, the years for which annual observations
are available. The sample is restricted to households with heads aged twenty-five to sixty. Household-
level earnings are adjusted by year fixed effects and family size. See De Nardi et al. (2019), Section 2,
for full details. We thank Gonzalo Paz-Pardo for kindly making the specific target values available to us.
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dividend income in the economy to households in this state.?’ In every period, there
is a probability ©* that a worker in the highest-productivity state will become a capi-
talist, which we assume to account for 1 percent of the population. With probability
v° = 0.0625 they transition back into the highest-productivity worker state, correspond-
ing to the probability of falling out of the top 1 percent of the income distribution found
in Guvenen et al. (2021). The discretized Markov process for idiosyncratic labor pro-
ductivity together with parameter v° and the assumption that capitalists correspond to
1 percent of households implies ¥ = 0.025. Finally, we set labor productivity in the

capitalist state to the median labor productivity in the economy.

Internally Calibrated Parameters. All remaining parameters (9, 5, w, x, s, ¥)
and the function 7(z,a) are calibrated internally. We target an annual capital-output
ratio % of 3 based on data from Penn World Tables. The steady-state interest rate on
deposits RP is calibrated to an annualized three-month Treasury bill rate of 2%, and the
wedge between deposits and lending rates is set to R — RP = 2% annually, in line with
the results of Philippon (2015) on the returns to intermediation. We target a deposit-to-
output ratio g of 0.4 and a ratio of bankers’ capital to output K7B of 0.6 to match data on
deposit-taking institutions’ balance sheets from the Federal Reserve Board’s data table
H.8 for 2004. We set the parameter ¥ to normalize output to unity in the steady state.

While all parameters are calibrated jointly, each of them is more closely related to
specific targets. The depreciation rate is pinned down from the intermediate producer’s
capital demand in combination with bankers’ arbitrage conditions, given our targets for
capital-to-output ratio and R*. The household discount factor 3 determines the overall
desire to save and thus ensures market clearing for savings, given calibrated returns
and capital-to-output ratio. The parameter py regulates the cost of adjusting capital
holdings, determining households’ share in total capital KTHH =1- K?B In addition,
given banks’ leverage, this share implies the calibrated deposit-to-output ratio. The
parameter x is selected to ensure that the banker’s leverage constraint (10) holds with
equality, given our targets for deposits, banker’s capital, and interest rates, as well as
the model-implied demand of consumer loans. Bankers’ startup funds, determined by w,
ensure that aggregate bank equity is constant.

Finally, we posit that 7(z, a) assumes functional form

7(2,a) = e(log(?)_ﬁlopeh’z’:‘:db ifa<0

0 otherwise

med

where z refers to the median value of z. We calibrate the parameters 7 and 75/P¢

20The concept of a top earner state was first introduced by Castaneda et al. (2003) to account for US
income and wealth inequality. Distributing dividends at the top of the income distribution is in line with
the calibration strategy outlined inBayer et al. (2019), which we have adopted.
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Table 2: Summary of Calibration Procedure

Target Model Data Closest Parameter Source

% Ratio 3 3 0 =0.016 Penn World Tables
Deposit-to-Output 2 0.40 0.40 x =0.26 Fed Table H.8 2004

Bank Investment-to-Output KTB 0.60 0.60 1o = 16.4 Fed Table H.8 2004

Annual RP — 1 2% 2% B =0.971 Annualized 3M Thill rate, net of CPI
Annual Spread (RE — RD) 2% 2% w = 0.0036 Philippon (2015)

Share of Borrowers 18.8% 19.3% 7 =10.005 SCF 2004

Share of Liquid Assets, Q1 of Income  2.2%  2.2% rolove — 9 45 SCF 2004

Output Y 1 1 v =2.07 Normalization

Risk Aversion o=2 standard

Inverse Frisch Elasticity =2 standard

Capital Share a=0.33 standard

Bankers’ Survival Probability p=0.972 Gertler and Karadi (2011)
Borrowing Limit a=—1 Kaplan et al. (2018)
P(Entering Capitalist) vl =0.025 1% of households are capitalists
P(Exiting Capitalist) v° = 0.0625 Guvenen et al. (2021), Bayer et al. (2019)
Dispersion of Adjustment Cost o9 =10 see text

Notes: The top panel reports the parameters calibrated internally by matching the corresponding data targets. The bottom panel reports the list
of parameters set externally.

to match the share of households with non-positive liquid assets, as well as the share of
liquid assets held by households at the bottom quintile of the income distribution.?* The
amount of debt held by the lowest income quintile regulates the exposure of low-income
households to changes in the cost of borrowing, which is important for our quantitative
results.

All data moments and their model counterparts, as well as the complete set of pa-

rameter values, are reported in Table 2. The model matches all targeted moments.

3.2 Model Validation: Income and Wealth Distribution

Table 3 compares the model performance in terms of untargeted distributional statistics
in the data. We examine the marginal and joint distributions of income, net worth,
and liquid wealth. All wealth data are from the 2004 wave of the Survey of Consumer
Finances, while income data are obtained from the Congressional Budget Office. In
the data, we define liquid wealth as the sum of checking, savings, and money market
accounts net of interest-bearing credit card debt.?? Income is defined as the total after-
tax household income, including labor earnings, as well as income derived from business
and financial activities. Consistent with this definition, labor earnings, dividends and
returns on deposits and capital are included in the computation of income in the model.
Liquid wealth in the model is defined as households position (savings or debt) in the liquid
asset a. Net worth is defined as the liquid asset plus (illiquid) capital. For each variable,

we report shares by quintile of the respective distribution. Additionally, we report the

21The lowest resulting 7(z,a) is assigned to the capitalist.
22Consistent with our definition of deposits, we exclude bonds and stocks from liquid assets. The data
moments are calculated including only households whose head is aged 25-65.
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distribution of net worth and liquid wealth by quintile of the income distribution.??

Table 3: Distribution of Income and Wealth — Model vs. Data

Quintiles
Ql Q2 Q3 Q4 Q5
Net Worth Model -0.1 1.9 5.3 10.6 82.3

Data -0.2 12 42 11.5 833

Liquid Wealth Model -3.6 1.2 4.8 10.7 86.9
Data -42 02 1.7 81 94.2

Income Model 4.3 9.1 13.7 21.5 514
Data 7.0 10.5 149 20.8 47.7

Net Worth Model 2.2 46 6.6 131 73.6
(by Income) Data 29 45 81 14.7 69.8

Liquid Wealth Model 2.2 6.0 7.0 12.7 72.1
(by Income) Data 2.2 35 87 16.8 68.7

Notes: Data for rows 1, 2, 4, and 5 are from the 2004 Survey of Consumer Finances. Data for row 3 are
from the Congressional Budget Office, (The Distribution of Household Income, publication no. 56575),
quintile shares are for 2004. By Income in rows 4 and 5 refers to quintiles of pre-tax household income

in the Survey of Consumer Finances. Sample includes households aged 25 to 65.

Table 3 shows that the calibrated model does not only generate realistic distribu-
tions of total net worth, liquid assets, and total income, but also reproduces the joint
distribution of income and wealth. The marginal distributions of income, net worth and
liquid wealth are not used as targets in the calibration. The only distributional moments
we target are the share of liquid wealth held by the bottom income quintile and the
cross-sectional standard deviation of log-labor-earnings. In line with the close fit of the
overall distribution of wealth, the model-implied Gini coefficient of wealth is 0.81, close
to its value of 0.79 in the 2004 SCF. In addition, the model generates an average (loan-
weighted) interest rate on consumer credit of 12.8%, close to the 11.1% observed in the
data.?

Figure 1 displays the average portfolio composition by quintile of the net-worth dis-

tribution. We report the share of illiquid wealth, defined residually as net worth minus

23To compute net worth and liquid wealth by income, we sort households into quintiles based on their
pre-tax income in the Survey of Consumer Finances. This yields a mapping into quintiles consistent
with our income measure from the Congressional Budget office, as long as post-tax income is monotonic
in pre-tax income.

24Tn the data, we consider the assessed interest on credit cards as reported in Fed Release G.19,
adjusted by year-to-year inflation and averaged over the period 2000-2008.

20



liquid wealth. The model captures the general pattern of portfolio composition in the
data, especially for the bottom quintile: Low net-worth individuals hold more liquid port-
folios. The model underestimates the average share of illiquid assets. This is because our
calibration target for aggregate deposits — the liquid asset in our economy — is obtained

from banks’ balance sheets, rather than household balance sheets.?

-
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Figure 1: Portfolio Composition by Quintile of Net Worth

Notes: Data from the 2004 Survey of Consumer Finances and authors’ own calculations. Model and
data samples are restricted to households with strictly positive net worth and non-negative liquid assets.
Net liquid assets in the data correspond to the sum of checking, savings, and money market accounts

net of credit card debt. Illiquid assets are obtained by subtracting liquid assets from net worth.

The distributive effects of banking sector losses depends on how different groups of
households are exposed to fluctuations in market prices. Matching the marginal distribu-
tions of income, net worth, and liquid wealth, as well as their correlation validates that
the model captures households’ exposure to changes in interest rates, asset prices, and
labor earnings. The success of the model in generating distributions close to the data
suggests that the model is an appropriate environment in which to examine the impact

of banking sector distress.

3.3 Calibration: Banking Sector Shock

The primary objective of our analysis is to assess heterogeneity in how banking sector

losses affect households across the income distribution. We focus on the response of

250ur choice is conservative for the analysis we conduct, as further restricting the supply of liquid assets
further would mean that households in general would be less able to insure against shocks, which would
increase the (welfare) consequences of bank losses, especially at the bottom of the income distribution.

21



consumption and proceed in two steps. First, we calibrate the banking sector shock to
match the impact of banking sector distress on aggregate consumption, estimated from
U.S. data. This ensures that our analysis relies on realistic aggregate effects on the
household sector as a whole.

Second, we validate the model results by comparing consumption responses across
income groups to their data equivalent, which are not targeted in the model’s calibration.
In this section, we describe the estimation of consumption responses in the data and the

calibration of the shock.

Data. To measure banking sector losses in the data we follow Baron et al. (2021), who
document that bank equity returns are a reliable measure of banking sector conditions.
In particular, large bank equity declines align well with crises episodes identified based on
narrative approaches (Reinhart and Rogoff, 2009; Laeven and Valencia, 2013), and predict
large and persistent contractions in output and credit.?® Crucially, the equity return
indices of Baron et al. (2021) are continuous measures available at quarterly frequency,
which allows us to focus our analysis on a single country, the U.S. In our analysis, we use
their indices of bank and non-financial equity returns.

The series for U.S. aggregate consumption is obtained from national accounts. In
addition, we construct quarterly series of consumption by income quintile, based on
micro-data from the Survey of Consumer Expenditures (CEX). We follow Coibion et al.
(2017) in processing the micro-data and construct consumption series by quintiles of
post-tax household income.To correct for the well known mismatch between the CEX
and national accounts (Aguiar and Bils, 2015), we follow Cloyne et al. (2020) and rescale
the CEX-series for each income quintile by the quarterly ratio of aggregate consumption
in the CEX vs. national accounts. With this transformation, the source of variation in
aggregate consumption for all estimation results is the national accounts, whereas the
relative variation in consumption across income quintiles originates from the CEX micro-
data. Further details on the construction of all variables is provided in Appendix D. To

align with our CEX sample, we consider the years 1980-2010 for all specifications.

Estimation. To examine the relation between bank equity returns and household con-
sumption, we follow the approach inBaron et al. (2021) and use local projections as in

Jorda (2005). Our baseline specification estimates

J s K
Copn ="+ "t +h) + Zﬁh’jrf_j + Z §hspNE 4 Z MNoke, g+ el (35)
7=0 s=0 k=0

26Baron et al. (2021) also document that large bank equity declines tend to precede credit spread
spikes across one hundred banking crises and uncover a number of episodes of banking distress that do
not appear in previous data sets.
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wherecy y, is the log of real aggregate household consumption, h € {0, 1,2, ..., H} denotes
horizons ahead of t, 7® and vV are returns to bank and non-financial corporation indices
respectively, and J, S, and K are the number of lags included for each series. Coefficients
a and v estimate a constant and time trend. Our baseline specification includes one lag
on each variable (J = S = K = 1) and considers ¢; as the log of total household
consumption, taking the centered four-quarter-moving-average to adjust for seasonality
(Cloyne et al., 2020).

The coefficients of interest are {3™°};, which characterize the sequence of local pro-
jection impulse responses of consumption to bank equity returns at time . In line with
the specification of Baron et al. (2021), we control for non-financial returns r* to adjust
for general economic conditions (see e.g. Stock and Watson, 2003). Hence, coefficients
{/Bzh ’O}i,h capture the change in household consumption associated with variations in bank
equity returns, conditional on conditions in the non-financial sector. We apply the same
specification for consumption by income quintile, estimating {ﬂzh ’O}h in separate regres-

sions for each quintile 1.

Consumption Responses. Figure 2 reports the cumulative change in consumption
associated with a 10% decline in bank equity returns. We report separately the cumulative

impulse response function
IRF, =Y B
h=0

for aggregate consumption and five quintiles of the distribution of post-tax household
income. The underlying sequence of coefficients 3™° as well as confidence intervals around
the point estimates are reported in Figure D.19 in Appendix D.

The cumulative decline in aggregate consumption associated with a 10% decline in
bank equity returns is 5 percentage points after 12 quarter. In addition, Figure 2 reports
substantial variation in consumption responses across income quintiles. The cumulative
decline in consumption of the first income quintile is approximately twice as strong as
the decline in aggregate consumption, while the estimates for quintiles two to five are
close to each other and slightly smaller than the aggregate response. We only target the
response of aggregate consumption in the calibration of the shock and use the relative
response across quintiles to validate the model’s ability to generate realistic distributional

implications.

Robustness. Appendix D shows robustness of the general patterns and magnitude
of our results for alternative specifications, where we consider a different number of
lags, report durable and non-durable consumption separately, sort households by home-
ownership status, and estimate positive and negative shocks separately. Our conclusion

that consumption of the bottom income quintile is more responsive to declines in bank

23



0

(6]

2-0.01

O -0.02

c

2.0.03

Q. ~}

€ 004l Q 3

2 e Q2

G -0.05--+ Q3

S - Q4

jo2] L

8-0.06 F|_—qs5

T 0.07 Ll——Aggregate \
2 4 6 8 10 12

Quarter

Figure 2: Cumulative Consumption Response

Notes: The figure plots the cumulative IRF of aggregate consumption and consumption by income
quintile to a 10% decline in bank equity returns, estimated from (35).

equity returns is robust to all alternative specifications we consider.

Model Parameters. To study the distributive consequences of losses in the banking
sector, we simulate the response of the economy to a one-time, unexpected (“MIT”) shock
to bankers’ net worth €;, which is assumed to revert back to its steady-state value of 0 at
rate p. Specifically, we assume

€ ift=1

€ =
PEr—1 if t > 1.

We calibrate €, p, and the adjustment cost of capital ¢y to jointly generate (i) an initial
10% decline in bank equity, (ii) the twelve-quarter cumulative consumption response to
an initial decline in the bank equity of this magnitude, and (iii) an inverse elasticity of
investment with respect to asset prices of 1.72, as in Gertler and Karadi (2011). The cap-
ital adjustment cost parameter ¢ does not affect allocations in the deterministic steady
state and therefor has to be calibrated jointly with the shock. The implied parameter
values are e = 0.017, p = 0.75, and ¢x = 2.48. Note that the initial shock € accounts for
only 1.85% of banks equity, i.e. is smaller than the calibrated decline of 10%. This is due

to contemporaneous amplification through a financial accelerator mechanism.

4 Distributive Effects of Banking Sector Losses

Our analysis focuses on an exogenous destruction of bankers’ net worth, which has the
advantage to allow us to isolate the distributive effects of banking sector distress. Since

the shock does not affect households directly, but only through the equilibrium response
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of prices such as interest rates, wages, and the price of capital, we study its effect in two
steps: First, we consider how the economy responds to the shock on aggregate. Second,
we examine how different households are affected by the changes in aggregate prices. All
results reported in this section are obtained by simulating the dynamic response of the
calibrated model to a destruction of bank net worth that leads to a 10% decline of net

worth on impact.

4.1 Aggregate Responses

Figure 3 reports the responses of aggregate quantities, while Figure 4 reports the responses
of prices, wages, and interest rates. On impact, the shock causes a surprise loss in banks’
net worth. This leads to a reduction in the size of their balance sheet, tightening the
supply of credit to consumers and reducing their investment in capital. In equilibrium, it
requires an increase in the interest rate charged on consumer loans R* and the return on
capital R¥. Households partly compensate for the decline in banks’ investment. While
banks reduce their investment in productive capital, households take advantage of the
higher return on capital holdings by increasing their investment in capital. Their incentive
to substitute deposits for illiquid capital requires an increase in the interest rate paid on
deposits R? in equilibrium.

Despite increased capital holdings of households, aggregate investment falls in re-
sponse to the shock and so does the total capital stock in the economy. This is accom-
panied by a sharp fall in the price of capital. Since the value of banks’ assets depends on
the price of capital, the decline in asset prices further constrains banks’ intermediation
capacity, amplifying the decline in investment and the increase in spreads. This effect
explains why the decline in bank equity on impact is larger than what would be expected
from the direct effect of the shock alone. It is consistent with the financial accelerator am-
plification mechanism of (Gertler and Kiyotaki, 2010). Finally, aggregate output declines
gradually, following the decline in available capital.

After the shock subsides, the economy takes a long time to return to steady state
due to a slow recovery of banks’ net worth. Households only gradually deplete their
additional capital holdings in favor of bank deposits, contributing to the slow recovery of
banks’ investment in productive capital. As a result, the capital stock remains below its

steady-state level for an extended period after the shock dissipates.
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Figure 3: Dynamics of Aggregate Quantities
Note: Responses of aggregate quantities to a 10% decline in bank equity. Responses are reported in
percentage deviation from their respective steady-state levels. The shock is reported in percent of steady
state equity.
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Figure 4: Dynamics of Equilibrium Prices
Note: Responses of prices to a 10% decline in bank equity. Top panels reports responses in percentage

points. Bottom panels reports responses in percent deviations from their respective steady-state values.
K

The realized net return to holding capital is defined as q}fil -1

Households are confronted with an unanticipated decline in the return on their capital

holdings at the time of the shock, and by its subsequent increase over time. The latter
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is driven by two factors: An increase in the marginal product of capital, as capital
effectively becomes scarcer, and capital gains from the increasing price of capital, as it
recovers from its initial sharp drop in response to the shock. The wage rate, in turn,
follows the dynamics of the aggregate stock of capital. Finally, dividends also experience
a gradual recovery, driven by a reduction in payouts from banking activity that aligns

with the gradual recovery of banks’ net worth.?”

4.2 Consumption Heterogeneity

We begin our analysis of the distributive effects of banking sector losses with an examina-
tion of the response of consumption across households. Figure 5 reports the model-implied
consumption responses by quintile of total (labor and financial) income, in addition to
aggregate consumption in the bottom right. The figure shows a substantial decline in
consumption for all income groups, with more pronounced losses for households in the

lowest income quintile.
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Figure 5: Consumption Responses by Income Quintile
Note: Response of consumption to a 10% decline in bank equity. Households sorted to income-quintiles
(earnings, interest received, dividends) in steady state based on their idiosyncratic state (a, k, z). Impulse
responses computed for each (a,k, z) as the expected path of consumption after the shock relative to
the expected path without a shock. Responses aggregated within each group using the steady-state

distribution over idiosyncratic states.

Figure 6 compares the model-implied cumulative IRFs twelve quarters after the shock

2TFigure D.28 in Appendix D shows that the response of earnings, the return on capital, investment,
and credit spreads are qualitatively consistent with their empirical counterparts.
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with their empirical counterparts from Figure 2. The pattern of relative responses across
income quintiles aligns very well with the data, both qualitatively and quantitatively.
While the response of aggregate consumption is a target in the calibration of the shock,

the relative response across income quintiles is not a calibration target.

Income Quintile

I \Viodel | |
I Data

% Cumulative Change over 12 quarters

Figure 6: Consumption Responses by Income Quintile—Model vs. Data
Note: 12-quarter cumulative response of consumption to a 10% decline in bank equity. The model- and

data-implied responses are represented as log deviations from steady state.

4.3 Welfare Implications

The model’s ability to generate consumption responses consistent with those estimated
in the data suggests that the model accurately captures a the exposure of households
across the income distribution to banking sector disruptions. The model enables us
to go beyond empirical consumption responses in two dimensions: First, it allows us to
evaluate how changes in consumption translate into changes in welfare. Second, it enables
us to examine the underlying transmission channels that contribute to the heterogeneity

observed in Figure 6. This section explores the first aspect.

Measuring Welfare Changes. To measure the welfare impact of banking sector
losses, we compute households’ expected value functions immediately after the shock
is realized and compare them to their respective values in steady state. To express wel-
fare changes in terms of consumption equivalence units, we follow Bayer et al. (2019)
and normalize the difference in value functions by the expected value of the discounted
stream of utility from consumption and labor for each household.?® Thus, we interpret

changes in welfare as the fraction of (labor-augmented) consumption a household would

28Due to the utility cost of portfolio adjustment, households’ value functions differ from the expected
discounted stream of utility from consumption and labor.
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be willing to permanently forego in order to avoid the consequences of the shock and have
the economy remain in steady state. In percentage points, the consumption equivalent

(CE) measure is calculated as

CE(a,k,z) =100 x (Vl(a’k’z) = V*ak,2) | 1) U 1] , (36)

EU(a, k, z)

where

- n(a, k, z,0)'

EU(a,k,z)=E bu | c®(a, k, 2,0) — Wz -2 22 :
O I GRS

Vi and V*° refer to households’ value functions upon impact of the shock and in steady
state respectively. In addition, EU(a, k, 2) is the expected discounted utility from labor-

augmented consumption in the steady state.

Distribution of Welfare Changes. Figure 7 presents the distribution of welfare
changes as computed by equation (36). Two patterns are striking: First, although the
distribution is centered around a negative value — the average CE change is -0.204%
— 18.0 percent of households exhibit a positive change in welfare and are better off in
the presence of the bank shock. Second, there is considerable heterogeneity in welfare
changes. The top 5% losers experience and average loss of 1.56%, while the top 5%

winners experience an average gain of 0.27%.
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Figure 7: Distribution of Welfare Changes

Note: Distribution of welfare changes, measured in consumption equivalent units as defined in 36.
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Table 4 compares households that are worse off after the shock with those that benefit
from it. Households that experience a positive welfare change are relatively wealthier,
have higher income and receive a larger share of their income from financial sources. In
addition, conditional on wealth, better-off agents have a portfolio whose share of liquid

assets is 9 percentage points higher than those who are worse off.?”

Table 4: Characteristics of Gainers and Losers from Bank Losses

Characteristic Worse Off Better Off
Avg. Liquid Assets 0.30 4.18
Avg. Capital Holdings 0.49 3.30
Avg. Net Worth 0.47 3.42
Avg. Total Income 0.84 1.73
Avg. Desired Capital Change (%) -1.1 4.9
Avg. Dependence on Earnings 93.1 74.8

Note: “Dependence on labor income” refers to the average share of earnings in households’ total income.
Avg. Desired Capital Change refers to the average adjustment in capital holdings absent the shock,
relative to the economy wide average capital holding. With the exception of two last rows, numbers are

displayed as a multiple of economy-wide averages.

Table B.1 in the Appendix shows a further breakdown of household characteristics
for quintiles of the distribution of welfare changes. Overall, the conclusions are the same
as those from Table 4.

Welfare Changes along the Income Distribution. Figure 8 illustrates that the
impact of the shock on welfare is distributed in a more uneven manner than what is
observed for consumption. For welfare (black bars), a clear monotonic pattern emerges
with households at the lower end of the income distribution suffering the largest welfare
losses. While the welfare of households in the first quintile is reduced by 0.63%, households
at the top of the income distribution instead experience an increase in welfare by 0.04%
on average. In contrast, the inequality in initial consumption responses is not nearly as
pronounced: while the total decline for the first quintile is 6%, for the fifth quintile it is
3%.

29This number is obtained by regressing portfolio liquidity 4% on a cubic polynomial of net worth
a + k and a dummy variable for “better-off”. The average portfolio liquidity in the economy is 29%.
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Figure 8: Welfare and Consumption Changes by Income Quintile
Note: Welfare changes (left y-axis) computed as in (36) and aggregated within each income quintile with
steady-state distribution. Consumption changes cumulated over 12 quarters following the shock from
the series in Figure 5 (right y-axis).

Heterogeneity along the Distribution of Net Worth. Table 5 compares changes
in welfare across quintiles of income and net worth. Net worth is defined as the sum of
capital and liquid assets.?® The heterogeneity across quintiles of the net-worth distribu-
tion closely resembles that of the income distribution. This is because income and wealth

in the model economy are highly correlated, as in the data (see Table 3).

Table 5: Welfare Changes—Heterogeneity

Quintile Q1 Q2 Q3 Q4 Q5
by Income -0.639 -0.227 -0.148 -0.053 0.043
by Net Worth -0.638 -0.217 -0.130 -0.072 0.049

Notes: Changes in welfare measured in consumption equivalent units, as in equation 36.

4.4 Transmission Channels

What mechanisms explain the patterns shown in Figure 87 Why do the rich suffer much
less than what their initial consumption response would suggest? How can a considerable
fraction of households benefit from an adverse shock? To examine these questions, we
decompose the general-equilibrium responses of consumption and welfare into the contri-
bution of movements in different prices and interest rates, following Kaplan et al. (2018).

We compute counterfactuals in which we allow only one market price at a time to follow

30Figure B.3 in the appendix displays the responses of consumption by quintile of net worth.
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its realized general-equilibrium path, while keeping all other prices, rates, and dividends
at their steady-state levels. In particular, we focus on the respective contribution of (i)
labor earnings (z;, wy), (ii) the cost of borrowing (RL), (iii) returns to savings (RP, rX|
qt), or (iv) dividends (div;). For each counterfactual, we allow households to make their
consumption, labor supply, savings, and portfolio choices based on the counterfactual
price paths.

Figure 9 decomposes the welfare changes by income quintile due to these four com-
ponents. The figure reveals substantial heterogeneity in transmission channels affecting
different households. First, low-income households are exposed to changes in borrowing
rates, which account for approximately one-third of their welfare losses. These house-
holds use short-term debt to insure against temporary income losses, which becomes more
expensive in response to banking sector distress. Second, while households in all income
quintiles are substantially affected by changes in earnings, those at the bottom of the
distribution are more exposed to this channel. This is due to their inability to insure
against income shocks and because they are most severely impacted by the decline in
labor income. The larger decline in their income is driven both by earnings accounting
for a larger proportion of low-income individuals’ income and by their relatively high
earnings exposure to the business cycle (via the function (%, Y;)).?! Returns to saving,
on the other hand, display a positive contribution for all the quintiles, with welfare gains
increasing in household income. Finally, the impact of dividends is concentrated among

capitalist households, who are in the top quintile of the income distribution.??

31Figure B.2 in Appendix B decomposes the effects of labor income further, into changes in average
wages and the contribution of differential exposure to the business cycle.

32Figure B.1 in Appendix B presents capitalists, which represent 1 percent of the population, as a
separate category.
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Figure 9: Decomposition of Welfare Changes by Income Quintile
Note: Decomposition of welfare changes due to earnings {z, w;}1_, the lending rate {RE}L ), returns
to saving ({RP, 7%, ¢;}1_,), and dividends ({div;}_,). Each counterfactual obtained by simulating the

economy under a subset of equilibrium price paths, fixing all other prices at steady-state values.

Figure 10 shows the consumption counterpart of the decomposition described above.
Changes in earnings have a gradual but persistent effect on consumption, reflecting the
dynamics of wages. In line with welfare changes, the decline in consumption in response
to changes in labor earnings is most pronounce for the lowest income quintile. Changes
in borrowing costs lead to large declines in consumption for the lowest income house-
holds. Moving up the income distribution, R” quickly becomes irrelevant, because the
amount borrowed by the rich is small. Returns to saving, on the other hand, become
more important as we move up the income distribution. In response to movements in
returns, households initially reduce their consumption but after six quarters, consump-
tion overshoots its steady-state level for all quintiles. This overshooting is behind the
positive welfare changes induced by movements in financial variables. Finally, the effect
of dividends is concentrated in the top quintile and its impact is persistent, consistent

with the slow recovery in the banking sector.
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Figure 10: Consumption Decomposition by Income Quintile
Note: Decomposition of consumption responses due to earnings {z;,w;}i g, the lending rate {RL}L
returns to saving ({RP,r% ¢;}1 ), and dividends ({div;}7_,). Each counterfactual obtained by sim-
ulating the economy under a subset of equilibrium price paths, fixing all other prices at steady-state

values.

The Role of Financial Variables. Figure 11 breaks down the financial component
of welfare changes into those due to deposit rates R”, the rental rate on capital r and
its price ¢, and dividends. The latter only affect capitalist households at the very top
of the income distribution, who see their income fall in response to the decline in banks’
net worth and lower economic activity. The welfare impact of changes in deposit rates is
positive as R” increases and similar across quintiles. This is explained by the fact that
households at the bottom are more dependent on those for savings, while those at the
top are simply wealthier and their income is thus relatively more exposed to changes in
returns on the assets they hold.

Changes in the price of capital reduce welfare for households at the bottom of the
income distribution but increase welfare for households at the top. This is due to the
fact the decline in capital prices is temporary and only affect households that choose to
adjust their capital holdings upon the realization of the shock. Low-income households
adjusting their portfolio are more likely to liquidate their capital holdings, such that
a reduction in the price of capital lowers their liquidation value. The opposite is true
for high-income households: Adjusting households are more likely increase their capital

holdings and benefit from buying capital at a temporarily lower price.
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Figure 11: Decomposition of Welfare Changes—Financial Variables
Note: Decomposition of welfare changes due to financial variables (jointly {RP, RK, div;}T ), in the
black bar) and each of its separate components (gray and colored bars). Each of the gray and colored
bars is obtained by simulating the economy in response to the partial-equilibrium path of one variable

(or all four, in the case of the black bar).

The increase in the return on capital benefits households across the board, but par-
ticularly those at the top of the income distribution who hold most of the capital in
the economy. As bank intermediation capacity is reduced by the shock, capital becomes
scarcer, and households holding this scarcer resource can benefits from the increased
returns.

Margins of Adjustment. Overall, high-income households take advantage of move-
ments in savings markets to finance higher future consumption. This is clearly seen in
Figure 12, where general-equilibrium consumption responses are decomposed into adjust-
ments at other margins. For this decomposition, we rely on the budget constraint and
treat consumption as the residual, adjusting it to changes in other components. From
the budget constraint, we decompose consumption as

= w B q&A,]_{:ﬁ + (B - 1ay_1l(a,_;)>0 + (R{ — qi)kia

N J/

Changes in  Changes in Incorgerfrom
Deposits Capital Savings (37)
+ y)tztnt + ]IZt:Z*dZ’UE _SRtL — 1)(—at,1)1[at_1<0 — T(Zt, Clt)<—at)]lat<9
VvV Vv
Earnings and Cost of Loans
Dividends (Interest and Cost of Issuance)

where Aa; = a; — a;—1 and Ak, = k; — k;_q respectively.

The contribution of the temporary increase in capital holdings due to the shock in-
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creases monotonically with income and is partially offset by a reduction in deposits and
higher income from savings for high-income individuals. Higher capital holdings con-
tribute to sustain a higher consumption over the medium term. Specifically, the impact
of changes in capital holdings on consumption becomes positive after 10 quarters as
households begin to reduce their holdings, ultimately mitigating welfare losses. This

mechanism is most pronounced for individuals at the top of the income distribution.
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Figure 12: Consumption Decomposition—Components of the Budget
Note: Model-implied consumption responses in general equilibrium (black line), decomposed into margins
of adjustments based on the budget constraint as in equation (37). Impulse responses are displayed
relative to the counterfactual evolution of consumption (and other margins of adjustment) for each
group in the absence of any price variation. “Cost of Loans” refers to the last term of Equation (37),

including intermediation costs.

4.5 Robustness

In Appendix B, we show that the results presented in this section are qualitatively robust
and quantitatively similar to those obtained when considering a shock that reduces the
productivity of bank-held assets, to a specification with inelastic labor supply, and to

different values of the parameters oy.

Overall, the results in this section show that disruptions in the banking sector have
substantial distributive consequences. In addition to those with a direct claim to bank
dividends, losses from banking sector disruptions are concentrated among low-income
households, who are particularly exposed to changes in earnings and in the lending rate.
In contrast, high-income households are able to benefit from fluctuations in returns to
savings. Their notable initial reduction in consumption is compensated by relatively
higher future consumption. Thus, the impact of the shock on the welfare of high-income

households is more limited, with some of them potentially benefiting from disruptions to
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the banking sector.

5 Portfolio Choices and Aggregate Dynamics

A salient feature of our model is the role of household portfolio adjustments in shaping
the distributional consequences of banking sector losses. In this section, we show that
allowing households to invest directly in productive capital has additional implications
for aggregate dynamics in response to productivity shocks. To assess the role of direct
capital holdings, we compare our benchmark model to two counterfactual economies: An
economy with no banks, where all capital is held directly by households, and an economy
in which banks intermediate the entire capital stock, where households are unable to

invest capital directly.

No-Banks Economy. In the model without banks liquid assets are supplied by the
government using debt B,;. This enables us to keep the total supply of liquidity available to
households unchanged, relative to our calibration in Section 3. The government imposes
lump-sum taxes proportional to labor productivity to finance any interest payment on
its debt.?®> We allow the supply of liquid assets to fluctuate with economic activity, but
assume a constant debt-to-GDP ratio such that % = B. The households’ problem in 1
and 3 remains unchanged except for the budget constraint, which now includes the tax

necessary to balance the government budget, such that
e+ (1= 7(za))ar + @k < R (ap1)ag—1 + R kymy + wezny + L —pedivg — 2T,

where T}, denotes the lump sum tax. The expression above refers to the budget of adjusting
households. The budget of non-adjusting households changes accordingly. Government

budget clearing requires

RtDBt—l — By = / At(% k, z, Q)ZtTt,

(a’kﬂz79)

and asset market clearing requires that
B, :/ Mla, k, z,0)ai(a, k, z,0).
(a,k,z,0)

Further, as usual in the literature, we assume that the interest rate on consumer loans
equals the return on liquid assets, i.e. RF = RP.
The calibration of the no-bank economy is as close as possible to the benchmark

model. All exogenously set parameters are kept at the same value as before. Compared

33The lump-sum tax assumption is made to avoid introducing distortions to the labor supply relative
to the benchmark economy.
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to the calibration of the benchmark model, for the non-bank economy we neglect the
target on banks’ share in total capital as well as the parameters which only enter banks’
problem (w and ) and are obsolete in this version. We set the parameter B to keep the
ratio of deposits to output in steady state unchanged. In addition, we re-calibrate the
parameters jig, 3, 9, ¥, and 7°/°P° to match the same targets on the capital-output ratio,
RP R the share of liquid assets held by the bottom quintile, and to normalize steady

state output to 1.34

Only-Banks Economy. In the only-banks economy, the banking sector is the same as
described in section 2. On the household side, we solve a one-asset version of the model,
in which households can only save in liquid bank deposits or borrow in consumer loans,

but cannot hold productive capital directly. Households solve the following problem

Vi(ai—1,2) = _ max {u(ct,nt)+5Et‘4+1(at,zt+1)}

ct>0,at>a,nt>0

sit.cp+ (1 —7(2,a0))ar < RFF (ay_1)ay_y + wezeny + 1—oedivy.

For the calibration, we keep again all exogenously set parameters unchanged. Compared
to the benchmark model calibration, we neglect the target related to the share of banks’
capital in total capital as well as the parameters py and oy related to the households’
capital adjustment decision. In addition, we re-calibrate the parameters w, y, 3, 9, ¥,
and 757 to match the same targets on the capital-output ratio, deposits-to-output ratio,
RP RE the share of liquid assets held by the bottom quintile, and to normalize steady

state output to 1.

Aggregate Dynamics. We simulate each version of the model in response to an unan-
ticipated total factor productivity shock that reverts to its steady state value at a constant
rate. We set the magnitude of the shock to one percent and its persistence equal to 0.9.
Importantly, we calibrate the capital adjustment cost parameter to ensure that the in-
verse elasticity of investment with respect to the price of capital is the same across all
economies. The calibration yields ¢ equal to 2.49 and 3.18 for the no-banks and the
only-banks version of the model respectively, compared to a value of 2.47 in the bench-
mark model. Figures 13 and 14 depict the responses of macroeconomic aggregates and
prices in the benchmark model, together with the no-bank and only-bank version of the

model.

34For complete results, see Table C.2 in Appendix C.
35For complete results, see Table C.2 in Appendix C.
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Figure 13: Comparison Across Models - Selected Macroeconomic Variables
Note: Impulse-response functions of selected aggregate variables to a 1% TFP shock with 0.9 persistence.

Changes are relative to the steady-state values.

While output responds similarly across models, the response of aggregate consump-
tion and investment varies considerably. Investment declines more strongly when all
intermediation occurs through banks compared to the benchmark with partial interme-
diation. It version of the model in which, absent banks, households finance the entire
stock of productive capital. The different response of investment is compensated by the
response of aggregate consumption. Consumption responds the least in the economy in
which households do not invest in productive capital and declines by most in the economy
without a banking sector. Despite the stronger impact on investment, the response of
bank-intermediated capital is smaller in the only banks economy, relative to the bench-
mark. In the benchmark economy, households adjust their portfolios and increase their

capital holdings, making up for part of the decline in banks’ capital holdings.
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Figure 14: Comparison Across Models - Prices and Rates
Note: Impulse-response functions of selected variables to a 1% TFP shock with 0.9 persistence. Rates
on the top panels are displayed in percentage points, while the bottom panels display percent changes
relative to steady-state values. The loan rate in the “no bank” economy equals the deposit rate, and is
thus not plotted.

The larger reduction of investment in the only banks economy is associated with a
stronger decline of asset prices and in the return on holding capital. The return on
capital recovers more slowly when all capital is held by banks, causing a smaller increase
in the loan rate through banks’ no-arbitrage condition. The response of deposit rates is
strongest in the only banks economy, where deposits are the only means of savings for
households. Upon a recession, households seek to liquidate them to smooth consumption,
leading to a higher equilibrium deposit rate. Finally, the large decline in dividends in the
only-banks economy is driven by the decline in banking activity, as banks’ profits account
for a relative larger share of dividends than in the other two economies due to larger bank

balance sheets.

New Keynesian Frictions. In Appendix A.2, we check if our results are robust to
introducing wage rigidities in a HANK version of our economy. Our conclusions from this
section on the relative dynamics of consumption and investment across model economies
are unchanged when introducing nominal rigidities, the response of investment remains
largest in the only banks version and smallest in the no banks specification while the

reverse is true for consumption.

Our findings show the importance of considering explicit micro-foundations for the
demand for intermediated savings when studying the role of financial frictions for aggre-
gate fluctuations. When households can hold capital directly, the supply of funding for

banks is determined in an optimal choice between illiquid capital and liquid deposits.
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As returns adjust in response to aggregate shocks, an adjusted return-liquidity profile
changes households’ tradeoff between different assets. The change induces households
to adjust their portfolios and absorb some of the reduction in banks’ capital holdings,
dampening the aggregate fall in investment and capital. An explicit micro-foundation
for the supply of deposits, built around households’ need for liquidity to insure against
idiosyncratic shocks, dampens the aggregate implications of intermediation frictions on
the dynamics of investment. In our calibrated benchmark economy, about one-third of
capital holdings are intermediated through banks. Quantitatively, however, the overall

response of the benchmark economy is still very close to the no banks counterfactual.

6 Conclusion

We build a two-asset model featuring rich household heterogeneity and an explicit bank-
ing sector. The model replicates several empirical features of the wealth and income
distributions of the United States. We employ it to study the distributive effects of losses
in the banking sector. In line with empirical estimates, the model predicts consumption to
decline more strongly at the bottom of the income distribution. Decomposing the mech-
anisms behind the observed consumption dynamics, we show that low-income households
respond predominantly to fluctuations in borrowing costs and labor income. In contrast,
high-income individuals respond to changes in asset returns, increase their savings, and
shift their portfolios to illiquid capital holdings to take advantage of temporarily sup-
pressed asset prices. These patterns make the response of welfare substantially more
uneven than that of consumption, with 18% of households at the top of the income dis-
tribution benefiting from shocks to the financial sector. Finally, comparing the baseline
model to counterfactual economies with different degrees of financial intermediation, we
find that households’ ability to adjust their portfolio composition reduces the sensitivity

of investment to aggregate shocks.
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A Further Model Details

A.1 Equilibrium Definition

An equilibrium in our model economy described in Section 2 consists of a sequence of
household value {V}"(a, k, 2), V%(a, k, 2), Vi(a, k, z)} and policy functions {a,(a, k, z,0), ki(a, k, z,0), n,(a.
a measure over idiosyncratic states {\;(a, k, z,0)}, a path of exogenous shocks {¢;}, and

initial conditions \;(a, k, z), K&, K and RP  RI such that:

1. Given prices and shocks, households and banks solve their problems in (1), (3), and

(7)
2. The measure over states is induced by households’ policy functions.

3. The following system of equations hold at all times:

47



Y; = AN TOK? (Production Function)

K;=KP, + KHY (Effective Capital Accumulation)
N; = / v(zt, Ye)zene(a, k, z,0) \e(a, k, 2, 0) (Labor Supply)
(a,k,z,0)
1 Yt
Ki5="—a— Rental Rate of Capital
OK, ( pital)
1 Y
w 1—«a Labor Demand
(== ( )
Int + Iss ¢k ( Int + Iss )2
a=lre (Intl + I ) 2 \Ipor + 1
nit1 + Iss L1 + 1)
— 84" (M — 1> <I;i1—:_fss> (K Producer Optimality)
n ISS 2
divF = (g — 1) I — oK <t+> (Int + I%9) (K Producer Dividends)
2 In,t 1+ I8
K = / ki(a, k, z,0)\(a, k, z,0) (Capital Held by Households)
(a,k,z,0)
D, = / Loy (ak,20)>0 atla, k, z,0)\(a, k, 2,0) (Deposits)
(a,k,z,0) B
Ly = / Lo, (a,k,2,0)<0 (—ai(a, k, 2,0)) \(a, k, 2, 0) (Consumer Loans)
(a,k,z
1—
divf = ( . P) E.,— Ey (Dividends from Banks)
or = 't (Optimal Leverage)
A — Vi
241 = Et@ (Growth Rate of Bank Equity)
€t
Typ1 = GrrFeen + bt (Growth Rate of Bank Assets)
qke + 1t
v =Ei(1 - p)B(RE, — RE.) + BEpzs 1 1v41 (Marginal Bank Assets Value)
= (1-— p)ﬁRtD_H + BPEt 2t 4141 (Marginal Bank Equity Value)
divy = <1 - > Y: (Dividends from Retailers)
i
RE =K 1 ¢q, -3¢ (Return on Capital)
=p(RE 1 KP + Rf Loy — RP D) + w(@KP | + Lioy) — &
(Law of Motion - Bank Equity)
E;, = thtB + Ly — Dy (Bank Balance Sheet)
RK
RE, =R, (Bank Portfolio Optimality)
at
Y T . B
divy = divy  divi + divi (Dividends per HH)

f(a,kﬂ) M(a, k, z*,0)
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In the equations above, we used the following definitions:

Eo=p(R g1 K2, + R Ly — R’ Dy 1)
E, = w(thtB,l + L 1)

L=K —(1-6K_
L,=1; —0K;_1

A.2 Computational Details

The main exercise in this paper simulates a one-time unexpected (“MIT”) shock, followed
by a transition back to steady state. Thus, our equilibrium consists of a perfect-foresight
transition path for all aggregate variables, households’ policies, and the distribution of
households across the state space. The solution method requires first solving for a steady-
state equilibrium and then computing the transitional dynamics following the shock.

Finding the stationary equilibrium entails (i) solving the households’ problem and
(ii) satisfying equilibrium conditions under the assumption of stationarity. We solve the
households’ problem by implementing a version of the algorithm described in Hintermaier
and Koeniger (2010). This methodology involves combining the endogenous grid method
of Carroll (2006) with a no-arbitrage condition between the marginal values of holding
deposits and capital.*® The latter determines households’ portfolio choice. We use the
implied policy functions to compute aggregates. To compute the distribution across
households we proceed as in Young (2010) and use linear interpolation whenever the
policy values do not coincide with grid points—which happens almost surely, with the
exception of boundaries and the kink in the return of liquid assets at a = 0. To find
the steady-state equilibrium, we use a quasi-Newton method iterating on the return
on deposits R? and on bank dividends div? and impose stationarity on the system of
equations given by Production Function (as well as household value functions).

We solve for transitional dynamics of the economy exactly to account for nonlin-
earities in response to aggregate shocks. We begin by selecting a horizon 7" = 500,
after which we assume the economy has returned to its steady state. We then guess a
path of endogenous variables, compute the deviations from the equilibrium conditions
at each t = {1,2,...,T}, and iterate on the endogenous variables until all equilibrium
conditions are satisfied. We obtain an update for the path of endogenous variables
through a quasi-Newton method, where we compute the required Jacobian of equilib-
rium conditions—including non-analytical aggregates from heterogeneous households—
following the methodology of Auclert et al. (2021).

36The endogeous grid method requires concavity of the value function, which is not generally guaran-
teed in a model with an extensive margin of portfolio adjustment, especially for low values of oy. We
ensure ex-post that the converged solution is concave, validating our approach.
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A.3 Details - Cyclicality of Earnings Risk

Let 3(z) be the elasticity of earnings with respect to output. These are obtained by inter-
polating the results from Guvenen et al. (2017) to map elasticities at different percentiles
of the income distribution the points of our discretized earnings grid. In the data (as in
the model), earnings co-move with output, but this co-movement is different for different
individuals across the income distribution. To construct the function «(z,Y’), our goal
is to capture how individual elasticities differ from the average. The income-weighted

average elasticity is:
E(28(2)) = Y P(2)28(2)

Also, let = )" 2P(z). We use the following adjustment factor:

adj = g
z
Using it, we compute:
5y B(2)

We then simply set I'(z) = 5(z) — 1. Note that this ensures that:

E2T'(z) = Ez(8(z) — 1)

=BG
Zadj —Z

—Ez%—z

=z—-2=0

To see that the economy-wide labor productivity is constant at all times, note that
Y _ YSS Y _ YSS
Ez [14+T(2) L =E(z) + EzI(2) A
Yss Yss
=z

This ensures that aggregate earnings only respond to shocks due to movements in the wage
and in hours worked, while v(z,Y’) determines the re-distributive effects of fluctuations

in output through labor earnings.
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A.4 Banker’s Problem - Additional Details

In this section we provide further details o how to express bankers’ equity as:

vf = v(qky + 1) + ey, (38)
where:
= (1= p)BRE, + BrEize 41741 (39)
e .
Rttt = E,—
€t
ve = By [(1—p)B(R{y, — R + B iavi) (40)
o Qerjkerg ey
= [, M T
bty ' qike + 1

The bankers’ value function in (7), evaluated at optimal choices, is given by
UF =(1-pE, ijBjJrletJerrl
j=0

- (1 - p)Et Zp]ﬂjﬂ {(RtI«(HJrjkfkj + RtL+1+jlt+j - Rgrlﬂdtﬂ')}
=0

= (1 - p)Et ijﬁjﬂ {(RtL+1+j(Qt+jk£|rj + lt+j) - Rt[-)‘rl-‘rjdt""j)}

=0

where the second and third steps introduce the law of motion for individual bankers’
equity and the non-arbitrage condition. We rearrange and define total bank assets as

Sy = q;kP + I; = d; + e; which, using expression (5), yields

vl = (1= p)E Zp]ﬂjﬂ {(Rfi1hy — Ribieg)Sers + Rijagseens |

§=0
= (1 - p)E, ijﬁjﬂ {(Riis — RSy} + (1= p)E, ijﬁj+lR7€D—kl+jet+j
§=0 =0
(41)
Take the first summation term above and re-write it as
(1 - p>]Et ijﬁjﬂ {(RtL—&-l—f—j - Rﬂ1+j)5t+j}
§=0
= SE, {[(1 —p)p [(RtL-i-l - RBAH +[(1—-p) ijﬁjﬂ [(RtL-i—l-i—j - Rt[-)&—l-q-j)xtt-&-j} }
j=1
(42)
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Thus, we define:
v =E {[(1 —p)B [(Biyy = RED] +[(1=p) D987 [(RE = B )] } )
j=1

which can also be characterized by the recursion (40).
Next, consider the latter term of (41):

(1 —p)E, ijﬁj+1R£-1+jet+j
=0
= ¢k, {(1 —p)BR, +(1—p) ijﬁj“ﬁ’ﬂuﬂw}

J=1

Defining the term within the braces as 7;, one can show that it respects the recursion
(39).
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B Additional Results and Robustness - Unequal Ef-

fects of Bank Losses

B.1 Additional Results

Table B.1 provides a breakdown of household characteristics for quintiles of the distribu-

tion of welfare changes.

Q1 Q2 Q3 Q4 Q5

Total Income 0.515 0.674 0.887 1.207 1.697
Capital 0.235 0334 0.502 0.836 3.035
Net Worth 0.308 0.360 0.508 0.774 2.993

Desired Capital Change (%) -0.286 -0.198 -0.166 -0.130 0.770

Table B.1: Characteristics of Households by Quintile of Welfare Changes

Note: The table displays average household characteristics for each quintile of the distribution of welfare
changes following the bank equity shock, with Q1 representing the largest losses. “Desired Capital
Change” denotes the percentage change in capital holdings that households would have made in the
absence of the shock.

Figure B.1 replicates figure 9, but includes capitalists as a separate category.
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Figure B.1: Decomposition of Welfare Changes by Income Quintile - Cap-
italists Separately

Note: Decomposition of welfare changes due to earnings {z;, w;}7_,, the lending rate {RF}7_ ), savings
market rates ({RP,rX, ¢,}1 ), and dividends ({div,}1_,). Each counterfactual obtained by simulating

the economy under a subset of equilibrium price paths, fixing all other prices at steady-state values.

Figure B.2 below displays the decomposition of welfare changes only due to changes

in labor income.
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Figure B.2: Decomposition of Welfare Changes due to Labor Income
Note: Decomposition of welfare changes due to earnings {z;,w;}~_,, and each of its components. “y
function” refers to the impact of changes in earnings risk (see Equations (33) and (34)). Each counter-
factual obtained by simulating the economy under a subset of equilibrium price paths, fixing all other

prices at steady-state values.

Figure B.3 is analogue to figure 5, dividing households by net worth instead of income.
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Figure B.3: Consumption Responses by Net Worth Quintile
Note: Households sorted to net worth quintiles in steady state based on their idiosyncratic state (a, k, z).
Impulse responses computed for each (a, k, z) as the expected path of consumption after the shock relative
to the expected path in its absence. Responses aggregated within each group using the steady-state

distribution over idiosyncratic states.

B.2 Robustness - Dispersion of Adjustment Cost oy

In this section, we repeat the results from section 4 for different values of the parameter
0p. Given an alternative value for oy, we re-calibrate all other parameters (including the
size and persistence of the shock and the capital adjustment cost ¢x) to match the same
targets as before. We choose alternative values of oy = 7 and oy = 20 and report the main
figures for each alternative calibration below. Further results are available upon request.
The graphs presented below are remarkably similar to those in Section 4, suggesting that

our main conclusions are robust to different values of the parameter ogy.
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Figure B.4: Welfare and Consumption by Income Quintile (op = 7)
Note: Welfare changes (left y-axis) computed as in (36) and aggregated within each income quintile with
steady-state distribution. Consumption changes cumulated over 12 quarters following the shock from

the series in Figure 5 (right y-axis). In this simulation, o9 =7
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Figure B.5: Decomposition of Welfare by Income Quintile (op = 7)
Note: Decomposition of welfare changes due to earnings {z;, w;}7_,, the lending rate {RF}7_, savings
market rates ({RP,rX, ¢,}1 ), and dividends ({div,}{_,). Each counterfactual obtained by simulating
the economy under a subset of equilibrium price paths, fixing all other prices at steady-state values. In

this simulation, oy = 7.
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Figure B.6: Consumption Decomposition by Income Quintile (og = 7)
Note: Impulse responses are displayed relative to the counterfactual evolution of consumption for each
group in the absence of any price variation. Consumption responses are decomposed into partial-
equilibrium effects of earnings {2, w;}_,, the lending rate {RF}7_ ), returns to savings {RP, rX ¢} .

and dividends {div;}}_,. In this simulation, oy = 7.
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Figure B.7: Welfare and Consumption by Income Quintile (gyp = 20)
Note: Welfare changes (left y-axis) computed as in (36) and aggregated within each income quintile with
steady-state distribution. Consumption changes cumulated over 12 quarters following the shock from

the series in Figure 5 (right y-axis). In this simulation, oy = 20
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Figure B.8: Decomposition of Welfare by Income Quintile (op = 20)
Note: Decomposition of welfare changes due to earnings {z;, w;}7_,, the lending rate { R}, savings
market rates ({RP,rX ¢, }1 ), and dividends ({div;}1_,). Each counterfactual obtained by simulating
the economy under a subset of equilibrium price paths, fixing all other prices at steady-state values. In

this simulation, gy = 20.
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Figure B.9: Consumption Decomposition by Income Quintile (og = 20)
Note: Impulse responses are displayed relative to the counterfactual evolution of consumption for each

group in the absence of any price variation. Consumption responses are decomposed into partial-
equilibrium effects of earnings {2, w;}_,, the lending rate {RF}1_ ), returns to savings {RP,rX ¢} .,

and dividends {div;}}_,. In this simulation, oy = 20.
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B.3 Robustness - Capital Intermediate by Banks: Productivity
Shock

In this section, we show that the results in section 4 are robust when instead of eliminating
part of banks’ equity directly, we hit banks indirectly with a shock to the productivity
of their capital holdings. In addition to its effect on aggregate outcomes through the
banking sector, this shock also has a direct impact on market prices by reducing the
productive capacity of the economy.

We assume that aggregate efficiency units of capital are given by
thl = EtBKt]il + Ki?? (43)

where K1 is again the total capital held by households, and the shock &2 is a disturbance
to the productive capacity of banks’ capital holdings. Note that equation (43) supersedes
equation (29) in the main text. This specification provides an indirect way of generating
losses in the banking sector, as declines in &P lead to lower returns on banks’ investment
activity and a reduction in equity.

The return on capital held by banks and households may now differ, returns for banks

are given by

- ftBTf +q— 0
qt—1

K.B
R,

All equations including the return that banks earn on investments in capital adjust ac-
cordingly.

We assume 8¢ = 1, such that our calibration for the steady state economy remains
unchanged. The shock is calibrated similarly to our main bank equity shock: We set its
size and persistence, along with the parameter ¢**, to jointly match an initial 10% decline
in bank equity, the twelve-quarter cumulative consumption response to a decline in the
bank equity index of that magnitude, and an inverse elasticity of investment with respect
to asset prices of 1.72, as in Gertler and Karadi (2011).

Results. Below we reproduce figures 8, 9, and 10 for a bank capital productivity shock.
Qualitatively and quantitatively, the results are similar to those shown in 4. Again,
households at the bottom of the income distribution remain as the biggest losers, with
loan rates playing a slightly smaller role in the case of the shock to the productivity of
bank assets. Still, welfare changes remain much more unevenly distributed than those of

consumption, with the top quintile benefiting from the shock on average.
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I Change in Welfare
I 12-quarter Cumulative Consumption Change
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Figure B.10: Welfare and Consumption by Income Quintile (¢ shock)
Note: Welfare changes (left y-axis) computed as in (36) and aggregated within each income quintile with

steady-state distribution. All results in response to a shock to the productivity of bank-held capital (¢5).
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Figure B.11: Decomposition of Welfare by Income Quintile (¢ shock)
Note: Decomposition of welfare changes due to earnings {z;, w;}_,, the lending rate {RF}7 ), savings
market rates ({RP,rX ¢, }1 ), and dividends ({div;}1_,). Each counterfactual obtained by simulating
the economy under a subset of equilibrium price paths, fixing all other prices at steady-state values. All

results in response to a shock to the productivity of bank-held capital (¢5).
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Consumption of Q1 (%) Consumption of Q2 (%) Consumption of Q3 (%)
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Consumption of Q4 (%) Consumption of Q5 (%) Aggregate (%)
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Figure B.12: Consumption Decomposition by Income Quintile (¢Z shock)
Note: Impulse responses are displayed relative to the counterfactual evolution of consumption for each

group in the absence of any price variation. Consumption responses are decomposed into partial-
equilibrium effects of earnings {2;, w;}7_, the lending rate {RF}L,, returns to saving {RP,rX ¢} .

and dividends {div;}_,. All results in response to a shock to the productivity of bank-held capital (7).

B.4 Robustness - Inelastic Labor Supply

Below we reproduce the main results for an alternative specification of the model where
labor supply is inelastic. We impose n = 1 for all households exogneously and set ¥ = 0.
We re-calibrate the remaining parameters of the economy, including the dynamic ones, to
match the same targets as before, and re-scale labor productivity z for all households to
normalize output to unity again. Figures B.13, B.14, and B.15 show that our takeaways
are qualitatively unchanged. Note, however, that inequality in welfare is more evenly
distributed in the case of the inelastic labor supply than in the case of section 4. The
reason is that the impact of earnings on welfare is larger for the inelastic case, offsetting
the gains from savings rate. In all, though, the impact of the shock on welfare remains

much more unequal than that of consumption.

61



Income Quintile

Welfar

I Change in Welfare 1-7
-0.8 1 I 12-quarter Cumulative Consumption Change | |

Cumulative Consumption Change (%)

Figure B.13: Welfare and Consumption by Income Quintile (Fixed Labor)
Note: Welfare changes (left y-axis) computed as in (36) and aggregated within each income quintile with

steady-state distribution. In this simulation labor supply is inelastic.
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Figure B.14: Decomposition of Welfare by Income Quintile (Fixed Labor)
Note: Decomposition of welfare changes due to earnings {z;, w;}7_, the lending rate {RF}7_, savings
market rates ({RP, 7%, q;}1_,), and dividends ({div;}1_,). Each counterfactual obtained by simulating
the economy under a subset of equilibrium price paths, fixing all other prices at steady-state values. In

this simulation labor supply is inelastic.
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Figure B.15: Consumption Decomposition by Income Quintile (Fixed La-
bor)

Note: Impulse responses are displayed relative to the counterfactual evolution of consumption for each
group in the absence of any price variation. Consumption responses are decomposed into partial-
equilibrium effects of earnings {z;, w;}_,, the lending rate {RF}L_,, returns to saving {RP, r¥ ¢} .,

and dividends {div;}Z_,. In this simulation labor supply is inelastic.
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C Aggregate Implication — Results and Robustness

C.1 Calibration Output

Table C.2 displays the results of the internal calibration procedure for the alternative
models as outlined in 5. Parameters that are not shown are either unchanged or are

obsolete in the model in question.

Table C.2: Summary of Calibration -Alternative Models

Economy without Banks

Target Model Data Closest Parameter Source

% Ratio 3 3 0 =0.016 Penn World Tables
Government Debt-to-Output g 0.40 0.40 B =1.6 (quarterly)  Same Liquid Assets Supply as Benchmark
Annual RP — 1 2% 2% B =0.976 Annualized 3M Thill rate

Annual Spread (RY — RP) 2% 2% po =19.1 Philippon (2015)

Share of Liquid Assets, Q1 of Income  2.2%  2.2% 7slore = 1.99 SCF2004

Output Y 1 1 v =2.07 Normalization

“All Banks” Economy

Target Model Data Closest Parameter Source

;j Ratio 3 3 0 =0.016 Penn World Tables

Total Deposits g 0.40 0.40 x =0.197 Implies Same Leverage as Benchmark
Annual RP —1 2% 2% B =10.959 Annualized 3M Thill rate
Annual Spread (RY — RP) 2% 2% w = 0.0036 Philippon (2015)

Share of Liquid Assets, Q1 of Income  2.2%  2.2% rslore = 3 67 SCF2004

Output Y 1 1 v = 2.40 Normalization

C.2 Robustness - Model with Nominal Rigidities

In this section, we show that our results in Section 5, are qualitatively unchanged when
we consider a model with New-Keynesian frictions. We begin by describing the extentions

we implement in the model.

Nominal Wage Rigidities. We follow Auclert et al. (2023) and assume rigidities to
nominal wage setting. A union sets wages and allocates labor hours equally across house-
holds. Households are assumed to supply a continuum of differentiated labor services,
indexed by k, aggregated with a CES function and supplied to the intermediate producer.

The union for labor type k solves

o) . Ew W 2
max Eo ; / (Ue(city nig)wie Nyt i + Un (it it ) Nie) dii — iy log (Wti1>

In the expression above, (U, and (U, represent respectively the marginal utilities of con-

sumption and labor, and Wj; and wy; are respectively the nominal and real wages for
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type k. The demand curve is:

where w; is the aggregate wage index consistent with CES demand, which is the real
wage paid to households.Auclert et al. (2023) show that the solution and aggregation to
the problem above yields the wage Phillips curve as

, Ep— 1 w
log(1 + 7") = Kuw {_Nt /Un(cita it )di — we Ny /Zituc(cita nzt):| BE; log(1 + 7Tt+1);
(44)
where 7}’ = WVthl — 1 is the wage inflation. Price inflation, in turn, is given by m, =

(1+ )=t — 137

wy

Central Bank. We assume zero inflation in steady state. Outside the steady state, the

central bank follows a standard Taylor rule such that
it =1 + Qny

Nominal Assets. We assume that consumer loans and deposits are nominal assets
paying with respective net nominal rates rZ and r”. The latter is indirectly set by the

Central Bank via its interest rate rule, i.e. i; = r”. Real gross returns are now given by:

RE— 1+rf
1—|—’/Tt
1+7Tt

The other features (equations) of the model presented in Section 2 remain unchanged.

Calibration. We set ¢, to the standard value of 1.5. To avoid redistributing profits
from Unions, we set the implied wage markup 55_711 = 1. Finally, we set x,, = 0.03 as in
Auclert et al. (2018).

Results. Below, we repeat Figures 13 and 14 for the three alternative economies with
New Keynesian frictions. The differences in movements across models shown in Figure
C.16 are remarkably similar to those shown in 13. The largest decline in investment
is again observed in the “Only Banks” version, followed by the Benchmark. For con-

sumption, the largest decline is still in the “No Banks” Economy. Quantitatively, the

3TAs in Auclert et al. (2023), the adjustment costs are given in utils, so as to not interfere with
aggregates.
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recession is larger in the New-Keynesian versions, mostly due to consumption responses

being larger than in the flex-wages version.

05 Output (%) Capital (%) Consumption (%)
A — Benchmark
.................. Only Banks 06
i = = No Bank +
-1 -0.8
-1
15 12478
14
2 1.6
2 4 6 8 10 12 2 4 6 8 10 12
Quarter Quarter Quarter
05 Investment (%) Bank Equity (%) 06 Bank Assets (%)

Quarter

Quarter

Quarter

Figure C.16: Comparison Across Models - Selected Macroeconomic Vari-

ables
Note: Impulse-response functions of selected aggregate variables to a 1% TFP shock with persistence

coefficient 0.9. Changes are relative to the steady-state values. This version of the model features wage

rigidities.
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Figure C.17: Comparison Across Models - Prices and Rates

Note: Impulse-response functions of selected real variables to a 1% TFP shock with persistence coefficient
0.9. Rates on the top panels are displayed in percentage points, while the bottom panels display percent
changes relative to steady-state values. In the no bank ecnonomy, loan rates are equal to deposit rates

and hence omitted. This version of the model features wage rigidities.
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D Empirical Appendix

D.1 Consumption and Return Data

Household-Level Data. We use household survey data from the US Consumer Expen-
diture Survey (henceforth CEX). The survey is available since 1980 and is based on a
rotating sample of about 1,500-2,500 households selected to be representative of the US
population. The CEX gathers information on household expenditures through interview
and diary surveys. We focus on the former, which cover a broad set of consumption
categories, while the latter only cover small but frequent purchases. Each household is
interviewed once per quarter and for no more than five consecutive quarters. In each
interview, separate information is collected for the previous three months. Our sample
consists of the waves from 1980 to 2010. In cleaning and aggregating the micro data
into expenditure categories at the household level we follow Coibion et al. (2017) and
work with their aggregated dataset. We define household consumption as the sum of
nondurable and durable expenses and services and use the OECD equivalence scale to
adjust for household composition.

In addition to data on consumption, the CEX also provides information on household
income, from both labor and nonlabor sources. We define total after-tax income as the
sum of labor earnings, financial and business income, and transfers less taxes, where taxes
are imputed using TAXSIM. We use this information to group households into income
quintiles and aggregate the expenditure data into five per capita series at the quintile

3 Finally, we transform the series to

level, taking monthly averages across households.
quarterly frequency by summing up expenditures for each quintile across months, and we
deflate the expenditures with the All Urban CPIL.

Previous research (Aguiar and Bils, 2015) has shown a mismatch of the CEX with
consumption reported in national accounts. We follow Cloyne et al. (2020) in address-
ing this concern: First, to ensure consistency between the survey and national accounts
we compute the ratio between the national statistics series of aggregate consumption,
obtained from the Bureau of Economic Analysis, and the corresponding aggregated con-
sumption series from the CEX. We then rescale the expenditure data for each of the five
groups as well as the aggregate series with the ratio of aggregate consumption in the CEX
relative to the national accounts in every period. Second, all our empirical specifications
feature income-quintile-specific time trends, which are aimed at capturing slow-moving
changes in reporting within income brackets. This is again in line with the approach
taken in Cloyne et al. (2020).

Bank Equity Returns. To measure conditions in the banking sector we use the index

of bank equity returns provided by Baron et al. (2021). They show that bank equity

38In all aggregation steps, we apply the sample weights provided by the CEX throughout.
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Table D.3: Summary Return Indices

Series Mean Std Min P25 Median P75 Max AC

rP 0.0174  0.1229 -0.4666 -0.0465  0.0288  0.0943 0.2946  0.0168
rNE 0.0197  0.0976 -0.2988 -0.0231  0.0347  0.0786 0.2069  0.0371

Notes: rB: return of bank index (capital gains and dividends), 7": return of nonfinancial corporations

index (capital gains and dividends). AC: autocorrelation of series. Data series are taken from Baron
et al. (2021) for the United States from 1980 to 2010.

declines capture early signs of banking crises in real time and predict large and persistent
contractions in output and in bank credit to the private sector. Compared to other
financial variables, such as credit spreads, bank equity returns are a convenient measure
of banking distress since they are more sensitive to early losses.?® This is because bank
equity has the lowest payoff priority among bank stakeholders. Baron et al. (2021) also
show that bank equity returns have predictive content for future macroeconomic dynamics
even excluding episodes with narrative evidence of panics or widespread bank failures.
In addition, the use of a continuous measure to identify periods of bank distress instead
of a narrative approach (?Laeven and Valencia, 2013) allows us to focus the analysis on
a single country.?® The bank equity index for the United States, which we use for our
analysis, corresponds to the S&P 500 for banks and is adjusted for dividend payouts.

Table D.3 shows summary statistics of returns to the US bank equity index (r?) at
quarterly frequency, as well as its counterpart for nonfinancial corporations (r™').We use
the index of returns on NFC stocks as a control in our regressions. The latter is also
obtained from Baron et al. (2021) and consists of the S&P 500 Industrials adjusted for
dividends. Both series feature a similar, slightly positive mean, but the banking series
features more volatility, materialized in a higher standard deviation and more extreme
realizations—both in the left and right tails of the return distribution. In addition, both
series display very low autocorrelation, attesting to a lack of predictability based on
past realizations as one would expect for financial market return series. This gives us
confidence to treat sudden changes in bank equity returns as reflecting new information
about the banking sector.

To provide some intuition for our data measures, Figure D.18 shows the evolution of

the US bank equity return index (red line) and log real aggregate consumption (black

39Baron et al. (2021) document that bank equity has a better signal-to-noise ratio than other financial
and macroeconomic variables, in terms of identifying banking crises in real time (identified by narrative
accounts). In particular, large bank equity declines tend to precede credit spread spikes across one
hundred banking crises. In addition, conditional on a particular historical crisis episode, the magnitude
of the peak-to-trough bank equity decline is correlated with the economic severity of the ensuing crisis.

40Large bank equity declines line up closely with the narrative approach. However, Baron et al. (2021)
show that relying on bank equity returns allows one to uncover a number of episodes of banking distress
that do not appear in previous data sets.

68



0.00 0.0
c
g g
Q 3
E F
=) 5
2 0.02 028
8 3 *
‘5
1
-0.04 8 0.4
i
:g
5 4 3 2 1 0 1 2 3 4 5
t
— consumption = consumption (trend) — bank index
(a) 1990
0.01 ot 0.1
0.00 - 0.0
c
g»o 01 0%
2 2
S @
o $ x
-0.02 ! 0.2
‘5
-0.03 8 -03
B

5 4 3 2 1 0 1 2 3 4 5
t
— consumption = consumption (trend) — bank index
(b) 2007

Figure D.18: Bank Equity Return Index

Notes: Dynamics of real aggregate consumption (black solid line) and bank equity return
index (red solid line) around bank equity crashes in the US. Bank equity declines are defined
to begin in quarter t=0. The dotted vertical line denotes the NBER recession start date. For
comparison, the average consumption trend over the full sample period is presented by the
dashed black line.

solid line) around two dates of bank equity crashes over our sample period.”! Both
consumption and the bank equity return index are normalized to zero in the year of
the first decline in bank equity returns (t=0), and for reference we also plot the average
dynamics (trend) of consumption over the entire sample. For both episodes, bank equity
starts to decline well ahead of the official start of the recession date, as identified by
the NBER. In the quarters before the banking sector distress, the evolution of aggregate
consumption tracks the average (trend) closely. After the decline in bank equity returns,
however, consumption starts to fall slowly, opening a gap to trend growth even before
the start of the NBER-dated recessions.

41Baron et al. (2021) define a bank equity crash as a decline in the bank equity index of more than
30 percent. Since 1980, there have been two of those in the United States—in 1990 and in 2007. The
former corresponds to the Rhode Island banking crisis (Pulkkinen and Rosengren, 1993) and the latter
to the global financial crisis.
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Figure D.19: Effects of Bank Equity Returns on Household Consumption

Notes: Impulse responses of household consumption by income quintile and aggregate to a negative
10% change in r2. The shaded areas indicate one— standard deviation confidence intervals; dashed lines
represent 95 percent confidence bands. Data for 1980-2010, Newey-West standard errors.

D.2 Baseline Consumption Response - IRFs

Figure D.19 below presents the impulse response of consumption for distinct income
quintiles to a decline in 10% on bank equity returns, i.e. it plots the coefficients 3™° of
specifications (35).

We now proceed to show that the qualitative pattern of results found in Figure D.19

is robust to a series of alternative specifications.

D.3 Additional Empirical Results

In addition to our main empirical analysis, we consider alternative specifications to test
the robustness of our findings. More specifically, we provide results for the following

variations of our main specification:

e Figure D.20 shows the IRFs to a similar specification as in equation (35), but with
lags for each horizon h and income group ¢ selected independently according to the

optimal selection criterion in Akaike (1974).

e In Figure D.21, we consider a different definition of household income, in which

rents are subtracted from our original income variable as in Aguiar and Bils (2015).
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e In Figures D.22 and D.23, we restrict our definition of consumption to respectively

durable and nondurable goods.

e Figures D.24 and D.25 split the sample into mortgagors and other households
(renters and outright homeowners) follow Cloyne et al. (2020) to study the effect

of homeownership.*2

e Figures D.26 and D.27 consider respectively periods with below and above median
returns to bank equities, to allow for asymmetric effects of positive and negative
shocks. We modify specification (35) by including a dummy for below-median re-
turns interacted with v, and plot the coefficients corresponding to this interaction.
The coefficient that multiplies 7? alone then corresponds to the effect of above-
median returns. For exposition, we display a response to a positive shock for above

median returns.

All considered specification yield similar results to the baseline and emphasize the ro-

bustness of the reported patterns.

420ur definition of income quintiles still refers to the income distribution in the full sample, and not
within housing tenure categories. The sample size is small for mortgagors at the bottom quintiles of the
income distribution as mortgagors in the data tend to have higher incomes, leading to the observed loss
in precision. In particular, only 21 percent of households in the bottom income quintile are mortgagors,
as opposed to 58 percent in the top quintile.
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Figure D.20: Bank Equity Returns and Household Consumption—AIC
Notes: Impulse responses of household consumption by income quintiles and aggregate to a negative
10% change in 72 . The shaded areas indicate one standard-deviation confidence intervals, dashed lines
are 95-percent confidence bands. Data for 1980-2010, Newey-West standard errors. Time (horizontal

axis) in quarters. Lags are selected according to Akaike (1974) optimal information criterion
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Figure D.21: Bank Equity Returns and Household Consumption—Rent
Notes: Impulse responses of household consumption by income quintiles and aggregate to a negative
10% change in 72 . The shaded areas indicate one standard-deviation confidence intervals, dashed lines
are 95-percent confidence bands. Data for 1980-2010, Newey-West standard errors. Time (horizontal

axis) in quarters. Incomes are computed net of rents.
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Figure D.22: Bank Equity Returns and Household Consumption—
Durables

Notes: Impulse responses of household consumption by income quintiles and aggregate to a negative
10% change in 72 . The shaded areas indicate one standard-deviation confidence intervals, dashed lines
are 95-percent confidence bands. Data for 1980-2010, Newey-West standard errors. Time (horizontal

axis) in quarters. Expenditures refer to durable consumption.
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Figure D.25: Bank Equity Returns and Household Consumption—
Mortgagors

Notes: Impulse responses of household consumption by income quintiles and aggregate to a negative
10% change in 72 . The shaded areas indicate one standard-deviation confidence intervals, dashed lines
are 95-percent confidence bands. Data for 1980-2010, Newey-West standard errors. Time (horizontal

axis) in quarters. Sample is restricted to mortgagors.
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Figure D.26: Bank Equity Returns and Consumption—Below-Median

Shocks

Notes: Impulse responses of household consumption by income quintiles and aggregate to a negative
10% change in 2, interacted with a dummy corresponding to below-median returns. The shaded areas

indicate one standard-deviation confidence intervals, dashed lines are 95-percent confidence bands. Data
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for 1980-2010, Newey-West standard errors. Time (horizontal axis) in quarters.
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Figure D.27: Bank Equity Returns and Consumption—Above-Median
Shocks

Notes: Impulse responses of household consumption by income quintiles and aggregate to a positive
10% change in -, interacted with a dummy corresponding to above-median returns. The shaded areas
indicate one standard-deviation confidence intervals, dashed lines are 95-percent confidence bands. Data

for 1980-2010, Newey-West standard errors. Time (horizontal axis) in quarters.

Figure D.28 below displays the impulse-response functions for compensation of em-
ployees, investment, consumer credit spreads, and (non-bank) stock market prices. The

data series used and specification estimated for each of the subplots are the following:

e Top-left panel. Data series: US Bureau of Economic Analysis, Compensation of
Employees, Received: Wage and Salary Disbursements [A576RC1], retrieved from
FRED, Federal Reserve Bank of St. Louis; Regression specification is the same as
equation 35, substituting consumption for the wage disbursement series adjusted
by the CPI All Urban.

e Top-right panel. Data series: US Bureau of Economic Analysis, Real Gross Private
Domestic Investment [GPDIC1], retrieved from FRED, Federal Reserve Bank of St.
Louis; Regression specification is the same as equation 35, substituting consumption

for the investment series.

e Bottom-left. Spread on credit card rate is obtained subtracting the 3-month T-bill
rate from the the interest rate on credit cards. The regression specification is similar

to equation 35, but substitutes consumption for the spread series and controls for
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credit card charge-off rates to adjust for borrowers’ default risk. Series: (i) Credit
card rates: Board of Governors of the Federal Reserve System (US), Commercial
Bank Interest Rate on Credit Card Plans, All Accounts [TERMCBCCALLNS], re-
trieved from FRED, Federal Reserve Bank of St. Louis; (ii) T-bill rates: Board of
Governors of the Federal Reserve System (US), 3-Month Treasury Bill Secondary
Market Rate [DTB3], retrieved from FRED, Federal Reserve Bank of St. Louis
(quarterly average); (iii) Charge-off rate: Board of Governors of the Federal Re-
serve System (US), Charge-Off Rate on Credit Card Loans, All Commercial Banks
[CORCCACRBS], retrieved from FRED, Federal Reserve Bank of St. Louis;

e Bottom-right: Dow Jones Industrials Share Price Index. End-of-month indices are
aggreagated at the quarterly level through simple average. The regression speci-
fication is the same as in equation (35), but since we control for the lagged stock

market index, we exclude 7V from the set of controls.
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Figure D.28: Bank Equity Returns and Selected Variables

Notes: Impulse responses to select variables (described in subsection ??) 10% change in 2 . The shaded

areas indicate one standard-deviation confidence intervals, dashed lines are 95-percent confidence bands.

Newey-West standard errors. Time (horizontal axis) in quarters.
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