Financial Frictions: Micro vs Macro Volatility

By RENATO FACCINI, SEUNGCHEOL LEE, RALPH LUETTICKE, MORTEN O. RAVN
AND TOBIAS RENKIN*

We argue that consumer credit spreads matter materially for house-
hold choices and that time-varying spreads have important distribu-
tional consequences. Studying Danish household data, we show that el-
evated consumer credit spreads reduce indebted households’ consump-
tion and that the marginal propensity to consume is countercyclical par-
tially due to credit spreads. We study a HANK-model in which banks
provide consumer credit and corporate loans. Through countercyclical
credit spreads, frictional finance amplifies aggregate shocks and induces
consumption inequality. Economies with less leveraged banks experi-
ence lower output and investment volatility, but aggregate consumption
volatility rises slightly and household welfare can fall.
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Financial intermediaries play an important role in modern economies by facilitating
the flows of funds from savers to borrowers. This intermediation process is associated
with frictions that introduce spreads between the cost of debt faced by borrowers and
the return on savings offered to savers. Much work has studied the impact of corporate
borrowing spreads, especially in terms of how such spreads can amplify the impact of ag-
gregate shocks on the economy through financial accelerator mechanisms. We broaden
the focus and partially shift the attention to the consumer credit spread. Studying Danish
household data, we show that elevated consumer credit spreads reduce indebted house-
holds’ consumption spending, that the average marginal propensity to consume is coun-
tercylical, and that credit spreads matter for this. Using a rich Heterogeneous Agents
New Keynesian (HANK) model with banking, we argue that consumer credit spreads
are important for understanding the distributional effects of aggregate shocks. We also
show that economies with less leveraged banks may be less prone to financial accelerator
mechanisms at the aggregate level, but at the same time suffer from high volatility at the
household level.

The importance of consumer credit spreads for macroeconomic outcomes and house-
hold choices has been noted before. Pissarides (1978) shows that such credit spreads
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invalidate the decoupling of income and consumption dynamics embedded in the perma-
nent income hypothesis under perfect foresight. Davis, Kubler and Willen (2006) study
how credit spreads affect household portfolio choices, while Kaplan and Violante (2014)
focus on their impact on the marginal propensity to consume (MPC). Zeldes (1989)
shows that credit cost differences between households matter for Euler equation-based
tests of consumption dynamics under liquidity constraints. However, lack of data on
household-specific interest rates leads Zeldes (1989) to proxy the effect of liquidity con-
straints by the ratio of liquid assets to income, a practice followed in much subsequent
work, including important studies that estimate the MPC such as Johnson, Parker and
Souleles (2016). An important exception to this practice is Kreiner, Lassen and Leth-
Petersen (2019), who study the impact of cash transfers in Denmark in 2009 and argue
that differences between in “marginal interest rates” across households predict spending
decisions.

We make three major contributions. First, we provide new empirical evidence on the
importance of consumer credit spreads for household consumption and asset dynamics.
Secondly, we study a rich HANK model with idiosyncratic and aggregate risk in which
financial intermediaries simultaneously provide consumer credit and corporate loans. We
quantify the model, relate it to micro-data, and examine its consequences for aggregate
outcomes and for distributional issues. Third, we use the model to consider how the
leverage of the banking sector matters for aggregate outcomes and for household welfare
across the wealth distribution.
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FIGURE 1. THE CYCLICALITY OF INTEREST RATE SPREADS

Note: Annual consumption is imputed from household balance sheets as described in Section II, aggregated and then
detrended using a Sth order polynomial. The spread is measured as the average cross-household bank-level spread
between borrowing and deposit rates.

Our empirical analysis studies a rich household-level dataset for Denmark that con-
tains about 18 million household x time observations for the period 2003-18. The
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dataset combines administrative data on household characteristics, income, and asset
positions with bank-reporting data on interest rates. We exploit the latter data to measure
household-level consumer credit spreads by associating each household’s main banking
connections with the interest rates charged or offered by these banks. Figure 1 shows the
time series of the cross-sectional average consumer credit spread over the sample period
plotted against detrended aggregate Danish consumption spending. It is evident that the
average interest rate spread is strongly countercyclical.!

On average, close to 9 percent of Danish households hold less net assets than two
weeks income. We show that movements in and out of this “zero net wealth” state de-
pend on household income and consumer credit spreads. There are also important links
between consumption spending, income, and credit spreads. Higher income is associated
with higher consumption spending across the net wealth distribution, but most strongly
so for lower wealth households. The relationship of consumption and credit spreads in-
stead depends on the net wealth position and is negative for indebted and moderately
wealthy households but positive for wealthier households. Higher spreads increase the
association between consumption spending and income, especially for poorer house-
holds. We derive a measure of the average consumption-to-income elasticity that varies
over the business cycle as households move across net wealth states and because of cycli-
cal movements in credit spreads. This elasticity is volatile and countercyclical and credit
spreads contribute to both its volatility and cyclicality.

We formulate a novel HANK model in with bank intermediation and use it to ana-
lyze the aggregate and distributional consequences of aggregate shocks when banking
frictions generate endogenously time-varying credit spreads. Households supply labor,
consume, and make asset allocation choices. They are subject to idiosyncratic income
risk and to aggregate shocks, can save in bonds and bank deposits, but rely on bank-
intermediated consumer loans if they want credit. The corporate sector is modeled in
a standard New Keynesian fashion with capital purchases financed by corporate equity
issuance. Banks invest in consumer loans and in corporate loans financed by combin-
ing household deposits with net worth. Following Gertler and Karadi (2011), an agency
problem constrains banks’ leverage. Finally, a central bank sets the short-term nominal
interest rate, and a fiscal authority is responsible for debt, tax, and spending policies.
We allow for aggregate shocks to monetary policy, total factor productivity, and capital
quality, a shock that affects the net worth of banks. Due to the agency problem, interest
rate spreads respond countercyclically to aggregate shocks which introduces a financial
accelerator mechanism that amplifies aggregate shocks. In RANK models, the amplifica-
tion occurs through the corporate borrowing spread which induces investment volatility.
In our setting, there is an additional channel through the consumer credit spread. Higher
credit spreads in recessions make it expensive for indebted households to borrow when
income is low which destabilizes aggregate consumption and induce differences in ex-
pected consumption growth rates for borrowers and savers that are transmitted over time
through asset dynamics. Moreover, households with little or no wealth are faced with
a “kink” in the budget constraint which induces a mass point in the wealth distribution

The consumer credit spread is also countercyclical in the U.S., see Lee, Luetticke and Ravn (2020).
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with high MPCs.

We calibrate the model to aggregate and household-level targets and confront it with
both aggregate data and household data. The model matches the targeted output and
consumption volatilities, while discrepancies remain in untargeted credit and spread mo-
ments. As in the data, the consumer credit spread is countercyclical,> while consumer
credit is procyclical but less volatile relative to output than in the data. It can also account
for interesting features of the relationship between spreads and asset dynamics observed
in the data. The MPC is countercyclical in the model and financial frictions matter for
this because higher spreads in recessions discourage spending by debtors and increase the
income sensitivity of households who are close to the kink in the budget constraint. The
average MPC in the model is highly correlated with the consumption-to-income elastic-
ity measure that we estimated in the Danish household data, thus indicating that the latter
may serve as a sufficient statistic for the MPC. To our knowledge, the only other existing
evidence on countercyclical MPCs is Gross, Notowidigdo, and Wang (2020), who use
the removal of bankruptcy flags from credit reports to estimate MPCs in the U.S. and
their time variation.

A key insight of our analysis is that financial frictions in the face of idiosyncratic risk
induce heterogeneous effects of aggregate shocks across the wealth distribution. Con-
sider, as an example, a contractionary monetary policy shock. Indebted households face
higher costs of borrowing and lower labor income and therefore reduce their consump-
tion in the short run. Wealthy households instead receive higher returns on their savings
and may increase their consumption spending despite the combined impact of lower la-
bor income and the intertemporal incentive to save. Thus, in the short run, consumption
diverges across the wealth distribution, while over longer horizons, as interest rates re-
turn to normal, and consumption responses converge across the wealth distribution. Such
short-run divergence and longer-run convergence are consistent with empirical evidence
from household data, see e.g. Holm, Paul and Tiscbirek (2021). We also extend the
baseline model with an illiquid asset, productive capital held by households, that induces
“rich hand-to-mouth” households as in Kaplan and Violante (2014). We show that such
heterogeneous effects of aggregate shocks are weaker on impact when the consumer
credit spread is constant in the model with illiquid assets.

Finally, we investigate how the degree of leverage in the banking sector matters for
aggregate and household outcomes. When banks are less leveraged, interest rate spreads
rise, but become less cyclical which mutes the financial accelerator. In the HANK econ-
omy, the increase in the potential cost of debt induced by higher consumer credit spreads
stimulate labor supply and precautionary savings. Thus, cyclical stabilization of the
economy may be accompanied by higher aggregate output. However, there are impor-
tant trade-offs at the household level because higher consumer credit spreads increase
the cost of household consumption smoothing in the face of idiosyncratic income shocks
and, additionally, decrease the returns on savings which impacts negatively on wealthy
households. In the baseline two-asset model, average welfare losses from lower leverage

2The model also generates a countercyclical corporate borrowing spread, an implication consistent with empirical
evidence, see e.g. Gilchrist and Zakrajsek (2012).
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are smaller when aggregate risk is included, but all wealth deciles still lose. In the three-
asset model, the first five wealth deciles gain with aggregate risk while the population
average remains negative.

Our paper contributes to the literature on financial frictions, cf. Bernanke and Gertler
(1989), Carlstrom and Fuerst (1997), Christiano, Motto and Rostagno (2014), Gertler and
Karadi (2011) or Gertler and Kiyotaki (2010). We add incomplete markets and heteroge-
neous agents to this literature, and model banks more broadly as supply both corporate
loans and consumer credit. We also contribute to the literature on unsecured consumer
credit, see for example Athreya (2002), Chatterjee et al (2007) or Nakajima and Rios-
Rull (2019). This literature has mainly focused on the impact of consumer default risk,
while ours focuses on agency problems in the financial sector as in Curdia and Woodford
(2011). We argue that these factors, which Dempsey and Ionescu (2021) find empiri-
cally important for understanding variations in credit spreads, matter for consumption
dynamics.

Relative to the HANK literature, cf. Bayer et al (2019), Kaplan, Moll and Violante
(2018), McKay and Reis (2016), Ravn and Sterk (2017), we introduce financial in-
termediation in addition to the lack of insurance against idiosyncratic risk. We show
that this has important consequences for the distributional impact of aggregate shocks.
Fernandez-Villaverde, Hurtado and Nuno (2023) also introduce frictional financial inter-
mediation into a heterogeneous agent framework, but focus on the impact on aggregate
risk in a setting that abstracts from goods market frictions and household debt. Wang
(2025) studies a model of frictional financial intermediation and household heterogene-
ity, where the latter derives exclusively from life-cycle issues. Most similar to us, Bigio
and Sannikov (2023) consider a model with incomplete markets, sticky prices and bank-
ing frictions, and also argue that there are trade-offs between macro stabilization and
micro volatility. Differently from us, these authors focus entirely on monetary policy,
and, in particular, on reserve policies. Moreover, our paper provides micro evidence on
financial frictions.

Finally, the paper adds new insights on the impact of financial regulation, see Bianchi
and Mendoza (2010), Farhi and Werning (2016), Lorenzoni (2008) or Stein (2012). Our
contribution is the introduction of heterogeneous agents and idiosyncratic risk.

I. Spreads and Household Consumption: Empirical Evidence

We first provide empirical evidence on the relationship between consumption, income,
assets, and credit spreads using Danish administrative data.

A. Data and Measurements

We study annual Danish register data provided by Statistics Denmark for the sample
period 2003-2018. Basic information on age, sex, education, household characteristics,
and income and wealth are compiled by Statistics Denmark by merging administrative
data with income tax return data. In addition, we combine income tax return data with
bank-level reporting of interest rates to Danmarks Nationalbank as part of its Monetary



6 HANK AND BANKS

and Financial Institutions (MFI) data.’
We follow the imputation method in Crawley and Kuchler (2023) to measure con-
sumption spending of household i in year 7, C;,;:

(1) Cis = Y5 +Y5 =Py — (A1 —Aiy)

where YILI is after-tax labor income net of transfers, Yth is after-tax financial income, P;;
are contributions to privately administered pension schemes, and A, is beginning of pe-
riod 7 net assets. When imputing consumption, the net worth measure, A; 1, (household
net worth at the end of the year ¢) includes portfolio wealth, bank deposits, and bank
debt all of which are reported in the household tax return data.* The wealth measure
does not include net housing wealth, pension wealth or business wealth. The capital
income measure excludes unrealized capital gains, but includes realized capital gains
on certain securities (subject to taxation in Denmark). Following Crawley and Kuch-
ler (2023), we make the following selection choices. First, due to the lack of data on
business assets, we exclude households with self-employed members or with substan-
tial income from private businesses. Second, because housing values are not included
when imputing consumption, we exclude households involved in a housing transaction
in the current or previous year, as their (net of housing) wealth estimates may jump in
this window inducing unreasonable estimates of ¢;;. Third, households with negative
imputed consumption expenditures are excluded. Finally, we exclude households in the
bottom and top one percent of the wealth or income distribution and the first observa-
tion for each household. The nominal spending measures are deflated by the consumer
price index to produce a real measure of household consumption spending, c¢; ;. The total
number of year x household observations is about 18 million, and summary statistics
are reported in the Appendix. Aggregated across households, the imputed consumption
measure matches closely survey-based national accounts estimates of consumption for
Denmark, see Abildgren et al (2018).

Figure 2 shows the net wealth distribution and its four most important components
normalized by annual household income. The net wealth measure here includes housing
net of mortgage debt, but not business assets and pensions. We define the bins of the net
wealth distribution in terms of weeks of median income with bounds chosen so that they
are roughly equal sized. The net wealth-to-income ratio goes from close to eight for the
wealthiest decile to about minus one for the poorest decile. 8.7 percent of households,
located in the gray shaded zone, hold no more than two weeks of median income in net
assets, and typically have very few gross financial assets and liabilities as well. Those in
the top decile tend to hold positive bank deposits and have little bank debt, while those in
the bottom deciles hold no bank deposits but have considerable bank debt. 25.2 percent
of households have negative net wealth exceeding two weeks of median income, and
66.1 percent of households have positive net wealth.

We combine tax return data and bank-level reporting of interest rates included in the

3The relevant bank data have been deposited and merged at Statistics Denmark.
4Some large durable goods, such as cars, are also included.
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FIGURE 2. NET WEALTH AND ASSET DISTRIBUTION IN DENMARK

Note: The figure shows the average asset and liability to income ratios for deciles of the net wealth distribution. Average
ratios are first constructed for each decile and year, then averaged over the period 2003-2018. Net wealth is the value of
assets less liabilities. Assets exclude business and pension assets.

MFI data to estimate household-level interest rate spreads. Danish households report the
end-of-calendar year balances on all their bank accounts to the tax authorities. Deposits
are mostly traditional bank accounts, but include also some slightly less liquid products.
Bank loans include credit card debt, overdraft accounts, bank loans, student loans, etc.
We then define each household’s primary bank connections for loans and deposits sep-
arately as the banks in which they have the largest end-of-calendar year balance, and,
using this, we derive a household-specific interest rate spread, RZ-SI, as the difference be-
tween the loan rate at household i’s primary loan bank and the return on deposits at its
primary deposit bank in year . We use the averages of the interest rates the banks ap-
plied during year ¢ to measure these spreads. If a household does not have loans, we
use the loan rate of the primary deposit bank. Mortgage loans in Denmark are predom-
inantly supplied by specialized Mortgage Credit Institutions (MClIs) which do not form
part of the MFI data, and interest rates on these are therefore excluded from the data.
Commercial banks provide a tiny fraction of all mortgage loans (2.8 percent in 2020),
and although these loans are included in our data, loans and interest rates on them should
therefore be considered as referring to non-mortgage debt.

B. Results

Using a threshold of two weeks of median income, Figure 3 Panel A shows the fraction
of households with zero net wealth at the end of the year across bins of the beginning
of year net wealth distribution (again measured in terms of weeks of median income).
Approximately 21 percent of households that begin the year with zero net wealth find
themselves in that situation at the end of the following year. There is considerable move-
ment into this state by households in the immediately adjacent bins of the net wealth
distribution, while there is essentially no risk that households in the upper bins move
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into this state within one year. To understand the determinants of such wealth dynamics,
we estimate:

& La, afre) = L iay eaye) BiXis + G+ ¥+ €0
J

where 1(‘ Ay | <Y is a dummy equal to 1 for households with net wealth at the end of
calendar year r below two weeks of median weekly income (in 2007), ¢; is a household
specific effect, and ¥ is a time-fixed effect. X;; consists of a wealth bin-specific constant,
household-specific interest rate spreads and residualized household income estimated as
the residual from regressing log household income on household and time fixed effects
and household characteristics consisting of the age of household head, household size,
number and age of children, and household head education.

Figure 3 Panel B shows the estimated spread and income coefficients across net wealth
bins. A positive income shock increases the flow into the zero net wealth state for house-
holds with moderate debt and reduces this flow for households with positive but moderate
debt. Income shocks instead have little impact on this flow for households with large debt
or with more substantial wealth. An increase in the spread increases the transition rate
into the zero net wealth state for households with moderately positive net wealth at the
beginning of the year and reduces the outflow rate for households already in this state.
Households with moderate debt, on the other hand, appear to be less likely to transition
to the zero net wealth state at the end of the year. Recall from panel A that the poorest
households and those with more substantial positive net worth face essentially no risk of
transitioning to the zero net wealth bin within a year; consistent with this, we also find
that changes in spreads have no impact on the transition rates of these households. These
estimates rely on a net wealth measure which includes housing and mortgages while
credit spreads exclude mortgage rates. Figure Al in the Appendix shows the results are
very similar when excluding housing assets and mortgage debt from net wealth.

Next, we estimate the link between consumption dynamics and changes in income and
in consumer credit spreads from the following regression models:

(3) logeci; = Z 1y, e Aler) (nj+ Bo,jlogyis + B, ijJ + B, ij, logyi,)
; :
+ YXi o4+ &t

where y;; is real household after-tax income. We residualize consumption and income
measures (using the same controls as above) and allow coefficients to differ across bins
of the net wealth distribution.

Table 1 reports the results when pooling households across the wealth distribution
(column 1), and when distinguishing between households with wealth above and below
the median (column 2). Pooling households, we find a positive coefficient on income,
a negative spread coefficient, and a positive interaction effect. Allowing coefficients
to depend on wealth, the income-consumption and spread-consumption links, and the
interaction effect, are all strongest for below-median wealth households. Although the
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FIGURE 3. ZERO NET WEALTH DYNAMICS

Note: The figure shows unconditional transition probabilities to the zero net wealth state by net wealth decile (Panel A)
and the change in transition probabilities with cross-sectional changes in income and spread (Panel B), estimated from
Equation (2). Sampling uncertainty is indicated by vertical bars (95 percent confidence bands). See notes to Figure 2
for definition of net wealth. Zero wealth is indicated by the grey shading and defined as net assets within a range of
plus/minus two weeks of median household income.

results should not be given a causal interpretation,’ they would be consistent with costly
credit and liquidity constraints making consumption spending extra income sensitive for
poorer households, and with higher costs of credit reducing consumption spending of
poor households relative to wealthier ones. The Appendix shows that the results are
robust to excluding households that have recently purchased a car, to capitalizing car
expenditures, and to estimating equation (3) using a difference specification. One may
also worry that the relationship between credit spreads and consumption is confounded
by mortgage rates because of correlation between consumer credit spreads and mortgage
rates at the household level. Institutional features specific to the Danish mortgage market
minimize such concerns, as more than 97 percent of mortgages are provided by MCIs
that are not included in our data. Spillovers may still happen, but only a small minority
of Danish mortgages are ARMs, and, subject to loan approval, mortgage rates do not
depend on the borrower’s credit situation, minimizing such concerns.

Panel A of Figure 4 shows the parameters when estimating (3) for five percent bins of
the net wealth distribution. The income coefficients are positive across the wealth dis-
tribution and decline with wealth, ranging from close to 0.5 for the poorest households
to about 0.35 for the wealthiest households. Consumer credit rate spreads, on the other
hand, have a non-monotonic relationship with consumption: Higher spreads are associ-
ated with lower consumption for households with negative, zero, and moderately positive
wealth. Conversely, for households with significantly positive wealth, higher spreads are
associated with higher consumption. The interaction effect between income and spreads
is insignificant for the very richest households, but positive for all other households, with

5For one, income and consumption choices are likely to be jointly determined.

®Mortgages supplied by MCIs in Denmark are financed by covered bonds, i.e. obligations of mortgage lenders
collateralized by pools of mortgages, bought by investors in frequent auctions. MCIs operate in a very competitive
market and charge very similar mortgage rates and fees. Once MCIs have approved a loan, mortgage rates are determined
entirely by the market. For more details on the Danish mortgage market, see Andersen et al (2020).
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TABLE |—CONSUMPTION REGRESSIONS

log Consumption  log Consumption

log income 0.374%%*
(0.00307)
Low wealth x log income 0.400%%#%*
(0.00402)
High wealth x log income 0.335%%%*
(0.00382)
Spread -0.292%%**
(0.0136)
Low wealth x spread -0.389%**
(0.0156)
High wealth x spread -0.118%**
(0.0191)
log income x spread 1.317%%*
(0.0668)
Low wealth x log income x spread 1.575%**
(0.0902)
High wealth x log income x spread 0.831%#%*
(0.0840)
No. of observations 17984847 17984847
R? 0.575 0.579
RMSE 0.249 0.248

Columns (1) and (2) reports the coefficients of equation (3) estimated using the Danish household data. High net
wealth denotes households above the median and low net wealth those below. Net wealth is defined as the value
of assets (housing, bank deposits, financial investments (shares, bonds, etc.)) minus liabilities (any form of bank or
mortgage debt). Standard errors are clustered at the household level.

the largest coefficients relating to households with net wealth close to zero.

We use the parameter estimates reported in Figure 4 to derive a measure of the
consumption-to-income elasticity across the wealth distribution, dlogc;,/dlogy;; =
Bo,j+ B2,jR?, (j is the asset bin of household i’s net wealth at time 7). The cross-sectional
average of this measure varies over time because of (a) time variation in the distribution
of households across the net wealth distribution and (b) changes in interest rate spreads.
Panel B in Figure 4 shows detrended aggregate consumption in Denmark and the
cross-sectional average of this elasticity measure when we consider, first, only the
observed time variation in the allocation of households across wealth bins (line with
diamonds) and, second, when adding the observed time variation in credit spreads (line
with triangles). The results indicate countercyclicality of dlogc,/dlogy; in response to
wealth fluctuations, but much higher volatility and countercyclicality when also allowing
for movements in interest rate spreads.” Below, we argue that while this elasticity is

7When only allowing for movements across wealth bins, the percentage standard deviation of the elasticity is 1.4
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FIGURE 4. CONSUMPTION, WEALTH AND THE SPREAD

Note: Panel A illustrates the parameters estimated from Equation (3). The underlying wealth distribution is trimmed at
the 3rd and 97th percentile. Error bars illustrate 95% confidence intervals. Standard errors are clustered at the household
level. Panel B illustrates detrended aggregate consumption and the implied time variations in dlogc/dlogy using the
parameter coefficients shown in Panel A.

not a direct measure of the MPC, it strongly correlates with it thus suggesting that the
empirical evidence indicates that the MPC is countercyclical in Denmark.

II. Model

We study a HANK model in which banks provide consumer credit and corporate loans.
In the baseline model, all assets are liquid. In Section VII we extend the model with
illiquid assets.

A. Households

There is a continuum of measure one of ex-ante identical and infinitely lived house-
holds, indexed by i € [0, 1], who maximize the expected present discounted value of their
utility streams, which depend on consumption, ¢;;, and hours worked, /;;. Households
have rational expectations, discount future utility at the rate B € (0,1), and their flow
utility functions are given by:

-9 _ 4 [/

it —y it
1-9, 1+1/9

c

4 u (Ci,tv li,t) =

where 1/9, > 0 is the intertemporal elasticity of consumption and ¥ > 0 is the Frisch
elasticity of labor supply. ¥ > 0 is a preference weight.

Households switch stochastically between being workers and rentiers. Workers take
the real wage per efficiency unit, wy, as given, and have idiosyncratic productivity h;; >
0. A current worker household remains a worker in the next period with probability
1— ¢, € (0,1) and otherwise becomes a rentier, in which case its labor productivity goes

percent and its cross-correlation with HP-filtered output is -0.36. When also accounting for movements in spreads, its
standard deviation is 2.4 percent and its cross-correlation with output is -0.52.
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to zero. Rentiers receive a non-tradable share .%; of corporate and financial sector profits,
and remain in this state each period with probability 1 — ¢, € (0, 1) and otherwise switch
to the worker state in which case its labor productivity starts at the unconditional mean
of 1. Workers’ idiosyncratic labor productivity follows the stochastic process:

exp (phlog his_1+ 853) with probability 1 — @y, if hi;_1 #0
S hiy= 1 with probability ¢, ifhi;—1=0
0 otherwise

where sf[ ~N (O, Ghz).

Households can save in riskless nominal government bonds, 5% . ,, and in nominal

ijt+1°
bank deposits, bf_), 41> Which are perfect substitutes. Let Ry be the nominal interest rate
on government bonds and Rg; be the gross real return on bank deposits. By arbitrage,
it follows that E;Rg ;1 = E,Rn+1/T41, Where m; is the gross inflation between 7 — 1
and ¢, and E,x, is the expected value of x; given all the information available at time
t <s. They cannot short any of these assets, but they have access to consumer credit,
biLJ +1» supplied by banks. The banks charge a gross real interest rate Rz, and impose a

borrowing limit, b (stricter than the natural borrowing limit):

(6) h2b£t+1 Z 07
(7 biG.,t+1,biD,z+1 > 0,

The banking friction discussed later introduces a premium on consumer credit such that
E;(Rrs+1 —Rss+1) > 0 and, as a result, households will only take out consumer loans if
they have no assets. We present the households’ dynamic problems in the Appendix.

The consumer credit spread drives a wedge between the intertemporal consumption
prices faced by borrowers and savers, and induces a kink in household budget constraints
at (bﬁ, s bg at biDJ +1) = (0,0). Consider households’ savings problems (ignoring type
switches for simplicity). Four possible states may occur. First, some households (type I)
are savers and on their intertemporal Euler equations with a slope given by the savings
rate. Other households (type II) are borrowers, not constrained by (6), and on Euler

equations with a slope determined by the borrowing rate:

(ct)™™> = ﬁEt(C},erl)_ﬁcRS,tH

(C{It)_ﬁ“ = BE (C},Iz+1 ) %R

Consumer credit spreads induce a divergence in the consumption growth rates of savers
and borrowers. There are also two groups of high MPC constrained households not on
their Euler equations, either because they are borrowing constrained (III) or because they
are at the kink in the budget constraint (IV). Assuming for simplicity that households
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were in one of these two states at time ¢ — 1, their consumption levels are given by

C}}tI = (1 — Th,l‘) W[//li7[li7[ - (RL,Z - l)h

C},\l‘/ = (1 — Th,t) Wth[7tli,t

The measure of type III agents is small in most incomplete markets model, but, due to
credit spread, there may be a substantial fraction of type IV agents, a fraction that is
increasing in credit spreads.

B. Banks

There is a continuum of banks, indexed by z € [0,Z]. Banks are owned by rentiers
and managed by risk-neutral bankers who discount future utility at the rate 8 and face
mortality risk 1 —6 € (0,1). When a banker dies, her wealth is transferred to the rentiers,
and a new banker enters the economy with a start-up fund provided by the rentiers. Banks
intermediate between the household sector and the corporate sector, as well as between
savers and borrowers within the household sector. Combining net worth with household
bank deposits, they invest in corporate equity and consumer credit.

Mortality risk and entry of new bankers occur at the beginning of the period. Banks
then receive deposits bf)J 4 from households and invest the sum of deposits and net
worth, n7, in corporate equity by, , at the price Q; per unit, and in consumer loans

Fi+
bj ,,,- The balance sheet is given as

(8) Qb1+ =1 b1

Due to arbitrage, the nominal deposit rate equals the government bond rate. We ab-
stract from borrower default so that the expected real return to the bank from investing
in consumer loans equals the expected real return on corporate investment, EIRKJH.S
The cost to households of taking out a consumer loan instead exceeds the return on cap-
ital because banks face intermediation costs associated with checking borrowers’ credit
balances. We assume that these costs are proportional to the size of the loan and are
passed on to households. Denoting the intermediation cost of consumer credit by g, the
interest rate on consumer loans is then

) Ry = (1 + wB) Rk
The law of motion of bank z’s net worth is:
(10) n = (Rksr1—Rsst1) <th§77[+] + b27,+1> +Rs 11y

As in Gertler and Kiyotaki (2010) and Gertler and Karadi (2011), bankers can divert a
fraction A € (0,1) of bank assets. If they do so, depositors declare the bank bankrupt,

8Consistent with the model, Dempsey and Tonescu (2021) document large spreads in consumer loan rates that are not
accounted for by household default risk in administrative data.
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recover the remaining fraction 1 — A of assets, and terminate the bank. This agency
problem constrains the supply of deposits to the banks. Let S; denote the aggregate state
and V? (r?,S,) the value of bank z:

an V2 (5, 8,) = max B (1 - 0) 5, + 0V (i,
subject to (10) and to:

(12) A& < VP (i,S))

where af = (Q,bfp’t 1 t+bp, +1) are the bank’s assets. (12) imposes that assets cannot ex-

ceed V¥ /A, otherwise bankers would choose to divert their assets. To solve this problem,
following Bocola (2016), we guess that banks’ value functions are given as:

(13) VP (1, S;) = pin

Subject to this guess, (12) can be expressed as a constraint on leverage, [:

at Pr
=12
T A
The Appendix contains the details of how we solve this problem. A key aspect is that,
when the incentive constraint binds, banks expect to earn excess returns on their invest-
ments relative to the cost of capital (the deposit rate), E;(Rg ;1 — Rs;+1) > 0, otherwise
they equalize. We impose that the constraint binds, and subject to this, we find that:

EB((1-06)+0p+1)Rss11
1—E/([B((1—6)+6pi+1) (Rxs+1 —Rss41) /A
P: EB((1-0)+0p+1)Rss11

15 lz = b =
(15 A A—E[B((1-8)+0ps1) Rset —Rsis1)

(14) p:

Finally, assuming that rentiers endow new banks with the share {/ (1 — 6) of banking
sector net worth, the law of motion for aggregate banking sector net worth is given as:

(16) Niy1 =0 (LiRk i1+ (1 =) Rs 1) Ny + C (Qr41Bry +Br)

where Br, = [ b, dz, BL, = [ b} ,dz.
C. The Corporate Sector

The corporate sector consists of retailers, goods producers, intermediate goods pro-
ducers, and capital producers. When firms face intertemporal problems, rentiers delegate
management to a mass-zero set of risk neutral managers that discount future payoffs at
the rate 3. Managers are compensated by a share of the profits and do not participate in
any asset markets.
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RETAILERS

Competitive retailers produce a single homogeneous final good, Y¥;, using a continuum
of differentiated goods, y,,, r € (0,1), as inputs. The technology is given by a CES
aggregator:

U\ O
(17) Y,=</O Vet dJ)

where 1) > 1 is the elasticity of substitution. Let Pft denote the prices of the differentiated
_ 1/(1-n)
goods, P, = ( A (PHF,)1 K dh) the price index of the final good, C; = [;c;di ag-

gregate consumption, G; government purchases, CI, gross investment, and ¥* = ¥; — Y%
where Y% denotes various adjustment costs. The demand functions for the differentiated
goods and the final goods resource constraint are then:

PEN "

(18) = |=] Y
Yrt P t
(19) Y'" = C+G;+Cl,

GOOD PRODUCERS

A continuum of mass one of monopolistically competitive goods producers, indexed
by r € (0, 1), differentiate a homogeneous intermediate good purchased at price P". They
set the price of their goods subject to a Rotemberg (1981) quadratic price adjustment
costs. Their real flow profit (denominated in units of the consumption good) in period ¢
is given as:

2
(20) N yri— = [ 1og b Y,
“\R R )T 20y Ph))

The right-hand side denotes sales, (pf,/P)y.. less costs of intermediate goods,
(P /P;)yrs, less price adjustment costs (the last term). @y > 0 parametrizes the extent
of nominal rigidities with @y — oo denoting flexible prices. In a symmetric equilibrium,
profit maximization of the goods producers induces a Phillips curve relationship (see the
Appendix):

Y, P —1
@1 log () :BEtlog(”zﬂ)%lﬂLwY (:_ﬂ)
t

INTERMEDIATE GOODS PRODUCERS

A continuum of mass one of identical competitive intermediate goods firms, indexed
by j € [0, 1], produce a single homogeneous good, m;,, with a constant returns Cobb-
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Douglas technology:

1—

22) mje = Zin%, (k5,)

where Z; is the level of aggregate productivity, nj, = [ hmll{ .di is the input of effective
labor (ll.]: ; denotes household i’s hours worked for producer j), &, is the input of effective
capital, and o € (0, 1] is the elasticity of output to labor. Labor is rented from households
on a competitive spot market at the real wage w; per efficiency unit. At — 1, the firm
issues by, units of equity at the price Q;_1 and uses the revenue to purchase capital at the
price Q,_; per unit:

(23) Qtflk;')?[ = Qtflbf,t

At the start of the period, firms are subject to a common capital quality shock, & > 0.
The shock is log-normally distributed with mean O and variance Gg and impacts on the
amount of effective capital available:

The stochastic processes for total factor productivity is:
24) exp(Z;) = exp(pzZi—1+€z;)

where €7, ~ .#(0,02) and pz € (—1,1). After production, firms pay its equity owners
any remaining profits and the market value of its capital stock net of maintenance costs.
Thus, labor demand and the return on equity satisfy:

(25) we = Prazn® (k) "
(26) Re, = UKt@-d
’ Qtfl

where rg, = (1 —a) B"Znf, (k;t) is the marginal product of “effective” capital.
CAPITAL GOODS PRODUCERS

Capital goods are produced by competitive capital goods producers. Depreciated cap-
ital is refurbished costlessly, while new capital goods are produced subject to quadratic
adjustment costs that we parametrize by @; > 0. Let Q, denote the relative price of new
capital goods (in units of the final good), and net investment by /,,. Net revenue of
capital producer is then:

oy Le+vw \\’
27 [ = (0 — DIy —— (log (| ——= ] (I
(27) v = (Qr — 1)Ly <0g <In,z—1+ll’)> (Ins + V)
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where ¥ > 0 is a constant. Q; is determined as (see the Appendix):
~1 I, 1 I, 2
wy Ly +y 2 Ly +y
ﬁEt <10g <In,t+l + W)) In,t+1 + 14
In,t + V’ In,t + lI/

Denote gross new capital by I;, and CI, total resources spent on capital production. It
follows that:

(29) Kt+l - éth = In,z,
(30) I, = I, +06§K;,
2
wy In.t + l//
31 L, = L+—11 —_— I, .
31 Cl; t‘|‘2 <0g<ln,t1+llf)> ( J+l//)

D. The Government

A fiscal authority collects taxes, purchases final goods, and has a target for debt, BC.
The law of motion of real government debt, BIGJrl issued in period ¢ is:

(32) BS | =RsB°+G,—T,

where 7; are real tax revenues in period ¢:
We assume that spending responds to government debt so as to ensure government
solvency:

G BG\ ¢
(33) = = (g)
G B

A monetary authority sets the short-term interest rate using the simple rule:

R]SVt R]SVt—l . 7\ K (1K) m
(34) <RN> - ( 2 <%> exp (€™

=N . o
R is the long-run level of the short-term nominal interest rate, kg € (0,1) allows for
interest rate smoothing, 7 is the inflation target, and k; > 1 determines interest rate
responses to deviations of inflation from its target. &" ~ A4~ (0, 6,121) is a monetary policy
shock.

E. Market Clearing

Let O, (b,h) denote the date ¢ joint distribution of household assets (including bank
loans) and productivity. The labor market, savings, credit and capital market clearing
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conditions are then:

, 1/(a—1)

* Wi e
35 I*(b,h) h®, (b.h)dbdh = K
3 [ [ @mne wamasan= (G )k
(36) /h /b 5" (b.), (b, W) dbdh = Bis1 = Bpss1 + B

*>
(37) N[ +BD,Z‘+1 :Q[K[+1+/hA ob* (b,h) ®l‘ (b,h)dbdh
* <
AK,

(38) Q= 1,Eidyys1) — 8K,

K;

where I* (b, h) denotes households labor supply policy function and K¥ = [k ,d ] is the
aggregate “effective” capital stock, b* (b, h) denotes the households’ optimal policy func-
tions for assets and bank loans, Bp ;| are aggregate supply bank deposits, and I" is im-
plicitly defined in (29)-(29). Finally, goods market clearing implies that:

(39) (1 - zz)ylog(ﬂ,)z) Y, =G +CL+ Gy + (w, — 1) B4y

where the term in parentheses on the left hand side corrects for price adjustment costs and
the last term on the right hand side is the intermediation cost of lending to consumers.
Added to these is the government budget constraint which holds by Walras’ law.

III. Calibration

We solve the model by first-order perturbation using the method of Bayer and
Luetticke (2020). A period is a quarter. Given the use of Danish micro data in Section
II, we calibrate the model to Denmark. A subset of the parameters are chosen using
conventional values from the literature. A second subset is fitted directly to the data. A
third set of parameters is matched to targets listed in Table 3, which come from Danish
micro data and Danish National Accounts. The sample period is 2003-2018 unless
otherwise stated. The values of the parameters are given in Table 2.

We set the intertemporal elasticity of substitution, 1/39, = 2/3, consistent with empir-
ical estimates from household consumption studies such as Attanasio and Weber (1995)
or aggregate data such as Eichenbaum, Hansen and Singleton (1988). Based on estimates
in Chetty et al (2011), we set the Frisch labor supply elasticity 1% = 0.75. The preference
weight y is calibrated so that steady-state hours worked (averaged across households)
is one third. We adopt Guvenen, Ozkan and Song (2014)’s estimates of the probability
of households leaving the top one percent of the income distribution and set ¢, = 6.25
percent.” We calibrate (8,b, ¢,,, wz) = (0.9875,8Y,0.0022,0.0075) to the moments of
the Danish wealth distribution in Table 3. We target an annual aggregate capital-output
ratio of 252 percent, a fraction of households with debt exceeding two weeks of income

?Guvenen, Ozkan and Song (2014) estimates this probability at 25 percent annually. So we set ¢, = 0.25/4, which is
an approximation that works well because ¢, is very close to zero in our calibration.



HANK AND BANKS 19

of 25 percent, a consumer credit spread of four percent annually, and that the top decile
of the wealth distribution holds 55 percent of total wealth.

We set the output elasticity to labor, o = 0.67, and the depreciation rate, § = 0.02,
standard values in the literature. We calibrate the investment adjustment cost parameter
to w; = 5.40055 to match consumption volatility relative to output of 0.94 (Table 5).
Together with the common innovation size of the TFP and capital quality shocks, this
matches both targeted business-cycle moments in the baseline model. The elasticity of
substitution between goods in the final goods sector, 1) = 21, is calibrated to imply a five
percent steady-state markup. Exploiting the equivalence of the Calvo and Rotemberg
models in terms of implied price Phillips curves, we set the price adjustment cost @y =
0.10 to target that prices adjust on average every four quarters.

We follow Gertler and Karadi (2011) and assume that bankers can divert 38.1 percent
of bank assets, A = 0.381, and the survival rate of bankers is 8 = 0.972 per quarter (so
their planning horizon is about 9 years). To calibrate the transfer to new banks, we target
a leverage ratio of 2.93 for Danish banks (see Table 3), The implemented transfer is
¢ = 0.4375 percent of bank assets.

TABLE 2—BASELINE MODEL PARAMETERIZATION

Description Value Description Value
Households Monetary and fiscal policy
B Discount factor 0.9875 T Inflation target 1.00
X Disutility weight of labor 0.20 Kr Response to inflation 1.50
1/8. Intertemp. elasticity 2/3 KR Int.rate smoothing 0.70
O] Frisch elasticity 0.75 G/Y  Gov. spending share 0.26
0w Transition prob. to rentier 0.00215 B¢ /Y  Gov. debt ratio 0.39
o Transition prob. to worker 0.0625 T tax rate 0.37
b Borrowing constraint 8Y KG Response of G to debt 0.10
Supply side Stochastic shocks
a Output elasticity to labor 0.67 Pn Persistence of HH income shocks 0.948
[ Depreciation rate 0.02 Pz Persistence of TFP shocks 0.970
wy Adjustment costs 5.40055 G,f Variance of HH income shocks 0.097%
n Elasticity of substitution 21 612 Variance of TFP shocks 0.016314792
Wy Price stickiness 0.10 o} Variance of cap.q. shocks 0.01631479°

61% Variance of mon.pol. shocks 0.002?

Banking
A Divertible fract. of assets 0.381 [°] Bank survival rate 0.972
¢ Funds new managers 0.004375 Wp Consumer loan cost 0.0075

Second-order welfare in Table 8 uses kg = 0.5. Shock variances shown are simulation settings; impulse responses use
their stated shock sizes.

Denmark pegs its exchange rate to the Euro and is closely integrated with the Euro-
pean Union through trade. Rather than introducing open economy features, we simply
adopt standard values for the monetary policy part of the model. We assume that the
central bank pursues price stability, 7 = 1, that x; = 1.5, and set the degree of interest
rate smoothing equal to 0.7, close to the estimates of Gerali et al (2010) for the Euro area.
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TABLE 3—CALIBRATION TARGETS

Targets Data  Model Source Parameter

Capital to annual output 252%  252% NA Discount factor

Government debt to output 39% 39% NA Share in household net wealth
Fraction of borrowers 25% 22% Micro data ~ Borrowing limit

Borrowing spread 4% 4% Micro data ~ Borrowing penality

Top 10% wealth share 55% 55% Micro data  Fraction of entrepreneurs
Banking leverage 293%  293% DN Banking friction
Consumption vola. rel. to output ~ 94% 94% NA Investment adjustment costs
Government spending to output 26% 26% NA Tax rate

‘Micro data’ refers to register data administered by Statistics Denmark, ‘NA’ refers to National Account
data, https://www.statbank.dk/, ‘DN’ to the financial statistics dataset administered by Danmarks Nationalbank,
https://nationalbanken.statistikbank.dk. Banking leverage is computed as assets/(assets - deposits) using the banking
balance sheet data for the Monetary and Financial Institutions (DNBALA).

Steady-state government spending, G, is calibrated to target a ratio of government spend-
ing to GDP of 26 percent, see Table 3, and the level of government debt in the long run,
EG, targets an average Danish government debt-to-GDP ratio of 39 percent, see Table 3.
Given these values, the income tax rate, 7, is 37 percent. Finally, to ensure government
solvency in the long run, government spending responds negatively to government debt,
kg =0.1.

To calibrate the idiosyncratic income process, we estimate an income process for resid-
ualized log household income, y;,, assuming it is given as the sum of a persistent and a
transitory component:

Yig = o+ 6zZi,t + Vis
Vit = Xigt+ &y
Xip = PxXip—1+€i;

where & is a time fixed effect, Z;; is a vector of household characteristics, y;; is
residualized household income, x;, is the persistent component of household income
with the innovation e;; ~ .4'(0,62), and &, ~ .#(0,02) is a transitory shock which
we, in line with the literature, interpret as classical measurement error. We estimate
(Px, Oc,0¢) with GMM using moment conditions for the auto-covariance of j;, of
order 0-2, see the Appendix. To estimate residual income we control for age and
education of the household head, and for the number and age of children. We find
(Px, Oe, 0¢) = (0.807,0.180,0.041). We then translate (py, ,) to the quarterly frequency
giving us a persistence of idiosyncratic income shocks of 0.948, and a variance of the
idiosyncratic income shocks of 0.0972.10

We set og = 0.2 percent in line with Gerali et al (2010). We calibrate the persistence

10 et 7, be an AR(1) process at the quarterly frequency, z; = pz_; + ¢; which implies that at the annual frequency
u=p*z_4 +eq, Where e,; = ¢, +pe;_| +p2e,_2+p3e,_3. Hence, 6% = 62 /(1+p* +p* +p6).



HANK AND BANKS 21

of TFP shocks, pz = 0.97, by estimating an AR(1) process for detrended log total factor
productivity data for Denmark.!! We set equal standard deviations of TFP and capital
quality innovations, 0z = 0 = 1.63148 percent, to match the standard deviation of HP-
filtered aggregate output of 1.83 percent. The RANK, no-bank, constant-spread and low-
leverage comparisons use the same investment adjustment costs and innovation sizes;
they are not independently fitted to these two targets.

Table 4 reports net wealth shares across deciles of the Danish household data and
for the stationary distribution of the model. The model closely matches the net wealth
share distribution, apart from the very poorest decile, whose net indebtedness we under-
estimate. With this calibration, the real return on saving is 3.8 percent per annum, the
annual real return on capital is 4.7 percent, while the borrowing rate is 7.9 percent.

TABLE 4—WEALTH SHARES BY DECILE

1 2 3 4 5 6 7 8 9 10

Data 81 -1.7 -03 03 13 43 091 154 248 549
Model -43 -1.0 03 1.6 33 52 77 115 205 552

Wealth shares are calculated from Danish register data and refer to averages between 2003 and 2018. Wealth is
measured as in Section II. The model moments correspond to the stationary distribution.

IV. Aggregate Fluctuations
A. Business Cycle Moments

An important check on the properties of the model is the extent to which it generates
aggregate fluctuations with properties that resemble those in the data.!> Table 5 reports
business cycle statistics for Danish data and for stochastic simulations of the model.
We filter both the actual data and the model data with a Hodrick-Prescott filter (with a
smoothing parameter of 1,600).'3

The simulated economy matches output volatility of 1.83 percent and consumption
volatility relative to output of 0.94. Relative investment volatility is 3.20, below the
empirical value of 3.62. Consumption and investment are procyclical, with output corre-
lations of 0.81 and 0.90, compared with 0.75 and 0.84 in the data. Of particular interest
for our exercise are the moments of consumer credit and interest rate spreads. In the data,
the credit spread is countercyclical with a cross-correlation with output of -0.69.'4 The

1TWe fit an AR(1) process to the log of annual TFP estimates produced by Statistics Denmark, linearly detrended. The
estimate of the annual persistence parameter is 0.885, which we convert to the quarterly rate.

12In the Appendix we further report forecast error variance decompositions of selected variables.

13Following Ravn and Uhlig (2002), we use a smoothing parameter of 6.25 for annual data; annual model series use
a smoothing parameter of 6. The consumption-to-income elasticity is not filtered because the data series is very short
creating issues with the end-points of the data. Model moments are computed by filtering simulated data from a very long
sample, and removing the initial periods.

14The spread data come from the subset of banks with quarterly MFI observations. Relative spread volatility uses the
HP-filtered spread; its output correlation uses the unfiltered spread and HP-filtered output.
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TABLE 5—BUSINESS CYCLE MOMENTS

Moment Data Model Moment Data  Model
Oy (target) 1.83 1.83  corr(Y,Y) 1.00 1.00
oc/oy (target)  0.94 0.94  corr(C,Y) 0.75 0.81
o;/oy 3.62 320 corr(1,Y) 0.84 0.90
o, /Oy 2.11 0.79  corr(BL,Y) 0.56 0.78
O-RL—RS/GY 0.11 0.22 COH’(RL 7R3,Y) -0.69 -0.41
opcpy /Oy 1.90 0.75  corr(DCDY,Y)* -0.52 -0.36
oumpc/ Oy 1.74  corr(MPC,Y)* -0.56

By is aggregate consumer credit, R; — Rg is the consumer credit spread, DCDY is the consumption-income elasticity
computed as in Figure 4. oy is the percentage standard deviation of x, corr(x,y) is the correlation of x and y. Unless
stated otherwise, data and model moments use HP-filtered quarterly series. The empirical spread-output correlation
uses the unfiltered spread. Model moments are in response to TFP, monetary and capital quality shocks. (*) DCDY
and MPC are based on annual data. For the model, MPC and output use annual HP(6)-filtered series; DCDY is
logged without HP-filtering.

model generates a countercyclical spread with an output correlation of -0.41; its relative
volatility is 0.22, compared with 0.11 in the data. In the model, as discussed below, bank-
ing frictions generate such countercyclical movements in spreads. In the data, aggregate
consumer credit is more than twice as volatile as output and procyclical, with a cross-
correlation with output of 0.56."% Model consumer credit is procyclical, with an output
correlation of 0.78, but its relative volatility of 0.79 is below the empirical value of 2.11.
The countercyclical spread is important for this as it makes borrowing more expensive
in recessions. In a sophisticated model with a strategic default motive and aggregate
shocks, Nakajima and Rios-Rull (2019) show that default probabilities fall in expansions
generating procyclical credit. However, such models typically imply very smooth con-
sumer credit. Nevertheless, it would be interesting to combine the mechanism stressed
in their analysis with the banking frictions we focus on, but this goes beyond the scope
of this paper.

B.  The Impact of Aggregate Shocks

We now examine the aggregate impact of the aggregate shocks. We compare the base-
line model to a RANK model with banking frictions, and to the HANK model without
banks. The baseline model is shown in black, the RANK economy in red, and the HANK
model without banks in blue.

CAPITAL QUALITY SHOCKS

We first look at the capital quality shock, which Gertler and Karadi (2011) argue was
an important factor in the global financial crisis.'® Figure 5 illustrates the impact of a

5In U.S. data, the volatility of the consumer credit spread (relative to output) is about twice the estimate reported in
Table 5 for Denmark and less countercyclical. Consumer credit in the U.S. is even more volatile than in Denmark, but
somewhat less procyclical, see Lee, Luetticke and Ravn (2020).

16Note that we assume no persistence in the capital quality shocks, while Gertler and Karadi (2011) allow for substan-
tial persistence.
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FIGURE 5. AGGREGATE EFFECTS OF A CAPITAL QUALITY SHOCK

Note: Impulse responses to a one percent negative capital quality shock. ‘Baseline’ refers to the baseline model, ‘No
Bank’ to a HANK model without frictional financial intermediation. ‘No Heterogeneity’ refers to the representative
household model with frictional financial intermediation.

one percent decrease in &. The shock destroys a fraction of the capital stock, is reces-
sionary, and reduces corporate sector equity values. Since banks own corporate equity,
banking sector net worth declines. The shock is deflationary, causing the central bank to
lower nominal interest rates. Nevertheless, the decline in banks’ net worth forces them
to reduce their supply of consumer credit and their purchases of corporate sector equity,
which is accompanied by an increase in spreads. This leads to a significant decline in
aggregate investment of about 1 percent in the baseline model. After the initial decline,
investment recovers and rises above its steady-state level after roughly three years. The
destruction of the capital stock also reduces household income. The combination of
higher spreads and lower incomes leads to a significant and very persistent reduction in
aggregate consumption. The response of consumption in the HANK model is very sim-
ilar to a representative agent model, while aggregate investment declines slightly less.
Hours fall initially in all three economies. Compared to the no-bank economy, the de-
cline in output and investment is larger and more persistent, as rising spreads discourage
investment. The impact fall in consumption, however, is smaller with banks, and the
consumption responses cross later in the adjustment. Thus, banking frictions amplify the
output and investment responses to capital quality shocks, while the responses in HANK
and RANK are broadly similar.

Figure A2 in the Appendix illustrates a partial equilibrium decomposition of the ag-
gregate consumption response to the capital quality shock into the separate effects on
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consumption of the various price and income determinants in the economy. The decom-
position shows that the main determinant of the fall in aggregate consumption is a fall
in wages, while the dynamic adjustment is dictated by the saving rate. Below we show
that movements in the spread means that such dynamics of aggregate consumption is not
representative for all parts of the distribution.

TFP AND MONETARY POLICY SHOCKS

Figure 6 shows the responses to shocks traditionally studied in the business cycle lit-
erature, a one percentage point positive monetary policy shock (left panel) and a one
percent negative TFP shock (right panel).!” An increase in the policy rate is recessionary
and causes inflation to fall, with the policy rate falling below its steady-state level within
the first year. Rising real interest rates induce a sharp decline in aggregate investment
and a large and persistent decline in output. These recessionary effects are accompa-
nied by a decline in equity returns, which reduces banking sector net worth and, with a
lag, increases interest rate spreads. Banking frictions deepen the decline in investment
and prolong the output contraction, although the impact decline in output is smaller than
in the no-bank economy. Relative to RANK, the HANK economy experiences smaller
declines in output, investment, and hours worked.

A reduction in aggregate TFP is recessionary and induces persistent drops in aggre-
gate output, investment, and consumption. Lower productivity drives up marginal costs,
inflation rises, and the short-term interest goes up due to the monetary policy response.
The shock is also associated with a drop in banking sector net worth, but, relative to the
capital quality shock and the monetary policy shock, the impact on banks is quite minor.
One factor behind this is that households raise their labor supply due to a wealth effect on
their labor supply. Therefore, changes in spreads appear to play a minor role in response
to TFP shocks. Thus, the impact output responses to TFP shocks are very similar in the
baseline and no-bank HANK models. Note that in the RANK model, TFP shocks are
amplified since the labor supply rise is muted in this economy in our calibration.

In summary, capital quality shocks and monetary policy shocks are amplified at the
aggregate level through a financial accelerator mechanism that works through interest
rate spreads. This effect is less evident for TFP shocks. Thus, at the aggregate level, the
heterogeneous agents aspect appears to be less important, a finding consistent with the
results in Berger, Bocola and Dovis (2023).

V. MPCs and Inequality

Inequality has been raised as a concern for economic policy, c.f. Feiveson et al (2020),
which was part of the Federal Reserve’s recent review of monetary policy strategy. We
now exploit the HANK model to examine such distributional issues.

17 A plot of the full set of variables shown for the capital quality shock is shown in the Appendix.
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FIGURE 6. AGGREGATE EFFECTS OF TFP AND MONETARY SHOCKS

Note: Impulse responses to a one percentage point positive shock to the nominal interest rate (left panel) and a one percent
negative shock to TFP (right panel). See Figure 5 for legend.

A. Asset Distribution, Consumption Dynamics and the MPC

We first confront the model with the sophisticated untargeted conditional moments es-
timated in Section II. Figure A6 in the Appendix reports the results of estimating equa-
tion (2) using data from stochastic simulations of a partial equilibrium version of the
model in which there are idiosyncratic spread and income shocks.'® Overall, the model
is quite successful in accounting for key features of the empirical estimates. First, as
in the data, positive income innovations increase the rate of transitions into the zero net
wealth state for indebted households and decrease it for those with positive wealth. The
sensitivity of the transition rate to income is higher in the model than in the data, but the
patterns of the income-transition rate relationship across the wealth distribution are very
similar. In the model, since income shocks are (persistent but) temporary, households
save parts of the rise in their income so that their assets go up. Secondly, as in the data,
higher credit spreads have no impact on the transition rates for the wealthiest and most
indebted households because they are unlikely to face a transition to the zero net wealth
state within a year. Third, as in the data, households with moderate or no net wealth
face a higher transition rate into the zero net wealth state when credit spreads rise. In
the model, such households are exposed to a larger kink in their budget constraint which
reduces their asset mobility.

The model does not account for all aspects of the conditional moments, though. First,
there is a difference in the sign of the impact on the transition rate of income shocks for
households with zero net wealth, but the difference in the actual size of the coefficient
is minor and derives from the distribution of households within this bin. Secondly, the
empirical estimates indicate that when spreads rise, the transition rate of moderately in-

18The estimates in Section II correspond to household-specific spreads because we control for a time-fixed effect. We
compute the model statistics by simulating households subject to idiosyncratic income and spread shocks to mimic this.
We assume that borrowing and savings rates are generated by a common factor model with a persistence matched to the
idiosyncratic spreads in the data. The loading of borrowing rates dominates that of the savings rates meaning that a rise in
the spread corresponds to a stronger rise in borrowing rates than in savings rates. The Appendix contains further details
on the design.
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debted households into the zero net wealth state declines, but in the model this flow rises.
Indebted households face opposing wealth and intertemporal substitution effects when
borrowing rates increase. Our calibration implies a strong intertemporal substitution and
households reduce their debt. While it goes beyond the scope of our paper to examine
this issue in details, we have confirmed through model simulations that a stronger wealth
effect induces some decline in the transition rate for indebted households. One inter-
pretation is that there is some preference heterogeneity in the population that we do not
capture.

Figure A7 in the Appendix shows the outcome of estimating equation (3) on simulated
model data in response to idiosyncratic income and credit spread shocks. As in the
data, we find that the income elasticity parameter is positive and smaller for wealthier
households than poorer one. The elasticity is marginally smaller in the model than in the
data, but differences are small. The model is also consistent with higher credit spreads
reducing consumption for indebted and moderately wealthy households. In the data,
the interaction effect between income and credit spreads indicates that higher spreads
strengthens the relationship between income and consumption and particularly so for
households close to the zero net wealth state. Although the interaction effect is weaker
in the model than in the data, the shape of the relationship across the wealth distribution
is very similar to its empirical counterpart.

One discrepancy between the model and the data concerns the relationship between
consumption and credit spreads for wealthier households. This relationship is positive in
the data but close to zero in the model. For such households, the spread channel works
mainly through the return on savings. Higher returns on savings induce a substitution
effect which lowers consumption and a wealth effect that increases consumption. The
wealthier are households, the more important is the second channel. However, because
the impact on savings rate is relatively weak, the model does not account for the positive
impact of spreads on consumption in the right tail. Figure A8 in the Appendix we illus-
trate this by means of the consumption policy functions across the wealth distribution in
response to spread movements. We show later that introducing illiquid assets addresses
this issue (and implies an income elasticity practically identical to the one in the data).

We can go further and examine the model’s implications for the MPC. The average
MPC initially rises after each contractionary shock, with particularly pronounced re-
sponses to capital quality and monetary policy shocks; see Figure 7. An important rea-
son for this is that there is a mass point in the wealth distribution at zero net wealth,
which increases as the consumer credit spread rises. Households at or near this kink in
the budget constraint have high MPCs. Therefore, the model implies that the MPC is un-
conditionally countercyclical with an annual cross-correlation with output of -0.56, see
Table 5.1

We do not have a direct empirical estimate of the MPC, yet we estimated a time-
varying consumption-income elasticity measure in Section II which we found to be

19Quarterly MPC volatility relative to output is 0.20 under a constant spread and 0.23 without a bank, compared with
1.79 in the baseline. The respective output correlations are 0.82 and -0.55, compared with -0.56 in the baseline; see Table
A4 in the Appendix.
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A) Capital quality shock B) Monetary shock C) TFP shock

IS

Percent
N w

Percent

-

5 10 15 20
Quarters Quarters Quarters

FIGURE 7. IMPULSE RESPONSES OF THE MPC

Note: The figure shows the responses of the average MPC to the three aggregate shocks. The MPC is calculated as the
integral over the slope of the consumption function. The black line shows the baseline model, the blue line is the baseline
model with a constant consumer credit spread.

countercyclical. We compute the model-equivalent of this measure using fixed coeffi-
cients estimated from simulated household data as in (3). Doing so and backing out
the elasticity measure implies a cross-correlation with output of -0.36 at the annual rate.
This elasticity is less volatile than the MPC in the model, with relative volatilities of 0.75
and 1.74, respectively. The HP-filtered annual series are positively correlated, with a
correlation of approximately 81 percent.?’ Thus, the empirical results strongly suggest
that the average MPC is countercyclical and that a central reason for this is the counter-
cyclical movements in credit spreads. This adds an important new fact to the empirical
literature that is very scarce on findings regarding the cyclicality of the MPC. Exceptions
include Holm, Paul and Tiscbirek (2021), who find that the MPC in Norway rises in re-
sponse to contractionary monetary policy shocks. As Figure 7 shows, this is consistent
with our model. Gross, Notowidigdo, and Wang (2020) measure the MPC by estimating
how the removal of bankruptcy flags from credit reports of 160,000 bankruptcy filers af-
fects credit card limits and balances. They find that the MPC was higher for households
that had their bankruptcy flags removed during the Great Recession than for those that
received the same treatment before or after the downturn.

B.  Consumption Dispersion and Aggregate Shocks

We now examine the impact of aggregate shocks across the consumption distribution.
Figure 8 shows the responses of aggregate per capita consumption and the 10th, 50th
and 90th consumption percentiles to the three aggregate shocks. Households can change
their consumption rank over time. The top row reports results for the baseline economy,
and the bottom row shows the HANK model with banks but a constant consumer credit
spread.

The first column of Figure 8 shows the impact of a one percent decline in capital qual-
ity across the consumption distribution. Lower capital quality induces a reduction in real
wages, which depresses consumption throughout the distribution. In the baseline econ-

20The Appendix shows the close relationship between these measures by means of a scatterplot.
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FIGURE 8. CONSUMPTION IMPULSE RESPONSES BY CONSUMPTION PERCENTILES

Note: Impulse responses of aggregate consumption and the 10th, 50th and 90th percentiles of the consumption distribu-
tion. Percentiles are computed from the mixture of consumption distributions conditional on productivity. The top panel
is the baseline model, while the bottom panel assumes a constant consumer credit spread. The shocks are a one percent

decline in capital quality (column A), a one percentage point increase in the nominal interest rate (column B), and a one
percent decline in TFP (column C).

omy, the capital quality shock is accompanied by higher borrowing rates while savings
rates decline. The higher spread exaggerates the kink in the budget constraint faced by
agents, and higher borrowing rates lead to a large reduction in consumption spending by
indebted households. Thus, banking crises have distributional effects in this economy
because of the response of interest rate spreads. In contrast, when the spread is constant,
saving and borrowing rates fall in tandem, and the impact declines in consumption are
much more similar across percentiles.

There is empirical evidence that monetary policy shocks induce consumption inequal-
ity, see for example Coibion et al (2017) or Holm, Paul and Tiscbirek (2021). The latter
authors show how contractionary monetary policy shocks stimulate consumption by rich
households in the short run, but lead to a sharp contraction in spending by poor house-
holds, while the longer run responses are similar across the distribution. In the model,
contractionary monetary policy shock not only reduces the labor income of poor house-
holds in the short run, but increases their borrowing costs. Savers instead enjoy higher
real returns, which can raise consumption in the upper part of the consumption distri-
bution. Over time, the economy recovers and the consumption responses at different
percentiles become closer as spreads return to their normal levels. Holding spreads con-
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stant reduces the initial dispersion across consumption percentiles.

For TFP shocks, the impact on consumption inequality is smaller because, as discussed
earlier, spreads do not move much in response to this shock. A fall in TFP reduces real
wages, which puts downward pressure on consumption across the wealth distribution.
Consumption falls less at the upper percentiles than at the lower percentiles, consistent
with greater consumption smoothing higher in the distribution. Thus, TFP shocks do
affect consumption inequality, but the role of movements in spreads is less important.

VI. Banking Sector Leverage: Micro vs. Macro Volatility

We now examine how banking sector leverage impact on the economy. Specifically,
we compare moments of the baseline economy with an alternative economy in which
we change the severity of the moral hazard problem, A, so that bank leverage declines
by 10 percent. One may think of this in terms of the impact of financial regulation
aimed at stabilizing the financial accelerator through capital requirements,’! although
an important caveat is that, for computational reasons, we do not allow the incentive
constraint faced by banks to be occasionally binding nor for countercyclial capital buffers
as in e.g. Gertler et al (2020).

A. Long Run Aggregate Effects and Cyclical Dampening

TABLE 6—MOMENTS: BASELINE AND RESTRICTED LEVERAGE

Moment HANK base HANKIlow RANKbase RANK low
Leverage 2.93 2.64 293 2.64
Return on capital (R_K, %) 4.70 4.82 5.58 5.83
Return on savings (R_S, %) 3.83 3.54 5.16 5.16
Lending interest rate (R_L, %) 7.87 8.00 - -
Output 4.89 491 4.39 4.37
Capital 49.26 48.95 41.42 40.44
Labor supply 1.54 1.55 1.43 1.43
Consumption 2.64 2.70 245 243
At kink (%) 4.38 5.32 - -
Borrowers (%) 21.92 24.46 - -
Gini wealth 78.19 82.75 - -
Gini consumption 15.64 16.50 - -
Gini income 28.61 30.15 - -

We compare the baseline steady state to one with 10% less leverage (diversion parameter A
going from 0.381 to 0.445). The last two columns do so for the model with a representative
household.

Table 6 reports the long-run effects of reducing banking sector leverage. We compare
the HANK model with a RANK model identical to the HANK model apart from the

21 Banking sector capital requirements is a standard instrument considered in the financial regulation literature, see e.g.
the discussion in Galati and Moessner (2012).
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absence idiosyncratic income risk. This comparison teases out the effects of introducing
incomplete markets.

Regardless of the household modeling, when banks are less leveraged, interest rate
spreads rise because banks are more constrained in their asset investments. In the RANK
setting, the deterministic steady-state rate of return on saving is determined by the in-
tertemporal discount rate, 3, independently of the banking sector. Thus, a higher credit
spread must come from an increase in the return on capital which induces a reduction in
the steady-state capital stock, output and consumption. Quantitatively, the annual spread
rises by 25 basis points, and the aggregate capital stock, output and consumption decline
by 2.4, 0.5, and 0.8 percent, respectively. In the HANK model, credit spreads rise by
40 basis points. Here, the increase in the spread is instead mainly due to a reduction
in the return on deposits. The reason is that higher credit spreads make borrowing for
consumption smoothing more costly inducing households to increase their labor supply
and their precautionary savings. Thus, the return on savings declines (from 3.8 percent
annually to 3.5 percent) and, while the capital stock declines marginally, the higher labor
supply induces an increase in aggregate consumption and output in the long-run.

TABLE 7—STANDARD DEVIATIONS OF AGGREGATE VARIABLES

Variable Baseline  Low leverage % decline
Baseline HANK

Output 1.83 1.80 1.6%
Consumption 1.72 1.73 -0.6%
Investment 5.86 5.57 4.9%
Credit spread 0.41 0.38 7.3%
No heterogeneity

Output 1.88 1.83 2.7%
Consumption 1.73 1.78 -2.9%
Investment 6.44 6.10 5.3%
Credit spread 0.39 0.35 10.3%

Percentage changes are calculated from the rounded values
shown.

‘We report percentage standard deviations of quarterly ag-

gregate variables in response to TFP, monetary, and cap-

ital quality shocks after HP(1600)-filtering.

Lower banking sector leverage reduces output, investment and credit-spread volatility,
see Table 7. Output and investment volatility fall by approximately 1.6 percent and 4.9
percent in the HANK model, compared with 2.7 percent and 5.3 percent in the RANK
model. Aggregate consumption volatility instead rises by approximately 0.6 percent
in HANK and 2.9 percent in RANK. Thus, the stabilization is specific to output and
investment rather than common to all aggregate quantities.??

22Jensen, Hove Ravn, and Santoro (2017) find that tighter financial regulation can induce higher aggregate volatility
in a model with occasionally binding collateral constraints.
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B. Distributional Consequences and Welfare

In the heterogeneous agents model, we can also study the distributional consequences.
The bottom part of Table 6 reports the impact on various measures of inequality, and
Panel A of Figure A10 in the Appendix illustrates the stationary wealth distribution con-
ditional on A. The economy with less leveraged banks experiences an increase in the
share of households with near-zero net wealth, and, perhaps counterintuitively, the share
of borrowers increases because there are more households close to the kink in the budget
set. Panel B in this figure shows that a large fraction of the population experiences a
significant increase in their MPC.

A) Only idiosyncratic shocks B) Aggregate and idiosyncratic shocks
4 4
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Low Leverage
————
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FIGURE 9. MICRO CONSUMPTION VOLATILITY BY WEALTH DECILES

Note: We report the average standard deviation of quarterly household consumption growth rates over a five-year horizon
computed over 100,000 households and 1,000 periods and averaged across wealth deciles.

Figure 9 shows the standard deviation of household consumption growth over a five-
year horizon conditional on initial wealth, allowing either for only idiosyncratic shocks
(Panel A) or also for aggregate shocks (Panel B). Focusing first on the stationary equilib-
rium, consumption volatility increases across the distribution when banks are less lever-
aged.”> The size of the increase varies across wealth deciles. For poorer households,
it is the increase in the cost of credit that reduces their ability to smooth consumption.
Wealthy households are instead mainly affected by the reduction in the return on their
savings, which induces a more rapid drift down the wealth distribution once they experi-
ence a negative idiosyncratic income shock. When we add aggregate shocks, consump-
tion volatility remains higher across the distribution. However, the increase in consump-
tion volatility is muted because the credit spread now responds less to aggregate shocks,
see Table 7.

We compute consumption-equivalent welfare changes across wealth deciles using a
second-order approximation.>* Negative entries in Table 8 indicate losses when leverage

2 There is ample evidence that changes in the cost of credit affect household consumption, see for example Leth-
Petersen (2010), who finds substantial consumption responses to lower credit costs.

24Consumption is compensated while hours worked remain at their equilibrium level. The entries are population-
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TABLE 8—WELFARE AND BANKING SECTOR LEVERAGE

Wealth decile Two-asset model Three-asset model

Idiosyncratic ~ + Aggregate  Idiosyncratic ~ + Aggregate

1 -0.36% -0.29% -0.09% 0.16%
2 -0.25% -0.19% -0.12% 0.14%
3 -0.24% -0.17% -0.16% 0.12%
4 -0.25% -0.17% -0.21% 0.08%
5 -0.28% -0.19% -0.27% 0.02%
6 -0.33% -0.23% -0.36% -0.06%
7 -0.40% -0.29% -0.45% -0.18%
8 -0.49% -0.37% -0.55% -0.38%
9 -0.69% -0.57% -0.76% -0.76%
10 -1.81% -1.66% -1.19% -1.45%
Average -0.51% -0.41% -0.42% -0.23%

Aggregate-risk welfare uses analytical unconditional second-order means. In the
three-asset model, lump-sum transfers remain at their steady-state value. All four
columns use kg = 0.5. Entries are population-weighted means by initial total-
wealth decile, with wealth ties pooled.

We report consumption-equivalent welfare changes from a 10% reduction in

banking-sector leverage. Negative entries indicate welfare losses. Columns

2-3 report results for the 2 asset baseline model; columns 4-5 report re-

sults for the 3-asset model. Aggregate welfare is calculated as @; =
BTSN B WA RVACL )
Mot 1) ]cil(gs-l;;:) rlsis 1) — 1, for each decile of the initial wealth

distribution.

is reduced. In the two-asset model, all wealth deciles lose under idiosyncratic risk alone,
with losses from 0.24 to 0.40 percent in the first seven deciles and 1.81 percent in the
richest decile. The population average is a loss of 0.51 percent. Including aggregate risk,
all deciles still lose, but the average loss falls to 0.41 percent; the richest decile loses 1.66
percent. The second-order exercise uses kg = 0.5, while the first-order two-asset results
use kg =0.1.

In summary, our findings therefore indicate trade-offs between macro-stabilization and
micro-volatility.

VII. Illiquid Assets

Parts of the HANK literature have highlighted the importance of illiquid assets, see
e.g. Kaplan, Moll and Violante (2018) or Bayer et al (2019). Illiquid assets may also
matter for our results and in particular for the role banking frictions play in inducing
consumption inequality.

Thus, we now introduce an illiquid asset. Households can purchase capital, k; .1, at
the price Q; (denominated in units of consumption), and earn income by renting their
capital holdings, k;,, to firms at the real capital rental rate, r; ,. Each period, households
can carry out capital maintenance (depreciation), but active adjustments can only be

weighted decile means, with wealth ties pooled.
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done with probability, ¢ € (0,1). We assume that the expected return on illiquid assets
is above the bond and deposit returns, but below the expected cost of consumer credit.
Intermediate goods producers rent a part of the capital stock from households and fi-
nance the remaining part through corporate equity issues to banks. Equity held by banks
is assumed to be liquid, and capital quality shocks affect only the fraction of capital that
is financed by equity, see the Appendix for further details. We calibrate the illiquid-asset
adjustment probability, ¢, by targeting the ratio of bank deposits to output in the sta-
tionary equilibrium (34 percent in the Danish economy). This implies that ¢, = 0.0025
per quarter. Assuming instead that illiquid assets consist of housing and targeting the
ratio of the value of illiquid household assets to total assets (excluding business assets
and pensions, 79 percent in Denmark), yields almost the same calibration. We calibrate
investment adjustment costs to @; = 13.03957 and equal TFP and capital quality inno-
vation standard deviations to 1.61824 percent. The three-asset first-order baseline then
matches output volatility of 1.83 percent and relative consumption volatility of 0.94. Its
relative investment volatility is 1.72, compared with 3.62 in the data. Table A5 in the
Appendix summarizes the three-asset model calibration.

In this economy, when a household is given the opportunity to adjust its illiquid assets,
it will either choose to hold none (if it is sufficiently poor) or to adjust to a “long-run”
Euler equation:

Qi)™ = B i (B(1 = 9)) " Er[@(Qres + s — 8) (€)™

s=1

(1= ) (ks — 8) () ™™

where we use the index ‘a’ to denote the state in which the illiquid asset can be adjusted
and ‘n’ to denote the complement state. Households discount future payoffs by 8 due to
impatience and by 1 — ¢ due to illiquidity. The term in square brackets is a weighted
average of the period ¢ 4 s return on the asset when the household can adjust its illiquid
position and when it cannot (in which case the return excludes capital gains and losses).

When we introduce illiquid assets, we account for some of the discrepancies between
the predictions of the baseline model and the micro data discussed in Section V. Figure
A1l in the Appendix reports the coefficients on income and the spread when estimating
equation (2) on simulated data for the 3-asset model. In these simulations, we assume
that the spread between borrowing rates and the return on illiquid assets is fixed at its
steady-state value. Figure A12 in the Appendix reports the coefficients when estimating
equation (3) on the simulated model that. We find that the consumption-to-income elas-
ticity parameter now is extremely similar to the one estimated in the micro data both in
terms of its dependence on wealth and in terms of its size. Moreover, when credit spreads
rise, we now find that the wealthiest households increase their consumption. The reason
is that the wealth effect now is sufficiently strong to dominate the substitution effect for
these households, see also Figure A8 in the appendix which illustrates the consumption
policy function.

In this setting, due to the illiquid asset, a household may be liquidity constrained even
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A) Capital quality shock B) Monetary shock C) TFP shock

1 5 10 15 20 1 5 10 1 5 10
Quarters Quarters Quarters

Baseline

Percent
Percent
Percent

1 5 10 15 20 1 5 10 15 20 1 5 10 15 20
Quarters Quarters Quarters

Constant Consumer Credit Spread

FIGURE 10. MODEL WITH ILLIQUID ASSETS: CONSUMPTION IMPULSE RESPONSES BY CONSUMPTION PER-
CENTILES
Note: Impulse responses in the three-asset baseline (top row) and constant-spread model (bottom row). The black solid

line denotes aggregate consumption, the blue dashed line the 10th consumption percentile, and the red dash-dotted line
the 50th percentile.

if it has positive net wealth and it is the liquid asset position that matters for whether
households are constrained, i.e. there can be both rich and poor hand-to-mouth house-
holds, cf. Kaplan and Violante (2014). However, if the household finds itself with zero
liquid assets, it will liquidate its illiquid assets (or parts of them) whenever it has the
chance to do so. The likelihood of being at the kink in the budget constraint depends on
the composition of asset portfolios, which here is affected by both the consumer credit
spread, and by the spread of illiquid assets over liquid assets.

Given the impact of illiquid assets on consumption, one may wonder if the hetero-
geneous effects of aggregate shocks that we have discussed can arise even when the
consumer credit spread is constant. Figure 10 illustrates aggregate consumption and
consumption at the 10th and 50th percentiles to the three aggregate shocks in this econ-
omy, assuming either a constant consumer credit spread or allowing this spread to adjust
due to banking friction. Holding constant the credit spread, consumption responses are
closer across the distribution on impact, while movements in the consumer credit spread
amplify the initial dispersion in response to the capital quality shock and the monetary
policy shock. Thus, countercyclical spreads account for the heterogeneous impact of
aggregate shocks because consumer credit is the principal means of insurance against
adverse income shocks.
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The last two columns of Table 8 report welfare in the three-asset economy. The pop-
ulation average is a 0.42 percent loss under idiosyncratic risk and a 0.23 percent loss
including aggregate risk. The first five wealth deciles gain when aggregate risk is in-
cluded, while the upper five lose. Gains range from 0.02 to 0.16 percent in the lower
half; losses range from 0.06 to 1.45 percent in the upper half. Both the two-asset and
three-asset aggregate-risk columns use analytical unconditional means of the second-
order value functions. In the three-asset model these moments condition on lump-sum
transfers remaining at their steady-state value. The second-order fiscal-feedback coeffi-
cient is kg = 0.5, compared with 0.2 in the first-order three-asset results. The stationary
comparison is in Table A6.

VIII. Summary and Conclusions

We examine the role of consumer credit spreads for macro and micro outcomes.
We provide empirical evidence from high-quality household data that consumer credit
spreads affect household wealth dynamics and consumption decisions. Our analysis
suggests that households with low net wealth that are exposed to higher consumer
credit spreads are more likely to remain in such a low net wealth state. Moreover,
higher consumer credit spreads are correlated with lower consumption spending by
low-wealth households, while stimulating consumption by wealthy households. We
derive a time-varying measure of the consumption-income elasticity which we argue
correlates highly with the MPC. We show that this elasticity is countercyclical, and that
the consumer credit spread is an important component of this countercyclicality.

We then introduce frictional financial intermediation into a HANK model where banks
provide funds for corporate investment and consumer credit at a spread over the return
they offer on savings. This spread moves countercyclically due to agency friction. The
consumer credit spread creates a kink in households’ budget sets, induces a mass point of
low net wealth households, and drives a wedge between the intertemporal prices faced by
borrowers and savers. We show that the model generates a financial accelerator relative
to a model with a constant spread in the face of shocks to banking sector net worth
and monetary policy shocks. The comparison with RANK depends on the shock and
variable: capital-quality responses are broadly similar, while contractionary monetary
policy produces smaller output and investment declines in HANK.

Credit frictions have important consequences. Because spreads respond to shocks, ag-
gregate shocks have heterogeneous effects across the wealth distribution, and induce
countercyclical and volatile MPCs, which are highly correlated with the measure of
consumption-income elasticity that we estimate in the household data. Moreover, banks
provide insurance to households and one may therefore need to consider micro aspects
of bank regulation.

We did not attempt to estimate theory-consistent consumption dynamics using the
unique data on household-specific interest rates, but this would be of obvious interest
for a better understanding of household behavior. It would also be interesting to consider
market power in the banking sector instead of the agency friction that we have adopted,
as this would allow one to account for the imperfect pass-through from policy rates to
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deposit rates observed in the data. We leave these and other extensions to future research.
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APPENDIX
Al. Additional Results and Information for Section Il

Table A1 reports descriptive statistics of the household dataset examined in Section
II. The average age of the household head and the household size are both stable over
the sample. Denmark entered a cyclical downturn at the onset of the financial crisis and
the recovery started in 2014. The cyclical dynamics are reflected by changes in average
consumption expenditures and asset values. The average ratio of net household wealth
to disposable income displays considerable fluctuations over time, while the ratio of net
liquid assets to disposable income (excl. housing and mortgages) is stable and close to
one on average.

TABLE A1—DESCRIPTIVE STATISTICS

1) @) 3

2007 2012 2017

mean mean mean
Net wealth 747,251.61  448,838.04 567,918.01
Assets 1,188,575.63  927,978.87 1,012,632.15
Debt 441,324.02  479,140.83 444,714.13
Liquid wealth 279,290.77  248,087.95 248,530.79
Share net zero wealth 0.08 0.10 0.11
Disposable income 242,772.93  250,876.25 261,013.50
Labor income 246,299.02  235,152.34 241,692.47
Consumption 257,785.87  233,279.09 248,923.70
Age of household head 51.16 50.93 50.86
Household size 1.85 1.84 1.81
N 2,145,397 2,316,459 2,395,008

Net wealth is defined as the sum of housing wealth, portfolio wealth, bank de-
posits, and bank and mortgage debt, as well as some major durable goods such
as cars. Assets are gross assets, liabilities are gross liabilities. Liquid assets are
defined as net wealth less housing and mortgages. Unless otherwise stated, all
numbers are averages and deflated to 2003 Danish Kroner.



40 HANK AND BANKS

A) Unconditional probability of zero wealth B) Linear probability model
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FIGURE Al. WEALTH DYNAMICS EXCLUDING HOUSING AND MORTGAGES

The figure shows unconditional transition probabilities to the zero net wealth
state by net wealth decile (Panel A) and the change in transition probabilities
with cross-sectional changes in income and spread (Panel B), estimated from
equation (2). Sampling uncertainty is indicated by vertical bars (95 percent con-
fidence bands). The net wealth measure excludes housing assets and mortgage
debt. Zero wealth is indicated by the grey shading and defined as net assets
within a range of plus/minus two weeks of median household income.

Table A2 reports the results of estimating Equation (3) when either capitalizing car
expenditures or excluding households that purchase a car from the data in the year of
the purchase. As is evident, the coefficient estimates are robust to the treatment of car
spending and similar to those reported in Table 1.
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TABLE A2—ROBUSTNESS: DIFFERENT TREATMENT OF CAR PURCHASES

(1 (@) 3 “
log income 0.375%*%* 0.358***
(0.00308) (0.00325)
Low net wealth x log Income 0.400% % 0.384 %%
(0.00398) (0.00429)
High net wealth x log Income 0.339%#:* 0.320%*%*
(0.00391) (0.00402)
Spread -0.268*** -0.251%**
(0.0151) (0.0145)
Low net wealth x Spread -0.339%** -0.286%**
(0.0177) (0.0164)
High net wealth x Spread -0.123%** -0.145%**
(0.0208) (0.0204)
log income x Spread 1137 %% 1.131%%*
(0.0671) (0.0714)
Low net wealth x log Income x Spread 1.357%** 1.409%**
(0.0893) (0.0975)
High net wealth x log Income x Spread 0.737%%*%* 0.647#%*
(0.0864) (0.0887)
#Observations 17,935,813 17,935,813 15,177,507 15,177,507
R? 0.580 0.584 0.613 0.616
RMSE 0.269 0.268 0.234 0.233

The table illustrates the relationship of consumption with income, consumer
credit spreads and their interaction, estimated from Equation (3). High (low) net
wealth denotes households above (below) the median. Standard errors clustered
at the household level. In columns (1) and (2) we capitalize cars using their
official tax value. In (3) and (4) we exclude households that have purchased a
car in the current or previous year from the sample.

Table A3 reports the results from estimating:
(Al)  Alogei, = Y, Ly, eane (Bo.jAlogyis + BijR;, + B2 iR} Alogyiy )
J
+ nXi+oi+ytE;

We also experiment with including or excluding a household fixed effect. The re-
sults are similar to those reported in Table 1 except for the effect of the spread on
above-median wealth households when we first differenced consumption and omitted
the household fixed effect.
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TABLE A3—ROBUSTNESS: RESULTS FOR FIRST-DIFFERENCE SPECIFICATION

)] (@) 3 )
Alog income 0.296%** 0.311%%*
(0.00440) (0.00530)
Low net wealth x Alog income 0.322%%% 0.347%+%*
(0.00566) (0.00705)
High net wealth x Alog income 0.248**%* 0.264 %%
(0.00648) (0.00750)
Spread -0.197%** -0.346%**
(0.00562) (0.0151)
Low net wealth x spread -0.268%** -0.519%%*
(0.00804) (0.0196)
High net wealth x spread -0.0868*** -0.110%%*
(0.00880) (0.0205)
Alog income x spread 2.327#%* 2.171%%%
(0.107) (0.128)
Low net wealth x Alog income x spread 2.462%%* 2.286%**
(0.137) (0.169)
High net wealth x Alog income x spread 1.893##* 1.826%#*
(0.160) (0.183)
#Observations 17,313,355 17,313,355 16,546,917 16,546,917
R? 0.0616 0.0634 0.124 0.133
RMSE 0.348 0.347 0.364 0.362

The table reports the relationship of consumption with income, consumer credit
spreads and their interaction, estimated from Equation (3). High net wealth
denotes households above the median and low net wealth those below. Columns
(1) and (2) for specifications that exclude household specific trends, columns
(3) and (4) include household specific trends. Standard errors clustered at the
household level.
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A2. Choice Problems in Baseline Model
HOUSEHOLDS

The dynamic programs faced by households can be formulated as follows. First, to

simplify notation, remove time-subscripts and let b; = (b¥, b, b%) denote household i’s

beginning of period asset portfolio, and S the vector of relevant aggregate state variables.
Let 7;* denote the value functions for a worker household (s = w) and for a rentier (s = r).
A worker’s Bellman equation is given as:

97 (b, ) = max [u (e 1)+ BE((1— 9,) 7" (bl kL, 8') + 0,747 (b, S'))].
subject to (6)-(7) and to the flow budget constraint:
ci++ (bY) + (bP) — (bF) < (1—5,) whil; + Rs (bY +b) — RLbF,

where 7, is a proportional income tax rate and a prime denotes next period. For rentiers
instead:

¥ (b;,0,S) = max [u(c;, ;) + BE(¢, %" (b}, 1,S") + (1 — ¢,) %" (b},0,8"))],
subject to (6)-(7) and to the flow budget constraint:

cit (0F) + () — (bF)' < (1= %) F +Rs (b +b7) — Ruby.

BANKS

Banks face the following optimization problem:
VP (7,5) = maxE,B (1 0) i, +6V” (n5,,))

subject to (10) and to:
A& < VP (i2)S,)

where a; = (Q,b}t L1 Tbh, +1> are the bank’s assets. To solve this, guess that:
V(5,5 = pr
Subject to this guess, (12) can be expressed as a constraint on leverage, [;':

P _n
Pt T A
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Substituting (10) into (13), we can then express the bank’s value as:

py = maxE[B((1—6)+0pi1)(Resr1—Rsrv1)ay
+B((1—6)+0p;11)Rs ;1177

The first-order necessary conditions and the envelope condition are:

A = EJ[B((1—6)+06p;1)(Rks+1—Rsit1)
0 = uilpwi—Ad]
EB((1-6)+0p41)Rss11
1—uf

pr =

where pf > 0 is the Kuhn-Tucker multiplier on (12). When the incentive constraint
binds, banks expect to earn excess returns on their investments relative to the cost of
capital (the deposit rate), E,(Rg 1 — Rs;+1) > 0, otherwise they equalize. We now
impose that the incentive constraint binds so that leverage is equalized across banks.
Given this, the Kuhn-Tucker multiplier is identical across banks and given as:

11, = max (1 CEB((1-90) "}‘Ljpt+1)RS7z+1M7
1

where N, = [nidz, A, = [aidz. This confirms the guess on the value function and im-
plies:

0) € (0,1)

EB((1—6)+0pi1) R+
T BB (1 0)+ 0prr1) Resor — Rsron) /A
P: BB ((1—6)+6pr11)Rs41

l = —_— =
' A A—E[B((1—6)+6p1)(Rekss1 —Rsit1)

pr

The equilibrium law of motion of an individual bank z’s net worth is then:
n = (LlRk 41+ (1 —=1)Rss1)ny

The aggregate banking sector net worth now follows from noting that /; is independent
of net worth.

GOODS PRODUCERS

Let VI (PF

rt—1s

S,) denote the expected present value of real profits of a producer that

charged the nominal price Pf,

-+—1 last period. Goods producers then solve the problem:

I,

Vf (PFFI,S,) = n}l)%x (l)g +ﬁE[Vf (P57St+l))

nt
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subject to (18). The first order condition for Prf'; and the envelope condition are given as:

PM\\ 1 n 1 PL VY (Pf,Si11)
l—n{1-2F ) )5y = ——prlog| o7 | Yi—BE—— 77—
Fy)) B wy Py P, P,

rt—1

F F
OVE(BE_LS) g o (pg )Y,

IPf | oy Pf

which implies that:

Yoo o P (Pw_n—1>m
Y; B\ pPn n Y;
Combining these and focusing on a symmetric equilibrium gives us Equation (21).

log (”h,t) = BE;log (”h,tﬂ)

CAPITAL PRODUCERS

Capital producers solve the following dynamic problem:

VE (L 1,8) = max (v + BEVE (L1, S5141))

nt

The first-order necessary condition for /,, ; and the envelope condition are given as:

ovk (In,t,SHl) Li+wy
a2 (@ 1)+ pr S g (V)
Wy Li,+vy 2
)
K
(A3) 3V (InJ—l;St) - <10g < InJ + I,U >> In7l‘+ W
aIn,t—l In,t—l + "4 In,t—l + "4

Combining these gives us Equation (29).
A3. Estimation of the Household Income Process

Assume that log household income is determined as:

Yirg = o+ (SZZi,z +)~)i,t
Vie = Xigt+E&y
Xit = PXig—1t+eiy

&: ~ N(0,067)
e,'J ~ N(O, 63)

where ¢ is a time fixed effect, Z;; is a vector of household characteristics, x;, is a persis-
tent idiosyncratic income component, and &, is a transitory income shock. The autoco-



46 HANK AND BANKS

variances of residualized household income of order 0-2 are given as:

(A4) mi, = E@i-Jiy) = 1—p? o, +0;
_ S ~ o 2
(AS) my; = E(yz,t 'yl,z—l) =1 P2 e
p? 2
(A6) m3; = E(f’i,t ‘)71',172) = 1— P2 o,

These three moments identify jointly I' = (p, 0., 0¢). We estimate I" with GMM using
an identity weighting matrix.
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A4.  Further Results for the Baseline Model

Figure A2 decomposes the transmission of capital quality shocks to aggregate con-
sumption into the effect of each price showing how wages and interest rates differ in the
impact on the level of consumption vs. its dynamics.

Decomposition of aggregate consumption

0.0
T —=TOTAL
________ ==]iquid Rate
-------- = = Borrowing Rate

= \Vages
—0.1 Profits

—0.2

—0.3

2.5 5.0 7.5 10.0

FIGURE A2. TRANSMISSION TO CONSUMPTION: CAPITAL QUALITY SHOCK

Note: The figure plots the decomposition of the response of aggregate consumption to a one percent negative capital
quality shock into the effect of each price sequence by using household policy functions.

Figure A3 shows the variance decomposition of output, investment, inflation, and con-
sumption at horizon 1, 4, and 16 quarters for the baseline model and calibration. Ag-
gregate output is heavily influenced by TFP shocks both at short and longer forecast
horizons. Aggregate investment is sensitive to capital quality shocks in the short run,
more by TFP in the long run, and with some importance of monetary policy shocks in
the medium run. Inflation is sensitive to all three shocks in the short run, but with a
smaller importance of TFP in the longer run. TFP shocks account for the largest share
of consumption fluctuations at both the 10th and 90th consumption percentiles. Capital
quality shocks are relatively more important at the lower percentile. The contribution of
monetary policy shocks to the upper percentile increases at longer horizons.

Figures A4 and AS show additional impulse responses to monetary and TFP shocks.
Spreads move significantly in response to monetary policy shocks but less so in the face
of TFP shocks. Banking frictions and incomplete markets impact significantly on how
monetary policy shocks affect the economy while incomplete markets is the key aspect
for TFP shocks due to the muted dynamics of spreads.

Figures A6 presents the results of estimating Equation 2, which captures transitions to
zero wealth, using model-generated data. Figure A7 shows the corresponding results for
Equation 3, reflecting the consumption response. For this analysis, we solve households’
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Variance Decomposition for Y, Forecast Horizon:

16
Shock
[ Rizd
Monetary Policy

Capital Quality
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

16
Shock
W TP
Monetary Policy
: Capital Quality

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Shock

[ Rizd
Monetary Policy
Capital Quality

Baseline
I b

Baseline
I )

Baseline

Baseline

4 16
Shock
W TFP
Monetary Policy
Capital Quality

1 4 16
Shock
W TFP
Monetary Policy
Capital Quality

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

Baseline

FIGURE A3. CONDITIONAL VARIANCE DECOMPOSITION

Note: Conditional variance decomposition at quarter 1,4,16 for selected variables in the baseline calibration of the model
and shocks.

optimal responses to idiosyncratic income and spread shocks, simulating 100 panels of
20,000 households each. In each panel, households are subjected to the same spread
shock, mimicking a scenario where all households in that panel are served by a single
bank. This approach parallels the identification strategy in the empirical section, which
relies on household and time fixed effects.

The size and persistence of spread shocks are identified from Danish bank-level inter-
est rate data. We model the loan rate (R ;) and deposit rate (Rs ) as linear functions of a
common factor (z;). Specifically, the model is defined as:

RS,t =a-z, RL,t =b-z,

where the spread between the loan and deposit rates is given by: Spread, = Ry ; — Rs; =
(b—a) -z. The common factor z; follows a stationary AR(1) process:

Zt:p'Zt—l+77t7 nth/V(()aG%)7

with p = 0.85 governing its persistence. The coefficient on the deposit rate is a = 0.177
and the coefficient on the loan rate is b = 3.195.
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FIGURE A4. AGGREGATE EFFECTS OF A MONETARY SHOCK

Note: Impulse responses to a one percentage point positive nominal interest rate shock. See Figure 5 for legend.

A5. The Three Asset Model

Here we discuss the relevant parts of the three-asset model studied in Section VII. We
focus on the elements that differ from the baseline two asset model presented in Section
1.

HOUSEHOLDS

In the three asset model, households can hold capital, k;; which they rent directly
to firms at the real capital rental rate ;. Households cannot go short on the illiquid
asset kj;y1 > 0. They can carry out maintenance every period which corresponds to
depreciation at the constant proportional rate 6 € (0,1). However, in a given period,
they can adjust capital holdings actively only with the probability ¢ € (0,1) which is
constant across time and households. Households that actively change their capital stock,
purchase new capital at the price Q; (relative to the price of consumption). Thus, the one-
period expected return on the illiquid asset is B,R; 1 = B, (rk 41+ Qi1 — 8)/Q01. 7 As
long as ¢ < 1, households will only hold capital if E;(R;;4+1 — Rss+1) > 0.

Let b;; = (biGJ,biDJ,ki,,,biL’t) denote household i’s beginning of period asset portfolio,
S; the vector of relevant aggregate state variables, and #;"“ the value function for a

25Note that Ry includes a capital gain. For a household that cannot adjust its capital stock, the net-of-capital-gains
return is Ry, — QO /Qy—1.
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FIGURE A5. AGGREGATE EFFECTS OF A TFP SHOCK

Note: Impulse responses to a one percent negative TFP shock. See Figure 5 for legend.

household that can adjust its illiquid bond holding. The Bellman equation for such a
household is given as:

(A7) P (bighig,St) max[u(cis,li)

BE((1—w) (977" (biss1,hiss1,Se41)
(1= )7 (i1, hig1,S41))

G (07 (bir11,8i41)

(1— (Pk)af/ir’n (bis+1,S:11)))]

subject to (6)-(7) and to the flow budget constraint:

+ + 4+ +

(A8) Cia b1+ 001+ ki1 —kig) = by <
(1 —Ths ) wihiglis + R, (bg + biD,z) + (rs— 0)kiy — RL,tbﬁ;

#;"" is the value function of a household that cannot adjust illiquid assets this period,



HANK AND BANKS 51
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FIGURE A6. ZERO NET WEALTH DYNAMICS
Note: The figure shows the change in transition probabilities into the zero net wealth state with cross-sectional changes

in income and the consumer credit spread (estimated from Equation (2)). Zero net wealth is defined as net assets within
a range of plus/minus two weeks of median household income.

TABLE A4—BUSINESS CYCLE MOMENTS: MPC COMPARISON

Moment Baseline  Constant spread ~ No bank
O'Mpc/Gy 1.79 0.20 0.23
corr(MPC,Y) -0.56 0.82 -0.55

o, denotes the percentage standard deviation of x, corr(x,y) is the correlation of
x and y. Model moments computed for HP-filtered data. Model moments are in
response to TFP, monetary, and capital quality shocks. Standard deviations and
correlations for the MPC are based on quarterly data.

while ¥/ denotes the rentiers’ value functions. %" is given as:

(A9) P (big hig,S) = maxu(ciy,liy)

BE((1—w) (977" (biss1,hiss1,Se41)
(1= ) 7" (biyg15higs1,S41))

G (97 (bir11,Si11)

(1= )%™ (bis+1,8141)))]

subject to (6)-(7) and to the flow budget constraint:

+ + 4+ +

(A10) Cig b1 DD — bl <
(1 — Th,t) W,hiJliJ +RS,t (b,Gt + b,D,) + (VK,t - S)ki,t - RL,lbﬁz
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FIGURE A7. CONSUMPTION AND THE SPREAD IN THE MODEL
Note: The figure illustrates the parameters estimated from Equation (3) on model simulated data in response to idiosyn-

cratic income and spread shocks. The underlying wealth distribution is trimmed at the 3rd and 97th percentile. The error
bars illustrate 95% confidence intervals. Standard errors clustered at the household level.

The rentiers’ value function is the solution to:

(A11) P (bighig,S) = maxu(ciy,liy)
+ BEA((1 =) (7 (bigs1shigr1,Si41)
+ (1=0) 7" (bigr1,hig1,Si41))
+ 0 (07 (bigs1,Si41)
+ (1=¢) 7" (big+1,541)))]

subject to (6)-(7) and to the flow budget constraint:

(A12) Cit +bg+] +sz,t+1 +btl',t+l - biL.,t+1 < (1—1he) F
+Rs; (b7, +bY)) + Ry bl — Ry bY,

Finally, the dynamic programme of a rentier who cannot adjust their illiquid bonds is
given as:

(A13) P (bigyhiy,S:) = max[u(ciys,liy)

BEt((l - (Pr) (‘Pka//,'ma (bi,t+1;hi,t+1 ’ St+1)
(1= 7" (big1,higs1,8i41))
‘Pr(‘pknj/ir’a (bi,t+l > St+1)

(1=0)7"" (bis+1,8141)))]

+ + 4+ +
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A) 2-asset model B) 3-asset model
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FIGURE A8. POLICY FUNCTIONS FOR CONSUMPTION

Note: The figure illustrates the impact of spreads on consumption conditional on wealth and the income state. Panel A
shows the baseline model, Panel B the three-asset model.

subject to (6)-(7) and to the flow budget constraint:

Rs; (bt(,;t +biD,t) + (RIJ - l)bzl',t _RLJbzI':t

In this economy, households may again be constrained or not, but it is their liquid
wealth that matters. First, the household may be a saver and on a “short run” Euler
equation with a slope determined by the return on liquid assets. Alternatively, the house-
hold may be a borrower and not constrained by (6) and on an Euler equation with slope
determined by the borrowing rate:

(C},z) = BEI(CZI',t+1)7ﬁLlR57I+1

(Cilz)fﬁ” = ﬁEt(C},ItH)fﬁ"RL,tH

using the same notation as in Section III. There are also two groups of constrained house-
holds with high marginal propensities to consume. Households may be indebted and up
against the borrowing constraint, or they may hold no liquid wealth and neither want to
save nor borrow. Assuming for simplicity that households were in either of these states
at date ¢ — 1, their consumption levels are given as:

C}Itl = (1- Th,t) wihilis + (”K,t - S)ki,t - (RL,z —1)b
Ci\;/ = (1 - Th,t) Wthi7tli,t + (rKJ - s)ki,t

Here there may be a substantial amount of type IV agents and such households may be
wealthy due to illiquid asset holdings. When credit spreads rise, the kink exaggerates
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FIGURE A9. SCATTER PLOT: DCDY AND MPC

Note: Simulated average MPC and consumption-income elasticity (DCDY) in response to TFP, monetary, and capital
quality shocks. DCDY uses fixed coefficients estimated from simulated household data. The correlation between the
HP-filtered annual series is 80.9 percent.

and a larger measure of agents will find themselves with no liquid assets and high MPCs.
INTERMEDIATE GOODS PRODUCERS

Intermediate goods producers rent part of their capital input from households. The
effective capital input is given as:

(A15) K, = &k, + KR,

where k¥, denotes capital rented from households. We assume that the capital quality
shock, é, > () impacts only equity financed capital. The demand for labor and rented
capital input solve:
v} = max (B"mjs —winjs —rg k)
NjiKjs

which implies that:

_ 1-
(A16) w = Braznf (k)
(A17) ks = P'(1-o)Znf, (k)

—o
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FIGURE A10. DISTRIBUTIONS: BASELINE AND RESTRICTED LEVERAGE

Having paid households for the cost of rental of labor and capital, the firm pays its equity
holders its profits and the market value of its capital stock net of maintenance costs:

S = Vjt + 016kl — 8E kT,

I-a
where v = (1 - o) P"Znf, (kit) (1 —kR/k¢). Thus, the return on equity offered
is:

(A18) Ry, = KeF Q= 0)G
Qi1

where rg, = (1 —a) F"Znf, (kj,) is the marginal product of “effective” capital. To
get Equation (26), define the return R ; = G,/ (Qt,lkﬁ ;) and note that vy = rKJ(ij —
k‘]R’t) - rKJé[kit.

CAPITAL GOODS PRODUCERS
The law of motion of aggregate capital is:
(A19) K1 — (K] +&KT) =1y

and I, and CI, then follow as:

(A20) L = L,+8(K +&K)),
. oy L+ vy ?
(A21) Ch = I+ <1og ( WERT w>> (s + ).

where K/ is the aggregate amount of capital held directly by households and rented to

firms, and K/ is the aggregate amount of capital that intermediate firms finance through
equity issues.
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TABLE A5—THREE ASSET MODEL PARAMETERIZATION

Description Value Description Value
Households Monetary and fiscal policy
B Discount factor 0.9855 ¥ Inflation target 1.00
X Disutility weight of labor 0.20 Kr Response to inflation 1.50
1/9. Intertemp. elasticity 2/3 KR Int.rate smoothing 0.70
7 Frisch elasticity 0.75 G/Y Gov. spending share 0.26
O Transition prob. to rentier 0.001 B°/Y  Gov. debt ratio 0.39
o Transition prob. to worker 0.0625 T tax rate 0.38
b Borrowing constraint 1Y KG Response of G to debt 0.20
O Iliquidity of capital 0.0025
Supply side Stochastic shocks
a Output elasticity to labor 0.67 Pn Persistence of HH income shocks 0.948
1 Depreciation rate 0.02 o Persistence of TFP shocks 0.9694
wy Adjustment costs 13.03957 o‘f Variance of HH income shocks 0.0972
n Elasticity of substitution 21 0'12 Variance of TFP shocks 0.016182367
wy Price stickiness 0.10 o? Variance of cap.q. shocks 0.016182367

0',% Variance of mon.pol. shocks 0.002?

Banking
A Divertible fract. of assets 0.381 0 Bank survival rate 0.972
¢ Funds new managers 0.00365 Wy Consumer loan cost 0.0075

Second-order welfare in Table 8 uses kg = 0.5. Shock variances shown are simulation settings; impulse responses use
their stated shock sizes.
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FIGURE Al11. ZERO NET WEALTH DYNAMICS IN THE 3-ASSET MODEL

Note: The figure shows in the 3-asset model the change in transition probabilities into the zero net wealth state with
cross-sectional changes in income and the consumer credit spread (estimated from Equation (2)). Zero net wealth is
defined as net assets within a range of plus/minus two weeks of median household income.
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FIGURE A12. CONSUMPTION AND THE SPREAD IN THE 3-ASSET MODEL
Note: This figure illustrates the relationship in the 3-asset model between consumption and income, borrowing spreads

and their interaction, estimated from Equation (3) based on model-simulated data in response to idiosyncratic income and
spread shocks. We here allow the return on illiquid assets to move when credit spreads change.

TABLE A6—MOMENTS: BASELINE AND RESTRICTED LEVERAGE

Moment HANK base =~ HANK low  3-asset base  3-asset low
Leverage 2.93 2.64 2.94 2.65
Return on capital (R_K, %) 4.70 4.82 4.63 4.60
Return on savings (R_S, %) 3.83 3.54 3.27 2.72
Lending interest rate (R_L, %) 7.87 8.00 7.80 7.77
Output 4.89 491 4.88 4.90
Capital 49.26 48.95 49.35 49.64
Labor supply 1.54 1.55 1.45 1.45
Consumption 2.64 2.70 2.67 2.66
At kink (%) 4.38 5.32 12.44 14.52
Borrowers (%) 21.92 24.46 33.91 38.56
Gini wealth 78.19 82.75 74.33 74.71
Gini consumption 15.64 16.50 18.03 17.98
Gini income 28.61 30.15 25.23 25.20

We compare the baseline steady state to one with 10% less leverage (diversion parameter A
going from 0.381 to 0.445 in the two-asset model and to 0.44125 in the three-asset model).
The last two columns do so for the model with household portfolios consisting of 3 assets.



