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Abstract

This paper presents a model where both households and firms form lending relationships
with banks. The banks in this model compete on both interest rates and collateral and the
economy features an endogenously evolving credit standard. The results in the paper show
that lending relationships amplify macroeconomic fluctuations via-a-vis the case where no

lending relationships exist.
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1 INTRODUCTION

The contribution of this paper is to show that systematic variation in credit markets can explain
significant macroeconomic fluctuations. To this aim, this paper presents a model in which both
households and firms borrow from a continuum of banks. Over time, these borrowers develop
endogenously-persistent credit relationships! with their lenders. Banks in this model compete on
both interest rates and collateral requirements. Competition on collateral requirements leads to
an endogenously-evolving lending standrad in the economy. The results in this paper show that
these credit relationships amplify the effects of various macroeconomic shocks. All the shocks I
consider in this paper — a technology shock, a housing demand shock and a labor supply shock —
show remarkably higher impact when the economy features lending relationships versus the case
when it doesn’t. This paper contributes to the literature by demonstrating that lender-borrower
credit relationships can play important role in amplifying macroeconomic fluctuations.

This work focuses on addressing the question of what drives aggregate fluctuations in a model
where both firms and households have lending relationsips with banks and how much they can
borrow is limited by the value of their collateral. Existing work, for example Ravn (2016),
consider this question in a model where borrowing is done by firms. These works ignore the
important role of significant amount of borrowing by households and the fact that defualts by
them can have significant impact on banks which can ripple out to the wider macroeconomy.

A look at Figure 1 shows that for almost entire period of 1990 to 2020, household debt has
been higher than business debt. This implies that it is importat to include household debt in
any model that seeks to explain macroeconomic fluctuations using lending. At its simplest, it
suggests that models that leave out household debt and aim to explain business cycle fluctuations
by including business debt in their models might be missing important dynamics and they
might be underestimating the true magnitude of including debt in their models. Household debt
exceeded corporate debt in 1990 and accounted for as much as 98% of US GDP in 2009. Though
households borrow for a variety of reasons such as vehicle loans, card loans and education loans,
a vast majority of household borrowing is on account of residential mortgages. This paper argues
that deep habits in banking can explain significant business cycle variations in the US economy.

While making this point, this paper emphasizes the importance of household loans and offers a

1T will be using the terms ‘credit relationships’ and ‘lending relationships’ synonymously throughout this
paper.



FIGURE 1: HOUSEHOLD DEBT TO GDP AND (NON-FINANCIAL) BUSINESSS DEBT TO GDP RATIO FOR US.
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NoOTE: Household debt includes debt securities and loans of households and nonprofit organizations. Corporate
debt includes debt securities and loans of nonfinancial businesses. Data from FRB San Francisco. Shaded areas
refer to NBER recession dates.

framework that can include both household and corporate debt.

Majority of the household debt is made of residential mortgages. A small part comes from
motor vehicle loans and student loans. Figure 2 shows how most of the changes in household
debt over the years has mostly come from changes in residential ortgages.

The large amount of household debt in the US also ties with in the fact that household
indebtedness is not limited to a few US states and it’s rather widespread. Figure 3 shows that
average debt-to-income (DTI) ratio for the US states over the period 1999-2021. It’s clear that
most states feature a DT ratio in excess of unity. This fact has important ramifications for any
model that includes and seeks to explain its macroeconomic implications.

There is widespread consensus that the financial crisis of 2007-08 was caused, at least in part,
by defaults on loans by subprime borrowers. These were households with weak credit scores who
bought houses on loans which they later defaulted on when they could not pay the loans. A
comprehensive look at the effects of endogenous lending standards on aggregate fluctuations,
therefore, requires that defaults by both households and firms are cosnidered and taken into
account in models which are used to gauge their impact. While there is abundant literature
on defaults, there is surprisingly scarce work on deep-habit borrowings by both houshods and
firms, defualts by both and their collective impact on aggregate variables. This paper repre-

sents progress towards this goal — it features a model in which borrowing by both househods



FIGURE 2: HOUSEHOLD DEBT DECOMPOSITION FOR THE US.
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NoOTE: Residential mortgages refer to one-to-four-family residential mortgages. Motor vehicle loans refer to
motor vehicle loans owned and securitized. Student loans refer to student loans owned and securitized. Data
from FRB San Francisco. Shaded areas refer to NBER recession dates.

and entrprenesures who own firms display deep-habit borrowings. The credit standards in the
economy evolves endogeneously which means that during economic upturns, banks relax their
credit standards which they tighten in economic slowdown. The model features defaults by both
households and firms in the equilibrium which then effects aggregate fluctuations.

The important insight that emerges from this paper is that endogeneous variations in credit
standards over business cycles can explain a sizable portion of economic fluctuations. The
exisiting literature has not focused on the joint role of household and business loans in a model
environment of endogeneously varying credit standards and this paper fills this gap. I present a
model which features lending by both households and businesses. The households in this paper
are of two types — one that supplies labor, consumes and saves and the other which also supplies
labor and cosumes but differently from the first type of households, borrows from banks. I call
the first households patient while the second types of households are labled impatient. Becuase
of their lower discount factor, impatient households end up borrowing in the equilibrium. The
model contains another class of agents called entrepreneurs who are also impatient and they too
borrow from banks. Banks in this model economy raise funding in the form of despoits from

patient households. These deposits are the only source of funding for the banks.



FI1GURE 3: DEBT-TO-INCOME RATIO
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NoTE: US states ordered by the average household debt-to-income ratio over 1999 to 2021. Data from FRBNY
Consumer Credit Panel.

2 RELATED WORK

There is a significant body of work on lending standards and macroeconomic outcomes. Of late,
some of the papers that have employed variations in credit standards to explain macroeconomic
outcomes and aggregate dynamics include work of Ravn (2016) and Gete (2018), among others.
These papers feature financial frictions and a mechanism to characterise changes in lending
standards over the business cycles. The common finding from this literature is that there is
sizable variation in credit standards over the business cycles and these variations matter because
they have important effects on investment, output and consumption.

There is a sprawling literature that documents systematic fluctuation in credit standards.
Papers describing changes in collateral requirements or spread between deposit and lending rates
include Rajan (1994), Ruckes (2004) and Dell’ Ariccia and Marquez (2006). (Petersen and Rajan,
1994, 1995) are examples of Empirical studies of lending relationships. Aliaga-Diaz and Olivero
(2010) discuss lending relationships modelled using deep habits in loan demand from individual
banks 4 la the deep habits framework developed by Ravn, Schmitt-Grohé, and Uribe (2006).

Justification for deep habits model — inforamtion asymmetry between lenders and borrowers



FIGURE 4: NET PERCENTAGE OF BANKS TIGHTENING STANDARDS.
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NOTE: Business loans refer to commercial and industry loans to large and middle-market firms. Data series for
conusmer loans w/o credit card loans began in 1996 and was discontinued in 2011. Data series for consumer
loans w/o credit card loans and auto loans began in 2011. Data from Senior Loan Officer Opinion Survey on
Bank Lending Practices administered by the Federal Reserve. Shaded areas refer to NBER recession dates.

Sharpe (1990), Kim, Kliger, and Vale (2003). Propensity of borrowers to switch from their
lenders negatively related with duration of relationship (Chakravarty, Feinberg, and Rhee, 2004)
and perceived reliability and resposiveness. Competition on lending rates has been studied by
Gerali, Neri, Sessa, and Signoretti (2010) and competition on collateral requirements by Ravn
(2016). 80% of US small business loans collaterized (Avery, Bostic, and Samolyk, 1998). Non-
price competition in banking due to agency problems with price competition (Stiglitz and Weiss,
1981). (Bestor, 1985) presents a model in which banks compete both on lending rates and collat-
eral requirements. Borrowers with long banking relationships have been found to be less likely
to pledge collateral (Berger and Udell, 1995). In Ravn (2016) credit standards act as additonal
accelerator to financial accelerator of Kiyotaki and Moore (1997). This generates amplifica-
tion of technology shocks, an effect usually not produced by financial frictions (Kocherlakota,
2000; Liu, Wang, and Zha, 2013). Jensen, Ravn, and Santoro (2018), however, demosntrates
that in a model with two types of credit constrained agents, strategic complementarities be-
tween their repective collateral constraints can create quantitatively relevant amplification of
technology shocks. Aliaga-Diaz and Olivero (2010) show deep habits in banking may generate
countercyclical spreads between lending and deposit rates as observed in data. Aksoy, Basso, and
Coto-Martinez (2013) report a small effect of lending relationships on amplification of output

fluctuations. Airaudo, Olivero et al. (2014) embed deep habits in banking with cost channel of



monetary policy. Melina and Villa (2014) show that with deep habits in banking countercyclical
movements in interest rates lead to increased government spending multiplier. Melina and Villa
(2018) present a DSGE model with banking relationships. Dell’Ariccia and Marquez (2006)
show that during booms, banks lower their collateral requirements to attrach more borrrowers.
Ruckes (2004) argues that banks have to offer more attractive borrowing terms during booms to
their customers since there is increased competition amongst banks for them during an economic
upturn. short term concerns relative to other banks (Rajan, 1994). Other papers Berlin and
Butler (2002), Hainz, Weill, and Godlewski (2013). Other recent papers using deep habits in
lending Sharma (2023¢,b,d,f,a,e).

Banking in DSGE models Marvin and McCallum (2007), collaterized borrowing with imper-
fectly competitive banking sector Iacoviello (2005), Kiyotaki and Moore (1997). Gerali, Neri,
Sessa, and Signoretti (2010) banking sector with monopolistic competition of Dixit-Stiglitiz form.
Andrés and Arce (2012) and Andrés, Arce, and Thomas (2013) incorporate Salop (1979) form

of spatial competition.

3 MODEL

In model used in this paper features heterogeneous agents and credit limits. These features
resemble setups used in Tacoviello (2005), Liu, Wang, and Zha (2013) and Justiniano, Primiceri,
and Tambalotti (2015). In order to enable easy comparision with Ravn (2016), we closely follow
his notation, wherever possible and highlight where the model in this paper departs from his. In
contrast to his paper which paper which features households, entrepreneurs and banks, the model
in this paper features two types of households — patient housheolds and impatient households.
Both impatient households and entrepreneurs borrow in this model from banks whose only
source of funding is deposits from patient households. The loan demand by households and
entrepreneurs feature external habit a la Ravn, Schmitt-Grohé, and Uribe (2006). There are two
types of households in the model who differ along their discount factor 5. Patient households
consume, supply labor and hold deposits with banks. They receive interest on their deposits
and share of profits of banks. The impatient households also consume, supply labor and receive
share of profits of the firms. But they borrow money from banks to hold housing which does not
depreciate. Both types of households share the same preferences over consumption and housing.

The consumption features external habits.



3.1 PATIENT HOUSEHOLDS

Households have the utility function of the following form:
E, Z (Bp)t { log (C’ft — VPC’iI;,l) — LtNﬁ + ¢ log Hi’Pt} (1)
t=0

where Cf;, Ni]; and Hf; denote consumption, labor and housing respectively of the patient
households, 37 € (0,1) is a discount factor and v* measures the degree of habit formation in
consumption. The superscript P denotes patient households. Households” preference for leisure

is subject to an exogenous shock ¢;, the law of motion of which is given by

logu = (1 — pn)loge+ pnlogii1 + oneny (2)

where ey is the iid innovation which follows a normal distribution with standard deviation oy
and where ¢ > 0 and py € (0,1). In similar fashion, ¢ is a housing preference shock as in Liu,

Wang, and Zha (2013) which follows the following process

logs, = (1 — pu)logs + pulog 1 + opemy (3)

where o, is the iid innovation which follows a normal distribution with standard deviation og

and where ¢« > 0 and p € (0,1). The household faces the following budget constraint
1 1
cl+Qf (H,—H[_) +/ Dirydk < WPNE +/ itk + Ry / Digy—1dk  (4)
0 0

Here, QF is the price of one unit of housing in terms of consumption goods, W/ is the real
wage and R£ 1 1s the gross risk-free interest rate on the stock of deposits D;x,—1 of household
¢ in bank %k at the end of period ¢t — 1. I assume housing does not depreciate. Profits obtained

by household i from bank k are denoted by Il ;. After imposing symetric equilibrium, FOCs of



the households can be written as

B TS e Y (5)
CP —rck, ‘el —rch Y
Pm \P A
B Et)‘tJrl = ﬁ (6>
n
S
H—tp + 5PEt ()\15_16255_1) = )‘fo (7)
¢

First order conditions of the problem are derived in the Appendix A.

3.2 IMPATIENT HOUSEHOLDS

I depart from Ravn (2016) by incorporating impatient households. This subsection describes
their optimization problem. Impatient households have the utility function of the same form as

the patient households. They, however, have a lower discount factor than patient households

gt < g~

o0

Eo Z (Bl)t { log (Crln,t - WICrIn,tA) - LtNrIn,t + ¢ log H’I{l,t} (9)

t=0
Unlike patient households, impatient households cannot buy houses outright, They instead rely
on borrowing from banks to fund their buying of houses. Their borrowing is limited by a

collateral constraint which is given by

1
lrlnk,t < R_Lek,taiz,t (10)
kot

where l{nk’t is the amount of loan the impatient househods can borrow, Rﬁ,t is the interest rate
on that loan, 6, is a loan-to-value (LTV) ratio required by the bank and afn’t is the asset owned
by impateint households. The borrowing constraint makes it clear that borrowing by impatient
households cannot exceed a fraction of the assets they hold. Impatient households hold all their

assets in their housing and their total asset holding a{mt is given by

afn,t = [, (QﬁlHiL,t) (11)

Impatient households borrow from banks to finance purchase of house and they display deep

habits in banking relationships. Let xﬂm denote impatient household m’s ‘habit-adjusted’” bor-



rowing. Since there is a continuum of bank in the economy who compete under monopolistic
competition, this can be written as

£
-1

1 e-1
xfn,t = [/ (l{nk,t - ’VLsi,t—l) ¢ dk (12)
0

where 4" € (0,1) is the degree of habit formation in the demand for loans while sf, , is the

stock of habits which evolves as

Sé,t—l = pssé,t—? + (1 —ps) lli,t—l (13)

I

Given their total need for financing z,, ;,

each household then chooses I], , so as to solve the

following problem:

1
min / Tyl dk (14)
l'{nk,t 0 7

subject to collateral constraint (10) and their effective borrowing (12). Here, Ty, = Rf, + I

where the first term denotes the interest expenditure and the second term refers to value of

pledged collateral. Impatient household m’s optimal demand for loans from bank k is
T —£
lfnk,t = (T_ktt) xtl + '7L3£,t—1 (15)

where T = REF + 779—1)5 with 6, = ( fol Qifdk>11£ representing the aggregate LTV ratio in the
economy and RF = [ fol(Rﬁt)l’fdk] e the aggregate lending rate.

Impatient households maximize their utility by choosing their consumption, housing, labor
and borrowing subject to their collateral constraint (10), asset holdings (11) and the following

budget constraint:
1
Chat [ Rb sl sl < WINL = QI (Hly — Bl )+ ah + 0+ 9] (16)
0

After imposing symmetric equilibrium, the FOCs of impatient households wrt consumption,



housing, labor and loans respectively are:

I
F7 HOEQE + BB (MaQFL) = M e (18)
= NW/ (19)
BEN RE+ ulRE = M (20)

All the derivations of first order conditions have been consigned to Appendix A.

3.3 ENTREPRENEURS

Entrepreneur ;7 maximizes the utility obtained from consuming the non-durable consumption

goods
Eo Y (B) log (CF —7"CE ) (21)
t=0

where 3% and 7* are as defined above. I assume that entrepreneurs are just as impatient as
the impateint households, that is, ¥ = 3! < BF. Like impatient households, entrepreneurs also
face a collateral constraint that limits the borrowing of each entrepreneur from each bank to a
fraction of his assets

1
lﬁc,t < R—Lek,taft (22)
k.t

Here, lﬁ,t denotes entrepreneur j’s loan from bank k, expected value of entrepreneur’s assets
is aft and Rﬁt is the bank-specific lending rate. All entrepreneurs borrowing from bank k are

subject to a loan-to-value (LTV) requirement ;. In turn, af, is given by
ay, =By (QF HY + QP Kjr) (23)

In the above equation, QX denotes the value of installed capital in units of consumption goods,
K stock of capital and HJ, stock of housing.
Entrepreneurs have deep habits in banking relationships and and I let a:ft denote entrepreneur

J’s effective or habit-adjusted borrowing. Given the continuum of banks in the economy who

10



compete under monopolistic competition, this can be written as

E ' E L_E & e
Tiy = /0 (ljk,t -7 Sk,tq) ¢ dk (24)
where stock of habits sj;_1 evolves according to
SkE,tfl = PsSkE,H + (1 = ps) lkE,tfl (25)

Here, v* € (0,1) denotes the degree of habit formation in demand for loans and p, € (0,1)
measures the persistence of this habits. The parameter £ denotes of the elasticity of substitution

between loans from different banks and is thus a measure of the market power of each individual

bank.

E

E
j7t7 l

ke O solve the following

Given his total need for financing x%,, each entrepreneur chooses

problem

1
min / Y ully, 1Ak (26)
lek.,t 0 ’

subject to collateral constraint (22) and his effective borrowing (24). Here, Ty, = Ry, + e

where the first term denotes the interest expenditure and the second term refers to value of

pledged collateral. Entrepreneur j’s optimal demand for loans from bank £ is
E Tk,t B E L_E
Uiy = T, Ty Y Sk (27)

_1
where T = REF + ng—lt with 6, = < fol Hifdk> e representing the aggregate LTV ratio in the
1

1—

economy and RL = [ fol(R,f’t)l_gdk:] % the aggregate lending rate.

Production function of each entrepreneur is

Vo= 4 {(VE) (VA ) () (28)

where Yj, is output, N/} and N[, are labor inputs and a, ¢ € (0,1) are factor shares. TFP A,
follows the process

log Ay = (1 — pa)log A+ palog Ai—1 + ga€ay (29)

with iid innovation €4 following a normal process with standard deviation o4 where A > 0 and

11



pa € (0,1). The evolution of capital obeys the following law of motion
I.

9) . 2
1—— SLE— I 30
2 <]j7t_1 ) ] J?t ( )

where [;; is firm j’s investment level, 6 € (0,1) the rate of depreciation of capital stock and

Kjp=(1=0) Kji-1+

2 > 0 is a cost adjustment parameter. The entrepreneur faces the following budget constraint
1
Ch+ / Ry U qdk <Y —WINL-WIN! -1, —Qf (Hf, — Hf,_|)+af,+®+¥{ (31)
0

After imposing symmetric equilibrium, the FOCs of the entrepreneurs are

1 7E
Ne—___ - BER 32
v oF—eeE, e —eer %)
N = BN R+ By (33)
Y:
WP e (]_ — O./) VN—tP (34)
Y,
Wi=(1-a)(1-v)-5 (35)
t
:Qp = BE; t+1 Qt—H + ag HE + 0y tQt-H ( )
t
M\ Y,
kE =a (1 - ¢)BPE, (%) + B85 (1 = 0) Evfy + 0 EQr (37)
O/ I 2 I I L. \* /(I
E_kPli—Z (2 —1) —o—+ (L -1 BOR, k2, (2] (2 -1
RE (Itl Iy \Ir TR ()

(38)

All derivations of first order conditions are contained in Appendix A.

3.4 BANKING SECTOR

Banks in this model accept deposits from patient households and make loans to both impatient
households and entrepreneurs. Banks take the interest rate on deposits RP as given. Each
individual bank k chooses its lending rate Ry, its LTV ratio 6, and its total amount of lending

Ly ;. The link between lower credit standards and higher credit risk is given as

pri ==+ @ (O, — 0) (39)



Here, py, is bank-specific probability that a given loan is repaid and w < 0 measures the elasticity
of this probability with respect to deviations of the bank’s LTV ratio from its steady state level
# which is same for all banks. Steady state repayment probability is given by Z > 0.

Each bank faces a standard trade-off when choosing its lending rate Ry,. Profits of the bank

k can be written as

Iy, = [E+w (s —5)}}?,“ Lk + [~ + @ (s —5)}3,” LE,

- 1 Dk - a1 Lhia
-+ [1 — o —w (0]@7,5,1 — (9):| mT@tla{_l + |:1 —o—w (ek’t,1 — 0):| mT@tlatE_l
0 =

/ Dzktdz L / Dzkt 1dZ

= ptRkt 1L£,t71 + ptRl%,tflLJkE,tfl + (1 —pe)

—i’t_l 70, 1al | + (1-— )—L}Et_1 70, _1a”
Jo e T T
+ / 1 Diedi — L, — Ly, — R / 1 Dy 1di
0 0 (40)
With probability pg:—1, the bank receives its loan back with interest. With complementary
probability (1 — pgs—1), the loan is not reapid in which case bank k receives a share of the
liquidation value of the borrower’s total collaterized assets with its share given by its total

lending relative to total lending of all other firms.

The balance sheet of bank £ is simply

1
Lk,t_/ Dy ¢di (41)
0

where Ly denotes total loans made by bank k to all impatient households and entrepreneurs,

that is, Ly, = [, 1o dm + o Txdj. Each bank takes the demand for its loans as given

1
Ly, = / lfnk’tder / ljktdj
0

! Tk,t ¢ I LI ! Tk‘,t - E L_E .
= ~ Ty + 7 Sp | dm+ ~ T+ SE | ) (42)
0 T, 0 T,

Each bank chooses Lj,, Ly, 6k, and Ry, to maximize its profits subject to (41) and (42).

Considering a symmetric equilibrium in which all banks optimally choose the same LTV ratio

13



and the same lending rate, the FOCs for banks’ optimization problem are:

T0,al
0f =Eiqresr |pralRiy + (1 — pry) % — R + 7" (1= ps) Eropy (43)
0 Mkt
E L T0a; D L B
0 = Eiqi 41 pk,tRk,t + (1 — pry) m — Ry +97 (1= ps) Er014q (44)
0 Mkt
3 3
oy tW + oz W = —wkGt 141 (RtLLz{ - Tetaf) = @WEiGr 1 (RtLLtE - T‘gtatE)
(45)
0
ofwf QtRL + of'x) MTt EtQt,t+1pk,tL£7t + EtQt,t+1pk,tL£t (46)
Derivation of all first order conditions have been relegated to Appendix A.
3.5 AGGREGATION AND MARKET CLEARING
Aggregate resource constraint of the economy is
ctycel+ck+=v (47)
The clearing condition for the housing market is
H +H +HF =H (48)

where H is the total fixed supply of housing.

4 EQUILIBRIUM AND MODEL SOLUTION

The model is solved around its deterministic steady state using standard perturbation techniques
(Adjemian, Bastani, Juillard, Karamé, Mihoubi, Mutschler, Pfeifer, Ratto, Rion, and Villemot,
2022). A period in the model is a quarter. Appendices B, C and D contain the list of equilibrium
conditions, the list of steady-state conditions and the system of loglinear equations, respectively.
The model is calibrated using parameter values standard in literature. The degree of habit
formation is chosen to keep volatility of aggregate consumption relative to output consistent
with US data. The resulting value of 0.6 is roughly close to estimates in the literature (Smets

and Wouters, 2007). The patient households work about 15% of their time in steady state which

14



dictates the choice of labor supply shock ¢ while the value of ¢ is chosen so as to obtain a ratio

of residential land to output in steady state around 1.45 at annual frequency (Liu, Wang, and

Zha, 2013).
TABLE 1: PARAMETER VALUES
Value  Description

5° 0.995  Discount factor, patient households
Bt i={m,e} 0.95 Discount factor, impatient households and entrepreneurs
v i={s,m,e} 0.6 Habits in consumption, patient/impatient households, entrepreneurs
L 3.5 Steady state of labor supply shock
S 0.0375 Steady state of housing preference shock
«@ 0.3 Non-labor share of production
1) 0.1 Land share of non-labor input
Q 1.85 Investment adjustment cost parameter
1) 0.0285 Capital depreciation rate
T 0.9432 Recovery rate of assets in liquidation
= 0.98 Steady state of repayment probability
~F 0.72 Deep habit formation
Ps 0.93 Persistence of stock of deep habits
& 230 Elasticity of substitution between banks
w -1.5 FElasticity of credit risk
i 0.05 Weight of collateral minimization desire
PA 0.95 Persistence of technology shock
PN 0.97 Persistence of labor supply
PH 0.99 Persistence of housing preference shock
oA 0.0014 Standard deviation of technology shock
ON 0.0014 Standard deviation of labor supply shock
oH 0.014  Standard deviation of housing preference shock

The labor income share takes a standard value of 0.3 which yields a steady-state capital-
output ratio of 1.15, consistent with US data (Liu, Wang, and Zha, 2013). The input share of
land in production is close to the value estimated by Liu, Wang, and Zha (2013) and in line
with the value used in Iacoviello (2005). The available estimates for investment adjustment cost
paramter range from close to 0 (Liu, Wang, and Zha, 2013) to above 26 (Christiano, Motto,
and Rostagno, 2010). It is calibrated to allow volatility of non-residential investment relative to
output to match its empirical counterpart which implies a value of 1.85. The rate of depreciation
of capital is chosen to obtain a steady-state ratio of non-residential investment to output of
slightly above 0.13 as consistent with US data (Beaudry and Lahiri, 2014). Following Liu,
Wang, and Zha (2013), the recovery rate of assets in liquidation is calibrated to obtain an LTV

ratio of 0.75 in steady state. The delinquency rate on commercial and industrial business loans

15



in the US has fluctuated around an average close to 2% since mid 1990’s. Using this, steady-state
value of loan repayment probability = is set to 0.98.

Following Aliaga-Diaz and Olivero (2010), the deep habit parameter in banking v is set to
0.72. The persistence of stock of habits ps is selected as to match the a duration of bank-firm
relationship of 11 years as reported by Petersen and Rajan (1995). This is done by setting the
persistence parameter p, so that if the stock of habits s;; were to increase exogeneously, only
5% of this increase would persist after 44 quarters. This implies a value of p, = 0.93, rather
close to the value of 0.85 used by Ravn, Schmitt-Grohé, and Uribe (2006) and Aliaga-Diaz and
Olivero (2010). Elasticity of substitution between loans from different banks is calibrated so
that interest rate spread between deposit and lending rates is 0.0168 in steady state (Aliaga-
Diaz and Olivero, 2010). This implies an elasticity of substitution of 230 which is higher than
elasticities of substituion usually employed in models of monopolistic competition in goods mar-
kets (Ravn, Schmitt-Grohé, and Uribe (2006) use a value of 5.3). Nevertheless, Aliaga-Diaz
and Olivero (2010) argue that loans fro different banks are likely to be much better substitutes
than products of different firms in the goods markets, as also reflected in much smaller observed
markups. This suggests that elasticity of substitution should indeed be much higher. In fact,
(aliaga2010macroeconomic) use an elasticity of substitution of 190 whereas Melina and Villa
(2018) use a value of 427.

The parameter @ measures the elasticity of credit risk with respect to changes in LTV ratio.
Using data from US mortgage loans originated between 1995 and 2008, excluding subprimes,
Lam, Dunsky, and Kelly (2013) examine the impact of foreclosure and delinquency rates of
higher LTV ratios at origination after controlling for borrower characteristics as well as housing
and macroeconomic conditions. They report that foreclosure and delinquency rates tend to rise
around one for one with the delinquency ratio, though this number differs between specifications.
Von Furstenberg (1969) reports a higher elasticity ‘in excess of unity’. The value of this elasticity
is therefore chosen to be 1.5, that is w = —1.5. Later, I conduct robustness checks regarding
this parameter. Estimates of the value for 7, entrepreneur’s desire to minimize collateral pledges
relative to cost minimization motive, are scarce. Booth and Booth (2006) find that firms’
collateral minimization concern is of limited importance and they tend to choose the least costly
form of borrowing. They point out that firms’ willingness to accept higher lending rates in order
ro reduce collateral requirements is rather small and therefore the value of 7 is set at 0.05 — a

small value. The value of n turns out to be of limited quantitative importance as demonstrated
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later in the robustness analysis.

Following Smets and Wouters (2007), persistnce of technology shock o4 is set to 0.95. Liu,
Wang, and Zha (2013) include shocks to housing and labor supply in their study and find that
housing preference shock is more persistent than technology shocks and the standard deviation
of housing preference shock is roughly an order of magnitude larger than that of technology and

labor supply shocks. The relative size of these shocks is therefore set accordingly.

5 RESsuLTS

6 CONCLUSION

Household debt has been, for most part of last three decades, the largest component of overall
debt in the US. This paper presented a model that shows that deep habits in household lending
can explain sizable portion of business cycle variation in the US economy, above and beyond
what is accounted for by business debt alone. Anylysis in this paper indicates that while deep
habits in lending relationships explain sizable part of US economic fluctuations, leaving out
household debt could result in underestimating the magnitude of impact deep habits in lending

relationships can have on macroeconomic aggregates.
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FIGURE 5: IMPACT OF A POSITIVE TFP SHOCK
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FIGURE 6: IMPACT OF A POSITIVE HOUSING DEMAND SHOCK
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FIGURE 7: IMPACT OF A POSITIVE LABOR SHOCK
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A DERIVATION OF FOCSs

A.1 PATIENT HOUSEHOLDS

The Lagrangian of patient households is

log (CF, —=+"CH_)) — uN} + q log HE,

L=E X5 (8) | | O+ QI (HE — HELL) + ) Dadk (A1)
%t

_WtPNz{Dt - fol ik sdk — RtD—1 fol Dij, 1 dk

The problem yields the following first order conditions (here, I ignore all the i’s denoting

individual patient households):

oL 1 ~F

acr er—rer, " Erer ey =N (A.2)
g%  BPEAD = 2_21; (A3)
T+ 7R (Nl = QY »
% =N W (A.5)

A.2 IMPATIENT HOUSEHOLDS

The impatient households solve their optimization probelm in two parts. The first part involves
choosing how much to borrow from each individual bank I/, , to minimize their total interest
rate expenditure and the amount of collateral they have to post. This problem can be framed

as

min

I
lmk,t

(A.6)

1 11 1 1 e
[ At o [ Sar] e ([ st )
0 0 kit 0

This can be rewritten as

1 1 o p—
IPiH {/ Y il tdk:| - X [x{nt - (/ (lrlnkt —7"s t—1) ‘ dk) ] (A7)
Lo LJO ’ ' 0 ’ ’
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The first order condition for this problem is

rnle
—
>
oo
N~—

1
1 3 ' 1 \FTe—1 _
Rt g == ([ =) an) S =t
The first order condition can be rewritten as

1 I Lo L. et o LI -1
Ri, + NG, T X </0 (ke =7 Ske1) € dk (ke =7 Ske1) €
1 LI I Lo LI &
(Ri,t + 779“) (l{nk,t -7 Sk,t—l) = X (/0 (lmk,t -7 Sk,t—l) © dk

1
1 1 _ =
R 1 &1 ! -1
/0 < i’t * 779kt) (limk,t - VLsi,tfl) dk = —x; </0 (l{nk’t - ’YLSé’til) { dk) /0 (lgnk’t B P)/LSi’til) sk

)

1 1 q 1 o1 1
[ RE = st b [ Gl = Psh ) k= ([ W —vsk) F a)

1 ! I L. Yo L.
Tht = ——F [/ Ry (e =7 she) dk + 77/ o Lk =V Spp—1) dk| 1
Xt LJo 0 Ykt
At the optimum, the following conditions must hold
L7 Yo L.
Exm,t = ) m (lmk,t -7 Sk,t—l) dk
1
Réaly = [ RE Q=" s) ak

I can be rewritten as

I LI
Tt = —7F [Rt Tt + Mg Tt
Xt t
1
—xi = By +ny
¢
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Inserting this in first order condition

=

Rl e (! TR B PR e 0 I A
kit T 1 = Xt ( mkt — Sk,t—l) ( mkt — Sk,t—l)
O ¢ §—1 0

1
1 1 1 1 _1
Rﬁ,t + 77% = <RtL + "79t> </0 (lrlnk,t - ’7L3£,t71) dk) (Z1Ink,t - ’YLsi,tfl) ¢
1
3

1 1 1 _
L L I I L.I
Rk,t + 77% = (Rk,t + 779t> (xt)é (lmk,t -7 Sk,t—l)

When 7 is high, the impatient household attaches higher importance to collateral minimization

motive. As a result, LTV ratios become more important for determination of demand for loans from

_ —£ —€
. Tt ¢ . Rlﬁt - nﬁlt Rl%t
lim : =lm | ———— =| 5t
n—0\ T =0\ Ry +ng: R,

The second part of impatient household’s problem includes maximizing their utility, given their

each bank.

choice of loans. This can be written as

log (Cgl,t - 710&,&1) - LtNrIn,t + ¢t log HTIrL,t

1
N Crt+ Jo RtL—llimk,t—ldk ~WINL +Qf (HY, — H 1)
m,t

I I I
L =F {32, (/Bl)t Ty — P = (A.9)

~Hin g [Rﬁ’t Jo U odl = [ 0 dRE, (QF HE )

¢
! I 1 (1 L. e !
—€ _ _
mt | Loy ¢ fo (lmk,t v 5k,t—1> dk

This program yields the following first order conditions (where I suppress all the m’s denoting
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individual impatient households):

o< 1 At 7
: —BE— T =) (A.10)
oct " ol —+1ct, Cl,—~lal ™
o<
t
0L I H I I HH I~H
arl gl M OB Qpy1 + B By (M1Qh1) = M@ (A.12)
¢ ¢
o<
oNT 4= MNwil (A.13)
¢
o<
ol BEN AR + iR = ¢ (A.14)
t
Using A/ = ¢! from (A.11), (A.14) can be written as
BEN 1 R + piRE = A (A.15)

A.3 ENTREPRENEURS

Entrepreneur’s optimization problem features two parts, just like that of impatient households. The
first part consists of choosing how much to borrow from each individual bank, ljb;c , to minimize his total
interest rate expenditure and amount of collateral he has to pledge. This part is identical to the first

part of the optimization problem that Impatient huseholds solve.

The second part of their optimization problem can be written as

log (CE, —7FCE,_,)

1
\E Cft + Rét—l Jo lek,t—ldk =Y+ WtEth + Ly
j?t

+QI (HE, - HE_,) - oF, - of — uf

gt _ ]Et Zoi BE t 5 1 1 (A16)
=0 (8%) —ify | RE, [ 15 Ak — [ 04 dKE, (Q{ilH}?t +Q£1Kj,t>

I; 2
—rF, [Kgyt —(1=98) Kjt-1— {1 —3 (Ijiil B 1> i t]

¢
E | B 1 (1E L.E T ot
—€; _ —
It | Ty fo (ljk,t v sk,z%l) dk

v 1) 1« ) @
where Y;; = A; {(N]Pt) <Nj1,t> } {(Hﬁ_l) (Kjvt_l)l_‘ﬁ} may be inserted for Y, in the

budget constraint. Solving entrepreneur’s optmization problem, the first order conditions are (I ignore
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all j’s here):

0% 1 E ’YE E
: — PRy ————— =\ A7
o0 CF —PcE, " POE, —rop N WD
0L 5
uF N = (A.18)
0L
oF ef = BYEN RE + ul RY (A.19)
t
0L Y
0% I Yy
aNT : Wy =(1—V)(1—04)N7 (A.21)
ai/) \E E t—l—l
SHE QP = BPE S M | QL + <l5 + 1 0B QL (A.22)
t
oL AE Y,
kP = a(1—¢) BPE, [ T ) 4 87 (1 - 8) Eenliy + P OEQE, (A.23)
0K, K
0L Q[ I 2 L (I I I
NPl () o (2 EQR L1 fia
or, " T { 2 (It : ) Iy \Ti roraE e (o) (T
(A.24)
Using \F = ¢ from (A.18), (A.19) becomes
BEE, (AL RE) + uP RF = AP (A.25)

A.4 BANKS

The problem of banks is to choose their lending rate, LTV ratio and the total amount of lending. The

bank considers deep habits in loan demand as well as adverse selection which is given by

Prt =+ @ (Ore — 0) (A.26)
The bank solves the following problem

Lisa

max Ty = |2+ (O — 0)| RE Loy + [1=Z 4 @ (g — 0) |5 b1l

LL, L, O uRE, t— k.t kt—1k,t—1 (k,t ) f Lit (dk t—=1%¢—1
- LkEt )

v [5 + o (O — 9)] RE, L LE, ., + [1 e )} I Tet,laf_l
0 kt pd

1 RL + nl §

D 7l I t 0 I LI I

- Rt—lLk:,t—l + o / 7RL i Ty + 7 Sk i1 dm — Lk:,t
0 Kkt T 15,

1 RLJr 1\*

t T 1y E L E . E

- RP 1th L+ of RL ——1 | T TV Sk | 45— Liy
0 k7t+77m
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The first order condition for Lét is

70,a!
EtQt,t+1pk,tR£,t + EtQt,t+1 (1 - pk,t) # - EtQt,t+1R? + ’YL (1 - Ps) E: (Qt,t+1Q£+1 - Q{) =0
fo Lk,tdk
700!
of =Eeari1 |preRE, + (1= prg) % — R + 9" (1 - ps) ]EtQtIH] (A.27)
fo Lk,tdk
The first order condition for LkEt is
70,aF
EtQt,t+1pk,tR£,t +Eiqr 41 (1 — pry) B

1B ar Bt B 0" (0= p) B (auerefi — o) =0

T@tCLtE

pk,tRit + (1 =pkt) g — Rf) + ’YL (1= ps) Et@ﬂ1] (A.28)

E
0r = Eqr 11 5
Jo Ly, dk

The first order condition for 6y, ; is

1 2
&1 (N
L Ri +ng; 02, (ri+n)
WEt‘Jt,tHRﬁ,tLé,t — wEtqt 141 17’7‘9,%{ +&of oy A x! —
Jo Liidk By 15, By 15,
1 2
£-1 N 7oL 1)
L Ry + g, 02 (Ri+n)
+ @B 1 Ry Ly — WBiqr i1 ——>—70al + Eof -1 b et =0
fO LkE,tdk Rk,t + 77% Rk,t + nm
-1 L( L ;) o1 L( I L)
;1 BE+ng gz, (Bt +1g, o RE+nk ngr (B +ng,
= §0; % RE 4oL . 2 +&op 7y RE oL . —
kit Ok, ¢ (Rk,t + nm> ket Ot (Rknf + 77@)
L LE
L 51 ® I L +E t B
= —wtht,H—l Rk,th,t - Mretat] - WEtQt,t—i—l Rk’thi — WT@% (A29)
Jo L. Io L,

The first order condition for R,% , 1s

= L 1
RF +ny - (Rt +77y)
Etgt 1410k Ly + S0/ <RL+5 ] 2%

-1 L 1

RE + 15, - (Bt +07)

+ EtQt,t+1pk,thE,t + 595 <RL+§ zy : 2
k.t T’Qt RL + "’]L
k,t Or e

=0
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= Beara1pra Ly + Eearas1pea L, = ol o] (

RE 4+ gt)’f ! (Rf+n%)
(

Biie o RE, 05t
§-1 L 1
Ry + (Rt +77*>
+&of'xf <L77> %) (A.30)
Rkt+n9t (R£t+770k )

In a symmetric equilibrium all banks have the same LTV ratio 0;; = 6,Vk and the same lending
rate R,%t = R}, Vk and consequently lend the same amount Lit = L!,Vk and LkEt = L¥ Vk. Bank’s

first order condition in this case can be rewritten as

100!
of = Evgrasr |PraRiy + (1= pg) w0 — B+ (1= po) EBrei (A.31)
Jo Ligpdk
E L TetatE D L E
o = Euqror1 |PeaBs + (1 —prt) 77— — B +77 (1= ps) Eeoiy (A.32)
Jo Ly dk
n
ojx} tRLe g +&of'x ﬁ = —wkqr 141 (RtLLtI - Teta{) — wlkiqs 41 (RtLL{eE - TetatE)
¢ +
(A.33)
& I E
Cofxf Lo RE 4o RL + Cofat ORE+n = Etqt t+10kt Lyt + Eeqr 110k, L 4 (A.34)
| 1 17

where I have imposed L! = I/ and LF = IF in a symmetric equilibrium and that the collateral constraint

is always binding (holds with equality at all times).

B LisT OF EQUATIONS

B.1 PATIENT HOUSEHOLDS

N S BF gl =P (B.1)
CtP - VPC£1 tctil - VPCtP !

Pra \P A

BrEN 1 = RD (B.2)
t
HP + 5PEt (/\t+1Qt+1) - )‘PQt (B'3)
B.2 IMPATIENT HOUSEHOLDS

1 I

— BBy = (B.5)

CtI - ’VICtIfl CtIH - VICtI
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Ht + 1 OB QfL, + BE ()‘t+1Qt+1) =\ Q!
v = NWw/
ﬁIEt)‘z{+1Rt +Mt Rt = )‘I
st = pssi—1 + (1= ps)lf
= (lt - ’YLSL{ 1)
LI =1

Ct + Rt llt 1= WtINt Qt (Htl — Htlfl) -+ ﬂf{ + (Dl{ + \Ith

ﬂ;%

aj = E, (Qz{ilHtI)

B.3 ENTREPRENEURS

1 E
E E BEE K E
Ci _’VECt—1 Ct+1 YEC;

BYE, ()‘tE+1Rt )+ 1 CRE =\

WtI:(l—a)(l—y)FtI

Yy
HrP = (1— St
t ( a) Vth

/\tEQt = 5EEt {/\t+1 (Qt+1 +ao t+1>} + iy 9tEtQt+1

\E Y,
fitE =a(l—29¢) BEE, (W) + B~ (1-9) Et”tb:rl + NEQtEtQErl

O/ I 2 I I I I
E E t t t E t+1 t+1
— 1—— (= 1) —o2t (2 1 OF == 1
S { 2 <It—1 ) I <It 1 >}+6 t{HtH( Iy > ( Iy

SF = pssi_y + (1= ps) I

= (lt —’YLSF 1)
L =1
CF+ R{IE, =Y, = WINT = WIN] — I, - Qi (HF — HE,) + 2 + ®f + U7
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(B.10)
(B.11)
(B.12)
(B.13)

(B.14)

(B.15)

(B.16)

(B.17)

(B.18)

(B.19)

(B.20)

(B.21)

(B.22)
(B.23)
(B.24)

(B.25)



B.4

-
fgt t

My, = ptRﬁ,t—lLi,t—l +PtR£,t—1LkE,t—1 + (1 —pt)

B.5

ZE — etatE
t RtL

af =B, (Qﬁi—lHtE + inth)

E E K
Ky = A @y

1

kt—
1
Jo Lhy_qydk
10, _1a;" 1+/ Diadi — Ly, — Ly,

LI+ LF = D,

P At
g1 = B Ey 7
¢

pt:E—i—w(Gt—g)

BANKS
T L T6af D L T
o = Begravr |pralys + (L —prg) 77— — By +77 (1= ps) Eroryy
Jo Liydk
T0al
QtE =Eiq441 pk,tRﬁt +(1— pk,t) # - RtD + 7L (1- ,03) Et9ﬁ1
Jo L, dk
9 Lyl I L1E E
RLQ g +&ofw ﬁ = —wBiqr 1 (Ry Li — 70101 ) — @Byqr i1 (R Ly — 0pa;”)
I 0, I E
Cofwf —— 0 RL + ¢of'w 9 ORE 11 = Eqta+10kt Ly + Eeqravape Ly,
t !

I
TOi 10y

1
- RP, / Digs—1di
0

MARKET CLEARING AND RESOURCE CONSTRAINTS

ch+cl+cf+nL =1

HY +H +HF = H

vi=a () (v} {(EE) ')
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(B.26)
(B.27)

(B.28)

(B.29)

(B.30)

(B.31)

(B.32)

(B.33)

(B.34)
(B.35)

(B.36)

(B.37)
(B.38)

(B.39)

(B.40)



C STEADY STATE CONDITIONS

All i's, m's, j's and k’'s denoting individual patient household, impatient household, entrepreneur and
bank respectively are ignored. From patient household’s FOC with respect to consumption (B.1) and

labor (B.4), I have
1- 87"

(e AP (C.1)

and

L= Pwr, (C.2)

respectively. Patient household’s FOC with respect to deposit (B.2) yields the steady-state gross interest

rate

(C.3)

underscoring that the time preference of most patient agent determines the steady-state rate of interest.

From (B.3), I obtain

% 4+ BPAPQH — \PQH
= QUH" = )\P(lg_ﬁp)7
- HP = o (<1 ) (C.4)
Turning to impatient households, from (B.5) and (B.7), I get
(11:% =\, (C.5)
and
v=Nwl, (C.6)
respectively. Impatient household’s FOC with respect to loans (B.8) yields
BINRE 4 IRV = M|
= ul = M- BRY) . (C.7)

RL

This equation shows that collateral contraint of the impatient household is binding in the steady state,
that is, p! is positive if and only if the discount factor of impatient households 3! is less than 1/RE.

In the baseline calibration, I set 5! to 0.95 while steady state value of R is 1.0219 which indicates
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that 8/ must be lower than 0.9786 which is actually the case since the value of 3! used here is 0.95.

Impatient household’s FOC with respect to housing (B.6) gives

%_‘_BIAIQH :)‘IQH+M19QHa
= H! = o
)\IQH(I —ﬂI) _|_MIQQH’
S

(o)

xqi [ (1 - gy + U2 o]

I next turn to entrepreneurs. Their consumption FOC (B.15) yields

_\E
(i—7)cF ="

Entrepreneur’s FOC with respect to loans (B.16) gives

BEAERL 4 FRL — \F

)\El—BERL
R

(C.8)

(C.9)

(C.10)

Just as I have shown for impatient households, the borrowing constraint for entrepreneurs binds if and

only if ;¥ is positive. This implies that 3% must be less than R”. In the baseline calibration, 3 is set

to 0.95 whereas the steady state value of R is 1.0219 which implies that ¥ must be less than 0.9786

which is indeed the case. Entrepreneur’s production function is

«

v 1]l é 1—¢
v = Ay )] ey )

Firm’s labor choice for patient househods (B.18) yields
wt = V(l — Q)%

From firm’s labor choice for impatient households (B.17), I have

W= (1-v)(1-0a) oy
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From entrepreneur’s FOC with respect to housing (B.19), I obtain

QHHE_ ﬁEO[(ﬁRL
TV T U-pPRE-6(1- BERE) .

Aggregate law of motion for capital (B.40) gives

K:(l—a)K+[1—2<§—1>]I

= =4K (C.15)

I have the following steady-state resource constraints

y=cl+cl+0F +1 (C.16)
H=H"+H +H" (C.17)
D=L'+1LF (C.18)

Also, I have the following steady-state version of agents’ budget constraints (one of them is redundant

because of Walras’ Law)

cP =wPNF —(RP —1)D+1I (C.19)
ol =wINT - REY 27 - of + ! (C.20)
CE =y —RME —wWPNF —WINI [ — 2P — 3% —0F (C.21)

So the steady state is characterized by the vector

}/'7 CP’ CI? CE7 I7 HP7 HI? HE7 K? NP7 NI7 LI? LE? D? QH7 QK7 RD7 RL7 WP7 WI7 AP? AI? AE? /’LI7 ILI/E

From entrepreneur’s optimal choice of capital (B.20), I have

E
ke =a(l—a) B E, (&?(5?“) +BE (1= 0) B, + nP0,EQE
P Yy (1-pPRE
;‘%(1—(1—5)/3E) :a(1—¢)ﬁEK+(}§L)9QK (C.22)
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Entrepreneur’s optimal choice of investment (B.21) yields

RPN A 1C) BN P 10) B A (1C) I
0= t(f)ll (725 71) %5020 (2 1)]

s e (452 (0 -0

=\ =P (C.23)

Combining this with steady state version of
KE = \EQE (C.24)

I obtain Q¥ = 1 in the steady state. Plugging this into (C.22), I obtain the expression for capital-to-

output ratio

kE

1 - B¥RL)
. o)

L
(1-(1=0)8") =a(l—6) 8P+
K a(1—0)RMB”

QK

7Y T RE(1—(1-0)3F) —6(1— BERL) (C.25)
Next, combining (B.26) and (B.27)
1F iL [QHHE + QKK} (C.26)
R
Dividing by Y, the above expression becomes
£ 6 [QFHF QFK
Y RI [ y v ]
Plugging in the values of QHYH ¥ and Q};,K , I obtain entrepreneur’s debt-to-output ratio
v = [ Ssn =t maa s s (O
From entrepreneur’s budget constraint (B.25)
CE+RME =y —WEPNFP —WIN! — T4+ 2F + % 4 0F (C.28)
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Rewriting this in ratios to output

CE+RLZE—1_WPNP_WINI_£+£+®7E+\IJ7E
Y Yy Y Y Y Y Y Y
:>7:a—5?+(1—7L—RL)?+7+7 (C.29)

where steady-state expressions for WP, W’ and ¥ have been used. Now, using the steady-state

expressions for ®¥ and ¥F

E K lE L_E 1— RLLE — 70 E
Ci:a—af—i-(l—’)/L—RL)f—i—’ys ( p)( 'TCL)
Y Y Y Y Y
CE I I lE
Using the budget constraint of impatient households (B.12)
cl+ RU = WINT + 2! ol + ! (C.31)
Dividing by Y,
¢t RET . WINT ol @l Wl
?—F v - v +?+?+7 (C.32)
Using the steady state expressions for ®/ and ¥/,
c! I D Alst (1= p) (RELY — 16a”)
—=(1-v)(1- 1—9" = = .
v == -a)+ (=" =RY) G+ -5+ % (C.33)
Upon simplification,
CI I L lI
7:(1—V)(1—04)+(1—pR —(1—p)TR)? (C.34)
Writing impatient household’s debt limit (B.13) in the form of ratio,
e /QHH!
Y "R ( v ) (0.35)
Steady-state budget constraint of patient household, in ratio to output, reads
ct?  WPN?F D D I
vy =y T -Upty
RP —1) (LF + L' R — RP) (LP + L") + (1 — p) 70 (a” + o'
(1 —a) 4 )é ), @ ) 1)/ Aoprla®+al) g
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Adding the budget constraints of patient and impatient households

cr+ ¢! I & o N
= —(l-a)+(1-p)70(d +aF) - [(1—p)TR }7_ (1— pRE) (C.37)
Y Y Y
Using borrowing constraint of impatient households and entrepreneurs, that is, I/ = %al =al = #
and [F = %GE =af = # respectively, the above equation can be rewritten as
ct+c! ®
C Y _i—a+ (1= p)7RY — (1-pRY)| < (C.38)
Y Y
c! I I ] QHHI
Y—(l—y)(l—a)—l—[l—pR —(1—p)7’R]RL< v ) (C.39)
Dividing the above two expressions by each other, I have
H 7P <
H - > @00
i S O (1)
Y (1-8")R" -0 (1-B"R")
o S (1-B")RY —0 (1 - B"R"Y)
HE - 1 BP,YP (1 _IBP) ,BE(X¢RL
1-+")CP
_ HP B < (1 _ ,YP) (1 _ BP) RL _¢ (1 _ ,BERL) cr (C 40)
H—HP  (1-pP)(1-pyP) BEagRF Y '
Impatient household’s stock of habits for loans (B.9) implies
5{ = P53L1 +(1—ps) lz{
st=1 (C.41)
In similar fashion, entrepreneur’s stock of habits for loans (B.22) leads to
st = pssig + (1= ps) I
sE=1F (C.42)
Impatient household’s effective demand (habit-adjusted) for loans (B.10) yields
zf = (If —~"si1)
=zl =(1-"1 (C.43)
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Likewise, entrepreneur’s effective demand for loans (B.23) writes

=P = (1-+5)1F (C.44)

Total loans of impatient households (B.11) equal loans given to all impatient households by all banks
r=y (C.45)

Similarly, total loans of entrepreneurs (B.24) are equal to loans given to all entrepreneurs by all banks
L¥ =¥ (C.46)

From bank’s balance sheet condition (B.34), deposits must equal total loans to impatient households

and entrepreneurs

D=L'+1LF (C.47)

Steady-state version of bank’s stochastic discount factor (B.35) reads
q=p8" (C.48)

I collect here bank’s first order conditions (B.29), (B.30), (B.31) and (B.32)

700!
of = Bearas1 |praRi, + (1= pry) # — RP + % (1 - ps) Erofy (C.49)
Jo Ly, ,dk
E L TetatE D L E
0y = Eqi 41 Pk,tRk,t + (1 - Pk,t) DT Ry +~7 (1 = ps) Et@t+1 (C.50)
Jo Ly, dk
1 i}
gQ{I{#ﬂ + thE‘I'tE‘RL%M = —WEtQt7t+1 |:RtLLtI — Tatag] — WEtQt7t+1 [RtLLtE' — TatatE} (051)
t t
0 0
§Qtj${m + fgfmfm = Eiqr,i11h0 Lk y + B 10m Ly (C.52)
tLuy til

where I have imposed L{ = Il and LF = IF in a symmetric equilibrium and that the collateral constraint
is always binding (holds with equality at all times). Substituting fa’ = I R* and 6a” = I¥ R" in the

first and the second equations respectively, I have

T P L T0a’ D L T

o' =pF" |pR*+ (1 —p) 7 —R7+7" (1 —ps)e (C.53)
E P L T0a” D L E

0" =p" |pPR"+ (1 =p) 75 — B +7" (1 =ps)e (C.54)
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(2

Now using

I E
o = RE and % = RL

ol :ﬂp[pRL—F(l —p)TRL —RD+’yL(1 —ps)gl}

of = BP{pRL +(1—p)TR* — RP + 4% (1 py) @E}

I now have

QI:,BP|:

and

pRL+(1—p)TRL—RD}
1 — Py (1~ ps)

o7 — gP [pRLJr(l—p)TRL—RD}

from which it’s easy to see

From bank’s third FOC

SIS

1= BPyE(1 - ps)

gQI <9RL+77> (ng—I—xE) — _W,BP[(RLLI —TQaI) + (RLLE —TQGE)]

After subsituting the expressions for 2! and z¥

o’ ( 7 > [(1 — )+ (1A ZE} _ _wﬁP[(RLlf — rRUT) + (RUIE —TRLZE)]

ORL +n

Simplifying

¢o' ( / ) (1=4) (1 +17) = —=p” [RM (1 = 7) + RMIP (1 - 7)]

This finally simplifies to

= —wB"RY (1 - 1) (I +17)

n
¢o <€RL9+77) (1-7") =-=wp"RE (1 -1

The final FOC of banks optimization problem reads

§QI<

ORL +n

) (x1+xE) — 8Pp (LI+LE)
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(C.56)

(C.57)

(C.58)

(C.59)

(C.60)

(C.61)

(C.62)

(C.63)

(C.64)



Rewriting this equation

0
f@l <<9RL+77) (1 - ’)’L) = 5Pp

= euP (1-75) SR = B"p

= &P (1=~")0=5"p (6R" +n)
:>9[€MB(1—-7L)—-ﬂPpRL]::BPpn

BEpn

0 =
=T euB (1-~L) — BPpRE

(C.65)

(C.57), (C.63) and (C.65) form a system of 3 equations in 3 unknowns: ¢!, # and R”. In order to solve
this syetm of equations, I first insert for of from (C.57) into (C.63) and (C.65). This gives the following

system of equation

RF + (1 —p)TR" — R
£ U DI SRl Rt (1 1) (07" +1)
57pn

L'y (1-p)rRF - RP
1= BPA% (1= ps)

0=

¢ (1 . ,YL) BPPR _ 5PpRL

Plugging the value of § from the second equation into the first, I obtain the value of RY after which
values of ¢! and @ follow directly. This procedure determines the value of RY exclusively from bank’s
problem which allows it to be inserted into equations derives from entrepreneur’s problems.

Steady state version of aggregate resource constraint (B.37) is

cP+cl+cF+1=Y

From steady state value of (B.36)
p==E (C.67)

Combining (C.1), (C.2) and (C.12) gives steady-state equilibrium condition for patient households

L= A"WwF
1—pPAF Y
éL:WV(I—a)F
1— P.P 1— CP -1
Lo é(ZJJA a><},) (C.68)
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Combining (C.5), (C.6) and (C.13) yields steady-state equilibrium condition for impatient households

= Xw!
1— gyt Y
:>L—(1_5])fycl(l—l/)(1—a)]v[
_pl I _y — I\ 1
o 61()1(1_ 71))0 )(i ) (C.69)

From (B.39), steady state output is

v = A[(vP) (V) T [y )]

HE ® K 1*¢a
v y>

HEN\? a(1—¢)RLBE 1-¢1@
Y> <RL (1_(1_5)BE)—9(1—5ERL)> (C.70)

11—«

v = Al(VF) ()]

7N

11—«

yl-e— 4 :(NP)V (Nf)l’”:

7 N\

S

H
= .71
@ HPXP (1 - pP) (C.71)
Dividing impatient household’s housing with patient household’s housing results in
H P (18P (-8 (14N R o)
H—H'—HFClq _ pgiyn) [(1 _BIYRL 4+ (1 — 5IRL)9} (1—~P)
S
Qi H! = (C.73)
M (1 - pl) 4 2B g
Q" = ;
[N () Mg
RV (1—A~1) T
_ <R"(1-77) (C.74)

HI (1= 817) [RF (1= B) + (1~ 8RY) 0|

c! I 10 SR (1 — 'yI) ct
Y 1-(1-a _ —(1=p)7RE| = C.75
7 == a)+ LR = =R g w7
ue (1= B0 [RE (1= B1) + (1- BTRE) 0] Bag ol
V- Sy s e (€
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D SyYSTEM OF LOGLINEAR EQUATIONS

The system of equations log-linearized around their steady state is as below:

D.1 OpTIMALITY CONDITIONS OF PATIENT HOUSEHOLDS

Equations (B.1), (B.2) and (B.4) become
~ 2 ~ ~ ~
BPATECE, = (14 (47)* 87) CF +47CF, = (1= 879F) (1 =~7) X
}Et}\\lli‘rl = Xf - E?
L= Xf + Wt
Log-linearization of (B.3) yields

(1=5") (& - BF) + 878 [Ny + Q| =37 +QF

D.2 OpPTIMALITY CONDITIONS OF IMPATIENT HOUSEHOLDS

From (B.5), (B.6) and (B.7), I obtain
5I’YIEtCA'tI+1 - (1 + (71)2 5I> étl + 71@1—1 =(1- 5171) (1- ’71) N

(1-8") (- B]) + 8B (Mo +QfLy) = X + QFf

and

. ~7 =7
Ly = )\t + Wt

respectively. Besides, (B.9) and (B.10) give

§=pssl_ + (1 —p)l!

and
f] _ g - ’ngtI—l
E7 11—l 1—4L
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The budget constraint (B.12) becomes

c'cl + rRM! (Et{l +ZZ,1> = WIN! (W{ + ﬁf) —ofh! (fl{ — fl{,l) + 2zl + 415
+RL! <§tL—1 + EtI—l) - Tala{—1 - PRLLI (ﬁtfl + ﬁtL—l + E{—1)

+ 7pal (De—1 + Zi{_l) (D.10)

From borrowing constraint (B.13) and the definition of total assets (B.14), I get

Il =6, +al — R} (D.11)
and
af = QL+ Hf (D.12)
From (B.8), I have
M =R+ BTRIEDNL, + (1 B'RY) ! (D.13)

(B.6) yields
(XI+@H):51E (X’ +@H>+ 2 ") o[al +6, + O
t ¢ t | Mi41 t+1 RL My t t&t 1
1ol 1gf 2 N (g - H D.14
+ (—ﬁ)"i‘ ﬁ—ﬁ <§t— t) (D.14)
D.3 OpTIMALITY CONDITIONS OF ENTREPRENEURS
From (B.15) and (B.16), I have
o~ 2 o~ o~ o~
BEYPECE, — (14 (77)87) CF +97CE, = (1= B97) (1 - 47) 3F (D.15)

and

NP = RE+ BERMENE, + (1 - BPRY) f (D.16)

Equations (B.17) and (B.18) yield

W/ =Y, - N/ (D.17)
and
wr =Y, - N} (D.18)
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From (B.19), I derive

(36 + Qi) = %B: (R + Qf) + iz - 8% ) 1 (3 + 51+ QI )

1 ~ ~ ~
+ |:(1 —5E) — 9 (m — BE):| Et |:/\tE+1 +Y;€+1 - HtE]
Equation (B.20) becomes

O = [t #0802 [M - Fir - o]
1

+ 87 (1= ) By (Qf1 + 7 = N) + (1= B°RY) =

O, [~ NE + 0 + Q|
Equation (B.21) is approximated as
QF = (14 8%) QI - BQE 11 — Q11

From (B.22) and (B.23), I get
SU = P+ (1= p)IF
7E _ E&E _ 7L§£1
E1—AL 1AL

Entrepreneurs’ budget contraint (B.25) becomes

CECE + RMP (REy +1E.) =YYV = WPNP (W) 4 NF) = wIN' (W + N]) - 1T,

(D.19)

(D.20)

(D.21)

(D.22)

(D.23)

~ QH" (HF — HE,) + 2”3 + 455”57, + RFLF (RE, + LE,)

—ra”a;., — pR"LF (ﬁt—1 +REL+ Eﬁl) +7pa® (Pi—1 + a1 )

The borrowing constraint (B.26) yields
IF =0, +af — R}

The definition of entrepreneurs’ total assets (B.27) gives

~E QHHE
“ T OHHE { QKK

QN K
QHHE 1+ QKK

E, (@{il + fItE) + E, (@{il + fﬁ)

Linearized version of (B.28) is

~E _RE , AK
Ry =N + @y
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D.4 OpPTIMALITY CONDITIONS OF BANKS

From (B.29) and (B.30), I obtain

I

o' R
prd — o'y (1= ps)Eeol,y = [pRL + (1 —p)TRY — RP + o'y% (1 — ps) | Bt p1
+pR" (i + RE) = RPRP + (1= p) TRERE - prR'5: (D28)
and
QE

F@f — 0Pyl (1 - ps) Erofy) = [pRL + (1 —p)TRE — RP + 0Bl (1 — pg) | B4

+pRF <]3t + ﬁf) — RDﬁtD +(1-p) TRLJA?tL — pTRYp, (D.29)

Equation (B.31) becomes

nggglwl (3 +2f —0:) + ”ngxE (0F +2F — 0,) = —wp” (RF)’LO(2RE + LI + 6, + EiGiri1)
—nwBP REL! (EtL + E){ + Etzl\t,t—l-l)
+ wrBPab?RE (a{ + 26, + R + thAt,tH)
+ nwrBa’ (6{ +0; + thAt,tH)
— @B (R’ LPO(2RF + LY + 0; + EeGrrv1)
—nwpPRELE (EtL + EF + Et(/]\t,t—&—l)
+ wrBPab?RE (atE + 26, + R + Et@7t+1>

+ nwr Bl a” (65 +0+ Etc?t,m) (D.30)
From (B.32), I get

¢o's0 (of + 7] +0.) +€0"a"0 (F +2F +0) = 08" REpL! (0, + RE + i + LT + B )
+nBYpL! (ﬁt + Ef + Et@,tﬂ)
+ 08P REpLE (@ +RE 4+ LF + th},tﬂ)

+ 08" pL” (ﬁt +LE + Et@,tﬂ) (D.31)
Linearized versions of (B.35) and (B.36) are

Qo1 = A = AP (D.32)
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and

PPy = w0, (D.33)
Equation (B.34) gives
3 L' LY -p
De=gripelit grogeli (D34

D.5 MARKET CLEARING AND RESOURCE CONSTRAINTS

Equations (B.37) and (B.38) yield

s CPp Ol CFp T
Y, = ?ct + 6@ cf + 5k (D.35)
and
HYHP + H'H] + HPHF =0 (D.36)
From (B.39) we have
Vi=A+v(1—a)NP+(1-v)(1—a)N/ +apHE | + o (1 — ¢) Ky (D.37)
Equation (B.40) gives
K= (1-06)K,_1+6], (D.38)

E  MARKET CLEARING

As mentioned in the main text, two types of transfers ¥/ and ®/, and ¥F and ®F to both impatient
households and entrepreneurs are needed to ensure all markets clear. This section demonstrates this
and shows the derivation of the expression for ¥/ and WF. The steps in this section closely follow
Ravn (2016). Let’s start by adding together the budget constraints of patient households, impatient

households and entrepreneurs. We sum over both types of households and entrepreneurs, respectively:

1 1 1 1

/0 <05+Q5<H£ "], 1> +/ Dik7tdk)dz‘+/0 <0@7t+R5_1/0 Vi 1dk:>dm
1 1 1
< '\ + RE | / Ui 1dk>d]— / <WtPN£+ / I, . dk + RP / Dik,t_ldk>di
0 0 0
1
+/ (WINI (ng —Hl, 1) +mmt+<1>t+\111>dm
0

Ve —WEND —WIN/, -1, - Qf’( — HF,_ 1) +af, +®f + \I'tE) dj
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After doing the outer integral, I obtain:

1 1 1 1
cP +Qf (Hg’—HtP 1) + / / Digdidk + Cf + R, / / U oi1dkdm
+CEF + RE 1/ / Tei1dkdj = WINE + / / Iy, ;dkdi + R 1/ / D4 1dkdi

+ W{N] - Qt< HtI_1> /0 7,molm+/0 cbfdm+/0 vldm

1 1 1
+Y; — WtPNtP - Wt]NtI Qt ( HtE 1) / wjt?tdj +/ (I)tEdj +/ \I/tEdj
0 0 0
Using housing market clearing condition, rewrite the above expression:

cf +clactrn-vir Qi (#-mf - mF) ~ (- mly - HE,) ) + ot (il - L)

+QH <HE H,;El> / / D didk + RE 1/ / oki1dkdm + R 1/ / 150 qdkdj
/ / I, (dkdi + R, / / Dig—1dkdi + / zl, dm + / eBdj + / &l dm + / ldm
0 0
+/ (I)fder/ wEqj
0 0

After cancelling terms using the resource constraint, I now plug the expressions for xm t <I>tI , <I>E

Jt’

and IIj ; from the main text:

//Dmdzdk: RP 1/ / Digy—1dkdi — RE 1/ / oki1dkdm — R 1/ / 1o 1dkdj
1 1 % 1 1 1 Tl
+/ /(zﬁm 'yskﬂg_l) dk dm+/ /<lﬁc7t—75k7t_1) dk| dj
0 0
1
+ / //skt 1dkd]+/ vldm + wPdj
0
L,
/ / (pkt 1Rt 1th 1+<1Pkt 1> I
Jo LL,
E
kit

L E L .
pkﬂf—lRt—lLk’,t—l + 1-— pk‘,t—l Tet 1Clt 1— Lk’ it dkfd’t
fO k,jt— 1

// (/ Dy, 4di — Rt 1/ Dips— 1dz> dkds

TeHa{_l - Lgt) dkdi
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Letting £ — oo and simplifying:

1 1 1 1 1 1 1 1
/0 /0 Dig4didk = RP | /0 /0 Digy—1dkdi — RF /0 /O opi_1dkdm — R /0 /0 1o 1dkdj
1 1 1 1
+/ / (lgnk,t_')/LSk,tl>dkdm+/ / (l]Ek,t—’YLSk,t1>dkdj
+ / / / 9 / \Iffdm+/ vEqj
- RP, / / Digy—1didk
LI
/ / (pkt lRt 1th 1t (1_pk,t1> llj’t_lTHt_lat11> dkdz
fO th ldk

/ / (pkt 1R LE +< — Pk t— 1> th ! — 70 1a )dk:dz
t—14kt—1 t—1
fo Lft 1dk

Cancelling terms and further simplifying:

/ / .Dzk: tdzdk— _Rt 1/ / k‘t 1dk¢dm Rt 1/ / ]k}t ldkdj
I L L9 k.t
+ lmk t =Y Skt—1+ YV T Skt-1 dkdm
o Jo ’ 0y
AN L 0kt .
+/ / (ljkt—’y Skt—1 47" — ,)dkdj
0o Jo ’ Qt

1 1 ! Lét 1
+/ \Ilfdm + / \I'tEdj + / <1 — pk,tl) 779%1@{71&3
0 0 0 fo

ktl

1 LE
kit—1
+/ (1—pk,t1) — Tﬁt—mf_lkor/ Pri1 Ry Ly dk
0 fo k14 0

1
+ / pk,t—lRtL—lLkE,tfldk
0

Cancelling yet more terms and after simplifying more:

1 1 1
//Dik,tdidk_—RtL_l/ Livtldk—RtL_l/ tldk+// ktdkdm+// 1y 1 dkd
0 JO 0 0

1 1 1
+/ \If{dm+/ \I/tEder/ <1—pk7t_1>79t_1a£_1dk—l—R,{“_l/ Pri—1Lf 1 dk
0 0 0 0

1 1
4 / (1 — pm_l)ratlaﬁldk + RtL_l / pk,t—lLkE,tfldk
0 0
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After moving some terms around:

1 1 1 1 1
/ (/ Dik,tdi—Lgt—LkEt) dk::/ \p{dm+/ wfdm+/ (1—pk,t1)79t_1a,{1dk
0 0 ’ ’ 0 0 0
1 1
+ / <1 — pkM)T@t_latE’_ldk — / <1 — pk,t1>RtL_1L£’t1dk
0 0
1
—/ <1_pk,t—1>RtL—1LkE,t1dk
0

Due to bank’s balance sheet identity, the LHS becomes zero and I now have

1 1 1
/ (1 — pk,tl)RtL_ng,tldk +/ (1 —pk7t1>Rf_lL£t1dk — / (1 — pk,H)Tet_la{_ldk
0 0 0
1 1 1
— / (1 —pk7t1>79t_1af_1d/€ = / Uldm +/ vEqy
0 0 0

1 1
/ Uldm = vl = / <1 — pk,t_1> <RtLlL£7t_1 — Tet_la{1>dk
0 0
1 1
/ UFqj =P = / (1 —pkM) (RtLlL,ﬁt_l — Tet_la;El)dk
0 0

where Fubini’s theorem has been used to switch the order of integrals where necessary.

Finally,

and
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