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Abstract

What are the effects of a credit shock in an environment featuring endogenously-
persistent lending relationships between bank and firms and an endogenously-evolving
lending standard? This paper answers this question in a DSGE model in which firm
run by entrepreneurs borrow from bank who compete on both interest rates and collateral
requirements. A credit shock in this model leads to an increase in replayment probability
of loans at impact and a higher amplification of macroeconomic volatility compared to a
model that does not feature lending relationships. Further, higher volatility and persistence
of credit shock leads to greater macroeconomic volatility in presence of bank-firm lending

relationships.
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1 INTRODUCTION

What are the effects of a credit shock in a model in which borrowers form endogenously-persistent
lending relationships with lenders and banks compete on both interest rates and collateral re-
quirements? What implications does a credit shock have for lending standards and the resulting
economic dynamics? This paper answers these questions in a simple model in which banks raise
deposits from households and make loans to entrepreneurs who develop endogenously-persistent
lending relationships with banks. A credit shock in this model, defined as a sudden increase
in bank loans relative to their deposit, leads to an amplification of macroeconomic volatility.
These effects are stronger in presence of lending relationships are increasing in volatility and
persistence of credit shock.

The contribution of this paper is to show that a positive credit shock can lead to an increased
amplification of macroeoconomic volatility when bank-firm lending relationships are taken into
account. A corollary of this finding is that a model that assumes away credit relationships may
underestimate the effects and implications of a credit shock.

A number of studies (Ongena and Smith, 2000; Kosekova, Maddaloni, Papoutsi, and Schivardi,
2023) have highlighted presence of lending relationships between borrowers and lenders. How-
ever, to the best of my knowledge, no work has examined the implications of a positive credit
shock in a model that takes bank-firm credit relationships seriously. A recent work by Sharma
(2023b) makes progress in this direction but it focuses only on bank competition on interest
rates and abstracts from bank lending standards and how a positive credit shock might affect
it and what implications it might have for the larger economy in such a model. This paper
fills this gap. The banks in this model compete not only on interest rates but also collateral
requirements. In the equilibrium, it gives rise to an endogenously-evolving lending standars. A
positive credit shock in this model leads to an elevated oprobability of loan repayment before it
falls briefly and returns to its equilibrium. All the macroecnomic variables in this model show
more volatility than in a model which does not feature any lending standard. Another paper this
work is connected to is Sharma (2023e) who examines changes in lending conditions by looking
at state dependence in loan-to-value (LTV) shocks. That paper, however, does not consider
bank-firm lending relationships or credit shocks.

This paper is related to the literature on lending relationships. Other notable contributions

include, among others, Aliaga-Diaz and Olivero (2010), Ravn (2016), Airaudo and Olivero (2019)



and Shapiro and Olivero (2020) and Sharma (2023c,a,d). None of these papers study the effects
of a credit shock, modelled as a sudden rise in bank loans relative to deposits, in an environment
of lending relationships. None of these papers, though, examine the effects of a positive credit
shock on macroeocnomic activity. This paper also connects to another strand of literature that
examines the effects of a credit shock on the macroeconomy. An example is Pesaran and Xu
(2016). They examine of the effects of positive loan-to-demand shock in a model of firm default
and abstract from presence of lending realtionships between borrowers and lenders. This paper,
in the interest of simplicity, abstracts from firm default and focuses on implications of lending

relationships for a positive credit shock.

2 MODEL

The paper features a Two Agent New Keynesian (TANK) model and bears resemblance to the
setup in lacoviello (2005), Liu, Wang, and Zha (2013) and Justiniano, Primiceri, and Tambalotti
(2015). The departure from the models in these papers is inclusion of a formal financial sector
and presence of lending relationships between firms and banks.

There are two types of agents. The first type of agents are (patient) households who consume,
supply labor, make deposits with a bank and receive profits from the firms they own. The second
type of agents are (impatient) entrepreneurs who consume non-durable consumption good and
run firms in the economy. They are subject to a collateral constraint which limits their borrowing
to a fraction of expected value of theit assets which include productive capital and (durable) land.
The entrepreneurs borrow from banks and develop endogenously-persistent credit relationships
with them. Lending relationships in this paper are modelled by using the deep habits framework
developed first by Ravn, Schmitt-Grohé, and Uribe (2006) and used later in studying banking
sector by Aliaga-Diaz and Olivero (2010), Airaudo and Olivero (2019) and Shapiro and Olivero
(2020), among others. These banks raise deposits from households which is their only source of
funding and lend them to entrepreneurs who combine them with productive capital to produce

output. In what follows, I describe each agent’s optimization problem.



2.1 HOUSEHOLDS

Households have the utility function of the following form:

- t Ny
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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, v is Frisch elasticity of labor supply and ¢ is a weight on housing. The superscript

P denotes patient households. The household faces the following budget constraint
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Here, QF is the price of one unit of housing in terms of consumption goods, W; is the real wage
and RP | is the gross risk-free interest rate on the stock of deposits D;j.+—1 of household 7 in
bank k at the end of period ¢t — 1. I assume housing does not depreciate. Profits obtained by
household ¢ from bank k are denoted by Il;;;. After imposing symetric equilibrium, FOCs of

the households can be written as
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where AP is the Lagrange multiplier associated with household’s budget constraint (2). One can
combine household’s first-order conditions with respect to consumption (3) and bank deposits (4)
to obtain their Euler equation. Equation (5) describes household’s Euler equation for housing and
links today’s housing price to the utility it provides plus the expected capital gain. Equation (6)
describes household’s consumption-lesiure tradeoff. First order conditions of the problem are

derived in the Appendix A.



2.2 ENTREPRENEURS

Entrepreneur j maximizes the utility obtained from consuming the non-durable consumption

goods

[e.e]
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where ¥ and ¥ are as defined above. I assume that entrepreneurs face a collateral constraint
that limits the borrowing of each entrepreneur from each bank to a fraction of his assets

1
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Here, lﬁt denotes entrepreneur j’s loan from bank k, expected value of entrepreneur’s assets

E

is aj; and Rﬁt is the bank-specific lending rate. All entrepreneurs borrowing from bank k are

subject to a loan-to-value (LTV) requirement 6 ;. In turn, aft is given by
aft =K, (QﬁlHﬁt + inlKj,t) (9)

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 .rft denote entrepreneur
j’s effective or habit-adjusted borrowing. Given the continuum of banks in the economy who

compete under monopolistic competition, this can be written as

E ' E L_E = e
Tit = /0 (ljk,t - Sk,t—l) ¢ dk (10)
where stock of habits s ;1 evolves according to
SkE,t—l = pSSkE,t—Z + (1= ps) ll?,t—l (11)

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.
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Given his total need for financing x7;, each entrepreneur chooses [j; , to solve the following



problem

1
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subject to collateral constraint (8) and his effective borrowing (10). Here, T}, = Rlﬁﬁ—# 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
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where T = REF + ne—lt with 0; = < fol Qifdk> t representing the aggregate LTV ratio in the
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economy and RF = [fol(Ré,t)lffdk] ¢ the aggregate lending rate.

Production function of each entrepreneur is
Vi = Ac(N) ™ { (HEL)” (Kju)' ™} (14)

where Y}, is output, NN;, is labor input and a, ¢ € (0, 1) are factor shares. TFP A; follows the
process

log Ay = (1 — pa)log A+ palog Ai_1 + ga€ay (15)

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

pa € (0,1). The evolution of capital obeys the following law of motion
I
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where [;; is firm j’s investment level, 6 € (0,1) the rate of depreciation of capital stock and
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Q2 > 0 is a cost adjustment parameter. The entrepreneur faces the following budget constraint

J
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After imposing symmetric equilibrium, the FOCs of the entrepreneurs are
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where pf, kF and AP are Lagrange multipliers associated with entrepreneur’s collateral con-
straint (8), law of motion of capital (16) and entrepreneur’s budget constraint (17). En-
trepreneur’s first order conditions with respect to consumption (18) and loans (19) may be
combined to derive Euler equation for consumption for a collateral-constrained agent. Equa-
tion (20) describes entrepreneur’s optimal demand for labor. Entrepreneur’s Euler equation for
land is described by (21) which relates its price today to its expected resale value tomorrow
plus the payoff obatained by holding it for a period as given by its marginal producivity and its
ability to serve as a collateral. Likewise, (22) is entrepreneur’s Euler equation for capital and
it links price of capital today to its price tomorrow and the expected payoff from keeping it for
a period as given by its marginal productivity and its ability to serve as a collateral. Finally,
entrepreneur’s Euler equation for the investment is given by (23). All derivations of first order

conditions are contained in Appendix A.

2.3 BANKING SECTOR

Banks in this model accept deposits from patient households and make loans to entrepreneurs.
Banks take the interest rate on deposits RP as given. Each individual bank k chooses its lending
rate Rf,, its LTV ratio 6, and its total amount of lending Ly;. The link between lower credit
standards and higher credit risk is given as

Py =Z+ @ (e — 0) (24)
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Dk, 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 6
which is same for all banks. Steady state repayment probability is given by = > 0.

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

k can be written as
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With probability py:—1, the bank receives its loan back with interest. With complementary
probability (1 — ps—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. Their balance sheet follows the structure in

Freixas and Rochet (2023). The balance sheet of bank £ is

1
Lk,t = wt/ Dik,tdi (26)
0

where Ly, denotes total loans made by bank k to all entrepreneurs, that is, Ly, = fol lﬁ;,tdj and

1y is an exogenous shock which obeys the following law of motion
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. Each bank takes the demand for its loans as given
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Each bank chooses Ly, 0+ and Ry, to maximize its profits subject to (26) and (28). Considering
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a symmetric equilibrium in which all banks optimally choose the same LTV ratio and the same



lending rate, the FOCs for banks’ optimization problem are:
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Derivation of all first order conditions have been relegated to Appendix A.

2.4 AGGREGATION AND MARKET CLEARING

Aggregate resource constraint of the economy is
cf+Cf+1L, =Y, (32)

The clearing condition for the housing market is
HF +HF = H (33)

where H is the total fixed supply of housing.

3 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. The model is calibrated using parameter values
standard in literature. The degree of habit formation is chosen to be 0.6 which is a common
estimate in the literature (Smets and Wouters, 2007). The Frisch elasticity of labor supply v is
1.01 while the weight on housing ¢ is set to 0.1 (Iacoviello, 2005).

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 lacoviello (2005). The investment adjustment cost paramter is set to 1.85. The



TABLE 1: PARAMETER VALUES

Value  Description Source/ Target
Bt 0.995  Discount factor, patient households Tacoviello (2005)
BE 0.95 Discount factor, entrepreneurs Tacoviello (2005)
v, i={P,E} 0.6 Habits in consumption Ravn (2016)
v 1.01 Frisch elasticity of labor lacoviello (2005)
S 0.1 Weight on housing lacoviello (2005)
o 0.3 Non-labor share of production Ravn (2016)
o 0.1 Land share of non-labor input Ravn (2016)
Q 1.85 Investment adjustment cost parameter  Ravn (2016)
J 0.0285 Capital depreciation rate Ravn (2016)
T 0.9432 Recovery rate of assets in liquidation Ravn (2016)
= 0.98 Steady state of repayment probability Ravn (2016)
L 0.72 Deep habit formation Aliaga-Diaz and Olivero (2010)
Ps 0.93 Persistence of stock of deep habits Ravn (2016)
13 230 Elasticity of substitution between banks Ravn (2016)
w -1.5 Elasticity of credit risk Ravn (2016)
n 0.05 Weight of collateral minimization desire Ravn (2016)
PA 0.95 Persistence of technology shock Smets and Wouters (2007)
Py 0.848  Persistence of credit shock Pesaran and Xu (2016)
oA 0.0014 Standard deviation of technology shock  See Text
Oy 0.011  Standard deviation of credit shock Pesaran and Xu (2016)
P 1 Mean of loan-to-deposit ratio See Text

available estimates range from close to 0 (Liu, Wang, and Zha, 2013) to above 26 (Christiano,
Motto, and Rostagno, 2010). 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 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.

For parameters in the banking sector, I rely on Aliaga-Diaz and Olivero (2010). I set the
deep habit parameter in lending v* to 0.72, only as the baseline and later vary it to capture in
a transparent fashion how it affects credit shocks. Similarly, I set the autocorrelation parameter
in stock of habits in lending ps to 0.93 which is close to the value of 0.85 used by both Ravn,
Schmitt-Grohé, and Uribe (2006) and Aliaga-Diaz and Olivero (2010). This gives a bank-firm

relationship of 11 years (Petersen and Rajan, 1995). I take this as baseline and later vary it to



study the effects of lending relationship persistence on transmission of credit shocks. Specifically,
I consider the effects of credit shocks when stock of habits is such that after 10 years, stock
of habits left is 0% and 10%. Setting v* = 0 shuts off deep habits in banking and setting

= (.86 implies that after 44 quarters, the stock of habits is zero. I run simulations in which
I gradually lower v* from its baseline value and examine impulse response functions. I also
conduct experiments in which I consider two other autocorrelation parameters p, = 0.86 and
ps = 0.949 denoting 0% and 10% stock of habit after 10 years, respectively. This allows me to
investigate the impact of persistence of lending relationships on credit shocks. For elasticity of
substitution between different loan varieties &, I pick the value as 230 which is close to the value
of 190 used in Aliaga-Diaz and Olivero (2010) while Melina and Villa (2018) use a value of 427.

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 markets (Ravn,
Schmitt-Grohé, and Uribe (2006) use a value of 5.3). Nevertheless, Aliaga-Diaz and Olivero
(2010) argue that loans from 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,
Aliaga-Diaz and Olivero (2010) use an elasticity of substitution of 190 whereas Melina and Villa
(2018) use a value of 427.

The parameter w 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. Estimates of the value for n, 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

10



value of n is set at 0.05 — a small value.

Following Smets and Wouters (2007), persistnce of technology shock o4 is set to 0.95 and
its standard deviation to 0.0014 which is standard in the literature. For credit shocks, I follow
Pesaran and Xu (2016) and set the volatility of credit shock o, to 0.011 and autocorrelation
parameter of volatility shock p, to 0.848. I call these values baseline. I'later conduct experiments
in which I increase volatility by 50% and reduce autocorrelation parameter by 20%. These

experiments allow me to capture in a transparent fashion the effects of credit shocks.

4 RESULTS

5 CONCLUSION
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FIGURE 1: IMPACT OF A CREDIT SHOCK
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FIGURE 2: IMPACT OF A CREDIT SHOCK AT DIFFERENT VOLATILITIES
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FIGURE 3: IMPACT OF A CREDIT SHOCK AT DIFFERENT PERISTENCE OF SHOCK
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A DERIVATION OF FOCSs

A.1 HOUSEHOLDS

The Lagrangian of patient households is

log (C’ft — VPC’f;_l) _ N + ¢ log Hf;

v

BB AN ()| | CL QU (] - HEL) 4 ) D (A1)

it

~WiNs — fo Wigpdk — RP | [} Dygoy1dk

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

vidual patient households):

oL 1 ~F

acr er—rer, " Erer —rer =N (A.2)
% BTN = 2—11; (A.3)
T+ 7R (Nl = QY »
N = n5

A.2 ENTREPRENEURS

Entrepreneur’s optimization problem is identical to that in Ravn (2016). It also bears resem-
blance to entrepreneur’s optimization problem in Sharma (2023b) in which banks compete only
on interest rates and the economy does not feature a lending standard. Entrepreneur’s optimiza-
tion problem features two parts. The first part consists of choosing how much to borrow from
each individual bank, [;;; to minimize his total interest rate expenditure. This problem can be

framed as

§t

1 1 ZE 1 §e—1 &—1
/ REJE dk+1 / %dkz] —xF |2f, - ( / (15, — st ) dk) (A.6)
0 0 s 0

min
lE
Gkt
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This can be rewritten as

1 1 &-1 -1
rlrbyn {/ Tk,tlﬁjtdk} —xi |=f - (/ (s =" sbi) & dk) (A.7)
Jk,t 0 0

The first order condition for this problem is

L 1 & ' IE L E %dk‘ = &—1 I LE V& (A
R+ = — — X7 (jk,t - Sk,t—l) (]kt VSt — 1) (A.8)
Qk,t &1 0 G

This can be rewritten as

1
—1

1 1 g1 _1
Rl%,t'i_nm:_XtE (/0 (ljkt ’YLSE,tq) & dk) (ljkt ’YLSkE,tq) ct

s

1
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L L.E B L.E L.E
<Rk,t+779kt) (Ut =Y ski1) = =Xt (/0 (s =7 ski1) © dk) (s =Y ski1) ©

1

1 1 gr—1 €1 -1
/0 (Ri,t+779kt> (Zﬁc,t*VLSkE,t—l) dk:*Xf (/0 (l]kt ’YLSkE,t—l) & dk) /0 (l]kt ’YLSE,t—l) & dk

1 1 -1 §—1
/ Rkt (l]k:t VLSkE,t—l) dk —H?/o % (lel;,t - VLSE,t—l) dk = —Xf (/0 (lek,t - ’VLSE,t—l) st dk>

&t

=1 &1
. 1 . . .
Now, using <f0 (ljk,t — %&LSk,t—l) &t dk> = x4, the previous equation can be written as

1 1
Tjt=——F [/ Ry (L — Y Sky-1) dk] I
Xt 0

_1

1-& | 1-¢
Define the aggregate lending rate as RS = [ fol (R£t> t} " and note that at the optimum, the

following condition must hold

l g /1 L op L E
—T = — (L — 7785 4—1) dk
g, It 0 gkt(ﬂc,t k.t 1)

)

Now, I can be rewritten as
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Inserting this in first order condition (A.9)

1
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When 7 is high, the entrepreneur attaches higher importance to collateral minimization motive. As a

result, LTV ratios become more important for determination of demand for loans from each bank.

76 —
(T (Bt Uﬁ t Ry, ¢
lim : = lim { —F——*+ = |5

The second part of entrepreneur’s optimization problem can be written as

log (Cft EC]Et 1)

CE + RE, [ lkerdk — Vi, + Wi + Iy

E
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«

¢
where Y;; = A, (Nj7t)1_°‘ { (Hﬁ_l) (Kj7t_1)l_¢} may be inserted for Yj; in the budget constraint.

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

0L 1 ~F

. _BER, T _\E Al
oCF ' CF—FCE, © MCE,—amcF (A
0L 5 g
@ . )\t = Et (A12)
0%
F e = BPEAGARY + pf RE (A.13)
t
0% Y,
W, =(1—a) L A4
N, Wiy=(1-a) N, (A.14)
0% Y,
o AQM = BUE SN QI+ ao— ) b+ nPOEQL, (A.15)
OH] H]
0% AP LY,
= kP =a(1-¢) BUE, | T ) + 87 (1 - 0) Eunlyy + P OEQL, (A.16)
aKt Kt
0L Q[ I 2 L (1 Lisi\? [ Iisa
SE N kP (o) o (g BOE, { kB, (22L) (2L -1
or, T { 2 <It_1 ) L \Iis o s )
(A.17)
Using AP = ¢ from (A.12), (A.13) becomes
B, (N RE) + nfRE = AF (A18)

A.3 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. The bank solves the following problem

max I =[E+w@ (O — O] RE, 1Lis1+[1—E+@ Ot —0)] 710101
Lk,t,@k,z,Rﬁ,t k=1 fol Lk,t—ldk

1|/ REapl \¢
t Uk, .
0 Kt T,

The first order condition for Ly ¢ is

T6:a
EtQt,t+1pk,tR£,t + Eqre41 (1 — pry) % —Eiqii1 RP + % (1 — ps) By (Qt,t+1ﬂg_1) —puf =0
(A.19)
B _ L TOra D L B A
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fo Ly dk
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The first order condition for 6y, ; is

1 2
§-1 N7 1\
L RE +ng 62 (RE+n g
DBy R L — TEih i1 ————7bhar + Ep1f (H Tt M =0
Jo Lisdk Ry, + 6.+ Ry + e
(A.21)
&1 L (RL 1
RL 4+ pl Ng2 <t+779> L
End Rl = 5 =~ Byt | RE Ly — 72— rlpa (A.22)
Y\ RL, 4 1)? Rk
k.t 779&15 (Rit + nm) fO k,t
The first order condition for Rit is
&1 L 1
RF + 0y - (Rt + 7)9*)
Etgt.t—i-lpk,th,t + futB (RL—FT]; Tt . . - 3 (A.23)
RE +ng o (RtL + ngi)
t
Eeqt4100t Ly = Epp e (W) Nz (A.24)
kt T "o, (ng,t + 7’]%)

In a symmetric equilibrium all banks have the same lending rate R,f’t = RF,Vk and lend the same

amount Ly = L, Vk. Bank’s first order conditions in this case can be rewritten as

T0ral
0f = Eiqrisr |PreRE + (1= pro) flLt]tdk: — RP +~" (1= ps) Brof (A.25)
0 Mt
n
EE__§  _ L7E
S0 T RO +n —Etqr 441 Ry Ly (A.26)
n
E E__ 0
Ty =g, =0 A.27
tht t RtLGt +n ( )
(A.28)

where I have imposed L; = I; in a symmetric equilibrium and that the collateral constraint is always

binding (holds with equality at all times).

B LisT OF EQUATIONS

B.1 HOUSEHOLDS

I /BPEtL —\F (B.1)
Cf - 7PC£1 Cﬁd —yPof '
)\P
/BP]Et)\zi1 = RitD (B.2)
t
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t

Ny = APw,

B.2 ENTREPRENEURS
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. Hat
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(B.9)

)} (B.10)

(B.11)
(B.12)
(B.13)
(B.14)
(B.15)
(B.16)

(B.17)

(B.18)
(B.19)
(B.20)

(B.21)



0:a
pf = Beqras1 {pthL +(1—p) ="~ RP +~4L (1~ Ps)EtMtEil} (B.22)

Ly
il
§,u,{3xt RtL t+ ; = —wEqt 141 (RtLLt — THtat) (B.23)
B b1
Eny xtm = Eiqt 1100 Ly (B.24)

B.4 MARKET CLEARING AND RESOURCE CONSTRAINTS

ctvcofF+1,=v, (B.25)

HY +HF = H (B.26)

v = A (N { (HE) (i)' (B.27)
QI 2

Kt:(l—d)Kt1+{1—2<Ittl—l> }It (B.28)

C STEADY STATE CONDITIONS

All 7's, j’s and k’s denoting individual household, entrepreneur and bank respectively are ignored.

From household’s FOC with respect to consumption (B.1) and labor (B.4), I have

1— BP,YP

TP O = AP (C.1)

and

N = \Pw (C.2)

respectively. Household’s FOC with respect to deposit (B.2) yields the steady-state gross interest rate
RP = — (C.3)

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

interest. From (B.3), I obtain

% 4+ BPAPQH — \PQH
HpP _ s
=@ = SE )
= " = Qe () e
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I next turn to entrepreneurs. Their consumption FOC (B.5) yields

_\E
(1—-9F)CF A

Entrepreneur’s FOC with respect to loans (B.6) gives

IBE)\ERL+/LERL:)\E

)\El—BERL
e PR

(C.6)

The borrowing constraint for entrepreneurs binds only if u? is positive. This implies that ¥ must

be less than RY. In the baseline calibration, 8 is set to 0.95 whereas the steady state value of R

is 1.0219 which implies that 8 must be less than 0.9786 which is indeed the case. The production

function is

[0}

Y = A (N)lfa |:(HE)¢ (K)1*¢:|
From firm’s labor choice for patient househods (B.7),

W= (1-a) 1

From entrepreneur’s FOC with respect to housing (B.8), I have

QHHE _ BEOt¢RL

TY T U= R 0(1- 5PRY

From aggregate law of motion for capital (B.28)

I have the following steady-state resource constraints

y=cP+CF+1

H=H" + HF

L =D
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(C.8)

(C.10)

(C.11)

(C.12)
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Also, I have the following steady-state version of agents’ budget constraints (one of them is redundant
because of Walras’ Law)

cP=wN-—(RP -1)D+11 (C.14)
CE=Y-RU-—WN-T-2z (C.15)

The steady state, therefore, is characterized by the vector

Y’ CP7CE’I’ HP7HE7K7N’ W7L’ D7 QH7QK7RD7RL7AP7 AE’ME

From entrepreneur’s optimal choice of capital (B.9), I have

AE LY
kP =a(1-a)BPE, (%) + B85 (1= 8) Benfhy + i 0B Qi

E

_ REpL
- (=88 = a1 - g pF L+ LT

=L QK (C.16)

Entrepreneur’s optimal choice of investment (B.10) yields

YT I A 1C) IR S /16) N 110
= t(])ll (7201 95625 (750 1)]

+ 5P, [ﬁgﬂj) (L)’ (Lol 1>]

= \F =P (C.17)

Combining this with steady state version of

P = \EQKE (C.18)

I obtain Q¥ = 1 in the steady state. Plugging this into (C.16), I obtain the expression for capital-to-
y

output ratio

E 1— ERL
(1= (1-5)87) = all— )75+ L0 E D g
K a(l—¢) RFpE
Y T RE(1—(1-0)3F)—6(1— BERL) (C-19)
Next, combining (B.15) and (B.16)
1= % (Q"H” + Q¥ K) (C.20)
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Dividing by Y, the above expression becomes

Y_RL< y Y>
) ; (1-9)
:>?_0a95 [RL(l_ﬁE)_e(l_BERL)+RL(1_(1—5)ﬂE)_0(1—[3ERL)

From entrepreneur’s budget constraint (B.14)

CEL+ RN =Y -WN —IT+x+&F +UF

Rewriting this in ratios to output

CE+RLZE_1 WPNF I+:UE+<I>E+\IJE
Y Yy Y Y Y Y Y
cE K £ oF P
Z  —a—6= 1—~L _— RL - 4=
=5 =« Y—i—( o R)Y Y+Y

Further simplifying the expression

ct K oo lE AtsP (1= p)(RELE — 16a”)
cF K e

Steady-state budget constraint of patient household, in ratio to output, reads

ct WFPNF

Y Y

=(1-a)+

D 11

+(RP-1) o+

(" -

D,

Y Y

(LF +L7) N (pRY — RP) (L¥ + L) 4+ (1 — p) 70 (a® + af)

Y

Y

Dividing the above two expressions by each other, I have

=

QHHP

S

HY E YAPE(l — fp)
Q" H B apR
Y (1-B")RF —0(1-p"RY)
v S (1-B¥)RE —0 (1 - BERY)
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HE 1— BP,.YP (1 B IBP) BEQ¢RL
(1-~F)Ccr
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From entrepreneur’s stock of habits for loans (B.11)

which leads to

s=pss+(1—ps)l

s=1

Entrepreneur’s effective demand for loans (B.12) gives

Using s = [, this can be written

Total loans of entrepreneurs (B.

as

13)

From bank’s balance sheet condition (B.19)

x:(l—'yLs)
x:(l—vL)l
L=1
D =vyL

Steady state version of stochastic discount factor (B.20) reads

q=p"

Now using the previous result and gfa = RE

o =¥ pRL+(1—p)TRL—RD+7L(1—ps)QE}

which can be rewritten as

From bank’s second FOC

" =8

After subsituting the expression for x

¢o” (

3

ORE + 1

ppRF + (1 —p)TRF — RP
1 —BP~yE(1 - ps)

) (1=~ 1= —wp” (R"1 - 7R")
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This finally simplifies to

n
co (0RL9+77> (1-~%) =-wpPRE(1—7) (C.33)

The final FOC of banks optimization problem reads

0
¢o” (W) z=p"pL

Rewriting this equation

0
¢o” <6RL+77> (1—+")=8"p
0
= £0" (1=7") g =8P
=& (1—~%)0=pB"p (0R" + 1)
= 9[59E (1—~%) - 5PPRL] = B8"pn

ﬁP
R 'YL])m— BEpRE (C.34)

(C.32), (C.33) and (C.34) form a system of 3 equations in 3 unknowns: ¢, # and R*. In order to

solve this syetm of equations, I first insert for o from (C.32) into (C.33) and (C.34). This gives the

following system of equation

1y PRY + (1 —p)TRY — RP q L L
J_ 1—
) 1—pPE (1 —ps) 0 =R (1 =) (OR" + )

0 =

§(1-
B pn
pRY + (1 —p)TRY — RP
1 — BPyL (1 — ps)

(1 —~") " — BPpRE
Plugging the value of # from the second equation into the first, I obtain the value of R” after which
values of o and 6 follow directly. This procedure determines the value of R” exclusively from bank’s
problem which allows it to be inserted into equations derived from entrepreneur’s problem.

Steady state version of aggregate resource constraint (B.25) is

cPy+cfy+1=Y
P E
K
¢ ¢ (C.35)

From steady state value of (B.21)
(C.36)



Combining (C.1), (C.2) and (C.8) gives steady-state equilibrium condition for households

Nt =\
3 1— IBP,.YP Y
v—1 __ _ i
= N _(l—fyP)C'P(l a)N
1
(1-8"") (1 —a) (PN
N = — C.37
- [ o (7) (€57
From (B.27), steady state output is
Y = A (N)l—a _(HE ¢ (K)l_d)]a
I HE ¢ K 1-¢]¢
l—a _ l-a I _
veesam=|(5) (3)
[/ EN? _ LpE 1-¢] ¢
Ylfa — A(N)l—a Hf Oé(l ¢)R B (CSS)
Y RL(1—-(1-6)pF)—06(1—BERE)
From Equation (C.4)
H S
Q" = HPAP (1 - BP) (C.39)
D SYSTEM OF LOGLINEAR EQUATIONS
The system of equations log-linearized around their steady state is as below:
D.1 OPTIMALITY CONDITIONS OF HOUSEHOLDS
Equations (B.1), (B.2) and (B.4) become
BPATECE, — (14 (7F) 87) OF +47CF = (1= 877) (1=7") X (D.1)
RSP =3P AP (02)
(v—1) N, = AP + W, (D.3)
Log-linearization of (B.3) yields
BV [N+ Qfy + HY| =37+ Qff + AF (D4)
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D.2 OpPTIMALITY CONDITIONS OF ENTREPRENEURS
From (B.5) and (B.6), I have
~ 2 ~ ~ o~
5E7EEtC£r1 - (1 + (VE) 5E> CtE + VECtE—l = (1 - BEVE) (1 - VE) )\F

and

NP = RE+ BERFENE, + (1 - BPRY) f
Equation (B.7) yields

W, =Y, - N,

From (B.8), I derive

1

(Xf + @f) = BE, (/)‘\tE+l + @grl) + <RL

+ [(1—5E) —0 <];L —BEH E; [Xﬂﬁrfftﬂ —ﬁtE]

- 6% ) o1 (B + 8-+ Ol

Equation (B.9) becomes

. 1 - .
Qf(:[lﬁE(ltﬂﬁ(RLBE>]Et[A51>\f+EHKt}
. ~ ~ 1 SO
+ 87 (1= ) By (Qf1 + 7 = M) + (1= B7RY) 2208, [if =3 +6,+ Q1S

Equation (B.10) is approximated as
QF = (1+5%) QL — BPQET;41 — QL4

From (B.11) and (B.12), I get

~

St = psSi—1+ (1 — ps) ly

and
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Entrepreneurs’ budget contraint (B.14) becomes

CECE 4 Rl (Et{l +l§_1) —YY, - WN (ﬁ/\t + Nt) [T, - Q"HF (ﬁf - ffgil) + %
+ ’}/L8§t71 + RLL (ﬁf—l + Etfl) — Taat,l

—pRYL (ﬁt—1 +RF L+ Et—l) + 7pa (Pi—1 + at—1)
The borrowing constraint (B.15) yields
lAt = 515 +ar — ﬁf

The definition of entrepreneurs’ total assets (B.16) gives

. QTH" AH | OF QYK AK 7
“T QHHE + QKKEt (Qf+1 i > o + QKKEt (Qtﬂ + Kt)
Linearized version of (B.17) is
RE =3+ QN
D.3 OpTIMALITY CONDITIONS OF BANKS
From (B.22), I obtain
QE E E_L E L L D E_L
Fp0F — 0" (L= p) Brofiy = [pRY + (1= p) TRE = RP 4 055 (1= )| Badigo

+pRF (ﬁt + ﬁtL) - RD@? +(1-p) TRLI%L — prREp,

Equation (B.23) becomes

néo®xr p .~y P(pL)2 5L, T .7 ~
; (0 + — 0;) = —wPB" (R")"LO(2R; + Ly + 0 + EeGr p41)
—nwB”RYL <§tL + L+ Eta\t,H—l)
+ w8 ah?*RY (&} + 20, + ﬁtL + Et@,tﬂ)

+ nwr B fa (at +6, + Et@t,tﬂ)
From (B.24), I get

¢oP (@E + 2 + at) = 08" REpL (gt +RE+p 4+ Lo+ thAt,tH)

+nB"pL (ﬁt + L+ Et@;,tﬂ)
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(D.19)



Linearized versions of (B.20) and (B.21) are

Qi1 = Mg — AP (D.20)
and

PP + G = whb; (D.21)
Equation (B.19) gives

LL, = ¢y + DD, (D.22)

D.4 MARKET CLEARING AND RESOURCE CONSTRAINTS

Equations (B.25) and (B.26) yield

~ CcP., CF. I~
V,= —CF+=-CF+ =1 D.23
t o v + v + vt ( )
and
HYHP + HPHF =0 (D.24)
From (B.27) we have
— A+ (1 —a) N+ apHE | +a(1—¢) K11 (D.25)
Equation (B.28) gives
Ky =(1-0) Ky + 0T, (D.26)

E  MARKET CLEARING

The derivation of market clearing conditon is identical to Ravn (2016) and I include it here for the sake
of completeness. As mentioned in the main text, two types of transfers ¥; and ®; to entrepreneurs
are needed to ensure all markets clear. This section demonstrates this and shows the derivation of the
expression for W;. Let’s start by adding together the budget constraints of households and entrepreneurs.

We sum over both households and entrepreneurs, respectively:

1 1 1
/o <C£+Q£{<Hft Hf; 1) +/0 Dz‘k,tdk‘>di+/0 ( 7+ R 1/ Lik,t— 1dk‘>
1 1 1
— / (WtNi,tJr / I, «dk + R, / Dik’t_ldk>di
0 0 0

1
+/ (Yj,t — WiNj — Iy — QtH< H]t 1> +a0+ P+ ‘I’t>dj
0
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After doing the outer integral, I obtain:

1 1 1 1
cr +Qf (Hf —HtPl) [ ] Daatick+ OF + BE [ [ taadka
0o Jo 0o Jo
1 1 1 1
= W, N; + / / I, pdkedi + R 4 / / Dig.¢—1dkdi
0 JO 0 Jo

1 1 1
+Y, — W;N; — Qt ( HtE 1) / J}jﬂgdj + / d,dy + / U,dj
0 0 0

Using housing market clearing condition, rewrite the above expression:
cf+ctan-vieQ(m-nf) - (n-ng,))+ o (nf - nt,)

//Dzktdldk+Rt 1// kt— 1dk‘d]—/ / L, 1 dkdi
+Rt 1/ / Dip - 1dk‘d2—|—/ :Bjtd]—i_/ <I>tdj—|—/ U,dy

After cancelling terms using the resource constraint, I now plug the expressions for x;;, ®; and Il

from the main text:

//letdzdk: Rt 1/ / Dy, y—1dkdi — Rt 1// jk,t—1dkdj
1
+/ / <l]k,t v sk’t_1> dk dj—l—’)’ / / —skt 1dkdj + W.dj
o |Jo
Lt .
Pri 1 RE Lyy1+ (1= pras TQt—lat—l—Lk,t dkdq
fo th 1
+ / / ( / Dijydi — RP 4 / Dik,t_ldz) dkedi
o Jo 0 0

Letting £ — oo and simplifying:

1 1 1 1 1 1 1 1
/ / Dixsdidk = RP | / / Digs—1dkdi — Rf, / / Likt—1dkdj + / / (zjk,t—fyLsk,H)dkdj
0 0 0 0 0 0 0 0
1 1 Hkt 1 1 1
+7L// 07 /\I/tdj—RtD_l/ / D, s—1didk
k:t 1 .
/ / (pkt \RE L1+ <1_pkt 1) 79t—1at—1> dkdi
fo th 1

Cancelling terms and further simplifying:

0kt
//letdldk——Rt 1// ke t— 1dkdj—|—// (]kt—’y Sk,t— 1+’y 9 )dkdy

L
+/ ‘I’td]+/ <1—pk,t1> ktlT@t—mt—ldk-i-/ Pri 1R Liy1dk
0 0 fo Liy—1dk
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Cancelling yet more terms and after simplifying more:

1 1 1 1 1 1
/ / Dy didk = —RE / Ly s—1dk + / / Lig1dkdj + / U, dj
0 JO 0 0 JO 0

1 1
+ / (1—pk,t1)ret_1at_1dk+Rf_l / Porot L grdk
0 0

After moving some terms around:

1 1 1 1 1
/ ( / D di — Lk7t> dk = / U,dm + / (1 - pkvt_1>7'0t_1at_1dk: - / <1 - pk,t_l)Rf_lLkvt_ldk
0 0 0 0 0

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

1 1 1
/ <1 - pk,t_1>R£1Lk,t_1dk _ / (1 —pk,t_l)ret_lat_ldk _ / ,dj
0 0 0
1 1
/ Uidj =y = / (1 _pk,t1> <RtL_1Lk,t1 - Tgt—lat—1>dk
0 0

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

Finally,
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