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Abstract

This paper presents a Two-Agent New Keynesian (TANK) model with collateral- con-
strained borrowers and a time-varying shock to loan-to-value (LTV) ratios. A temporary
tightening in lending standards in this model leads to a sizable drop in macroeconomic
aggregates and significant macroeconomic fluctuations. The analysis shows that effects of
shocks to LTV ratios are highly non-linear and state-dependent in the sense that ampli-
fication of shocks depends crucially on steady-state LTV ratios. Shocks when LTV ratios
are already high lead to effects which are substantially stronger than when the steady-state
LTV ratios are comparatively lower. The results in this paper also show that permanent
LTV shocks lead to permanent decline in housing prices — a 10 percentage point decline
in steady-state LTV ratio from 0.95 results in more than 0.3% decline in housing prices.
A novel finding in this paper is that a permanent tightening in lending standards leads
to a permanent decline in wages. Additionally, other shocks such as TFP shocks, housing
demand shocks and labor supply shocks also show clear state dependence and have highly

persistent effects.
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1 INTRODUCTION

This paper documents the macroeconomic implications of loan-to-value (LTV) shocks. Using a
Two-Agent New Keynesian (TANK) model, this paper presents four results. First, the effects
of LTV shocks are highly non-linear and state-dependent. LTV shocks when steady-state LTV
ratios are higher have enormously more impact than when initial LTV ratios are lower. Second,
a permanent tightening in lending standards leads to a permanent decline in housing price and
a long-lasting fall in economic activity. These economic effects are highly persistent and last
long after the shock hits the economy. Third, a permanent LTV tightening leads to a permanent
reduction in wages. Fourth, other macroeconomic shocks such as TFP shocks, housing demand
shocks and labor supply shocks also show state dependence in their effects. To the best of my
knowledge, this is the first paper that incorporates time-variation in LTV ratios in a two-agent
real model containing only a household and an entrepreneur.

Using a simple RBC model, this paper studies the economic effects of LTV and other macroe-
conomic shocks. The focus in this paper is on how these various shocks display state-dependence
in their effects. In order to do this, I build a parsimonious model consisting of households and
entrepreneurs. Households in this model consume, hold housing, supply labor and lend to en-
trepreneurs who also consume, hire labor and borrow from households. Borrowing of these
entrepreneurs is constrained to an exogenous borrowing limit which is subject to a time-varying
shock. This borrowing limit restricts entrepreneurs’ loans to a fraction of expected value of
their assets which consist of physical capital and housing. I then examine the effects of both
temporary and permanent LTV shocks in this model and show that their effects are highly
state-dependent. I also consider other shocks which are commonly studied in macroeconomic
literature such as TFP, labor supply and housing demand shocks and show that these shocks
also show state-dependent effects.

To fix ideas, start by considering what happens in the aftermath of an LTV shock. When
lending standards are tightened, it reduces the amount of loans that entrepreneurs can borrow
and invest in productive capital. Entrepreneurs then respond by delevering and, at higher ini-
tial LTV ratios, selling their real estate holdings dramatically which are bought by households.
Entrepreneurs then use part of the sale proceeds for increasing their consumption. A permanent
tightening of lending standards permanently reduces the amount by which they can take out

loans by posting their assets as collateral. Entrepreneurs, in this case, deleverage more dramat-



ically and it has substantially larger impact on macroeconomic variables. This is sum of two
effects. Fire sale by entrepreneurs lowers the price of housing which reduces the value of their
collaterizable assets and at the same time, it reduces the amount of housing they have that they
can post as collateral.

In case of a temporary LTV shock, entrepreneurs deleverage more at higher steady-state
LTV ratios than at lower steady-state LTV ratios and changes in their housing stock is starker.
For instance, when the steady-state LTV ratio is 0.95, entrepreneurs sell more than 5% of their
housing stock and reduce their borrowing by almost 2%. Contrast this with what happens when
steady-state LTV ratio is 0.80. In this case, entrepreneurs sell about 2% of their housing stock
and reduce their borrowing by about three-quarters of a percent. This indicates that changes in
economic variables at higher steady-state LTV ratios is at least twice than what it is at lower
steady-state LTV ratios. These changes in key economic variables are the main forces driving
the state-dependence in effects of temporary LTV shocks.

When lending standards are tightened permanently, the state-dependence of their effects
becomes stronger. Entrepreneurs offload more than 12% of their housing stock, reduce their
borrowing by close to 5% and housing price declines by about 0.7% before going up and staying
permanently below its prior equilibrium value by slightly more than 0.3%. To put this into
context, a 10 percentage point decline in LTV ratio from its steady-state value of 0.95 leads to
a permanent decline in housing price by a magnitude which is thrice the change in steady-state
LTV ratio. Entrepreneurs use part of their income from selling their housing stock to raise their
consumption permanently by 1.5% when steady-state LTV ratio is 0.95. They do so because a
pemanent tightening in LTV ratios permanently lowers the amout of loans that housing, as a
collaterizable aseet, can bring them. On top of this, fire sale of housing lowers its price further
tightening their borrowing constraint. Entrepreneurs, as a result, sell off part of their housing
stock and use it to increase their consumption. This reallocation of resources away from housing
which is a production intput in this model and into partly increasing entrepreneurial consumption
then leads to a persistent decline in borrowing, investment, wages and output. These effects
are remarkably state-dependent as entreprenurs engage in bigger fire-sale of housing at higher
steady-state LTV ratios leading to larger drop in housing prices and cutting their borrowing
more drastically. The movement in these economic variables then have a ripple effects on other
macroeconomic variables.

This paper also considers other shocks such as a TFP shock, a housing demand shock and a



labor shock and shows that their effects too show clear state-dependence. A negative TFP shock
reduces the return entrepreneurs expect on their deployed capital. Entrepreneurs in this case
deleverage and sell their housing which reduces its price. This further tightens entrepreneur’s
borrowing constraint who cut down their investment and consumption. Aggregate consump-
tion and output also fall. These effects are greater at higher steady-state LTV ratios since
entrepreneurs deleverage more and sell larger part of their housing stock at higher steady-state
LTV ratios. This mechanism lies behind state-dependence in effects of TFP shocks.

Housing demand shocks also display interesting state-dependent effects in this model. In
the wake of a negative housing demand shock, entrepreners sell their housing and reduce their
borrowing. Housing prices display modest decline and persistently stay below their previous
steady-state value even after a decade. Entrepreneurs, at higher steady-state LTV ratios, re-
allocate a part of their income from selling their housing stock to increase their consumption
permanently which shows persistent elevation even after 40 quarters. These effects show state
dependence since changes in entrepreneurial housing stock and borrowing, and the resulting
housing prices display different behavior at varying steady-state LTV ratios.

I finally consider a negative labor supply shock. Like other shocks discussed before, labor
shocks also have state-dependent effects. After a labor shock, employment declines and so do
wages, albeit after a short increase at impact. A labor shock reduces the return on entrepreneur’s
deployed capital who respond to it by reducing their borrowing, selling off part of their housing
stock and cutting down their consumption. Housing prices fall due to sell-off by entrepreneurs
which further tightens their borrowing constraint. Household consumption also drop because
household income falls because of a decline in wages and also because they channel part of their
income to buy housing stock being sold off by entrepreneurs. Aggregate consumption, output,
investment and capital also decline. All these economic variables display state dependence in
their behavior. The underlying mechanism is similar to the case of other shocks though initial
impact comes from a different source. Since entrepreneurs delever more and sell off more at
higher steady-state LTV ratios, a labor shock has greater impact at higher steady-state LTV
ratios.

This paper contributes to the literature at the intersection of macroeconomics and finance.
Recently several papers have looked at systematic changes in credit limits over the business
cycle and their macroeconomic impact (see, among others, Jensen, Ravn, and Santoro, 2018

and Jensen, Petrella, Ravn, and Santoro, 2020). These papers consider a positive shock to



credit limits in a three-agent framework and find that increases in LTV ratios have contributed
significantly to business cycle dynamics and increasing skewness observed in US economy. This
paper in contrast with these previous works, focuses on building a small two-agent model that
can offer a transparent mechanism to understand how exogenous negative shocks to LTV ratios
affect the macroeconomic outcomes and how the state-dependence of these shocks propagates to
the wider macroeconomy. My focus in this paper in on shining light on how changes in steady-
state LTV ratios can affect the macroeconomic dynamics and what their implications are for
various economic shocks.

Existing studies have typically abstracted from borrowing costraints on agents when exam-
ining impact of LTV shocks. For example, Justiniano, Primiceri, and Tambalotti (2015) look at
impact of LTV shocks in a model where agents are never financially constrained and conlcude
that these shocks have relatively little macroeconomic impact. This work shows that when fi-
nancial constraint for agents is taken into account, LTV shocks can have sizable and persistent
macroeconomic effects and can cause significant economic fluctuations. This is all the more
notable given the simple RBC model in this paper.

I investigate the impact of credit-constrained investment and steady-state changes in LTV
ratios by incorporating time-variation in LTV ratios in a Two-Agent New Keynesian (TANK)
model. All the investment in this model is made by credit-constrained entrepreneurs. Jensen,
Ravn, and Santoro (2018) and Jensen, Petrella, Ravn, and Santoro (2020) study positive changes
in credit limits and leverage in a three-agent framework. Kiyotaki, Michaelides, and Nikolov
(2011, 2023), Favilukis, Ludvigson, and Van Nieuwerburgh (2017) and Kaplan, Mitman, and
Violante (2020) study the effects of changes in credit limits in an overlapping generations frame-
work. Huo and Rios-Rull (2016) examine the joint role of LTV and interest rate shocks in a
heterogeneous agent model. Ferrero (2015) and Boz and Mendoza (2014) examine the effects
of changing LTVs in open-economy models. Justiniano, Primiceri, and Tambalotti (2015) and
De Veirman (2023) look at time-variation in LTV ratios in a model with sticky prices.

The paper that is closest to the analysis in this work is De Veirman (2023) who embeds the
model in Tacoviello (2005) with time-varying LTV shocks and studies their impact. Results in
this paper confirm the analysis in De Veirman (2023) but additionally show that state-dependent
effects of LTV shocks carry through even to simpler two-agent RBC models featuring only one
collateral-constrained borrower (entrepreneurs) and an unconstrained lender (households). This

is in stark contrast with the model in lacoviello (2005) which is a nominal model featuring two



collateral-constrained borrowers (impatient households and entrepreneurs) and an unconstrained
lender (patient households). Also in terms of results, my paper differs from De Veirman (2023)
and shows that permanent LTV tightening has persistent negative effects on macroeconomic
aggregates such as aggregate consumption, investment, output and wages. In De Veirman (2023),
consumption, investment and output fall in the aftermath of a permanent LTV tightening and
return to their steady state after a few quarters. In contrast, I show that after a permanent
LTV tightening, these variables persistently stay below their previous steady state and do not
return to their equilibrium even after a decade. My results, in this sense, indicate towards
highly persistent negative macroeconomic consequences of a permanent LTV tightening. Another
additional contribution of this work is to show that other shocks such as TFP shocks, housing
shocks and labor shocks too show clear state-dependence’.

This work is related to Sharma (2023b) who studies the implications of bank-firm lending re-
lationships for changes in steady-state LTV ratios. My focus, on the other hand, is on developing
a parsimonious two-agent RBC model that helps understand effects of changes in steady-state
LTV ratios on LTV shocks and ignores both bank-firm lending relationships and any role for
formal financial sector. Another recent contribution this paper is connected to is Sharma (2023a)
who examines effects of collateral shocks in an environment featuring bank-firm lending rela-
tionships but does not consider implications of changes in steady-state LTV ratios. Finally, this
paper is related to Sharma (2023c) who studies the effects of a shock to the lending standards
in a model of bank-firm lending relationships and bank competition on collateral requirements.
The current paper focuses on implications of changes in steady-state LTV ratios for LTV and
other shocks and abstracts from bank-firm lending relationships, bank competition on collateral
requirements or modelling financial sector.

The remainder of this paper is structured as follows. Section 2 presents the model environ-
ment in this paper. Section 3 and Section 4 discuss the model solution and results, respectively.

Finally, Section 5 concludes.

2 MODEL

The paper features a discrete-time two-agent New Keynesian (TANK) model. It has (patient)

households who consume non-durable consumption goods, supply labor and derive utility from

'De Veirman (2023) considers, in addition to LTV shocks, monetary policy shocks and housing demand shocks
but does not consider TFP shocks or labor shocks.



holding a durable good (housing). The (impatient) entrepreneurs, in turn, consume non-durable
consumption goods, hire labor from households and run firms in the economy. Firms are owned
by the entrepreneurs who are subject to a collateral constraint as in Kiyotaki and Moore (1997)
which limits their borrowing to a fraction of expected value of their total assets which include
physical capital and housing. Because of 8¥ < 7, households act as lenders and entrepreneurs
act as borrowers in the equilibrium. In what follows, I describe each agent’s optimization prob-

lem.

2.1 HOUSEHOLDS

The household’s problem bears similarities with those in Tacoviello (2005), Liu, Wang, and Zha
(2013) and Justiniano, Primiceri, and Tambalotti (2015). Households have the utility function

of the following form:

o0

Eo Z (ﬁp)t { log (CtP — fyPCtF:l) — 1Ny + ¢ log Htp} (1)

t=0

where CI') N; and HF denote consumption, labor and housing respectively of the households,
BP € (0,1) is a discount factor and 4 measures the degree of habit formation in consumption.
The superscript P denotes (patient) households. Household’s 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)

Here, ey, is 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 — pp)logs + pulogg—1 + openy (3)

where €p ¢ is iid innovation which follows a normal distribution with standard deviation oy and

where ¢ > 0 and p € (0,1). The household faces the following budget constraint

¢l +Q (H — H[,) + R1B, <W,N,+ B}’ (4)



Here, QI is the price of one unit of housing in terms of consumption goods, W; is the real wage
and R; ; is the gross real interest rate on debt BY . T assume housing does not depreciate.
First order conditions of the households with respect to consumption, debt, housing and labor

respectively can be written as

1 PR oul P
ar—rer, P tar —ror N ®)
5PEt)‘t+1 = AP (6)

Ry
ap + OB (aQE) = N Qf ™)
by = >‘th (8)

where A is the Lagrange multiplier associated with household’s budget constraint (4). One
can combine household’s first-order conditions with respect to consumption (5) and debt (6) to
obtain their Euler equation. Equation (7) describes household’s Euler equation for housing and
links today’s housing price to the utility it provides plus the expected capital gain. Equation (8)
describes household’s consumption-lesiure tradeoff. All the derivations of first order conditions

have been relagated to the Appendix A.

2.2 ENTREPRENEURS

Following lacoviello (2005) and Liu, Wang, and Zha (2013), the representative entrepreneur

maximizes the utility obtained from consuming the non-durable consumption goods
2, z )'1og (CF ~1#CE) ()

where 8% and 7* are as defined before. I assume that entrepreneurs are more impatient than
the households, that is, 5% < #¥. Entrepreneurs face a collateral constraint & la Kiyotaki and
Moore (1997) that limits the borrowing of each entrepreneur to a fraction of expected value of

their assets

BE < E@,gat (10)

Here, BE denotes entrepreneur’s loan, expected value of entrepreneur’s assets is a; and Ry is

the lending rate. Entrepreneur’s borrowing is subject to a loan-to-value (LTV) requirement 6,



which follows the law of motion
log 0 = (1 — pp) log 8 + pglog 0,1 + cpep s (11)

where 6 > 0 is the steady-state LTV ratio, €y, is iid innovation which follows a normal distri-
bution with standard deviation oy and py € (0,1). My goal in this paper is to examine the
implications of exogenous changes in credit conditions, including for institutional and regulatory
reasons. The LTV shock captures changes in lending that are exogenous from point of view of

both lenders and borrowers. Expected value of entrepreneur’s assets a; is given by
a; = [y (QEHHtE + inth) (12)

In the above equation, Q¥ denotes the value of installed capital in units of consumption goods,
K; stock of capital and HE stock of housing?. Entrepreneurs produce output using a constant

returns to scale production function
Y= A () { (HE) ()} (13)
where Y; is output, N; labor input and «, ¢ € (0, 1) are factor shares. TFP A, follows the process
log Ay = (1 — pa)log A+ palog Ai_1 + ga€ay (14)

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

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

1—%(%—1)1 I, (15)

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

Kt = <1 —5) Kt—1+

is a cost adjustment parameter. The entrepreneur faces the following budget constraint

CF+RBE, <Y, —W,N,— I, - Qf (Hf — HE ) + Bf (16)

2Chaney, Sraer, and Thesmar (2012) and Liu, Wang, and Zha (2013) emphasize the importance of real estate
as collateral for business loans.



which states that entrepreneur’s consumption and debt payment for the previous period should
not exceed entrepreneur’s output net of wage payment to labor, investment, changes in en-
trepreneur’s housing stock and the debt in the current period. The FOCs of the entrepreneur

with respect to consumption, debt, labor, housing, capital and investment, respectively are

1 ny
P —1ECE, ’ 'CE, —~FCF )
A = BPEN R+ iy Ry (18)
Y,
wy:a—ahé (19)
Y,
)‘tEQfI = 6E]Et |:)‘£1-1 (Qg-l + 0@];—?)} + MfgtEth-l (20)
t
ALY,
= a0 0 () 5 (1 0) B, + nEOEQL, (21)
Q[ 1 2 L (I Lo\ (I
MNP l1-Z2 (2 —1) —o—L (L -1 EOR, k2, (2] (2L -1
L 2 (It_l ) Loy \ I O e (7 I
(22)

where pf, kF and AP are Lagrange multipliers associated with entrepreneur’s collateral con-
straint (10), law of motion of capital (15) and entrepreneur’s budget constraint (16). En-
trepreneur’s first order conditions with respect to consumption (17) and debt (18) may be
combined to derive Euler equation for consumption for a collateral-constrained agent. Equa-
tion (19) describes entrepreneur’s optimal demand for labor. Entrepreneur’s Euler equation for
land is described by (20) 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 productivity and its
ability to serve as a collateral. Likewise, (21) 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 (22). Derivation of these first-order

conditions have been consigned to Appendix A.

2.3 AGGREGATION AND MARKET CLEARING

Aggregate output in the economy equals consumption of households and entrepreneurs, and
entrepreneurial investment

ch+cf+1L, =Y, (23)



The total amount of housing in the economy is fixed at H which implies that

HF +HE =H (24)

Finally, the total net supply of debt in the economy is zero, i.e.

B +BF =0 (25)

3 MODEL SOLUTION AND PRAMETERIZATION

A period is a quarter in this model. The model is solved by log-linearizing the equilibrium
conditions around the steady state and by using perturbation methods. Appendices B, C and D
contain the list of equilibrium equations, the list of steady-state conditions and the system of
log-linear equations, respectively. The calibration of parameters is standard and as follows (see
Table 1). T allow for a relatively significant difference between discount factors of households
and entrepreneurs so that steady-state value of Lagrange multiplier on entrepreneur’s collateral
constraint pf is different from zero. I therefore set S = 0.995 and ¥ = 0.95. The degree
of habit formation in consumption is chosen to be 0.6 which is in line with empirical estimates
(Smets and Wouters, 2007). The steady-state value of labor shock ¢ is set so that households
work about 25% of their time in steady state. Following Liu, Wang, and Zha (2013), the value
of ¢ is calibrated to obtain a ratio of residential land to output in steady state around 1.45 at
an annual frequency. The labor income share is 0.3 which implies a steady-state capital-output
ratio of 1.15, in line with US data (Liu, Wang, and Zha, 2013). The input share of land in
production is close to the value estimated in Liu, Wang, and Zha (2013) and Iacoviello (2005).
The investment adjustment cost parameter is set to 1.85. The literaure contains estimates which
range from 0 (Liu, Wang, and Zha, 2013) to above 26 (Christiano, Motto, and Rostagno, 2010).
The capital depreciation rate implies a steady-state ratio of non-residential investment to output
a little above 0.13 (Beaudry and Lahiri, 2014).

For calibration of shocks, I follow Smets and Wouters (2007) and set persistence of technology
shock to 0.95 and its standard deviation to 0.0014 which is standard in the literature. Smets
and Wouters (2007) do not include shocks to housing preferences or labor and I therefore rely

on Liu, Wang, and Zha (2013) for their calibration who find these shocks, particularly housing
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TABLE 1: PARAMETER VALUES

Value  Description Source/Target

Br 0.995  Discount factor, households Tacoviello (2005)

BE 0.95 Discount factor, entrepreneurs Tacoviello (2005)

v i={P,E} 0.6 Habits in consumption, households, entrepreneurs Smets and Wouters (2007)
L 3.5 Steady state of labor supply shock See Text

S 0.0375 Steady state of housing preference shock Liu, Wang, and Zha (2013)
«@ 0.3 Non-labor share of production See Text

o 0.1 Land share of non-labor input Tacoviello (2005)

Q 1.85 Investment adjustment cost parameter See Text

0 0.0285 Capital depreciation rate Beaudry and Lahiri (2014)
PA 0.95 Persistence of technology shock Smets and Wouters (2007)
PN 0.97 Persistence of labor supply See Text

PH 0.99 Persistence of housing preference shock See Text

oA 0.0014 Standard deviation of technology shock Standard

ON 0.0014 Standard deviation of labor supply shock See Text

om 0.014  Standard deviation of housing preference shock See Text

preference shock, more persistent than technology shock. They also find that standard deviation
of housing preference shock is an order of magnitude larger than that of technology and labor

shocks. I set these shocks accordingly.

4  DISCUSSION

In this section, I discuss the effects of various shocks and proceed in the following manner.
I first consider a temporary LTV shock and show how a one-time temporary shock leads to
movement in economic aggregates. I also show that these effects are highly state-dependent. I
then consider a permanent LTV shock to show that a permanent change in LTV ratios leads to
greater macroeconomic effects, permanent changes in housing prices and they continue to show
state-dependence documented before. Finally, I consider a series of other negative shocks — a
TFP shock, a housing demand shock and a labor supply shock. I show that all these shocks
display clear state-dependence in their effects.

4.1 EFFECTS OF A SHOCK TO LTV RATIOS

This subsection describes effects of LTV shocks under different steady-state LTV ratios and

shows that both temporary and permanent LTV shocks exhibit marked state-dependence. I first
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discuss impact of a transitory LTV shock before studying effects of a permanent LTV shock.
Given the focus in this paper on LTV tightening, I look at negative shocks. For the clarity of
exposition and to keep the discussion and presentation manageable, I consider four steady-state
LTV ratios — 0.95, 0.80, 0.70 and 0.60°.

I consider the macroeconomic implications of a temporary negative shock implying a 10
percentage point reduction in steady-state LTV ratios on impact. After a shock, the LTV ratios
come back to their steady-state value at the rate p = 0.90. A temporary LTV shock leads to
a tightening of the collateral constraint for entrepreneurs who respond to it by reducing their
borrowing and selling their housing (see Figure 1). After a negative LTV shock, entrepreneurs
consider their assets less useful in terms of how much they can help them borrow through their
use as collateral. Consequently, entrepreneurs sell their housing and increase their consumption
using part of proceeds from sale of their housing. This collateral tightening has ripple effects
also on investment since entrepreneurs cannot borrow now as much as they were able to before
which then also translates into a fall in capital stock, a drop in employment and wages, and
a reduction in aggregate output. In virtually every case, higher the steady-state LTV ratio,
bigger the drop. This shows that steady-state LTV ratios when the LTV shock hits play an
important role in determining the magnitude of the impact. For example, a drop in LTV ratios
from 0.95 leads to a fall in entrepreneurial borrowing by almost 2%. This fall in borrowing
coincides with a drop in real interest rate by 0.2% percent. Entrepreneurs sell more than 5%
of their housing which leads to a drop in housing prices by 0.2%. Entrepreneur’s housing stock
is bought by households who finance their acquisition through reduction in their consumption.
Entrepreneurs then use some of their sale proceeds to increase their consumption which rises by
close to 1% and remains elevated for the next 40 quarters. It’s noteworthy that difference in
increase in peak entrepreneurial consumption when steady-state LTV ratio is 0.95 versus when
it is 0.80 is more than 5 times which is not the case when comparing other steady-state LTV
ratios such as 0.80, 0.70 and 0.60. This confirms the finding that effects of LTV shocks are highly
state-dependent and non-linear. Investment falls on impact and so does capital. This results in
a fall in aggregate consumption and output.

Households, on the other hand, respond to a temporary tightening in lending standards by
increasing their holdings of housing stock which are being offloaded by entrepreneurs. Remember

that housing is in a fixed supply so when the entrepreneurs sell it, it’s the households who

3De Veirman (2023) computes and shows impulse responses for two steady-state LTV ratios 0.95 and 0.80.
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FIGURE 1: IMPACT OF A TEMPORARY LTV SHOCK
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NOTE: Impact of a temporary shock that leads to 10 percentage point decline in LTV ratio from its steady-state
value. Numbers on the horizontal axis are quarters since the shock. Numbers on the vertical axis show percentage
deviation from steady state.
buy. Contrary to the entrepreneurs, households respond to the LTV shock by reducing their
consumption and using the savings to increase their holdings of housing stock. Lending by
households falls since entrepreneurial borrowing plummets and in this model there is one-to-one
mapping between the two — households lend and entrepreneurs borrow. There is no financial
sector and funds move directly between the two agents. Most of the variables return to their
steady state after initial change at the time of the shock which is in line wth transitory nature
of the LTV tightening.

[ now look at the effects of a quasi-permanent shock to steady-state LTV ratios. The analysis
here focuses on impacts of shocks implying a 10 percentage point decline in steady-state LTV

ratios on impact and which come back to their steady-state value at a rate governed by p =
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FIGURE 2: IMPACT OF A PERMANENT LTV SHOCK
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NoOTE: Impact of a permanent shock that leads to 10 percentage point decline in LTV ratio from its steady-state
value. Numbers on the horizontal axis are quarters since the shock. Numbers on the vertical axis show percentage
deviation from steady state.

1 — 10719 Figure 2 shows the response of different variables to a permanent tightening in LTV
ratios. After the permanent shock hits, entrepreneurs drastically deleverage and sell off their
housing. Their existing housing stock now does not allow them to borrow as much as it did
before. When the stedy-state LTV is 0.95, entrepreneurial holding of housing stock falls over
13% on impact and house prices, as a result, fall about 0.3% on impact before dropping to over
0.7% and then recovering. They permanently stay 0.3% below their pre-shock level. This is
a novel finding and the only papers documenting such an effect, to the best of my knowledge,
are De Veirman (2023) and Kiyotaki, Michaelides, and Nikolov (2023). Part of proceeds from
house sales is used by entrepreneurs to finance their increased consumption since they no longer

invest as much as they did before which leads to a persistent decline in investment, capital stock
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and output. All these effects are much more pronounced and persistent than in the case of
a transitory shock. Interestingly, investment, capital stock and output do not return to their
steady-sate value even after 10 years (40 quarters). This points towards highly persistent nature
of effects of permanent LTV shocks. This result is in contrast to the finding in De Veirman
(2023) who reports that after a permanent tightening, aggregate consumption, investment and
output return to their previous equilibirum after a few quarters. Additionally, I find that after a
permanent LTV tightening, wages decline permanently which is plausibly due to highly sustained
drop in investment and capital stock. This is a novel finding in the literature.

Households, acting like in the case of a transitory LTV shock, respond by reducing their
consumption and massively building up new housing positions (buying) by increasing their house
holdings by over 8%. There is drastic difference between household’s buying of housing stock at
different steady-state LTV ratios. When the permanent LTV shock hits and when the steady-
state LTV ratio is 0.80, households buy less than 2% of housing stock but they ramp it up to over
8% when the steady-state LTV ratio is 0.95. This reflects a difference of over 400%. Lending by
households drops by over 4% which is more than twice the fall in lending by households in the
case of a transitory LTV shock. Entrepreneurs’ borrowing decline by an equal magnitude as they
cut down on their borrowing and investment and increase they consumption. All these effects
are much higher than in the case of a transitory shock. Consistent with the pattern observed
in the case of transitory shocks, steady-state LTV ratios appear to have a significant state-
dependent effects also in the case of a permanent shock. Also notable is the highly persistent
nature of permanent LTV shocks on investment, capital stock and employment. A large and
persistent drop in investment leads to a fall in stock of capital which then manifests itself in
lower employment at impact and persistently lower wages. Permanent shock are magnified a lot
when LTV ratio is 0.90 versus when it’s 0.80. This confirms the non-linearity in the effects of

LTV shocks.

4.2 EFFECTS OF OTHER SHOCKS

In this subsection, I discuss the implications of changes in steady-state LTV ratios for other
shocks in this model. Specifically, I consider a TFP shock, a housing demand shock and a labor
supply shock.

Figure 3 shows effects of a negative TFP shock. There are two interesting effects to note
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here. First, the quantitative effects of a negative TFP shock are muted as compared to an LTV
shock. Second, the state-dependence of effects carries through to TFP shocks. TFP shocks seem
to have a much higher impact when LTV ratios are higher versus when steady-state LTV ratios
are lower. After a negative TFP shock, entrepreneurs sell their housing stock and reduce their
borrowing. A negative TFP shock reduces the output and reduces the return entrepreneurs
expect on their deployed capital. As a consequence, entrepreneurs delever and reduce their
consumption. In the wake of a negative TFP shock, households also reduce their consumption
and increase their holding of housing stock which is being sold by entrepreneurs. Their lending
declines since entrepreneurs cut down their borrowing. As a result of drop in aggregate lending
and borrowing, real interest rate declines at impact before overshooting its steady-state level

and then returning to its pre-shock level.

FIGURE 3: IMPACT OF A NEGATIVE TFP SHOCK
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Fall in investment by entrepreneurs leads to a long-lived reduction in the stock of capital
and an accompanying decline in wages. In fact, wages remain depressed persistently in the wake
of a temporary TFP shock and do not return to their steady-state level even after 40 quarters.
Remarkably, housing prices also fall on impact and remain well below their steady-state level
even after a decade. The initial fall in housing price is much higher at LTV ratio 0.95 than at
LTV ratio 0.80. The fall in housing price in case of steady-state LTV ratio 0.95 is more than
0.04% and it’s 0.02% when the steady-state LTV ratio is 0.80. This is a difference of 100%. This
highlights the result in this paper that housing price responds significantly not only to LTV
shocks but also to temporary TFP shocks and these effects are highly state-dependent.

As mentioned before, a negative TFP shock reduces the return entrepreneurs expect on
their deployed capital. Entreprneurs then reduce their borrowing, cut down their investment
and sell their housing stock. These effects show state-dependence because at higher steady-
state LTV ratios, entrepreneurs delever more and sell more of their housing stock. This greater
deleveraging and bigger changes in entrepreneur’s housing stock then has a ripple effect on other
macroeconomic variables.

A housing demand shock in this model has weaker impact than TFP shocks. As Figure 4
shows, housing demand shocks also show clear state-dependent effects. These shocks have a
stronger impact when LTV ratios are higher to start with than when they are lower. A negative
housing demand shock reduces utility gained by a unit of housing. Note that only households
gain direct utility from holding housing while entrepreneurs derive utility from housing indirectly
by using it as a production input and as a collaterizable asset. In the wake of a negative housing
demand shock, entrepreneurs sell their housing stock and raise their consumption. They raise
their consumption permanently when the seady-state LTV ratio is 0.95 in which case, aggregate
consumption first falls and then overshoots its previous equilibrium value. This effect is present
also at lower steady-state LTV ratios but the magnitude is markedly lower.

Entrepreneurs sell their housing and cut down their investment which reduces the capital
stock. They reduce their borrowing at first which leads to a drop in real interest rate. When
steady-state LTV ratio is high (in this case, 0.95), entrepreneurial borrowing rises slightly after
an initial drop and stays persistently above its previous equilibrium value which results in an
initial fall in interest rate before it overshoots its prior steady-state level and then reverts to it.

House prices fall as a result of sell-off by entrepreneurs and remain below their pre-shock

level persistently. Reduced housing prices mean that they cannot fetch as much loans as before
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FIGURE 4: IMPACT OF A NEGATIVE HOUSING DEMAND SHOCK
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and this leads entrepreneurs to reduce their consumption initially. Afterwards, entrepreneurs
sell their housing and channel a part of the sale proceeds towards increasing their consumption
while funneling the rest of the funds into investment. The logic is as follows. After housing prices
decline, they are no longer as valuable as before. Recall that housing serves the dual purpose of
being a production input and a collaterizable asset. Entrepreneurs then first sell housing which
causes a fall in investment. This results in a persistent reduction in capital stock. Employment,
aggregate output and consumption all fall before overshooting their pre-shock levels. Later,
entrepreneurs direct part of their sale proceeds from selling houses into investment in capital
since it can still produce output. This leads to a boom in investment which overshoots its
previous steady-state level after an initial fall and remains elevated for a protracted period. In

fact, it does not return to its steady-state value even after 40 quarters. This investment boom is
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accompanied by an increase in capital stock, employment and wages. This rise in labor and wages
lead households to raise their consumption. As a result of rise in investment, capital, labor and
wages, aggregate consumption and output overshooot their previous steady-state values after

their initial drop and remain elevated for an extended period.

FIGURE 5: IMPACT OF A NEGATIVE LABOR SHOCK
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The mechanism driving state-dependence in effects of a negative housing demand shock is
related to how entrepreneurs’s housing stock changes at various steady-state LTV ratios. At
higher steady-state LTV ratios, entrepreneurs respond more forcefully to a negative housing
demand shock and sell bigger chunk of their housing stock. Larger sale of housing at higher
steady-state LTV ratios results in a larger fall in housing prices which tightens entrepreneur’s
borrowing constraint. Entrepreneurs then face a higher incentive to sell their housing in a bid to

relax their collateral constraint and they sell larger parts of their housing stock causing a greater
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drop in housing prices. The incentive to sell housing in the face of a negative housing demand
shock is smaller at lower steady-state LTV ratios. Consequently, entrepreneurs sell less of their
housing stock and it leads to a smaller reduction in housing prices and a smaller effect on other
macroeconomic variables.

Figure 5 reports behavior of select economic variables to a negative labor supply shock.
Labor shocks have somewhat weaker but persistent effects in this model and they continue to
display clear state-dependence. In the aftermath of a labor supply shock, employment, output,
agggregate consumption, capital stock and housing prices — all decline persistently. Households
reduce their labor supply and cut down their consumption both of which persistently remain
below their pre-shock level. Entrepreneurs curtail their investment which reduces the stock of
capital in the economy and offload part of their housing stock. This leads to a drop in housing
prices and households use this opportunity to increase their buying of housing stock sold off by
entrepreneurs. This is accompanied by a modest but sustained drop in aggregate consumption,
investment and output. These effects are more pronounced at higher steady-state LTV ratios
which shows their state-dependence.

The mechanism behind the state-dependence in effects of labor supply shocks is as follows.
After a labor shock, the disutility of working increases and households, as a result, decrease
their labor supply. This leads to a fall in wages after a short-lived spike which is plausibly
driven by initial shortage of labor. Since labor wages are one of households’s income sources
(the other being interest income from lending), a fall in it is accompanied by a decline in house-
hold’s consumption. A decrease in labor supply reduces the return on entrepreneur’s deployed
capital who consequently scale back their production and cut down their investment. Recall
that entrepreneurs combine housing with capital to produce output. This has the implication
that when entrepreneurs wind down their investment, they reduce their capital stock and sell
their housing. Sale of housing stock leads to a fall in its price which tightens their borrowing
constraint and induces them to sell it further. Entrepreneurs reduce their consumption since re-
turn on their deployed capital has fallen and they are engaged in winding down their investment
and selling their housing which is bought by households. As a result of these events, aggregate
investment, capital, consumption and output all decline. This decline is greater at higher steady-
state LTV ratios since entrepreneurs engage in greater fire sale of housing at higher LTV ratios
in order to relax their borrowing constraint. This illustrates how negative labor shocks show

state-dependence and how higher initial LTV ratios amplify labor supply shocks in presence of
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collateral-constrained investment.

5 (CONCLUSION

This paper provides a simple framework to examine macroeconomic effects of shocks to LTV
ratios using a simple two-agent real model. The analysis in this paper shows that effects of LTV
shocks are highly state-dependent and non-linear. A shock that leads to the same magnitude of
decline in steady-state LTV ratio can have dramatically different effects depending on whether
the initial LTV ratios are already high or comparatively lower. The paper also shows that
the nature of impact depends upon the nature of the shocks. While transitory shocks lead to
interesting macroeconomic fluctuations, permanent shocks lead to permanent decline in housing
prices and a sustained reduction in investment, output, capital stock and borrowing. I also show
that a permanent LTV tightening leads to a permanent decline in wages which is a novel finding
in the literature. In addition, other shocks such as TFP shocks, housing demand shocks and labor
supply shocks all show clear state-dependence and have highly persistent effects in the model.
These results point towards how the same magnitude of shocks can have dramatically different
macroeconomic impact and underscore the importance of taking into account steady-state LTV
ratios when studying macroeconomic consequences of various shocks.

For clarity of exposition and in my attempt to keep the analysis as simple as possible, I
developed a simple real model in this paper which abstracts from other forces which might have
an impact on the effects discussed in this paper. For example, the model is real and features
no real or nominal rigidities. Considering them might yield additional insight into the effects
of various economic shocks. Additionally, this work completely abstracts from modelling formal
financial intermediation. It assumes that households lend and entrepreneurs borrow and banking
sector plays no role at all. In reality though, most if not all of this financial transfer happens
through banks and other financial intermediaries. Modelling them and their features could have
important implications for the results in this paper. Such and other related research efforts are

promising and their results can be useful for macroeconomic and macroprudential policy.
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A DERIVATION OF FOCSs

A.1 HOUSEHOLDS

The Lagrangian of households is

L =E, L S, (89)

log (CtP — VPCtp_l) — uN; + g log HY

A |CP + QI (HFP — HP ) + R_yBF , — W,N, — BF,

The problem yields the following first order conditions:

0% 1 P gl P
7 mp —pep P EBrap—par =N

ocy  Cp —~PCiy Cipn —77C

0L AP

apr BN = gy

o< St

o wp OB k) = X er

X4

8_]\[t Ly = )\th

A.2 ENTREPRENEURS

Entrepreneur’s optimization problem can be written as

5f/’t:EM

i

> (85)

log (CF —=~+°CE,)

—f [RtBtE O, (QF HE + @filfa)}

—kE [Kt (-8 Ky — {1 ~ g (fj - 1)2}1t}

A-2

—AF {oﬁ + R BE, =Y+ WiN, + I, + QFf (HF — HE ) — BF}

(A.2)
(A.3)
(A.4)

(A.5)

(A.6)



where Y, = A, (N,)"™° {(Hﬁl)(b (Kt_l)lf(b}a may be inserted for Y; in the budget constraint.

Solving entrepreneur’s optmization problem, the first order conditions are:

oL 1 E 7" E
: — (PR, — =\ A7
oCF  CF —ECE, P TE —Ecp = (A7)
o<
rp A = BPEAG R+ i Ry (A.8)
OB
0L Y;
E-AEQ = BPE,NE L[ QF, + ¢>”1 + uP0,E,Ql (A.10)
aHtE A Wy t t+1 t+1 My Ol & Jy g .
o< AE Y,
— vl =a(l-¢)BE, [ TS ) 4+ 85 (1 0) Eunfyy + plOEQL, (A.11)
3Kt Kt
0L 5 g Q[ I 2 I (I, . Lo\ (Ia
a_It-At = Ky {1 E(Z 1) QK (K 1)}-’-5 QE, Iit+1 Tt Tt 1
(A.12)
B LisT OF EQUATIONS
B.1 HOUSEHOLDS
1 P oil P
S — Y P .\ B.1
P P )‘f
FEN G = 5 (B.2)
HP + 5PEt ()‘t+1Q£r1) = )‘foI (B-3)
='W, (B.4)
B.2 ENTREPRENEURS
1 E 7E E
- _BFR,— =) B.
cr—rer, tozil —rep B9
Y,
W, = (1 —a)— B.7
=(-a) (B.7)
FE FE E Y;H-l
AL Qt = B7E, {)\t+1 (Qt+1 + 04925 > } + QtEtQt—H (B‘8)
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A\EY,
e =a(l-¢)B7E, (%) + B (1= 0) Euwiy + iy 0EQsy (B.9)
Q[ 1 2 L (I L\ (1
BogPl1-Z (2 —1) —o—2 (1L -1 BOR, (kP () (-1
A= { 2 (Itl Iy \Ir s A A A B\
(B.10)
CP+R.Bf =Y, —W,N,— I, —Q, (H’ — H" ) + Bf (B.11)
0.ay
BF = = B.12
t Rt ( )
ar =B (QFL HY + QFL Ky) (B.13)
re = A QF (B.14)

B.3 MARKET CLEARING AND RESOURCE CONSTRAINTS

ct+olF+ 1, =Y, (B.15)
HF +HF =H (B.16)
B +BF =0 (B.17)
Vo= A () {(HE)” (Ki)' ) (B.18)
Q1 ?
Kt:(l—é)Kt_1+{1—§<I—t—1> }It (B.19)
t—1

C STEADY STATE CONDITIONS

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

1 — BPVP
amer = ey
and
L= \'W (C.2)

respectively. Household’s FOC with respect to debt (B.2) yields the steady-state gross interest

rate

R=— (C.3)

A4



which underscores the fact that the time preference of the most patient agent determines the

steady-state rate of interest. (B.3) yields

S
ﬁ +BP)\PQH — APQH
Hpgp _ S
R (e 1)
HP = > C.4
T T Qmr (-7 (e
I now turn to entrepreneurs. Their consumption FOC (B.5) yields
1— 3PP E
———=A C.5
(1-~F)CF €9
Entrepreneur’s FOC with respect to debt (B.6) gives
A (1-pBFR

R

The borrowing constraint for entrepreneurs binds only if u¥ is positive. This implies that 3%
must be less than R*. In the baseline calibration, 5% is set to 0.95 whereas the steady state

value of R* is 1.0219 which implies that 5% must be less than 0.9786 which is indeed the case.

Entrepreneur’s production function is

From firm’s labor choice for househods (B.7),

W=(1-a) (C.8)

Entrepreneur’s FOC with respect to housing (B.8) gives

QHHE B ﬁEOégbR

7Y T 0-B5HR-60(1-GFR) (©9)
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From aggregate law of motion for capital (B.19)

K:(1—5)K+{1—%(§—1H[

=] =0K (C.10)

I have the following steady-state resource constraints

Y=C"+CF+1 (C.11)
H=H"+ HF (C.12)
BY + B =0 (C.13)

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

redundant because of Walras’ Law)

CP =WN - (R—-1)B” (C.14)

C¥ =Y -~ RBY ~-WN — I+ B* (C.15)

So the steady state is characterized by the vector

Y? CP’ CE7 [7 HP? HE7 K7 N? I/I/? BP7 BE7 QH’ QK7 R’ AP? >\E7 ILLE

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

E FE AEHY%Jrl E E FE K
Ry =« (1 — Oé) B ]Et (Tt) + ﬁ (1 — (S) Et/‘{/tJrl + My etEtQtJrl
E Y (1-BER
= i—E(l— (1-09)8") Ia(1—¢)ﬁEE+%9QK (C.16)

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

QL N\ L[ g (L) (L
11— (2-1) —0 (L -1 man) [ a2 |
2 (It ) I, (IH M 77, I,

=\ =P (C.17)

+ BEQE,
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Combining this with steady state version of

kP = NEQK (C.18)

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

capital-to-output ratio

I{E . ER
-9 a9l 0 g
N o (1— ¢) RB” o

Y R(1-(1-90)p%)-0(1—pF"R)

Next, combining (B.12) and (B.13)

BY = % (Q"H” + Q" K) (C.20)

Dividing by Y, the above expression becomes

BE 6 (QFHE QKK

7:}_2< y Y )

BE_ E Qb (1_¢)

=y e {R(l—ﬁE)—ﬁ(l—ﬁER)+R(1—(1—5)6E)—9(1—BER) (©.21)

From entrepreneur’s budget constraint (B.11)

C¥ +RB¥* =Y ~-WN — 1+ B* (C.22)

Rewriting this in ratio to output

C* RB® | WN I B
Y Yy Y Y Y
o K BF
Steady-state budget constraint of household, in ratio to output, reads
ct WN B?
- 4 (1—R)—
Y Y +(1-F) Y
1 - R)B”
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Dividing the above two expressions by each other, I have

S B P (i
Y (1-8"YR-06(1-pB"R)
H" S (1-B8")R—0(1-B"R)
= =
o 1—pPy" P BragR
a—mer =)
HP 1—A~F 1-BPYR—-0(1-BFR)CF
T (- ;ﬁ) i ;Pw — ﬁan(z 'S em

Steady state version of aggregate resource constraint (B.15) is
Cr+CP+1=Y

Dividing by Y
cr ck K

- =1 = 2
- =1-— -5 (C.26)

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

L= AW
~ = aomer 1=y
-y = (T) 2
From (B.18), steady state output is
V=AW (1) ()]
yre=amT (@EY <R i- (ﬁ(;)_ﬂg)) %il - BER>)1_¢] a o
From (C.4)
Q" = = (€29
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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 HOUSEHOLDS

Equations (B.1), (B.2) and (B.4) become

5P7PEtaﬁr1 _ <1 X (Wp)2 513) étp +7P@P_1 _ (1 _ BP,YP) (1 _ 7P) NP

Et}:ﬁ—l - /)\\tP - Et

L =N+ W,

Log-linearization of (B.3) yields

(1-8") (G- BF) + "B, [N + Qf | =37+ QF

D.2 OpPTIMALITY CONDITIONS OF ENTREPRENEURS

From (B.5) and (B.6), I have

PR CE = (14 (0F)"9°) CF 4970, = (1= 559%) (1-9%) A

and

Equation (B.7) yields

From (B.8), I derive

(Xf + @f) = K, <X£r1 + @tlil) + <% - 5E> OE, (ﬁf +0+ qu)

AP = RE + BERMENE + (1 - BPRY) of

W, =Y, - N,

+ [(1 —B%) —0 (}% - 5’5)] By [Mo + Vo — A
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Equation (B.9) becomes

4 BE(1-0)E, (@{il +AE Xf) + (1 - BER) %GEt [ﬁf X4+ 0,+ 0%, (DY)
Equation (B.10) is approximated as
QF = (1+ 8°) QL — BPQE L1y — QI (D.10)
Entrepreneur’s budget contraint (B.11) becomes

CCP + RB® (R + BE,) =YV, = WN (W, + N) - 1T, - Q"H" (BF — A ) + BF B

(D.11)
The borrowing constraint (B.12) becomes
Equation (B.13) which shows entrepreneurs’ total assets, becomes
~ QHHE AH TE QKK NK 7>
Linearized version of (B.14) is
RE =2F 4+ QK (D.14)
D.3 MARKET CLEARING AND RESOURCE CONSTRAINTS
Equations (B.15) and (B.16) yield
ct Cct I~
and
HPHP + HPHF =0 (D.16)
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(B.17) gives

B BT + BFBF =0 (D.17)
From (B.18), I have
Yi=A+ (1 —a) N+ apHE | +a (1 - ¢) Ky (D.18)
Equation (B.19) yields
K, = (1-0)K,_1 + 6], (D.19)
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