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Abstract

We study the effects of monetary policy shocks in a two-agent New Keynesian model with a bank-based prudential measure
capturing the cyclicality of credit and defaults in the data. In our theory, prudential collateral requirements counter-cyclically
respond to defaults and credit growth. They are implemented to tackle distortions arising from the peculiar behavior of
defaults in the private sector. An active collateral requirement amplifies the impact of a monetary policy shock on output and
labor relative to an economy with a constant collateral requirement. The extent to which monetary policy affects output and
employment depends on bank-based prudential practices and whether the defaults fluctuate due to some exogenous or cyclical
deviation. Monetary policy cannot prevent significant employment and output losses when the default probability constant.
When the defaults are endogenous, monetary policy can create long-run distortions in employment while amplifying output
loss. A countercyclical response to defaults and credit supply is optimal for the constrained and unconstrained households when
both have access to the housing markets. Nevertheless, when only borrowers consume housing goods, a constant collateral
requirement rule induces significant welfare gain. Although the monetary policy and the collateral requirement measures are
costly, this policy mix emerges as a potential tool for preventing the risk of delinquency in the short run. Specifically, we find
that monetary policy in a model that features an anti-default collateral requirement rule that leans against the credit cycle
leads to a temporary yet significant decline in defaults in the private sector and induces moderate volatility in house prices and
consumption.
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1. Introduction

Borrowers’ financial conditions matter for financial institutions’ lending policies, and their capacity to
pay back their debt is a crucial consideration for banks when approving loans. A theory of credit policies
by Rajan (1994) suggests that regulatory interventions and demand-side conditions can have unforeseen
consequences on banks’ credit policies. During economic downturn, banks often experience a high level
of delinquent debt and tighten the loan-to-value (LTV) limits to mitigate this risk.! Bank-based prudential
measures like maximum LTV requirements have recently gained popularity in many countries (Aikman
et al. 2021); however, the adoption of these tools depends on whether policy-makers find it desirable.
In practice, these measures do not vary with the cycle, though there is a large class of optimal LTV
limit literature that considers time-varying LTV rules (Studies of this type include, e.g., (Angelini, Neri,
and Panetta 2012; Gelain, Lansing, and Mendicino 2013; Lambertini, Mendicino, and Punzi 2013; Rubio
and Carrasco-Gallego 2014; Aikman et al. 2019; Ferrero, Harrison, and Nelson 2024)). These and other
studies state that aggregate loan-to-value requirements could be used as a corrective action to financial
vulnerability in real-time, reducing large debt built-up during expansion and consequently limiting debt
deleveraging during a credit bust. The bank-based prudential measure proposed in this article is an
anti-default time-varying measure that counter-cyclically responds to default and credit growth. Such
a bank-based prudential instrument that creates a more stable and resilient financial system could be
useful in addressing financial distortions and disrupting the feedback loop during economic downturns.

In this paper, we assess the effectiveness of bank-based prudential practices for sustaining aggregate
credit to the private sector and containing systemic risk in financial markets. In particular, we focus
on loan-to-value limits or, equivalently, collateral requirements. We assume that in response to high
delinquency rates, banks adopt tight collateral conditions and decrease the maximum LTV requirements.’
Our goal is to understand how prudential practices, e.g., collateral limits, affect macroeconomic outcomes
and evaluate the effectiveness of joint monetary and bank-based prudential policies in preventing default
risk. The idea that collateral limit may be an important source of macroeconomic fluctuations is widely
discussed in the literature, including by Justiniano, Primiceri, and Tambalotti (2015), Iacoviello (2015),
Guerrieri and Iacoviello (2017), and Mendicino et al. (2020).

We present a two-agent New Keynesian framework where borrowers can default on their loans
and face a collateral constraint. The model has three main ingredients. First, there are two types of

households: borrowers and savers. The borrowers are assumed to be collateral-constrained. Second, firms

IThroughout the paper, we use the terms collateral requirement limit, bank-based prudential practice, and loan-to-value

limit interchangeably.
’The terms delinquency rate and charge-off rate are used interchangeably to refer to the percentage of loans that banks

have classified as a loss relative to total lending.



are financially constrained and face collateral constraints when borrowing from banks. An interpretation
of the debt contract between borrowers and lenders holds that the bank lends money, and the borrowers
pledge collateral that serves as protection for the lender should the borrowers fail to make their loan
payments. The specifics of the collateral constraint in our framework follow those in Kiyotaki and Moore
(1997); however, we assume that financial intermediaries set the loan-to-value limit, which reacts inversely
to the level of delinquency in the borrowing sector and credit supply. Third, the financial intermediaries
in this economy observe the delinquency rates on business and mortgage loans and adjust the collateral
requirement limit in each period according to the observed deterioration of borrowers’ financial situation.
In other words, it is optimal to change the LTV limit whenever they observe the impending negative
performance of borrowers. This feature distinguishes our analysis from previous studies that assumed
the loan-to-value limit does not vary with the cycle or is given exogenously. We also hypothesize that
firm debt is mainly asset-based. We are aware that decomposing firm debt into cash flow-based debt and
asset-based debt would make our analysis consistent with the empirical evidence in Lian and Ma (2021).
Nevertheless, we believe our formulation of the profit-maximizing firm that faces a collateral constraint
is a fair approximation. For instance, if firms that pledged future cash flows against debt cannot meet
their interest payments, they may reschedule the debt, issue new equity or debt, or sell their assets. The
latter case relies on the same logic as asset-based debt.

We estimate the model using US aggregate data and financial data over the period 1984Q1-2021Q4.
We investigate the impact of an increase in the loan-to-value limit for business and mortgage loans on
output and labor. We compare the impact of a contractionary monetary policy on output and labor under
different scenarios: (i) in the baseline model where lenders adjust their collateral requirements limit
based on the borrowers’ financial conditions, and credit supply, (ii) in a model with constant LTV, and
(iii) in a model where lenders are not concerned by the boom and bust in credit supply and by the level
of delinquency when setting the loan-to-value limit. We also compare the macroeconomic outcome
of a monetary policy shock in several additional counterfactuals, including under deterministic and
endogenous default probability. Finally, we examine the effects of a contractionary monetary policy shock
that coexists with the bank-based prudential measure on the delinquency rate and assess its welfare
implications.

Our results lead to four main conclusions. First, a prudential policy that attempts to raise the collateral
limits and expand credit to businesses and households boosts aggregate demand, and increases output
and labor. These results, while obvious, are important as they indicate that the model can reproduce
the key features of a credit boom episode. Second, through the lens of our model, we show that an
active prudential policy creates a strong link between central bank policy rates and economic activity.

It amplifies the responses of output and labor to a monetary policy shock. These findings are then



contrasted with two counterfactual exercises: where the LTV rule is less active and takes the form of
an autoregressive process of order one, and where the LTV is kept constant over time. The analysis
indicates that implementing a contractionary monetary policy can still trigger a slump in output, but the
effect is less pronounced than in the baseline case. In addition, we find that the declines in output and
employment due to a contractionary monetary policy are significantly severe in the deterministic default
probability model relative to the baseline scenario. Notably, the bank-based prudential instrument cannot
reduce the delinquency rates (since it is fixed in every period) or mitigate the associated debt loss, which
generates greater volatility in output and employment loss. On the other hand, the monetary policy
amplifies the fall in output and labor in the endogenous default probability model. The amplification of
this shock can be attributed to the additional endogenous adjustment of monitoring costs, which causes
a meaningful loss in output and employment.

Third, and most importantly, we test the optimality of the bank-based prudential measures that
explicitly consider default and lean against the credit cycle. We show that the suboptimal scenario for
unconstrained households (savers) is when the economy features an active LTV requirement under the
assumption that both households have access to the housing market. When we impose the assumption
that only borrowers have access to the housing market and are financially constrained, an economy with
a constant LTV is socially optimal, with large gains for borrowers at the expense of savers. In general,
we find that the welfare gains are sensitive to the model assumptions and the form of the LTV rule.
Furthermore, the results regarding the default in the private sector reveal that the bank-based prudential
practice in our baseline model can limit movement in default probability. A contractionary monetary
policy can be effective in reducing the risk of delinquency in the short run as it lessens the charge-off rate
on business and mortgage loans. In terms of consumption and house prices, we find that the baseline
model features low volatility relative to the scenario where the LTV is kept constant over the cycle.

Besides the welfare gain from implementing countercyclical bank-based measures, there are several
other possible justifications for using such tools. First, the financial instability following the 2008 global
financial crisis provided a credible justification for a monetary authority that intervenes to stabilize the
financial market or an independent financial authority that is solely concerned with addressing distortion
in the financial market. However, a monetary authority that leans against the wind (increases interest
rates during booms) can arguably prolong the liquidity trap when monetary policy is supplemented with
a macro-prudential policy; see Bianchi and Coulibaly (2022) and Farhi and Werning (2016). Nevertheless,
for the macro-prudential policy to work reasonably well, it must be inseparable from the conduct of
monetary policy and its target. Second, higher monitoring costs associated with household and business
debt raise the burden on loan contractors as risk increases. The costly state verification thus leads to

inefficient fluctuations in credit spread, as argued by Carrillo et al. (2021). Finally, the fluctuations in credit



supply drive abnormal movement in delinquency rates. The boom and bust in delinquency rates represent
a serious concern for financial stability and accentuate the vulnerability of lenders and borrowers in
credit markets. This issue is explored by Bianchi and Mendoza (2018), who emphasize that the frequency
of crises can be reduced substantially when a social planner employs an optimal macro-prudential policy
without committing to future policies. However, in our context, financial intermediaries set a prudential
LTV instrument designed to counter defaults and moderate credit supply in every period.

A substantial body of literature incorporates financial intermediation into mainstream macroeco-
nomic models to improve the policy analysis and predictions of dynamic general equilibrium models,
including classic models such as those by Bernanke, Gertler, and Gilchrist (1999) and Christiano, Motto,
and Rostagno (2014). There has been renewed interest in banking intermediation and financial frictions,
particularly in the effect of various policies and financial regulations on financial stability and banking
system efficiency (see Brunnermeier and Sannikov (2014), Curdia and Woodford (2016), Jermann and
Quadrini (2012), Jakab and Kumhof (2015), He and Krishnamurthy (2012), Fuentes-Albero (2019), Bianchi
and Saki (2022), and Akinci and Queralto (2022)). However, most of these papers only consider the impact
of monetary policy and banking regulation on the economy. In contrast, we focus on the effects of bank-
based prudential measure where both households and firms are financially constrained. This prudential
rule ensures that the loan-to-value limit reacts to the borrowers’ delinquency rate and credit supply.

Influential contributions to the literature on New Keynesian models with financial frictions include
Gertler and Kiyotaki (2010), Gertler and Karadi (2011), Iacoviello (2015), Justiniano, Primiceri, and Tam-
balotti (2015), Guerrieri and Iacoviello (2017), and Gertler, Kiyotaki, and Prestipino (2017). These studies
emphasized the importance of modeling financial frictions in macroeconomic models. We contribute to
this body of literature by accounting for financial policy, which sets a countercyclical loan-to-value limit
according to the severity of the borrowers’ financial condition and credit supply. We demonstrate that a
mix of bank-based prudential and monetary policies can diminish the risk of delinquency in business
and mortgage debt in the short run. Recent contributions such as Cerutti, Claessens, and Laeven (2017),
Kim and Mehrotra (2018), Franz (2020), Martin, Mendicino, and Van der Ghote (2021), Van der Ghote
(2021), and Ottonello, Perez, and Varraso (2022) analyze the effects of macro-prudential policies. Our
quantitative findings are related to this literature and highlight the importance of switching between
tighter and normal collateral terms rather than a loan-to-value limit that does not vary with the cycle.
See Gatt (2024) for a detailed discussion on the loan-to-value limit as a policy tool in theory and practice.

This study also contributes to the literature on collateral and its macroeconomic impact. Several
influential studies, including Williamson (2016) and Geanakoplos and Zame (2007), highlight the role
of collateral. Tacoviello (2005) study the propagation mechanism of a negative monetary shock when

the collateral channel is operational, focusing on how the collateral generates amplification effects on



demand shocks, and Mendicino et al. (2020) and Ottonello and Song (2022) investigate optimal capital
requirements. Guerrieri and Lorenzoni (2017) identify the channels by which the shock to borrowing
limits propagates. Becard and Gauthier (2022) develop a macroeconomic model with heterogeneous
agents in which both households and firms face collateral constraints. Other related contributions include
Christensen et al. (2009), Alpandaa and Zubairy (2017), Lambertini, Mendicino, and Punzi (2013), Rubio
and Carrasco-Gallego (2014), Bianchi and Mendoza (2018), and Drechsel and Kim (2022). Our paper differs
from previous studies as we consider a bank-based prudential measure that depends both on the demand
and supply sides. In our model, financial intermediaries monitor the changes in the severity of borrowers’
conditions and adjust the collateral requirement limit. Our contribution includes the development of a
tractable two-agent New Keynesian model with a bank-based prudential measure and use it to understand
the effectiveness of these measures and its interaction with monetary policy.

The remainder of the paper is structured as follows. Section 2 provides key insights on bank-based
prudential measures. Section 3 describes the theoretical model. Section 4 presents the estimation results.
Section 5 discusses the effects of collateral requirements on macroeconomic aggregates, examines the
effects of a monetary policy supplemented with a bank-based prudential measure on output, employment,
and delinquency rates, and analyzes the welfare implications of the bank-based prudential practice.

Section 6 concludes the paper.

2. Understanding Bank-based Prudential Practices

In this section, we discuss bank-based prudential practice and then examine the effects of tighter collateral

terms on credit supply using local projection.

2.1. Empirical Measure of Bank-based Prudential Practices

To identify changes in bank-based prudential measures, we rely on the Senior Loan Officer Opinion
Survey on Bank Lending Practices, which provides a quarterly measure of the changes in collateral terms
on business loans (Figure 1). Our data sample covers 1999-2022. This measure reveals that more than 50%
of banks reported tight collateral requirement limits in the middle of the COVID-19 pandemic, which
temporarily increased the strain on borrowers before decreasing at the end of 2021. Large variations
also occurred after 1999 and during the 2008 crisis. These observations suggest that banks pursue a
tight collateral limit policy during uncertain times and can reflect changes in the loan-to-value limit. An
alternative interpretation of changes in this measure is that it can be thought of as changes in the LTV limit
because of some macro-level regulation (maximum LTV limits) imposed by a financial stability authority.

Of course, a clear distinction between bank practice and prudential regulation matters in practice;



nevertheless, this survey data is the best available information on changes in collateral requirement
limits.
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FIGURE 1. Percentage of Banks Reporting a Change in Collateral Requirements for Small Firms

Notes: This figure shows the measure of tightness in collateral conditions (SUBLPDCISTQNQ). Source: Board of Governors of
the Federal Reserve System (US), Senior Loan Officer Opinion Survey on Bank Lending Practices. Quarterly data from 1999-2022.

We now present the bank-based prudential instrument in our model, where changes in collateral
conditions are correlated with changes in demand-side conditions. Our view is that the changes in the
delinquency rate conveyed signals about the state of the borrowers’ financial conditions that affected
the credit policies of banks through changes in the loan-to-value limit. We use the delinquency rate as a
proxy for the deterioration of borrowers’ conditions. Thus, we adopt the following specification for the

LTV limit ¢ established by financial intermediaries on real estate and business loans:

S P¢i¢zl;—1 — Py~ k) - o™ (ml - mi_y) + efn-

The borrowers are indexed by {i € e, h}, while h and e denote households and firms, respectively.
d)i represents the collateral requirement limit imposed on either households’ or firms’ loans, p; is
the collateral limit smoothing parameter, ™ represents the response of LTV limit to the credit supply,
and a®? denotes the collateral limit weight on the loan delinquency rate. Moreover, f)Ci_l represents the
delinquency rate, m% is the credit supply, while e;bi is the innovation to the collateral requirement limit,
which isani.i.d. with a mean of zero and variance o,;. Under this specification, the collateral requirement
limit imposed by financial intermediaries on borrowers is mechanically linked to the percentage of
total loans that have been charged off and to the changes in credit level, and has some degree of history
dependence. The assumption that the collateral requirement limit reacts to the deterioration of borrowers’
financial conditions distinguishes our analysis from Lambertini, Mendicino, and Punzi (2013) and Rubio
and Carrasco-Gallego (2014), who defined a regulatory loan-to-value ratio that responds counter-cyclically

to credit growth. Our rule also differs from that proposed by Alpandaa and Zubairy (2017), who introduced



an optimal loan-to-value limit to address households’ indebtedness.

2.2. Collateral Conditions and Credit Markets: An Intuitive Channel

(a) Collateral requirement (b) Charge-off rate
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FIGURE 2. IRF to collateral requirement shocks

Notes: Local projection results. Sample: 1999Q1-2022Q3. We rescaled the IR in Panel (c) by 100, and in Panel (d) by 1000.

A simple experiment we consider in this section is how tightness in collateral conditions affects credit
markets. We use the percentage of banks reporting tighter collateral terms from the Senior Loan Officer
Opinion Survey on Bank Lending Practices, which is reported in Figure 1, as a proxy of changes in the

bank-based prudential practice, such as the loan-to-value limit. We focus on the period between 1999Q1



and 2022Q3. The empirical specification of our model is as follows:

(2.1) Yesh =0t +Bpst+Veps t=1,...,T,

where 0; denotes the time fixed effects, h represent the horizon for the impulse response functions, ;.
is the vector of the endogenous variable, and s; represents the vector of the predetermined variables and
controls. The variables used in our analysis are the collateral limit measure, CI loans, loan charge-offs,
and the charge-off rate. The coefficient 3;, reflects the response of y, and v;,, is the error term. As in
Jorda (2005), we use Newey-West heteroscedasticity and autocorrelation consistent estimator.

Figure 2 shows the impulse response function to a collateral condition shock. A tighter collateral
condition initially reduces the net charge-off rate on business loans, although the effect is significant
only in the third quarter. The effect becomes positive and significant ten quarters after the shock. The
response of the total loans, which is classified as a loss to the shock, is nearly insignificant but becomes
positive and significant ten quarters after the shock. The business loan supply declines more gradually,
with a significant impact observed one quarter after the shock. It is worth noting that the decline in
the business loan delinquency rate is plausibly driven by the large decrease in the loan supply, which
outpaces the decline in the loan charge-off. Moreover, stricter conditions on the pledged collateral may
result in a boom and bust in the delinquency rate and total loan charge-offs. Thus, tighter bank-based
prudential instruments do not have a significant persistent impact on business credit supply, however,

they can induce a substantial shrink in credit supply in the short run and result in lower default levels.

3. A Model with Collateral Requirements

The model developed in this paper shares the key features of New Keynesian models in the financial
sector, including forward-looking agents who live infinitely and maximize their profits in a discrete-
time economy. These agents maximize their utility and profits with the presence of nominal rigidities
in prices and wages. The main agents in this framework are two types of households (constrained
and unconstrained), entrepreneurs, a financial intermediary, and a central bank. In equilibrium, all
households and entrepreneurs behave optimally, and all markets clear. To conserve space, we show the
full derivation of the model in Appendix A. In this setting, the key ingredients are (i) collateral-constrained
households, (ii) collateral-constrained entrepreneurs, and (iii) a financial intermediary that can conduct
a liberal or tight lending policy through an internal LTV limit that inversely respond to default and credit
growth. Below, we illustrate how this feature is important for the central bank’s monetary policy and

how it mitigates the default risk.



Unconstrained Households - Savers. Consider unconstrained households that maximize their lifetime
utility by providing labor services, consuming the final goods, and making deposits. The utility function

takes the form

(lu,t)lﬂyl}

6 BoZ 0Bl LorC0gcnr - bu1) -
subject to ¢y ¢ +dt < wilyt + (1+1¢)ds—1/mt. Here, 0 < By, < 1is the discount factor, ¢ ¢ is the per capita
consumption, d; is the deposit, w; is the hourly earnings, I, ; represents the hours worked, by is the
internal habit in consumption, 7; is the gross inflation rate, and r; is the nominal interest rate. The
parameter o is the curvature on the disutility of labor, and 1; is the disutility weight on labor. Consumers
face consumption preference shocks (¢ ¢, which is assumed to evolve as follows: (¢ ¢ = p¢ e -1 + €§C- The

consumer decides the level of consumption, deposit, and labor with the marginal utility Ay ;.

Collateral-Constrained Households - Borrowers. Financially constrained households choose the consump-

tion c¢ ¢, hours worked I ¢, debt m? to maximize their expected lifetime utility:

(Zc,t)h—cl

(3.2) EoZ BZ{(log(cgt =becer-1) — g 140,

+x10g(ht)},

subject to the flow budget constraint ¢ + q?ht + m?_l(l +17) [T < el + q?ht_l + m? and collateral
constraint d)?q?ht >(1+71f )mi‘_1 /m:. Here, by, denotes the internal habit in consumption, 1 is the weight
of labor in the utility function and o; is the inverse of the Frisch elasticity of labor supply. The parameter
B denotes the discount factor. We assume that constrained households discount the future more than
unconstrained households, that is, 3. < . X is the weight of assets in the utility of households, and cb?
is the LTV requirement imposed on constrained households. Total housing stock h is exogenous and
follows the autoregressive process h; = pght-1 + €, ;. We assume that collateral-constrained households
are aware of the gross inflation rate 71z, the nominal interest rate r{, and the wage rate w;. Financially
constrained households decide the consumption c, hours I, and debt m” with marginal utility Ac ;.

We define the probability that a debt is charged-off as X = (1/ (1+ e“il)) for all G? € (0,+00), where
0? reflects the volatility that can lead to a high or low probability of debt being uncollectible with no
chance of being repaid. This shock follows a standard autoregressive process of order 1: G? = phcr?_l + e?.
Moreover, we assume that financial intermediaries establish an LTV requirement on real estate loans.

The simplest specification of the LTV requirement rule adopted here is

h
OF = pprdl - a®(0Xh |~ X) - o™ (mll — ml ) + PP,

with the innovation e;bh ~ N(0, Gih). A rule of this type is primarily concerned with moderating the

credit cycle and reducing the default rate. In this economy, the collateral requirements at time t adjust to



its previous level d)?_l, and respond to the debt m" and the loan charge-off rate I)C?_l in a counter-cyclical
manner. It is worth mentioning that the collateral constraint does not guarantee risk-free debt. Indeed,
constrained households perceive the debt as risky in the sense that an exogenous shifter d)? can either
relax or tighten the borrowing constraint, and the collateral price is affected by the household’s marginal
utility of consumption. Thus, by borrowing more, households increase current consumption and raise
equilibrium collateral prices.

Furthermore, we assume that unconstrained households make loans to collateral-constrained house-
holds at the nominal interest rate ry, via a financial intermediary that has the participation constraint
(1- I)C?)(l + rf)mf}_l/nt +(1- ph)f)C?d)?q?ht,l >(1+ rt)m?_l/m. This condition gives an equilibrium in
which banks incur no loss when providing loans to collateral-constrained households. With probability
(1- I)C?), the borrowers can pay back the debt (1 + ¢ )m?fl/m; with probability DC?, the bank cannot
collect debt and classifies it as delinquent. In the case of delinquency, this condition implies a cost
(1- pM) associated with the repossession of the collateral d)?q?ht_l. Regardless of whether the borrower
defaults on their loans, the banks always receive total earnings from lending equal to (1 + rt)m?& [Tt

Finally, aggregating the labor and consumption of the two household types yields [; ; = [l+ + I,+] and

Cit = [Cut + Cot]-

Labor Market and Wage Stickiness. Labor contractors hire households i € {u, ¢} and sell homogeneous
labor services to intermediate good producers. Labor services take the form I; = | [Ol(lijt)l/ Vidi]1 subject to
fol w; ¢l; ;di = wtly, where v; denotes the fixed wage markup and w; , is the wage rate. There is a monopoly
union that represents all workers, sets wages, and faces Calvo-style frictions: w; = [(1-(;) (wp_) YAV 4
C(wi NEASEL ]}~Vi. Here, 1 - (; is the probability that the monopoly reoptimizes the wages, while with

probability (;, the monopoly cannot reoptimize.

Goods Production and Price Stickiness. The economy is populated by a continuum of firms and operates
- . 1.1/(1

under monopolistic competition. Each firm has the final goods stock y; = [/, y].)/ t( Ve )d]-]“"P. The

final good is indexed by j € [0,1], and 1 < v < co. A higher price markup v, implies that firms have

market power and that the good is less substitutable for other goods. Using capital and labor inputs, the

monopolist firm produces the intermediate good y;, and the intermediate good production function

takes the form

(3.3) ¥, = k& (zel)

where k; is the capital input, I; is the labor input and 2; is an exogenous productivity shock z; = pz2;_1 + €7.

The parameter « € (0,1) measures the responsiveness of output to changes in capital. We assume that

10



prices are sticky by using a variant of Calvo-type frictions, as in Christiano, Motto, and Rostagno (2014).
The monopolist can set the price p; of the good by reoptimizing the price with probability 1 - (p, or
without reoptimizing the price with probability (,, and where p; is the price level that maximizes the
expected discounted value of future profits. The price level is defined by p; = [(1 - (p)( pt_l)"l’/ (1-vp) 4
Cp(pf )¥p/(=vp)](=vp)/Vp After setting prices and quantities, the monopolist minimizes the production
cost wil; + rfkt subject to the production function 3.3. The producer chooses the level of labor and capital

allocation with a marginal cost .

Capital Markets. In capital markets, the previous capital is combined with investment goods i; to

produce new capital k; with the following technology:

(34) ke = (1= 8)key + [1- /2(it/ie-1 - 1)* )iz

where capital decays at the fixed rate 0 < § < 1. The quantity of investment at period ¢ is proportional to
the adjustment cost function S. Capital producers choose investments to maximize the present value and
future operating profits minus the total investment cost: q’?it —[1+S/2(i¢/iz_1 - 1)?]iz. Based on the law of
motion for capital stock k; and investment expenditures, capital producers sell capital to entrepreneurs
at the price g~. Capital producers’ optimal investment equalizes the marginal revenue product of capital

to the marginal cost of investment goods.>

Entrepreneurs and Collateral Constraints. Each entrepreneur purchases the capital goods k; at the price
q’,f using loans m; obtained from the bank. Their net worth net is ktq’,f = m$ + n{ for all t. Entrepreneurs
are hit by a shock X¢ = (1/ 1+ e"?)) , which describes the probability that the entrepreneurs are unable to
pay their debt. Letting o} obey the AR(1) process o = p.0§_; + €7, the default probability increases when
of goes up. The collateral constraint for entrepreneurs is defined as ¢§(1 + rlf)q’;kt > (1+rf)m§/m;. The
entrepreneur’s debt is charged-off with probability X¢. As the entrepreneur is unable to pay the interest
and principal, the pledged collateral is seized by the bank. Financial intermediaries adopt a collateral

requirements limit ¢§ which evolve over time according to the following rule:
b7 = p¢e¢§_1 - (Xd)e(xf_l - X§5) — «™(mf - mf_q) + €} ‘.

This rule indicates that lenders adjust the level of collateral requirements to the previous level at t - 1,

where pg,, determines the LTV weight on previous collateral requirements. « is the response of the

3The capital producer’s profit is given by q’fkt — [1+ 8/2(i¢/is—1 — 1)]ir, where the law of motion for capital is k = ko + [1 +
S/2(i¢/ir_1 — 1)*]ir given that, in a steady state, S(.) = 0 becomes k — kg = i. Then, the capital producer’s problem can be written
as qfiy — [1+ 8/2(i¢ /i1 — 1)*]is.
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LTV limit to business credit, and a®¢ is interpreted as the LTV weight on the charge-off rate of business
loans. The innovation e;be is assumed to be an i.i.d. with a mean zero and standard deviation o®¢.

The entrepreneur’s expected earnings are given by

(3.5) E{[(1+rF)gfke - (1+r9)mé/m] (1 - XE_y)),

where rf is the average real rate of return on capital and r{ is the nominal interest rate paid by the
entrepreneurs on their debt mj. For the sake of simplicity, we define the probability that entrepreneurs
will default on their loans as X{_; and the probability that they meet their scheduled debt as 1 - X¢_;. We
assume that the leverage level of entrepreneurs is Lev; = m{/n{. Thus, the entrepreneurs’ problem is to

maximize their entrepreneurial earnings* subject to the participation constraint:

(3.6) (1= X6)(1+79)yme/ms + (1 - p&) XL+ ) pqike > (1 + re)mé/ms.

Note that the first term on the left-hand side corresponds to returns from non-defaulting entrepreneurs;
the second term corresponds to the returns from defaulting entrepreneurs whose collateral is seized by
banks, net of the monitoring cost pué. The right-hand side describes the return on loans given the interest

rate demanded by banks r;. We define the entrepreneur’s expected net worth as n? ; = vE((1- X¢-(1-
28 §5) (1+ RO kgt + ke(1-8)gk ;.

Monetary Policy Rule. The linearized for of the monetary policy rule is:

(3.7) rt= pp?tfl +(1- Pp)[an(?t - pss) + aAy(j’t)] + €t.
Here, the nominal interest rate r; depends on price gap and output. €; is the monetary policy shock with

er € N(0, 02).

Resource Constraints and Equilibrium We complete the model setup by specifying the main aggregate

resource constraints

(3.8) yt:ct+f§+f?+it++gt

Here, c; is the aggregate consumption, f} represents the banks spending on monitoring entrepreneurs

with f§ = ¢Spexe(1 + rf)q’fkt, and the term f? = d)?uhxilq?ht represents the costs associated with

“See the Technical Appendix for detailed computations.
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monitoring households. gr denotes government consumption and is given by gt = ng +y;. The share of
government consumption in the total output follows an AR(1) process withng = pgng ¢ + ef, and i; is the
aggregate investment. A competitive equilibrium consists of stochastic processes {p;, p;, Fp,t, Kp t,wt,
Wi, Fut, ke, ity 1, q’t(, rf, ?{5, ng, Yo lts lut, le,ts My Aty NGy, Cty Cuty Cyty dty Tt m? , q? 18, f1, f? , mf} that
evolve according to a system of equations. This model is driven by eight exogenous shocks: a government
spending shock ng ¢, a technology shock z¢, a consumption preference shock (¢, a monetary policy shock
rt, a delinquency rate shock on firm loans X¢, a delinquency rate shock on mortgage loans DC?, a business

loan collateral requirement shock ¢$, and a mortgage loan collateral requirement shock cblti.

4. Estimation

In this section, we first present the solution method and the calibrated parameters of the model. Then,

we estimate the model parameters and shocks using Bayesian methods.

Methods and Data. We approximate the equilibrium system by log-linearizing around the steady state.
Hereafter, all variables in log deviations from the steady-state values are identified with a tilde (the model
derivations and log-linearized model equations are reported in the Technical Appendix). We estimate the
model by proceeding in three stages: (i) we construct the empirical data to be combined with the model’s
equations, (ii) we calibrate key economic parameters, and (iii) we estimate the remaining economic
parameters and shock parameters using Bayesian methods.

We use quarterly US data from 1984Q1 to 2021Q4 (see Figure Al in the Appendix). The time series
are normalized to have a mean zero. For example, data on the gross domestic product, consumption,
investment, commercial industrial average outstanding, commercial industrial total charge-offs, real
estate loans average outstanding, real estate loans total charge-offs, and government spending are deflated
using their specific implicit price deflator. Then, we express these aggregate variables in per capita terms,
divide each variable by the civilian non-institutionalized population over 16, and take the logarithmic
first difference. The data on hours worked are normalized by population only, and then transformed by
taking the first difference of its logarithm. We also take the logarithmic first difference of the data on the
delinquency rate of commercial industrial loans and the delinquency rate of real estate loans. Finally, we

end up with eleven observables:

obs obs h,obs -0bs

[Alog y:™, Alogc; ,Alogmf’Obs,Alogdt ,Alogi;™,

Alog l?bs, Alog ff’Obs, Alog f?’Obs, A logg,?bs, Alog X?’Obs, Alog DCf’Obs]

These observables are growth in output Alog y?bs, growth in consumption Alog c?bs, growth in commer-
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cial industrial Alog mf’Obs, real estate loans Alog d? ’Obs, growth in investment A log i?bs, growth in hours

, growth in commercial industrial loans total charge-offs Alog f f’Obs, growth in real estate

loans total charge-offs Alog f ?’Obs, growth in government spending Alog gfbs, growth in the delinquency

worked Alog 19

rate of real estate loans Alog X?’Obs, and growth in the delinquency rate of firm loans Alog C)Cf’ObS. The

Technical Appendix describes the system of measurement equations in detail.

TABLE 1. Calibrated Parameters

Parameter Description Value
Household

B Discount rate - unconstrained households 0.990
B¢ Discount rate - constrained households 0.950
ot Curvature on disutility of labor 1.000
by Habit persistence parameter - unconstrained households 0.630
be Habit persistence parameter - constrained households 0.630
v Steady-state markup suppliers of labor 1.050
ph Fraction of realized profits lost in bankruptcy 0.940
X Utility weight on housing 1.500
Pt Steady-state collateral requirements on mortgage loan 0.980
Production

5 Depreciation rate on capital 0.025
S Adjustment cost function 5.000
o Power on capital in production function 0.400
vP Steady-state markup, intermediate good firms 0.200
Entrepreneurs

vé Percentage of entrepreneurs who survive 0.976
uf Fraction of realized profits lost in bankruptcy 0.940
ol Steady-state collateral requirements on business loan 0.980
Policy and shocks

Tg,ss Share of government consumption 0.200

Notes: The time frequency is quarterly.

Parameter Estimates. The model is parameterized such that the key variables are matched to the US data

over the sample period 1984-2021. The parameterization is described in Table 1. As a standard practice in
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the business cycle literature, such as in Iacoviello (2005), we set the discount factor for unconstrained
households 3 to 0.99 and the discount factor for constrained household . to 0.95. This reflects the
assumption that collateral-constrained households are more impatient than unconstrained households.
We set the elasticity of labor supply o to 1 and the consumption habits of constrained and unconstrained
households, b¢ and b* respectively, to 0.63. We also set the wage markup V! to 1.05, which is close to the
value of labor supply elasticity in Justiniano, Primiceri, and Tambalotti (2011). We assume the steady-state
price of housing stock ¢" is equal to 1. The price markup of intermediate good firms v? = 0.2 and the
power on capital in the production function « = 0.4 are in line with the values used in the literature. We
set the utility weight on housing x to 1.5, which is similar to the value used by Justiniano, Primiceri, and
Tambalotti (2014). Concerning investment, we set the depreciation rate on capital 6 to 0.025, a standard
value in the business cycle literature. To target the delinquency rate on mortgage loans X" = 8%, we set
0" to 2.5, such that X = (1/(1 + e"h)) = 0.0759. Similarly, we set o€ to 2.5 to target a value of 8% for the
default rate on business loans. The monitoring cost of business loans p° is set to 0.94, as in Christiano,
Motto, and Rostagno (2014). We also set the monitoring cost of real estate loans uh to 0.94. The collateral
requirement limits $™ and $p€ are equal to 0.98, as in Iacoviello and Pavan (2013) and Justiniano, Primiceri,
and Tambalotti (2014). We set the percentage of entrepreneurs who survive y¢ to 0.68. Moreover, we
set standard values for the Calvo parameters of sticky prices (¥ and sticky wages ¢! t0 0.702 and 0.771,
respectively. Finally, we set the value of the steady-state government spending to output ratio ng to 0.18,
which is consistent with the US data.

We now describe the procedure for estimating the unknown parameters. Following a Bayesian
approach, we choose prior distributions of selected parameters for estimation. Researchers typically rely
on existing empirical literature or beliefs derived from macro and micro-level evidence. The posterior
distribution was constructed over the period 1984Q1-2021Q4 using the Metropolis-Hastings algorithm,
with 10,000 draws per chain needed to achieve convergence. The estimation results are reported in Table
2.

For habit parameters b, and b., we assume the prior obeys the Beta distribution with a mean of 0.5
and a standard deviation of 0.1, as in Iacoviello and Pavan (2013). Including habit formation in the model
allows for hump-shaped responses of macroeconomic variables to economic shocks. The Calvo price
stickiness parameters (; and (p are assumed to follow the Beta distribution, with a mean of 0.75 and a
standard deviation of 0.1. According to our estimates, the model exhibits a high degree of price and wage
rigidity, and the values of these two estimates are consistent with Guerrieri and Iacoviello (2017). We also
assume that the prior of adjustment cost function S follows a Normal distribution with a mean of 5and a
standard deviation of 0.1, such as in Christiano, Motto, and Rostagno (2014) and Guerrieri and Iacoviello

(2017).
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TABLE 2. Prior and Posterior Distribution of Estimated Parameters

Prior Distribution Posterior Distribution

Density Mean Std.Dev. Mean Std. Dew.

Macroeconomic Parameters

by Habit parameter - unconstrained households Beta 0.500 0.100 0.552 0.001
be Habit parameter - constrained households Beta 0.500 0.100 0.692 0.001
] Calvo wage stickiness Beta 0.750 0.100 0.797 0.002
Cp Calvo price stickiness Beta 0.750 0.100 0.660 0.004
S Investment adjustment cost curvature Normal 5.000 0.100 4.992 0.001

Shock Parameters: Persistence

P Policy weight on inflation Normal 1.500 0.250 1.697 0.001
oy Policy weight on output growth Normal 0.250 0.100 0.214 0.001
Pp Policy smoothing parameter Beta 0.500 0.100 0.839 0.002
Pg Autoc. gov. Spend. shock Beta 0.700 0.100 0.692 0.001
Pz Autoc. tech. shock Beta 0.700 0.100 0.938 0.001
Pee Autoc. cons. pref. shock Beta 0.700 0.100 0.852 0.001
Poe Autoc. b. loan deling. rate shock Beta 0.700 0.100 0.463 0.001
P, Autoc. r. . loan deling. rate shock Beta  0.700 0.100 0.500 0.003
Pope Collateral policy smoothing parameter - B. Loan Beta 0.700 0.100 0.527 0.000
Py Collateral policy smoothing parameter - R. E. Loan Beta 0.700 0.100 0.523 0.001
ade Collateral policy weight on b. loan deling. rate Beta 0.500 0.100 0.508 0.000
adh Collateral policy weight on r. e. loan deling. rate Beta 0.500 0.100 0.582 0.001
o™ Collateral policy weight on b. loan Beta  0.500 0.100 0.673 0.003
«™  Collateral policy weight on r. e. loan Beta 0.500 0.100 0.532 0.002

Shock Parameters: Standard Deviation

€g St. dev. gov. spend. shock Inv. G.  0.001 Inf 0.021 0.001
€y St. dev. tech. shock Inv.G.  0.001 Inf 1.015 0.002
€, St. dev. cons. pref. shock Inv.G.  0.001 Inf 0.048 0.005
€g, St. dev. b. loan deling. rate. shock Inv.G.  0.001 Inf 1.040 0.065
€oy St. dev. r. e. loan deling. Rate. Shock Inv.G.  0.001 Inf 4.281 0.057
€e St. dev. b. loan coll. requir. shock Inv.G.  0.001 Inf 0.282 0.017
€py, St. dev. r. e. loan coll. requir. shock Inv.G.  0.001 Inf 0.001 0.001
€y St. dev. 1. e. volume shock Inv.G.  0.001 Inf 1.046 0.004
€ St. dev. m. p. shock Inv.G.  0.001 Inf 0.210 0.014

Measurement Errors on The Observables

P obs Measurement error on y, Inv. G. 0.001 Inf 1.615 0.027
Pjobs Measurement error on iy Inv.G. 0.001 Inf 0.937 0.016
Ppobs Measurement error on [y Inv. G.  0.001 Inf 0.017 0.002
P pects Measurement error on f° f Inv.G.  0.001 Inf 0.968 0.007
P phas Measurement error on f’ ? Inv.G.  0.001 Inf 0.032 0.053

Notes: The table reports the results of Bayesian estimation, posterior statistics are constructed using 10,000 draws per chain.
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We assume the priors are centered at 0.7 for the persistence of shock processes (government spending,
technology, consumption preference, real estate delinquency rate, business loan delinquency rate,
collateral requirement on business loans, and collateral requirement on real estate loans) with a Beta
distribution that ensures the estimates are bounded between 0 and 1 (the standard deviation of the prior
is 0.1). We also assume the prior of standard deviation of structural shocks and the measurement errors
on the observables follow an Inverse Gamma distribution with a mean of 0.001 and a standard deviation
of oo.

With nine orthogonal shocks and five measurement errors, we use the eleven observable variables
described above to estimate the model. Regarding the identification of the two main financial shocks in
the model, collateral requirements and delinquency rate shocks, we use aggregated mortgage and firm
debt data. We also add the delinquency rates on firm and mortgage loans, and the total charge-offs on
firm and real estate debt data from the FDIC to identify these two shocks.

We interpret large positive swings in the delinquency rates, which is treated as an exogenous object in
our model, as a higher probability of a crisis occurring. Several papers treat default as either exogenous or
endogenous. For example, Gunn and Johri (2013) and Ajello (2016) assume that intermediation costs evolve
exogenously over time and interpret these disturbances as financial shocks, and Gunn, Johri, and Letendre
(2022) show how endogenous default and news shocks to the default costs help in matching the model
with the observed variance in the data. Further,Candian and Dmitriev (2020) provide a micro-foundation
for fluctuations in bankruptcy costs, highlighting how endogenous liquidation costs amplify the response
of macroeconomic aggregates to financial shocks. In Section 5, we demonstrate how our economy reacts
counterfactually to a contractionary monetary policy under deterministic and endogenous delinquency
rates.

Recall that the corresponding equations for the collateral requirement limits on real estate loans and

firm loans are

(4.1) ol = 05231 | —0.582(x" | - x1) —0.532(ml - ml ) + PP
(4.2) ©¢ = 0.527¢M | - 0.508(X%_; - X&) - 0.673(mf — mS_;) + ePe

Based on these two regressions, the feedback coefficient of collateral requirements to the mortgage
delinquency rate is relatively high (0.582); similarly, the collateral requirement limit on firm loans appears
to react very strongly to the firm loan delinquency rate (0.508). The coefficients of the lagged collateral
requirement are 0.523 for mortgage loans and 0.527 for business loans. The feedback coefficient of the LTV
requirement to firm credit supply is 0.532, and to mortgage supply is 0.673. According to these collateral
limit rules, financial intermediaries will adjust their collateral requirement limits as they observe the

variations in the default rates. Higher delinquency rates and credit boom conveyed negative signals about
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the borrower’s financial conditions; thus, the tightening of collateral terms is the natural outcome of
peculiar behaviors in default among borrowers.

Before presenting the results, it is useful to discuss the identification of the collateral requirement
(Equations 4.1 and 4.2). This specification captures the idea that lenders require a tight loan-to-value
ratio as long as the probability of default is high, and they set loose collateral conditions when the
default probability is low. After observing the percentage of total loans that have been charged-off—
an indicator of the deterioration of the financial situation of borrowers— financial intermediaries set
the collateral requirement limit. The design of the prudential limit proposed in this article echoes the
ideas in Korinek and Mendoza (2014), who explain that a social planner intervenes whenever a positive
probability of sudden stop events is high. In this case, the planner reduces borrowing in the present to
relax future collateral constraints and mitigate the severity of sudden stops. In many existing collateral
constraint models, bank-based prudential measures counter-cyclically react to credit supply or the level
of indebtedness, whereas we assume it reacts to the credit supply and default probability. It is worth
emphasizing that our specification is subject to the Lucas critique since the parameters of the equation
are unlikely to remain constant. One way to test the stability of the parameters pg,;, «®and o™ is to
control for confounding variables with a similar empirical specification using microdata. However, even
with this approach, we cannot completely rule out endogeneity bias. A full analysis of the identification

of the loan-to-value limit, while important, is not the primary objective of this article.

5. Monetary Policy and Bank-based Prudential Measure

In this section, we first look at the response of output and the shifts in labor to changes in the LTV limits.
We examine the propagation of a monetary policy shock, in particular when the central bank conducts a
contractionary policy by raising the interest rate, and assess any potential conflicts between the bank-
based prudential and monetary policies. The goal here is not to test whether our model matches the facts
quantitatively. Instead, we focus on emphasizing the impact of a monetary policy shock that coexists
with a bank-based prudential practice in multiple versions of the model, with exogenous, endogenous,
and deterministic default probability, and an additional model extension that allows for a constant LTV

limit. Finally, we examine the welfare implication of the LTV limits under different model assumptions.

How Does the Collateral Limit Affect Output and Labor? We consider the effects of collateral limit friction
on output and labor. The responses to a positive loan-to-value limit shock displayed in Panel (a) and (c) of
Figure 3 reflect the case where the economy is hit by a shock that facilitates access to business credit.
This shock leads to a sharp rise in the total output followed by a gradual recovery toward the steady-state

level up to the 10th quarter. This increase in business activity translates then into higher labor demand,
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and as collateral limit pressure subsides, labor adjusts gradually to reach the steady-state level. Panels
(b) and (d) of Figure 3 display the response of output and labor to an increase in the collateral limit on
mortgage loans. The increase in the loan-to-value limit creates a long-run positive impact on output and

entails a large increase in aggregate employment, which is interpreted here as the total hours worked.
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FIGURE 3. Positive Collateral Requirement Shocks: ¢¢ and d)h

Notes: Panels (a) and (c) report the response of labor and output after an increase in the LTV limit ¢°. Panels (b) and (d) show

the response of labor and output after an increase in the LTV limit ®". The time frequency is quarterly.

There are several takeaways from these results. First, when the credit supply is expanded to households
and businesses, the aggregate output and employment will be at their highest level. These over-time
gains in employment and output induced from relaxing the LTV limits are relatively large and perhaps
justify their use as a corrective action. Second, under such a bank-based rule, the business and household
borrowing channels appear to transmit this shock disproportionately, and exhibit distinct dynamic
interactions. For example, the output and employment responses to changes in the collateral limit on

mortgage loans up-weights their responses to changes in collateral limit on business loans.
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Effects of a Contractionary Monetary Policy Shock. This next section considers three alternative definitions
of a bank-based prudential measure. As described in the baseline setup, entrepreneurs and collateral-

constrained households face a collateral requirement limit in the form of:
OF = Pgithh 1~ aPH (X~ X5) - oM mi - ) + e,

where i € ¢, h refers to the relevant household or entrepreneur group, DC; represents the delinquency rate,
and m' can be either mortgage or business loan. For the second counterfactual scenario, we consider
the variant collateral requirement limit by shutting down its response to the charge-off rates and credit
supply. In this case, the collateral requirements for entrepreneurs and households are defined as an
autoregressive process d)i = p(bid)i_l + eﬂ’i. We refer to this specification as the less active prudential
policy, which has some degree of history dependence. We also modify the model and assume that the
maximum LTV requirements do not vary with the cycle. We refer to this counterfactual as the constant
LTV model.

Figure 4 reports the model impulse response to a monetary policy shock under three scenarios:
baseline, less active LTV measure, and constant LTV. This is useful to reveal how the economy reacts to a
monetary policy shock when the LTV rule responds inversely to credit growth and default. Panel (a) of
Figure 4 indicates that a contractionary monetary policy shock limits borrowers’ leverage and drives
down aggregate output. This shock reduces the level of external finance for businesses and subsequently
propagates through the labor demand channel by decreasing aggregate employment (see Panel (b) of
Figure 4). Through the investment channel, firms are forced to reduce their aggregate production after a
monetary policy hike as their capacity to finance investment is restricted. Regarding the inflation and
output gap responses displayed in Panels (c) and (d), we show that a positive monetary policy shock leads
to a decrease in the output gap, and a short-lived decline in inflation followed by a reverse response up to
the 5th quarter. An economy with an active LTV rule (the baseline scenario) is greatly affected by the
shock: it experiences a drop in total output by 0.16% and can have a relatively large negative effect on labor
with a 0.35% decline. On the other hand, an economy with a less active LTV rule implies a limited decline
in total output and a reduced effect on employment after an increase in policy interest rates. The absence
of the charge-off rate and credit supply in the collateral requirement rule makes output and employment
less sensitive to the monetary policy shock. Thus, this shock is followed by an immediate decline in
output by 0.13%, and causes a decrease in aggregate labor by 0.27%. Under a constant LTV measure, the
output and employment responses are slightly lower relative to the response in the baseline model; this
is also true for the responses of inflation and output gap to monetary policy shock. Collectively, these
results suggest that an LTV measure that moderates both the credit cycle and stabilizes the delinquency

rate in real-time, tends to amplify the effects of monetary policy on output and employment along with
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FIGURE 4. Impulse Responses to a Monetary Policy Shock: Baseline Estimates

Notes: Panel (a) reports the response of output to a positive monetary policy shock under three scenarios; similarly, Panel (b)
shows the response of labor; Panel (c) shows the response of inflation and Panel (d) presents the response of output gap to a

positive monetary policy shock. The time frequency is quarterly.

inflation and the output gap. Different from the baseline scenario, the constant LTV does not amplify the

responses of these aggregates.

Deterministic Probability of Default. We extend the analysis by assuming the default probability is deter-
ministic, which implies that the probability of default remains constant over time and does not fluctuate
with the cycle. This means that the financial intermediary updates the loan-to-value ratio constantly but
considers explicitly a constant probability of default. To this end, we set: 6§ = 6¢; and 6? = Gh.

Figure 5 contrasts the benchmark model’s response with the counterfactual results. Panel a shows
the response of output, and Panel b shows the response of labor to a positive monetary policy shock.
In general, holding the probability of default constant produces a large decline in output following an

increase in the policy interest rate. This result underscores that as borrowers receive limited financial
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FIGURE 5. Impulse responses to a monetary policy shock: time-variant versus fixed delinquency rates

Notes: Panel a reports the response of output to a positive monetary policy shock and Panel b shows the response of labor to a

positive monetary policy shock. The time frequency is quarterly.

resources, their default probability cannot be reduced but remains at its initial level, which will eventually
amplify the downturn and create large output losses. It is useful to note that when the default is constant,
the effect of monetary policy on employment is much greater compared to the baseline results, thereby
strengthening employment feedback to changes in interest rates.

Several observations can be made from this analysis. First, a deterministic delinquency rate leads to
worse labor outcomes in the short term and slightly prolongs the recovery following the contractionary
shock. Revealing that an LTV tool that moderates the credit supply but does not reduce the default
probability may harm the economy more since a rise in interest rates generates large negative effects.
The effects of monetary policy on output depend on the form of the bank-based measure and whether the
default fluctuates due to exogenous or cyclical deviations. Therefore, the combination of constant default
and changes in the LTV limits could act as friction, negatively influencing firm production decisions
and distorting the consumption smoothing of constrained households. Accounting for uncertainty
in the default probability, instead of a simple deterministic default probability, can be important in
reducing output volatility. For instance, a bank-based prudential rule that reacts to an exogenous default
probability can minimize output volatility and ease the downturn more effectively than in the case of a
deterministic default probability. Jones, Midrigan, and Philippon (2022) evaluate the extent to which
monetary policy and credit shocks affect employment. They emphasize that the effects depend on the
degree of idiosyncratic risk volatility and show that precautionary motives dominate as uncertainty

increases.
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Introducing Endogenous Default Probability. In the literature on credit cycles and prudential policies,
the probability of a financial crisis occurring is mostly treated as an equilibrium outcome. We now
consider another model extension by assuming the default probability of both entrepreneurs and house-
holds is endogenous. In this context, we assume that monitoring costs u§ and u? are decision variables

characterized by the following optimality conditions:

(5.1) me(1- 1)/ — (1+rF) bgike = 0, XPmP(1 - 18) /e~ dgthe = 0

Figure 6 compares the impulse responses of employment and output to a positive monetary policy
shock in the baseline model and the endogenous delinquency rate model. At higher interest rates,
borrowers deleverage, which affects consumer expenditure and business investment and causes a decline
in aggregate output and labor. The decline in output and employment is considerably larger in the
endogenous delinquency rate model compared to the model with an exogenous probability of default.
The amplification of the effects of monetary policy shock could be driven by the additional adjustment of
monitoring costs that put further downward pressure on aggregate output and potentially explain the
large employment loss observed in the model with endogenous delinquency rates.
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FIGURE 6. Impulse Responses to a Monetary Policy Shock: Exogenous Versus Endogenous Delinquency

Rates

Notes: Panel (a) reports the response of output to a positive monetary policy shock, and Panel (b) shows the response of labor

to a positive monetary policy shock. The time frequency is quarterly.

Overall, a contractionary monetary policy shock can depress economic activity; however, the impact
differs when the policy interacts with various types of bank-based prudential instruments. The form
of the bank-based rule seems important in the transmission of the monetary policy. Our results are

relevant in light of previous studies providing evidence of strong complementarity between monetary
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and bank-based prudential ruleS. These include Altavilla, Laeven, and Peydro (2020), who show that
prudential policies matter for the conduct of monetary policy, and Carrillo et al. (2021), who highlight

that the transmission of monetary policy becomes stronger.

Welfare Implications of the Bank-based Prudential Rule To make a proper normative statement on the
effectiveness of the time-varying LTV rule proposed in our model, we compute the welfare maximizing
function for both the constrained and unconstrained households and the social welfare gain from

introducing the LTV rule as follows:

(5.2) We=(1- f-))c)Wc,t +(1- Bu)Wu,t;

where the welfare function for the constrained householdsis W ¢ = B¢{(log(cc,t—bccc,r-1)—W;(( lC,t)“Gl )/(1+
07) +xlog(ht)}, and constrained households is Wyt = Bu{Cc,r(log(cy,t — bucy r-1) —;( (lu,t)lml)/(l +07)}.
The welfare weighted average function was previously used by Lambertini, Mendicino, and Punzi (2013)
and Rubio and Carrasco-Gallego (2014).

Panel (a) of Table 3 provides detailed individual and social welfare under different model assump-
tions. An anti-default LTV rule that leans against the credit cycle induces large welfare for constrained
households (borrowers in the baseline). Their welfare gains were slightly diminished in the scenario with
less active LTV. Note that if we assume that both households consume housing, the implied individual and
social welfare are the highest. The suboptimal scenario for unconstrained households (savers) is when
they participate in the housing market while featuring an LTV rule, as in the baseline model. Comparing
the results in columns (1) and (4), constant LTV improves social welfare, it increases the welfare gain of
borrowers but induces large welfare loss for savers. Savers may indeed prefer the baseline LTV relative to
a constant LTV. However, under less active LTV, the implied social welfare gain is lower than the induced
gains under the constant LTV model and under the baseline assumptions. In terms of optimal policy,
one can conclude that the counter-cyclical response to defaults and credit supply is optimal for the two
agents, as shown in column (5). However, having a constant LTV rule induces significant welfare gain
when only borrowers consume housing goods.

We now examine how the delinquency rate responds to a monetary policy that coexists with an
active prudential policy. Panel (b) of Table 3 reports a scenario in which a contractionary monetary
policy shock hits the economy. Maintaining the baseline model assumption of the loan-to-value limit
rule, the economy experiences a significant drop in the business loan delinquency rate following a
monetary policy shock in the short run (0.38% in the sixth quarter). The contraction in the business
debt delinquency rate reverts to a modest rise in the twentieth quarter. The prudential policy, which

induces oscillations from boom to bust in business credit and default probability, may not be effective in
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TABLE 3. Welfare Evaluation: Model Comparison

LTV-baseline Less active LTV-baseline: Constant LTV ~ LTV-baseline: LTV-baseline:

LTV Fixed both HHs Endog.
delinquency consume delinquency
rates housing rates
) @ ®) @) ) (6)

Panel (a): Welfare
w 0.16 0.13 0.82 0.96 2.82 0.26
We 349 2.81 1791 20.90 37.77 5.79
Wy -1.46 -1.17 -8.01 -8.73 92.82 -2.59

Panel (b): Effects of monetary policy on business loan delinquency rate X¢ in %

Short run (6th Quarter) -0.38 0.40 - -0.48 1.53 0.15
Long run (20th Quarter) 0.02 0.01 - -0.01 0.00 0.00
std (g") 0.20 0.11 0.09 091 0.31 0.39
std (¢) 041 0.33 0.22 2.63 0.62 071

Panel (c): Effects of monetary policy on mortgage loan delinquency rate X" in %

Short run (6th Quarter) -0.08 043 - -1.28 -0.28 1.46
Long run (20th Quarter) 0.00 -0.02 - -0.02 -0.01 1.27

Notes: Panel (a) shows the welfare implication of a contractionary monetary policy, Panel (b) shows the response of the
delinquency rate on business loans X° to a contractionary monetary policy, percent deviation from the steady-state and reports
the standard deviation of house prices qh and consumption c. Panel (c) shows the response of the delinquency rate on mortgage
loans X" to a contractionary monetary policy, percent deviation from the steady-state. For the results shown on Column 5, we
allow for the unconstrained households to access to the housing market and rewrite their utility as EgZ52o B { ¢ (log(cu,t -

1+o0
bucy-1))-; (l"l’fcl : +xlog(hyt)}, subject to budget constraint cu,t+dt+q?hu,t < Wrlyt+( 1+rt)dt_1/nt+q?hu) +-1, with an aggregate

housing stock clearing condition: At + hy,r = ht. The utility function of constrained households is EOZ§ZO(3t{ Ce,t(log(cet -

1+o
becer-1)) — Wy (Zcﬁ)al Ly xlog(he,t)}, subject to budget constraint ¢t + m?_l(l + 1) [T+ q’}hc)t <wiler + m? + q?hcﬁ_l,

preventing the increase in delinquency rate when the LTV disturbance pressure subsides. This situation
is not too different from the results in Bianchi and Mendoza (2018), showing that when the economy
enters a stable credit region, and debt falls, crises are unlikely in the short run but more likely in the
long run. Under a constant LTV scenario, the decline in the delinquency rate is more pronounced in
the short-run (-0.48%). Interestingly, under the less active LTV rule, the business loan delinquency rate

responds positively to a monetary policy shock (0.40%) in the short-run. Furthermore, the nature of
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the LTV rule is also relevant for the volatility of consumption and house prices. Indeed, the constant
LTV model is characterized by high volatility in consumption relative to the baseline model. In terms of
house price volatility, the baseline model features low volatility relative to the scenario where the LTV is
kept constant over the cycle. Comparing the results in columns (1) and (5), one can see how allowing
unconstrained households to consume housing raises the volatility of house prices and consumption.
Panel (c) of Table 3 reports the short-run and long-run responses of the net charge-off rate on mortgage
debt when a contractionary monetary policy shock hits the economy. Under the baseline scenario, the
economy experiences a decline in the mortgage loan delinquency rate in the short-run, with an aggregate
effect of —0.08%; however, after the twentieth quarter, the impact becomes null. Under the constant LTV
rule, the effects is negative with a decrease of 1.28% in the sixth quarter and gradually less strong in the
long-run.

To summarize, a monetary policy that coexists with a bank-based prudential practice leads to a
temporary yet significant decline of default in the private sector as it reduces both default rates on real
estate and business loans in the short run. However, it can be counterproductive in the long run as it
leads to an increase in delinquency rates, although this increase is not particularly large. This analysis
differs from Van der Ghote (2021) since, in our model, the monetary and bank-based prudential policies
are not coordinated, but they still influence optimal decisions of each other. Lenders in our model are
concerned with the loan-to-value limit that stabilizes the delinquency rate, whereas the central bank
sets the policy rate according to the Taylor rule to stabilize inflation and the output gap. Therefore, a
monetary policy alone will fail to tackle distortions arising from credit cycle inefficiencies, as noted in
Carrillo et al. (2021). This view also aligns with the findings of Akinci and Queralto (2022), who argued
that macro-prudential policies are useful in reducing the risk of crisis, and Altavilla, Laeven, and Peydro
(2020), who stressed the strong complementarity of the two policies as the effects of monetary policy on

bank lending are large.

6. Conclusion

Bank-based prudential instruments were designed to control and reduce the high risk of delinquency
in the private sector. We asked the following question: What is the impact of these measures on the
economy, and how do they interact with the monetary policy in a two-agent New Keynesian model? Our
study emphasized the role of collateral limits in the context of contractionary monetary policy: output
becomes less sensitive to changes in monetary policy shocks when banks conduct a less active collateral
policy. However, output responds considerably to a monetary policy shock under an active bank-based
prudential measure. Employment analysis produces similar findings. A more active collateral policy leads

to a large response of employment to a monetary policy shock. Moreover, we considered the response of
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the delinquency rate to the monetary policy shock under the active bank-based prudential measure. The
overall conclusion from our experiments is that the transmission of a contractionary monetary policy
can reduce the charge-off rates in the short-run, and the largest impact of monetary policy is on the path
of the delinquency rate in the first quarter. Our model could be augmented with heterogeneous agents to
test whether it reaches similar conclusions and provides new insights into the heterogeneous effects of
bank-based prudential measures; we intend to pursue this topic in future research.

The crux of the matter is that the severity of borrowers’ financial conditions affects the way banks
assess pledged collateral. Lenders restore financial stability through a bank-based prudential measure
that reacts actively to an uncertain default probability. It is evident from our model that the effects of
the monetary policy are amplified when financial intermediaries adopt an active bank-based prudential
measure, which makes banks less vulnerable to economic shocks.

In summary, bank-based prudential policies have gained growing importance and recognition as
effective tools that financial intermediates can use to mitigate the severity of economic downturns. These
measures serve to reduce bank risk exposure, help in dealing with delinquent debt, and guarantee that
the liquidation of collateral is sufficient to cover losses. The implementation of prudential financial

measures and how they relate to credit policies is increasingly crucial and merit further assessment
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Appendix A. Model Derivations

Households optimality conditions: We start with the households utility maximization.

Unconstrained Households. The objective function is give by

(Zu,t)1+61 }

maximize Eoszoﬁt{cc)t(log(cu’t =bucyt-1)) — Uy l+o
1

(A1)

subjectto ¢y ¢ +di <wilyr+ (1+71¢)de—1/m

The maximization problem yields the following first-order conditions with respect to consumption,
deposit and labor:

0L Cet Cete1
(A2) : Ayt—-——2>——+bRE;—————— =0
Ocu,t wt Cu,t — by 1 g tCu,t+1 - bey,
0L+
(A3) aidt : Aut = BEAyr41(1+ t41)/T41 =0
0L
(A4) dl tt p =Wyl t) T+ Wik = 0
u}

where Ay ; is the marginal utility.

Collateral Constrained Households. Financially constrained households maximize their expected
lifetime utility

(ZC,t)1+O_l

maximize EoZ;2, BE{Cc,t(lOg(Cc,t —becer-1)) U Tt o

+X10g(ht)}

A .
(45) subjectto ¢t + q’tlht + m?_l(l + 1) [ < Wwile s + q?ht,l + m?

brarhe > (1+ 1f)mly fr
The first order condition with respect to consumption ¢, hours [, and debt mh

0L Ce,t Ce,t+1

A6 : Act — bpcE;———— =0
(46) oct of Cet — bcc,t—l +bRe th,t+1 - beet
0L
(A7) rm;l : BcEtAc,Hl(l + rf+1)/7'ft+1 = At — }\c,t+1(1 + r§+1)/7tt+1 =0
t
0L
(A8) L = Wy(le,t) “H+ Wikt = 0
alc)t

Unconstrained households make loans to collateral constrained households at nominal interest rate ¢,

via a financial intermediary that has a participation constraint
(1= X @+ rymiy e+ (1= WX g e 2 (L4 r)miy

OF (1-F ) gt herhugh o X (1-1")
1+t

which can be simplified to: m?_l [Tt = . We also define households deposit
condition d;_; = m?. Aggregating labor and consumption of the two type of households yields [; ; =

[lut +Let], and ¢; ¢ = [cue + cet]-
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Labor Markets Labor contractors hire households i € {u, c} and sell homogeneous labor services to the

intermediate good producers. Labor services takes the form

1 1 M
It = [](; (li,t)vldl]

1
A Wi,tli,tdl = tht

where v; denote the fixed wage markup and w; ; is the wage rate.

subject to

There is a monopoly union that represent all workers and set wage and faces Calvo style frictions,
1 1 v
(A9) Wi = [(1 = C) (W) T+ G (wp ) T
Where 1 - (; is the probability that the monopoly reoptimizes the wage, while with probability ; the
monopoly cannot reoptimize.
If the monopoly cannot reoptimize, then she sets the wage w; according to

Vlfl
crlvl+\/lfl

(1+0y) 1l ~(o)
o -V
ExX.Z, (Bcl)swlvl (Zt;s) : (Wt+sl)

Wt = V]

Iy

EZ?:() (B Cl)s AHSWHS lvs

Labor union optimality conditions: The objective of households is to choose the wage level that maximizes
the utility s periods into the future

1+Gl
i,t+s

maximize EX° SIAtesw; L —
Wir s—O(BCl) t+sWithit+s lpll-t-O'l

Vi

. Wit \I™1
subjectto [, = lits,
Wtts

We first simplify the expression

1+ (o]
L,t+s

].+0'l
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Then we derive the first order condition with respect to w; ;:

(+07) 1 v \—(1+07)
1 Vi 1|k SWLI;VI th;:l
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Now assume that w; = w; ;. The wage level according the Calvo type frictions is given by

1 v
(A10) Wi = [(1 = ) (1) 0+ G (wy) ”’]
Goods Production The economy is populated by a continuum of firms and operates under a monopolistic
1 1+vp
competition. Each firm has the final good stock, which writes y; = fo IWP dj . The final good is

indexed by j € [0,1], and 1 < v < oo. A higher price markup v, implies that ﬁrms have market power and
that the good is less substitutable for other goods.

With capital and labor inputs, the monopolist produce the intermediate good y;, the intermediate good
production function takes the following form

(A1) i = (ke)*(zel) ™

Where I; is the capital input, I; is the labor input and z; is an exogenous productivity shock z; = pzz;_1 +€7.
The parameter « € (0,1) measures the responsiveness of output to changes in capital.
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We assume that prices are sticky, by using a variant of Calvo type frictions. The monopolist can set the
price p; of the good by reoptimizing the price with probability 1 - (p, or without reoptimzing the price
with probability (p, and p; is the price level that maximizes the expected discounted value of future
profits into the future. The price level is defined by

Vp_ Vp 1-v

(A12) pr=[(1=Cp)(pry) 7 + Cp(py) P ] 2

After setting the prices and the quantities the monopolist minimize the production cost
tht + Tf kt

subject to production function (A11). The first-order conditions, with respect to labor and capital, yield

the following:
Wt
Al3 _ )
(A13) H (1= o) (ke)*(2ele) >
&
(A14) t

" a(zele) T (k) © T

We can also characterize an alternative expression for the marginal cost p;

(-
(A15) Ht:( : ) ( ) (rF)*wyt )

1-x

Monopolistic competition - optimality condition The economy is populated by a continuum of firms and

operates under monopolistic competition. Each firm has the final good stock, which writes:

1 1+£/p .1+Vp
yf[fo Vit d]]

Final good producers purchase the good and resell it to consumers. Their objective is to maximize their

profits.

1
PtYe — f PjtYjdi

1+vP 1+vp
Pt[f Vit ] f PjtYjd].

The first-order condition with respect to Yj,¢ is given by
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From the first-order condition, y; ; is given by

1+‘\/p

v, _(Pi,t)_ v,
It Pt d

To define the aggregate price of the final good p;, I use an expression for the output, which is equal to

price times quantities p,y; = fol PjtYjd j; then, I simplify to obtain the expression for the aggregate
price of the final good:

1+‘Vp

_[1 [ Pit) vp i
PeYe= |, Pit P, Yiaj

va 1:5}?
[ f Pj: Jot ] )

Calvo Pricing- optimality condition: We assume that prices are sticky, in this environment firms choose

the price level that maximizes their profits:

ma}gmlze Ex2oR°(1-c? )D’],t(P]t Wi t+s2tDjtes)]
]}

v

Pjt
subjectto y.,=y ( ’ )
BETE Py ’

We solve the firm problem by substituting y; ; into the firm’s profits function:
"71’
Pj¢
Errop°(1- Cp)( o ) Vijt+s?tWj tsPjtrs
(ap%t) : P%t: p Vp
1> 1> s P \ 5
Etz B Cs (Pt+s) yj,t+s

The recursive form is written as:

(Al6) Kp,t =21ty + B(1 - Cp)EtKp t11
(A17) Fpi =y, +B(1- cp)Et%Fp,m,
t

Capital Market In capital market, the previous capital is combined with investment goods to produce a
new capital, which is supplied to entrepreneurs with the following technology:

2
(A18) h_uéwu+b-s(”-Q)m
2\ 111
where capital decays at the fixed rate 0 < § < 1. According to this equation, the new capital depends on

the existing capital and investment good i;. The quantity of investment at period t is proportional to the

adjustment cost function S.
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Capital producers choose investments to maximize the present value and future operating profits,

less the total investment cost, as shown below:”

S( i 2
q’;lt = [1+ - ( L 1) ]lt
2
Given by the law of motion for capital stock k; and investment expenditures, entrepreneurs sell capital

to firms at price gX. Capital producers’ optimal investment policy would equalize the marginal revenue

product of capital qk to the marginal cost of investment goods, as shown below:

. 2 . .
6Lt k S 1t 1t 1t
had - 1+ -1 L _1)s-L
01y ( Flt)thrut( +2(it—l ) +(it—1 ) it—l)
. 2 /.
1 1
(A19) —stum(f.“) (?“—1):0
1t 1t
We assume that capital producers choose the optimal the quantity of capital k; which equivalent to
choosing rf_l, using the following function:

(A20) OF = ke — 18 1keoy - (1-8)key

where k; represents the provision of capital to firms at time ¢, rl{lkt_l is the return on renting capital
services, and (1 - 8)k;_ is the previous capital k;_; which they receive back and decays at fixed rate 6.
The first order condition with respect to capital gives

(A21) it = Erupart +EsBpea (1-0)

the entrepreneur enjoys the average gross nominal rate of return on capital (1 + rf ).

Entrepreneurs and Introducing Collateral Requirement Shock. Each entrepreneur purchase capital good k;
at price qi‘ using loans mj obtained from bank and net worth n?. Then,

(A22) kegs = m¢ +nf

Entrepreneurs are hit by a shock X, = 1/ (1+ e°¢*) which describe the probability that entrepreneurs
are unable to pay their debt. Letting o + obey to an AR(1) process o¢,t = pg,0¢ -1 + efe, thus, the default
probability increases when o, ; goes up. The collateral constraint for entrepreneurs can be defined as

dE(1+ rf)ql,fkt > (1+rf)mi/m.

°The capital producer profit is given by qlikt - [1+S/2(it/is-1 - 1)2]1}, where the law of motion for capital k = k' + [1 +
S/2 (it /i1 — l)z]it, given that in a steady state, S(.) = 0 becomes k- k" = I;. Then the capital producer problem can be written as
gkie — [1+8/2 (it/ir—1 — 1) ir.
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Entrepreneur’s debt is charged-off with probability X ,, as the entrepreneur is unable to pay the
interest and principle, as a result the pledged collateral is sized by the bank. we assume that collateral
requirements ¢, ¢ evolve over time according to the following law of motion ¢f = pgp,d7_; - ocd’e(DCi_l -
X§s) — «Me(mf —m{_) + e(tbe. This rule reveals that lenders adjust the level of collateral requirement to
the previous level at ¢ — 1 where py,, determine the LTV policy weight on its previous level. Additionally,
financial intermediaries can observe the level of charge-offs rate of business loans and adjust collateral
requirement accordingly, with a®¢ interpreted as the LTV weight on the level of charge-offs rate. The

innovation e;b is assumed to be an i.i.d. with mean zero and standard deviation o%e.

The entrepreneur expected earnings is given by
e {| @ gt @ im0 -0}

where rf is the rate of return on capital and r{ is the nominal interest rate paid by entrepreneurs on
their debt mj. For the sake of simplicity, we define the probability that entrepreneurs will default on
their loans X¢, and the probability that they can make meet scheduled repayment on their debt 1 - X¢.
We assume that the leverage level of entrepreneurs is defined as Lev; = m$/n$. Thus, the problem of the

entrepreneur is to maximize the entrepreneurial earnings subject to participation constraint
(A23) Et{ (1 - DC?) (L+rf)ymi/me + (1- p®)X5(1+ rf)d)fq’;kt > (1+ rt)mf/nt}

Note that the equation of entrepreneur bank participation (A23) must hold with strict equality in every
state of nature. The first term on the left-hand side of the equation corresponds to returns from non-
defaulting entrepreneurs, and the second term corresponds to the returns from defaulting entrepreneurs
whose collateral is sized by banks and net of monitoring cost u°. The right-hand side describes the return

on loans given the interest rate demanded by banks r;,;. We define the entrepreneur expected net worth
asnj,; = vE ((1 -X¢- (1 - X¢) d)f) (1 + R]lf) ktq’;_l +kt (1-0) q’t(_l).

A.l. Model with Endogenous Default Probability

To endogenize the probability of default of entrepreneurs, and households, we assume that the monitoring
cost uf and u? are decision variables. That is, the objective function is given by =¢ = ufX¢(m§ — r{/mms)

subject to pf(1+ r{f)(bfqlgkt > X§(1+ r¢)m$/m;. The first order condition with respect to pf is given by
(A24) fmf(1-1f)/me - (1+ r)dfqfke = 0
The log-linearized equation:

(A25) 5Ce:(f)§+?f+q]§+l~<t—ﬁlf+?f—ﬁt
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The objective function is = _t = 1 xh( mt r{/m:), subject to p d)t q?ht > f)Ch(l + rt)m? /mtt. The first order

condition with respect to Ht is

(A26) Xfmp(1-1f) - it =
The log-linearized equation:

(A27) ih:$?+q;l+fzt—ﬁ1?+?f—fct

A.2, Alternative Model assumptions

Unconstrained Households. The objective function is give by

(lu,t)1+0'l

1o, + xlog(hu,t)}

maximize E()Z?foﬁt{Cc,t(log(cu,t = bucy-1)) — Uy
(A28)

subjectto ¢y +ds + q’;hujt <welyt + (1 +re)dpq /7 + q?hu,t,l

The maximization problem yields the following first-order conditions with respect to consumption,
deposit and labor:

0L Ce,t Ce,te1
(A29) : - ’ + bRE 2 =0
Ocy,t u,tPt Cu,t — bcu,t—l tcu,t+1 - bcu,t
0L
(A30) TJZ : Ayt = BEAy 41 (1+ 141) /76 = 0
0L
(A31) ~ tt t = y(luye) %+ XAy = 0
u,

where Ay ; is the marginal utility. Aggregate housing stock clearing condition h¢t + hy t = ht.
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Appendix B. Steady states.

After calibrating model parameters, we obtain the steady state of the model. First, we set 7t5s = 1 we solve
for rk
At = EBAraart + EtPAra(1-9)
Ass = B)\ssrg +BAss(1-9)

kol
s g (1-39).

We pin down the value of 7 in the steady state
At = BEtAt1(1+7441) =0
}\SS - B}\SS(I + r_g_g) = 0

1
Tss = E -1,
we also compute the value of gk

. . . . 2 .
1 1 15 1 1l
q’t<>\t - 7\t[1 + S(Ci}t.t) + Ci)t.tS,(Ci’t.t)] + B?\chi}Hl(t.Jrl) S”(Ci’Hlt.Jrl) =0
lt-1 It-1 1t 1t

- 1t-1
k
gss = 1,
and pg; is
l—vp]t
ljp,t . 1jp,f Vot
Pe=| (1= Cp)(py) Pt + Cp(py) P!
1-vpss
Vpss NRIEE v
Pss = (1 - Cp)(pss) Ve 4 Cp(pss) VPSS
1-vp,ss
Vpyss Vpyss Vpyss
* (pss)17Vp’Ss - (1 - Cp)(pss)PVp’ss
pSS -
Cp
The steady state value of wg; is given by
1*‘\/1

Wt = [(1 =) (W) D+ (wp )™

1 1 1—\/1
s - [(1 ) () T+ (W) T

1—\/1

1 1
. (<Wss>1-w - (1- Q) (W)™
Wss = z
!
and the marginal cost of production p; is
b= 1+ Vp,t)ut

Wss = ( psg'

1+vpss)
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Given that gk kg = m& + né and Levss = m&/nS, = (gKkss — n&)/né. We use the participation constraint
and the expected net worth to solve simultaneously for kg and ng

((1=%8) + (1 - uE)XE) DL+ rF)glke > (1 + 1) (gFke — f)
((1-2%) + (1 - 1&)XE) & (1 + 1K) g  Kss > (1+ 765) (qskss — 1),

1+
g = (1) - &F(1 - X§) (1 + rf) (Levss + nf (1+ ri) +(1-8)gtks
t

1+r
= (1-05) - 5,0 - X)) e o s (175 ) 4 1 g

SS

We then solve for investment ig
1 .
kt = (1 — 5)kt—1 + (1 - S(Ci,t) itl))lt
t_

kes = (1 - 8)kss + (1 - S(CSS: ;ss))i“

SS
kss = (]. - 6)kss + iss
iss = kss - (1 - 6)kss

isg = ékgs.
We also calculate m¢
mi = gtk — ng
Mgs = Gsskss — M.

Next we find, the value of labor in steady state [

k
Tt

" oye(zel) o (ke ) 1
1

l ~ ri{ - l

! oyepe(ke) >t 2t

1
ZSS = (Tfs )10( i
)
oty st (Kss) x-1 Zss

and subsequently solve for output y,

Mt

yi =vi(ke)*(ztle)™*
Ve = Yss(kss)“(zsslss)l_“-

We obtain the steady state value of the government spending gss

8t =Mgly

8ss =MNgVss
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e
We compute rg

BEA1(1+77) At =0
BAss(1+7&) —As =0
BAss(L+755) = Ass
B(l+715) =1

1

(1+r§s):B
1

rfs:E_IJ

we also obtain the steady state value of d”

we compute the value of f§

Finally, we solve for f ?s

(1- X)) ssqlhss + (1 - W)X dssqlihss = (1+ res)dl
_ (1- x?s)¢ss€?shss +(1- Hh)x?s‘bssqgshss
- )

(1+7g)

£ = benXE (1 + r8)gfke

£E = Dasu®G (1 + 1K) gk Ks.

£i = b X qthe
f?s = ‘bssuhx?sqgshss-
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Appendix C. Log-Linearized Model: Baseline

Business Loan Deling. Rate Shock & = €, ¢ + peGy_1

Real Estate Loan Deling. Rate Shock 6? =€g,t+ phé?_l

. . 1~ -
Business Loan Deling. Rate ﬁxi - G0% =0
. 1 sh ~hoh
Real Estate Loan Deling. Rate ﬁxt — 005 =0

Business Loan Coll. Req. Shock  &§ = €4, ; + pedf_; — a®(Xf - X&) — o™ (f - 1)
Real Estate Loan Coll. Req. Shock cﬁth =€t + ph&)?_l - ocd)h(jclf - 56?5) - ocmh(ﬁl? - m?_l
Gov. Spend. Shock  figt = g, + Pglig,t-1

Tech. Shock  Z; = €51 + pzZ-1

Cons. Pref. Shock  (f = €c ¢+ pecliog

Price according to Calvo  {pp; = P, — (1 - Cp) Py

Price Recursive  Fp¢ =it + ¥, + (1= Cp) BPr_y = (1= Cp) BP + (1= Cp) BFpra

Price Recursive Kp s = fit + ¥, + 2t + (1 - (p) BKp t41

F.O.C.w.rt. Price - (1+vp)((1- )21+ (1- (X)it+1 -(1- 06)7~<t+1) + P =P =0

Wage according to Calvo  {wy = wr — (1 (;)Ws_1

. -1 1- - -
Wage Recursive fir— — Wi + —L + B (1- () Fy1-Fur=0
Vi Vi

1- . 1-

Wage Recursive F,; !
’1+—lf/“l’l+(rl 1+1J;7\l/l+0‘

. + Clwt—l —ﬁ/t =0

Capital Law of Motion ke = (1- 6)I~<t,1 + 81— S+ S~it,1
F.O.C. w.r.t. Investment - Ej’,f +Si - sit_l +Sip - S;t_l

S+t — Sig1 — SBigs1 + SPir + SPirs1 — SPit
Producer Euler Equation  fiz41 = cx?f +(1- o)W
F.0.C. w.r.t Capital-Capital Producer - R’;H + B?f +(1- 6)21’§+1 - Z]lf =0
F.O.C. w.rt Capital-Firm - 7 + (1 - a)& + (1 - &) - (1 - o)ks = 0
F.O.C. w.rt Labor-Firm I — (1/ - )& + (1/ — o)Wt — otky = 0;
Entrepreneur Optimality Condition RY; — 7 — ¢ + X¢ + §¢ = 0
Entrepreneur Net Worth Definition  — 71§ — §¢ + RY — 7oy + ke_1 + Greq + 7151 = 0
Production Function (1- a)ls + (1 - o)Zs + ocky — ¥:;=0
Monetary Policy Shock 7t = ppfy—1 + (1 - pp)[an(P; — Pgs) + any(¥;)] + er.
Government Spending Share ¥, — gt +7igt =0
Labor Supply-unconstrained Households iu)t =1
Labor Supply-constrained Households L}t = L
F.0.C. w.r.t. Labor-unconstrained Households Gliu,t =W + Xu)t

F.O0.C. w.r.t. Labor-constrained Households Glic)t =W + Xc,t
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F.0.C. w.r.t. Consumption-unconstrained Households Xu)t - Zc,t +Cyt — buCyp1 + Bbuzc}ﬂl =0
F.0.C. w.r.t. Consumption-constrained Households Bcbczc)“.l + Xc,t - (:,c,t +Cet — beCep-1=0
Reals Estate Volume Shock h; = €t pqﬁt,l

Budget constraint-unconstrained Households ¢yt = 74— + Wt + iu,t - Eit — T

Households Deposit Defintion-unconstrained Households - ;it—l + ﬁl? =0

Participtaion Constraint-unconstrained Households - ﬁz?_l + fﬁl + (f)? + ?]? + flt,l + 5C? + d}? + Z]? + ﬁt,l -7+=0
Housholds Budget Constraint-unconstrained Households ¢ = ﬁ'L? + ﬁt_l + EI? + Wt + L}t - Z;? +he— ﬁl?,l + 7 -
Business Loan Total Charge-offs < 1 + ke_1 — fj + X+ +RE =0

Real Estate Loan Total Charge-offs l~1t_1 - ]‘? + 5C’t1,1 + &)?,1 + ?1?,1 =0

Business Loan Total Definition 7 = k¢ + (}’,f — A

Total Consumption ¢t = Cy ¢ + Ccyt

Firm Value ¥ = ~Xf\; - bfy1 + Xfay + Rit + @5 + ke + 7 + Rep — Rewn + Gt + ke

Fundamnetal Value and Average Capital Price St = I~<t + Z]’; -V

Housing Stock Fundamnetal Value E]{ = "Ry - (xh +Be)Act + o+ E]? — T+ BCXC,HI - BCQ?+1
Fundamnetal Value and Average Housing Stock Price  resi; = Z]{ - Z]?

Measurement Equations:

Gross Domestic Product  gdpobs; = ¥, + pyos ¢

Consumption consumptionobs; = ¢t

CI Loans Clloanobs; = my

Real Estate Loans Hloanobs; = ﬁl?

Investment investobs; = i + Piobs ¢

Total Hours hoursobs; = I; + Ppots ¢

CI Charge-offs CIchargoffobs, = ff + P peots 4

Real estate Charge-offs Hcharfoffobs; = j}? + 0 phobs 4

Gov. Spending govobs, = g;

Delinquency Rate-Real Estate Loans defaulthobs; = DNCQ1

Delinquency Rate-Business Loans defaulteobs; = X§
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Appendix D. Log-Linearized Model: Extensions

Next, we present the log-linearized form of deterministic and endogenous default probability models. In
principle, all the optimality condition of the benchmark model remains unchanged except the equations

that characterize the default probability.

D.1. Log-Linearized Model: Endogenous Default Probability

Business Loan Deling. Rate  X¢ = ¢ + 7% + g5 + ke — il + 75 — 7y

Real Estate Loan Deling. Rate 56? = d}? + ?]? +he - ﬁl? + T — Ty
D.2. Log-Linearized Model: Deterministic Endogenous Default Probability

Business Loan Deling. Rate Shock &7 = &

Real Estate Loan Deling. Rate Shock 6? = (7?5

. . 1= -
Business Loan Deling. Rate ﬁﬂﬁ -%% =0

. 1 - -
Real Estate Loan Deling. Rate ﬁx’; - 0'?0'?5 =0
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Appendix E. Equilibrium Definition

A competitive equilibrium consists of stochastic processes {p;, p;, Fpt, Kp t, Wt, Wf, Fu,t, ke, i, 1, q{f,

k

Tty

-k _e h h e e rh _e .
Tt> 5, Yo bty Luty Loty Aty Auts Acits €ty Cuts Coyts Aty ey MY, @45 15, f, ft, mi} that evolve according to

a system of equations. This model is driven by 8 exogenous shocks: government spending shock ng ¢,

technology shock z;, consumption preference shock (f, monetary policy shock r¢, delinquency rate shock

on firm loan X, delinquency rate shock on mortgage loan I)C?, business loan collateral requirement shock

¢¢, and mortgage loan collateral requirement shock d)?.

In each period t, firms maximize their profits by converting intermediate goods to final goods, setting prices
and wages under nominal inertia.

Entrepreneurs maximize profits by providing capital services and borrowing from banks. Entrepreneurs are
collateral constrained and can default on their loans.

Unconstrained households maximize their lifetime utility by providing labor services, consuming the final
good, and making a deposit.

Constrained households maximize their lifetime utility by providing labor services, consuming the final
good, purchasing real estate assets, and obtaining a loan to finance their purchase. Collateral constrained
households face collateral constraints and can default on their loans.

Banks intermediate the flow of deposits and loans.

A prudential policy is conducted by a lenders who adjusts the collateral requirement to the level of the charge-off
rate.

A central bank set the policy rate depending on expected inflation and the deviation of output from its steady

state.
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Appendix F.
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Note: Quarterly data retrieved from Federal Reserve Bank of St. Louis Database (FRED) and Federal Deposit Insurance Corpora-

tion (FDIC)
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Appendix G. Loan Supply during the IT Bubble in the 1990s and the Great Recession

Next, we provide information on loan charge-off rates and collateral liquidation in the US, and discuss

the dynamics of credit supply between 1984 and 2021.

(a) CIloans vs charge-off rate
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FIGURE A2. Business and Mortgage Loans vs charge-off rate

Notes: Panel (a) shows the dynamics of commercial industrial loans and the charge off rate. Panel (b) presents the evolution of

mortgage loans and charge-off rate. Source: FDIC. Sample: 1984Q1-2021Q4

Panel (a) of Figure A2 presents the dynamics of firm debt and the net charge-off rate in the US between
1984 and 2021. It offers a clear summary of the antecedents to the 2001 and 2008 crises and suggests that
these crises were preceded by high credit growth and a relaxation of lending conditions. By focusing
on these two recessions, starting from 1992, we can see that firm debt rose considerably and the boom

ended approximately in 1998. Following the peak, business loan growth went down, entering the bust
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phase and reaching the bottom in 2002. Banks that overextended credit prior to the IT bubble burst and
the financial crisis of 2008 faced higher level of charge-off rates. This faster credit growth, with poor
economic performance, exerted a downward impact on the willingness of banks to lend. Interestingly,
an abnormal increase in the net charge-off rate occurs when the economy enters a crisis or periods of
high uncertainty. Following an increase in the delinquency rate, business lending experiences downward
pressure until the charge-off rate starts to decrease.

The dynamics of mortgage loans are shown in panel (b) of Figure A2. The credit cycle phases of firm
debt are broadly similar to the patterns observed in mortgage loans. Loans to households exhibit steady
movement during crises while the defaults on household loans rise. Before the 2008 crisis, a period
characterized by relaxed credit standards and thus collateral terms, banks conducted an expansionary
credit policy. When the crisis hit the economy, mortgage loans declined slightly, whereas the delinquency
rate rapidly increased. This echoes the empirical evidence in Section 3 (Figure 1) and reflects the idea
that banks relax their collateral terms during good times and become more prudent during economic

downturns.

Appendix H. Uncollectible Debt and Collateral Liquidation

Log Average Outstanding

00 0.5 10

-1.5 -10 —

0.5
Log Net Charge-offs Rate

FIGURE A3. Correlation between Average Outstanding Debt and Net charge-off rate
Notes: Quarterly data retrieved from the Federal Deposit Insurance Corporation (FDIC); Sample: 1984Q1-2021Q4

The collateral channel proposed in this study posits that finical intermediaries may restore financial

stability through an active internal prudential policy rule that reacts to the delinquency rates and credit
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supply. Figure A3 displays the inverse relationship between total debt and the net charge-off rate. The
vertical axis measures the log of the total debt. The total debt comprises commercial and industrial loans
and real estate loans. The horizontal axis represents the log of the net charge-off rate. The observations
are quarterly and represent the aggregated data at the national level from the Federal Deposit Insurance
Corporation (FDIC). Given the high level of default, the lender can anticipate loan losses and change the
loan-to-value limit, which will cause a decline in the credit supply to firms and individuals. Furthermore,
it is likely that when the charge-off rate is high, banks experience a decline in liquidity that forces them

to adopt a tight collateral policy, thus reducing the loan supply.
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FIGURE A4. US Banks’ Total Recoveries on CI and HH Loans

Notes: This figure plots the banks total recoveries on commercial, indutrial and household loans. Quarterly data retrieved from
Federal Deposit Insurance Corporation (FDIC); Sample: 1984Q1-2021Q4

While we focus on the changes in bank-based prudential measures, it is useful to consider the evolution
of bank recoveries. Banks facing a high level of loan charge-off are also subject to decreasing liquidity; in
this situation, banks can repossess and liquidate the collateral and recover loan losses. The dynamics
of collateral liquidation, shown in Figure A4, indicate that collateral liquidation lags the delinquent
business and mortgage debt. This is evident during the economic downturn, with collateral liquidation
peaking two years after a higher level of delinquent debt. The total recoveries peaked in 2004 and 2013
and decreased in subsequent years. These significant lagged bank recoveries reveal that the collateral

repossessed by banks becomes illiquid and difficult to sell when the crisis hits the economy.
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