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Abstract

We propose a rational model of endogenous credit cycles generated by the two-
way interaction of credit market sentiments and real outcomes. Sentiments are high
when most lenders optimally choose lax lending standards. This leads to low interest
rates and high output growth, but also to the deterioration of future credit application
quality. When this quality is sufficiently low, lenders endogenously switch to tight
standards, i.e. sentiments become low. This implies high credit spreads, low quantity of
issued credit and a gradual improvement in the quality of applications, which eventually
triggers a shift to lax lending standards. The equilibrium cycle might feature a long
boom or a long or double-dip recession. It is generically different from the optimal
cycle as atomistic lenders ignore their aggregate effect on the composition of borrowers.
Carefully chosen risk-weighted capital requirements can implement an optimally cycling
economy.
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Cycles, was the main inspiration to write this paper. We also thank Vladimir Asriyan, Ricardo Caballero,
Nobu Kiyotaki and seminar participants at LSE and Bank of England workshops. Kondor acknowledges
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1 Introduction

A growing body of empirical evidence suggests that periods of overheating in credit markets
forecast low excess bond returns and recessions. These periods are characterized by an
increased total quantity of credit, low interest rates, and, importantly, deteriorating quality
of newly issued credit. In the subsequent recessions, credit turns scarce and expensive even

for ex-post high-value projects. (Greenwood and Hanson, 2013; Lépez-Salido et al., 2017)!

A major conundrum for policy makers and academics alike is how economic policy should
respond to periods of overheating and subsequent recessions. For this, one needs to under-
stand what triggers these periods, what determines the lengths of the different stages, and
how they respond to policy.

To answer these questions we build a rational model to analyze the two-way interaction
between credit market sentiments and real economic outcomes. In our model the dynamic
interactions between lenders endogenous choice of lending standards and the resulting loan
performance leads to alternating market sentiments, which in turn creates deterministic

cycles.

We capture sentiment as lenders choice of tolerance to missing out on good investment
versus extending bad loans when granting credit. We show that the credit market exhibits
the symptoms of overheating or high sentiment whenever lenders optimally choose lax lending
standards. In these periods, a mixed quality of credit is issued at a low interest rate inducing
high credit growth, high economic output, and a deteriorating quality of projects. When the
pool of applications is of sufficiently low quality, lenders optimally switch to tight standards
implying high credit spreads, high quality and low quantity of issued credit. This leads to
an improving pool of credit applications, eventually triggering a shift to lax lending stan-
dards. We characterize when the implied endogenous economic cycles feature long booms,
and when the economy suffers lengthy, possibly double-dip recessions. A constrained planner
often prefers a cycling economy to one with persistently high or persistently low sentiments
which can be implemented by carefully chosen risk-weighted capital requirements. Our pre-

dictions match stylized facts on the co-movement of credit composition and spreads, lending

1See also Morais et al. (2019) for US and international evidence on lax bank lending standards in booms,
and Baron and Xiong (2017) on the negative relationship between banks’ credit expansion and banks’
equity returns. More generally, there is ample evidence of pro-cyclical volume and countercyclical value of
investment in a wide range of contexts. For instance, Eisfeldt and Rampini (2006) demonstrates this for sales
of property, plant and equipment, while Kaplan and Stromberg (2009) shows similar evidence on venture
capital deals.



standards, market fragmentation, rebalancing and realized returns of credit portfolios, and

real outcomes.

In our stochastic OLG model, entrepreneurs run projects and obtain credit from in-
vestors to scale up their operation. Some entrepreneurs are running high-return projects
and are paying back their loans. Others run low-return projects and default on their credit.
The majority of investors are not sufficiently skilled to distinguish between good and bad
entrepreneurs. These investors, whom we refer to as unskilled, can run one of two types
of imperfect tests to decide which entrepreneurs grant credit to. A bold test represents lax
lending standards. This test passes the credit application of all good entrepreneurs along
with some bad ones. A cautious test represents tight lending standards as it rejects all appli-
cations from bad entrepreneurs along with some of the good ones. Unskilled investors make

a rational choice over the test to run based on the fundamentals of the economy.

We assume that credit is essential for survival. That is, at the end of each period,
entrepreneurs might exit either because of natural death or because they did not get credit.
In each case, they are replaced by newborns drawn from an exogenous pool of types. The

resulting type distribution serves as the evolving state of the economy.

Typically, our economy features deterministic cycles in equilibrium. These cycles are an
outcome of the two-way interaction between credit sentiment and the fundamentals of the

economy.

An economy with a small fraction of bad projects shows the symptoms of overheating
or high credit market sentiment. In this case, all unskilled investors choose the bold test,
and credit to all type of entrepreneurs is issued at the same, relatively low interest rate.
Because the bold tests implies false positive mistakes, a fraction of bad projects are also
financed implying a mixed quality of issued credit. Given low interest rates and lax lending
standards, most entrepreneurs run large projects implying high output. Also, a large fraction

of bad entrepreneurs survive, deteriorating the quality of loan applications.

At some point, when the quality of potential borrowers is sufficiently low, all unskilled
investors simultaneously switch to the cautious test, providing credit only to a fraction of
good projects. These projects are financed at a relatively low interest rate, because unskilled
capital is abundant and the obtained loan quality is high due to the tight lending standards.
However, the remaining group of good entrepreneurs can only obtain limited credit at high

interest rates from the few skilled investors. Bad entrepreneurs cannot obtain credit at



all. That is, the economy is in a recession, with low output and consumption, high credit
spreads across different borrower groups indicating a fragmented credit market. At the
same time, the issued credit is of high quality and only a small fraction of bad entrepreneurs
survive, improving the quality of loan applications. Importantly, at the point when sentiment
switches, the real economy suffers a large crash even if the change in the fundamental quality
of available projects is small. Thus, booms with overheated credit markets eventually turn

to low-sentiment busts, while downturns eventually turn to booms.

We show that the model can generate a rich pattern of cyclical behavior. Cycles might
feature long booms and short recessions, or vice-versa. They might also feature a double-
dip recession. We characterize how the properties of cycles change in response to changing

parameters .

Once we have a theory of the origin and properties of economic cycles induced by credit
market sentiment, we turn to welfare and economic policy. First, we explore the rationales
for policy makers to intervene in this economy. We study a planner’s problem who can choose
lending standards conditional on the state. We argue that the planner can often improve on
the decentralized outcome, because investors do not internalize how their individual choice
of lending standards affects the aggregate dynamics of the state space. In particular, the
planner often prefers a cycling economy, where low sentiment stages keep the fraction of bad

projects in the economy at bay which makes the high sentiment stages more beneficial.

Then, we connect the constrained planner’s solution to realistic monetary and macro-
prudential policies. We show that both changing the risk-free rate and specifying capital
requirements can be used to influence investors’ lending standards. Therefore, each of these
policies affects the dynamics of the state distribution, and, consequently, welfare. The choice
between these policies depend on a trade-off. In general, the policy maker can improve the
quality of loan applications only on the expense of increasing the average cost of capital.
In our particular specification, we show that capital requirements with carefully chosen risk
weights tends to be a more efficient tool than monetary policy in pushing the economy

towards constrained efficient cycles.

Finally, we contrast our results with a wide range of stylized facts on market segmen-
tation, the fluctuation of credit market sentiment, output, the heterogeneity of returns and

portfolios of investors and international spillovers of monetary policy.

Then, we connect the constrained planner’s solution to realistic monetary and macro-



prudential policies. We show that both changing the risk-free rate and specifying capital
requirements can be used to influence investors’ lending standards. Therefore, each of these
policies affects the dynamics of the state distribution, and, consequently, welfare. The choice
between these policies depend on a trade-off. In general, the policy maker can improve the
quality of loan applications only on the expense of increasing the average cost of capital.
In our particular specification, we show that capital requirements with carefully chosen risk
weights tends to be a more efficient tool than monetary policy in pushing the economy

towards constrained efficient cycles.

Finally, we contrast our results to a wide range of stylized facts on market segmentation,
the fluctuation of credit market sentiment, output, the heterogeneity of returns and portfolios

of investors and international spillovers of monetary policy.

Literature. To the best of our knowledge our paper is the first to provide a mechanism
where economic cycles are endogenously generated by the interaction of lending standards

and average borrower quality.

Our paper is closest the growing literature on dynamic lending standards (Martin, 2005;
Hu, 2017; Asriyan et al., 2018; Figueroa and Leukhina, 2018; Fishman et al., 2019). Just as
in Hu (2017) and in the contemporaneous work of Fishman et al. (2019), we capture lending
standards as lenders’ informational choice which affects the borrowers’ average quality in
the future, which feeds back to the future choice of lending standards. We emphasize two
deviations. First, these papers feature economies which converge to either a high or a low
steady state. That is, these models do not provide an endogenous force turning a boom

2 This is why our model is more suited to study the effect

into a recession, or vice-versa.
of economic policies on the characteristics of economic cycles. Second, as our mechanism is
different, our model captures some features of credit cycles which the previous literature does
not. Notably, as sentiment shifts and booms turns into recessions, credit conditions across
fundamentally similar firms drastically diverge, both in price and in quantity, implying a

fragmented credit market and a discontinuous drop in output and consumption.

There is also an earlier literature on endogenous investment cycles (Azariadis and Smith,
1998; Matsuyama, 2007) and credit constraints which builds on the interaction of entrepreneurs

net worth, the implied tightness of their credit constraint and the implied choice among avail-

ZNotable exceptions are Martin (2005) and Figueroa and Leukhina (2018) where changing lending stan-
dards create fluctuations without exogenous shocks, just as in our model. However, these models capture
sentiments as contracting choice and specify the state of the economy as the level of capital or net worth
implying a different mechanism and less rich set of potential cycles.



able projects with different productivity. Instead, we focus on a mechanism building on the

endogenous fluctuation of lending standards.

Our paper is also connected to the literature on credit cycles (Kiyotaki and Moore, 1997;
Lorenzoni, 2008; Mendoza, 2010; Gorton and Ordonez, 2014; Gorton and Ordonez, 2016).
While our topic is also booms and busts induced by changing availability of credit, these
papers focus on how exogenous shocks are amplified by the effect through the price of the

collateral. In our model the price of collateral or exogenous shocks play no role.

There is a long tradition in economics starting from Keynes’ metaphor of animal spirits to
associate boom-bust cycles with fluctuating investors’ sentiment. As opposed to behavioral
approaches (Bordalo et al., 2018; Greenwood et al., 2019), but similarly to Angeletos and
La’O (2013) we suggest that there might be a rational choice behind seemingly overheated
markets. While in Angeletos and La’O (2013) this is the outcome of rationally overweighted
public information, in our model it is the choice of the structure of obtained information

driving this phenomenon.

Finally, from a methodological perspective, the structure of our credit market builds on
Kurlat (2016) which we further develop in the companion paper of Farboodi and Kondor

(2018). None of the these papers focus on endogenous economic cycles.

2 Set Up. Rational Sentiments and Economic Cycles

There is one type of consumption good in the model and two types of agents, entrepreneurs
and investors. All agents are risk neutral. The type distribution of entrepreneurs, to be

explained later, serves as the state variable of the economy.

The dynamic economy consists of an infinite number of periods and the following stage

game describes the sequence of events within each period.
Stage Game

Each period is divided into two parts: morning and evening. There are two types of
agents: entrepreneurs who produce and investors who provide funding for entrepreneurs.

Each agent is endowed with one unit of the good in the morning. Any agent can invest in a



safe technology in the morning and get 1 + r; return in the evening.?

Here we explain the optimization problem of each type of agent. The formal optimization

problems are stated in Appendix A.

Entrepreneurs. There is a unit mass of entrepreneurs each day. Each entrepreneur is
endowed with one unit of wealth, and a single project with a two dimensional type distri-
bution, in the morning. The project is good or bad, 7 = ¢,b, and opaque or transparent,
w = 0,1. We refer to (1,w) as the type of the project or the entrepreneur, interchangeably.
Entrepreneurs know their own type. We denote the fraction of opaque and transparent bad
entrepreneurs by o and pq, respectively. As it will be clear later, the type distribution

evolves endogenously and these fractions serve as state variables in each period.

Production. Entrepreneurs invest in the morning and produce in the evening. Each en-
trepreneur (7,w) chooses investment i(7,w) in the morning. Each unit of investment costs
one unit of consumption and can be covered by entrepreneur’s initial endowment or by bor-
rowing from investors in the credit market. Each unit of investment returns p, depending

on entrepreneur’s type 7. We assume that p, > 1+ ry and

1

(1 — —) (1 + Tf) < pp < 1. (21)
Pyg

The first inequality in (2.1) ensures that bad entrepreneurs want to borrow even if the return

on their project is smaller than its cost.

Investors. Each investor lives for one period. A small, wy, mass of investors are skilled,
while a large, wg mass of investors are unskilled. Skill is privately observable. All investors
are born in the morning, provide loans in the afternoon, and consume and die in the evening.

Let h € [0, wp + w;] denote an individual investor.

Skilled investors can observe the type of each project. Unskilled investors instead can
observe imperfect signals for the project sample they receive. These signals are generated

by a test of investor choice: each investor can opt for a bold test or a cautious test. The tests

3The return on the safe technology, r ¢, can represent a physical return or a policy rate. In sections 3 and
4, we think of it as the rate of return on the storage technology, which can be normalized to zero. In section
5 we reintroduce r¢ as the return on a risk-free asset provided by the policy maker.



differ in the signal they generate for opaque projects. The bold test pools all opaque projects,
good or bad, with good transparent ones (a false positive error). The cautious test pools
all opaque projects with bad transparent ones (a false negative error). Intuitively, we can
imagine the bold test to give red signals for bad transparent projects only and green signals
for all other ones, while the cautious test gives a green signal only for good transparent

projects.

The size of the sample an investor tests is limited by the investor’s unit endowment; she
cannot test more applications than the quantity she could finance if all pass her test. The

cost of the test on this sample is ¢, and each unskilled investor runs exactly one test.

Credit Market. Credit market operates in the morning. An entrepreneur can get a loan
from investors collateralized by her investment. Let ¢ denote the amount of credit (loans)

the entrepreneur raises on the credit market.

Each investor can seize ¢ fraction of the collateral to cover the interest and principal of
the loan from good projects only. For the rest of the paper we normalize & = 1. Therefore,
the collateral constraint implies £(1+7r) <. That is, an entrepreneur facing positive interest
rate cannot borrow the full amount she needs for investing . At least r¢ has to come from

her endowment. The budget constraint of the entrepreneur is ¢ < ¢ + 1.

In the credit market, after choosing the type of the test, each investor advertises an
interest rate, 7(h), at which he is willing to give loans to applications passing his test. While
each entrepreneur chooses the measure of loan applications o (r; 7,w) she wishes to submit at
each interest rate r with the maximum of o(r; 7,w) < %.4 The credit market clears starting
from the lowest interest rate and unskilled investors sample first. We provide further detail

on the market clearing protocol in Appendix A.

Dynamic Evolution

The economy runs for infinitely many periods and the stage game describes the sequence
of events within each period. Each generation of investors lives for one period only, and is

replaced by a new identical generation the following period. Entrepreneurs live for a random

4 Note that the maximum credit any entrepreneur can apply for at a given rate corresponds to interest
rate payment equal to her endowment. This corresponds to the maximum enforceable repayment as a binding
collateral constraint, ¢(1 4+ r) =4 and a binding budget constraint £ + 1 = 4 implies £ = %



number of periods, implying a stochastic overlapping generation model for entrepreneurs.
The fractions of different type of entrepreneurs serve as the state variables for agents’ opti-

mization problem.

There is a unit mass of entrepreneurs alive every period. At the end of each period,
random fraction ¢ of the entrepreneurs die and are replaced by an inflow of new entrepreneurs,
of the same measure. Furthermore, we assume that credit is essential for survival. Therefore,
any entrepreneur who is not able to raise financing dies and is also replaced by a new entrant
entrepreneur. Since the credit allocation is an equilibrium object in each period, we postpone
the mathematical formulation of the transition rule to section 3.1, where we characterize the

credit market equilibrium . The next assumption formally states the replacement rule.

Assumption 2.1 Randomly chosen § fraction of the living entrepreneurs, as well as any
entrepreneur not financed by investors is replaced by a randomly chosen new entrant from
the outside pool of entrepreneurs in the next period. The type distribution of the new entrants

has X\ fraction of bad entrepreneurs, and an independent % fraction of opaque ones.

For simplicity, we assume that there is no credit history recorded for entrepreneurs. That
is, investors cannot learn from the past. Also, there is no saving technology available across
periods. Therefore, entrepreneurs consume their wealth at the end of each period, and if

survived, they start the new period with their unit endowment received in the morning.

The decentralized equilibrium is defined as follows.

Definition 2.1 (Equilibrium) A decentralized dynamic equilibrium is a sequence of stage
game equilibria. A stage game equilibrium is a set of entrepreneurs’ investment , i,(7T,w),
credit demand schedules, o(r,T,w), along with investors’ advertised interest rate schedule
7¢(h), unskilled investors’ choice of test, an equilibrium interest rate schedule ry(T,w), and
credit allocation schedule C,(T,w) for each entrepreneur, and allocation of applications to

investors such that

(i) each agent’s choice is optimal given the strategy profile of all other agents;

(i) the implied interest rate schedule r(7,w), and credit allocation schedule ¢,(T,w) for each
entrepreneur, and allocation of applications to investors are consistent with agents’

choices and the market clearing process.



In each period, the stage game equilibrium is consistent with the realized type distribution,

while the dynamics of the type distribution is consistent with Assumption 2.1.

Thus the relationship among periods is through the law of motion for the fractions of
different types of entrepreneurs. These fractions are the state variables of the economy each
period and each equilibrium objects defined for the stage game should be conditioned on
them. For simplicity, we will suppress this dependence whenever it does not cause any

confusion.

We focus on the case where there are many unskilled investors, but few skilled investors

in the following sense.

Assumption 2.2 The mass of skilled and unskilled investors, wy, wq, satisfies the following

criteria.

(i) Skilled investors capital is not sufficient to cover the credit demand of all opaque good

entrepreneurs at any interest rate that any good entrepreneur is willing to borrow at.

(i) Unskilled investors capital, wo, is abundant. In particular, it is sufficiently large that
it covers the credit demand of all entrepreneurs that unskilled investors are willing to

lend to at any equilibrium interest rate.

Our structure allows for solving for the full equilibrium in steps. In section 3 we first solve
for the credit market equilibrium in the stage game. In doing so, we take the entrepreneur
type distribution as given. Then we characterize the credit market dynamics. In Section 4,

we describe the real economy outcomes in the stage game and its dynamics.

3 Credit Market Equilibrium

State Variables. (pyg, 111), the fraction of bad opaque and transparent entrepreneurs in the
economy, are sufficient state variables in each period. Following proposition 3.2 the measures
of good opaque and good transparent entrepreneurs are both equal to 1—_%@, thus (o, 1)

fully characterizes the distribution of entrepreneurs each period.

Stage Game

10



We start the derivation of the equilibrium with a few basic properties of entrepreneurs’

credit demand.

Lemma 3.1 In any equilibrium entrepreneurs’ credit demand schedule, o(r,T,w), simplifies

as follows:

(i) Each type chooses a reservation interest rate r"** (1, w) and submits mazimum demand

to all weekly lower interest rates and 0 otherwise.

(ii) There is a maximum interest rate at which good firms are willing to borrow: r™**(g,w) <

r=py—1.

(iii) Under inequality (2.1), bad entrepreneurs never choose a lower reservation rate than

7o (hw) > T

This Lemma simplifies the analysis considerably. It shows that it is sufficient to find
the equilibrium reservation interest rate of entrepreneurs instead of working out a full credit
demand schedule. It also clarifies the role of inequality (2.1). It ensures that the return
of bad entrepreneurs’ project is sufficiently high that, despite the negative returns on each
invested unit, they are willing to take it on if they can borrow against it, as they do not plan
to pay back the loan. This is true even if interest rate on the loan reaches the maximum

good entrepreneurs are willing to pay, 7.

We next show that the unique equilibrium in the credit market is one of three distinct
types, depending on the parameters. In order to do so, it is useful to first define three interest

rate functions.

Definition 3.1 (Dynamic Interest Rates)

Ho 1 —in 1
T S, CT ) = + TP+ —c 3.1
slpor ;€. 77) L — o 1—pu—po ? " 1—pu — pig (3.1)
2
re(po, i1, ¢, 1) =15+ [ (3.2)
2 1 — 1
1o, pa, ¢, 7p) = Ho + Tt 'ulrf + —Fit b, (3.3)
L—pr—po 1 — 1 — po 1 — p1 — po
Let jig(py) = =X ;f;ff(f:frf ) The next proposition characterizes the three type of

equilibria depending on fig(f1), and shows that in each of them, the entrepreneurs who can

11



obtain credit face exactly one of the above three interest rates or the maximum interest rate

r.

Proposition 3.1 When min{rg(uo, pt1,¢,7¢),rc(to, p1,¢,7f)} < T,

(i) o € [0, ﬁ} 1s associated with a bold stage. In a bold stage the credit market has a
pooling equilibrium where all entrepreneurs who obtain credit (all good and some bad),

do so at interest rate v (A, c,rf). Every unskilled investor chooses the bold test.

(i) o € [max{ﬁ,ﬂo(,ul)}, 1] is associated with a cautious stage. In a cautious stage
the credit market has a separating equilibrium, where opaque good entrepreneurs obtain
credit at interest rate 7, transparent good entrepreneurs obtain credit at ro (A, ¢, 7y)
and bad entrepreneurs don’t obtain any credit. . Every unskilled investor chooses the

cautious test.

(13) o € [ﬁ, max{ﬁ, [Lo(ul)}] is associated with a mix stage. In a mix stage the credit
market has a semi-separating equilibrium, where opaque good and bad entrepreneurs
obtain credit at interest rate ry. Good transparent entrepreneurs obtain credit at interest
rate ro (fo, 1, ¢, 7f) . Some unskilled investors choose the bold test while others choose

the cautious test.

Otherwise the economy is in autarky, where unskilled investors do not lend, bad entrepreneurs

do not borrow, and good firms obtain credit at interest rate 7 from skilled investors only.

When there are not too many bad projects around, investors are more concerned about
losing out on good project by applying too harsh lending standards. Thus lending standards
are lax, and many projects including bad ones are able to raise financing at the same relatively
low rate. On the other hand, if there are many bad projects, lending standards are tightened
and credit market becomes segmented. Not only bad projects are unable to raise financing,
even some good projects are able to do so only at extremely high rates. Lastly, if the fraction
of bad projects are at some intermediate level, then some investors apply lax and some tight
lending standards. Markets are still fragmented but still some bad projects are able to raise

financing.

The intuition relies on the fact that abundant supply of unskilled capital implies a zero

profit condition for unskilled investors. In fact, interest rates rg (po, pt1, ¢, 7¢), re (fo, f1,¢,7f)

12



and 77 (po, p1, ¢, 7¢) are the rates at which an unskilled investor is indifferent between lending
to entrepreneurs and earning the risk free rate ry without running a test in the corresponding
equilibrium. The zero profit interest rates, rg, r¢ and r; depends on investors’ choice of test
due to the following trade-off. The cautious test results in a loan portfolio of higher quality
as unlike the bold test, only good entrepreneurs pass it. Thus investors are always paid back
when they run a cautious test and end up extending a loan. However, their rejection rate is
higher than with a bold test as a cautious test fails all the opaque good entrepreneurs. As

running the test has a fixed cost, not lending to tested applications is costly.

The bold equilibrium arises when the rate at which bold investors are willing to enter
is smaller than the rate at which cautious investors are, rp (o, ft1,¢,7f) < rc (Ho, f1,C,7f)-
This is the left region on the left panel of Figure 1, on the left of the vertical line. Here there
are few bad opaque entrepreneurs and thus the rejection rate of cautious test is relatively
high. Thus cautious investors cannot compete with bold investors and all active investors
are bold. Thus there is a single prevailing market interest rate at which all good projects

and some bad ones raise funding.

The cautious equilibrium arises if cautious investors are willing to enter at a lower interest
rate than bold investors, rp (10, pt1, ¢, 7¢) > ro (fo, p1, ¢, 75), and the interest rate at which
bold investors are be willing to enter a market with lower average investor quality is too
high. In this case, all investors are cautious in equilibrium. This is the right region in the
left panel of Figure 1 where different good projects raise financing at different interest rates.

Bad projects cannot raise any financing.

A bold stage exhibits several features of an overheated, high sentiment credit market.
Interest rates are uniformly low and most projects including some bad ones are financed.
Thus the overall quality of initiated credit contracts is low with a significant share eventually
defaulting. This is in contrast with the cautious stage which exhibits feature of a low senti-
ment credit market. Most importantly, this market is fragmented. Some good entrepreneurs
(transparent ones) enjoy a lot of funding at low interest rates. However, aside from bad
projects not being financed at all, even some good entrepreneurs can only get funding at
very high rates, if at all. Therefore, the total loan quantity is relatively low, but its quality

is high, which leads to high subsequent realized returns.

In economies where p4 is such that fig(u1) < ﬁ, the equilibrium fluctuates only between
the bold and the cautious stage. We refer this case as a two-stage economy. The left panel

of Figure 1 displays the relevant zero profit interest rates along with 7, as a function of the

13



0.8

0.6

04+

c

Ho=

_1+r, 2r

0.2 S S S S S

I I I I I I
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Ho, proportion of opaque bad projects Mo, proportion of opaque bad projects

Figure 1: Interest rates and output in the two-stage equilibrium as py changes in a two-stage
economy. The left panel displays the reservation interest rates rg, r¢, (dashed curves), the
maximum feasible rate 7 (dashed horizontal line), and the equilibrium interest rates (solid
curves). The right panel displays output. The vertical line in both figures corresponds to
Mo = ﬁ, the threshold where the equilibrium changes between cautious and bold.

proportion of opaque bad projects .

The third part of the proposition shows that there might be an intermediate case which

we refer to as the mix equilibrium. When fig(u1) > ﬁ, the mix equilibrium arises for the
intermediate range of pp. In this equilibrium the credit market is segmented, but unskilled
investors are some bold and some cautious so both bad and good projects get financing. We

postpone the discussion of this equilibrium to section 6.

3.1 Dynamics and Endogenous Cycles

The key to the dynamics of the model is the determination of endogenous response of the
state variables to credit market sentiment. The quality of the pool of credit applications
deteriorates in the bold equilibrium when the credit market is overheated, and improves in
a cautious equilibrium when credit market sentiment is low. At the same time, the changing
type distribution induces rational shifts in investors information test choice and implies
fluctuations in sentiment. This endogenous interaction leads to deterministic economic cycles

without exogenous aggregate shocks to the economy.

In this part, we start with the general description of the evolution of the state variable.
Then, we restrict our attention to the two-stage economy. Two-stage economy can consist

pf long booms alternating with short recessions, or the opposite pattern. Later in section

14



6, we extend our discussion to a three-stage economy which might experience a double-dip

recession before eventually recovering.

Evolution of State Variable. Let 1 and u} denote the state variables next period.

When at least some lenders run the bold test, only bad transparent projects cannot raise
financing. However, when lenders are all cautious, opaque bad projects are not financed
either. In either stage who cannot raise financing exit the pool of projects and are replaced
by a new draw from the outside pool. The next proposition summarizes the law of motion

for measure of opaque and transparent bad entrepreneurs.

Proposition 3.2 Assume min{rg(po, pt1, ¢, 7¢), re(to, 1, ¢,75)} < 7(pg,&, @) so that the

economy 1s not in autarky.

(i) If po € [O,max{ﬁ, ,&O(,ul)}} , then law of motion for g and py follows

poc (5. M st ) = (5 + (1= ) (o + 1) 5. (3.4)

pic (8o, ) = (54 (1= 8)(po + m)) 5 35)
(ii) If 1o € [max{ﬁ,go(ul)}, 1}, then law of motion for ue and gy follows

o (5, M o, ) = (1= 8)pio + (54 (1 — ym) 5. (3.6)

(5. Mo, ) = (54 (1= B)) 5 (3.7)

These laws of motion are quite intuitive. For instance, consider the mass of opaque bad
types po. When the economy is not in a cautious stage, function pog(d, A, @, 1o, pt1) defines
the evolution of pgy. It consists of survivals from this period, plus the replacements from
the outside pool. From the existing bad opaque entrepreneurs, fraction (1 — §) survives.
The replacements consists of two parts itself: § measure of all entrepreneurs are exogenously
replaced. Furthermore, (1 — 0)uy is the measure of the transparent bad types who have
survived endogenously cannot raise funding and this are replaced. From the replacements,

a fraction \/2 enter as opaque bad. All the other cases follow a similar intuition.
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Following the same logic, the opaque and transparent good types are subject to the same
law of motion both in both cases, given that their measures in the outside pool is the same.
Thus in the long run both measures will be equal to l_“g—_‘“ This validates that our (ug, 1)

are sufficient state variables for the economy despite four types of entrepreneurs.

(&
1+Tf

along the equilibrium path. We will provide a characterization of the more general case in

We next characterize the endogenous cycle in a two-stage economy where fig(p1) <

section 6.

Two-Stage Economy To ensure fig(u1) < ﬁ in the long run, for the rest of this section

we maintain the following assumption to ensure the investors are all bold or cautious.

Assumption 3.3

= 2c

L e WP
I . (3.8)
T+c L4+r; = 2—=X1-9)

In the two-stage economy, the dynamic economy is characterized by a single state vari-
able, 9. The following four constant levels of pg are very useful in our credit cycle charac-

terization

e [iop(d,\): value of pp in a steady state where every lender is bold and remains bold

forever,

e [ioc(d,\): value of ug in a steady state where every lender is cautious and remains

cautious forever.

o ui5(0,N) and i (9, A): values of p if the economy fluctuates between two states in
the long run, one in which every one is bold (ufz(d, X)), and one in which everyone is

cautious (ugo(0, A)).

The first two values, figp and iy, correspond to steady states that are not cycles. iz and
1o on the other hand correspond to a cycle of length 2. The appendix provides detail for
derivation of these levels. It also shows that figp(d, \) > pio(0,A) > uip (9, A) > fioc (0, A).
Using these values, the following proposition characterizes the steady state dynamic cycles

of the economy.
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Proposition 3.3 Given figp(0, ) > pia(0,A) > pip(0,A) > foc(d, A) above, the ergodic

distribution of the economy is characterized as follows.

(i) 14:77 > [op: the ergodic distribution is degenerate, po — jiog. The economy converges

to a permanent bold stage.

(ii) 1437 < oo the ergodic distribution is degenerate, po — jioc- The economy converges

to a permanent cautious stage.

(111) pip < ﬁ < poe: the ergodic distribution has a two-point support, oo, tog- 1he
economy oscillates between a one-period bold stage and a one-period cautious stage for

ever. Thus the economy has a credit cycle of length 2.

() e < ﬁ < [og: the ergodic distribution has more than two points of support. The

credit cycle consists of a multi-period bold stage (while po increases), followed by a

one-period cautious stage when o declines to that of the bold stage with the lowest .

(v) fioc < ﬁ < ppg: the ergodic distribution has more than two points of support. The

credit cycle consists of a multi-period cautious stage (while po decreases), followed by

a one-period bold stage when gy rises to that of the cautious stage with the highest .

One can think of 7 frf as investor opportunity cost of time, or opportunity cost of giving

up on good investment. When it is large, investors have a tendency to use the bold test

over cautious test since the opportunity cost of giving up on good investment is high. When
this value is very large, then the economy is doomed to end in a permanent overheated

bold stage. Basically the fraction of opaque bad projects never reaches a high enough value

C
1—}—7‘f

where it would be wise to be cautious. As a mirror image when is very low, there is a

permanent low-sentiment cautious stage.

_c
1+ry?
features endogenous, deterministic cycles of various types. We refer to this set of parameters

In contrast when investors has an intermediate opportunity cost the economy
as the cyclicality region. Within the cyclicality region, when investor opportunity cost of
giving up good investment is relatively high, the cycle features multi periods of boom and a
one period recession. In this case, a short recession is enough to improve the quality of loan

applications sufficiently such that investors are happy to be bold again so they do not risk

C
1+7‘f

a symmetric cycle, where one-period booms are followed by one period recessions. An even

losing good investment, at the cost of financing some bad investment. A lower implies
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Figure 2: Panel (a) depicts the law of motions of state variables. Panel (b) shows the interest

rates, and Panel (c) depicts the total gross output and welfare in a two-stage economy with
a multi-period boom and a one period recession cycle.
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lower investor opportunity cost of time implies multi-period recessions followed by a one
period booms. The top panel of Figure 2 helps clarify he intuition behind deterministic
cycles. Given the evolution of entrepreneurs’ type distribution, under a fixed information
choice of investors, the proportion of bad opaque types would converge to a single steady
state. The upper (lower) dashed horizontal line denotes this steady state when investors
are bold (cautious). The fraction of opaque bad entrepreneurs (i) in the bold steady state
has to be higher that of the cautious one, as the exit rate of opaque bad entrepreneurs is
higher when investors are cautious. If investors test switching threshold lies between these

two steady states, the economy must exhibit deterministic cycles of one type or another. For

C
1+’I‘f :

bad firms is low, investors are bold and hence py moves up, towards the higher pg, bold

instance, consider starting at a low pg, below the threshold When fraction of opaque

C
1+7“f

triggers a switch to being cautious. But then, pg immediately moves towards the lower py,

and

steady state. Therefore, there must be a point when p surpasses the threshold

cautious steady state. Intuitively, the length of booms and recessions depend on how many
steps the system needs in any of these stages to cross the threshold. The Figure depicts the

case when booms are long and recessions are short.

The next panel of Figure 2 plot the corresponding ergodic distribution of interest rates.
Consistently with Proposition 3.1, we see that that there is no credit spread across different
entrepreneurs in the bold stage. However, the credit market is fragmented in the cautious
stage. As unskilled investors stop lending to opaque good firms, their interest rate, and the

observed credit spread spikes.

Note that cycles are an outcome of the two-way interaction between investor sentiment
and the fundamentals of the economy. In booms investors are bold because the opportunity
cost of losing a good project is high for them, since the fraction of opaque and bad applicants
are relatively low. Thus lending standards are lax and there is a lot of credit. However, as
a result the quality of the credit pool starts to deteriorate. At some point, the fraction of
opaque bad applicants becomes so high that investors prefer to turn cautious. Being cautious
implies tight lending standards, high interest rate and little credit for opaque projects, which
stops opaque bad entrepreneurs from raising funding. Hence, they are replaced by newborns

which improves the quality of the credit pool. Therefore, the cycle continues.

The last panel plots the corresponding ergodic distribution output and welfare which we

study in the next sections.
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4 Investment and Output

In the previous sections we described the credit market equilibrium for any given state pg, 1.
We emphasized that using the limited properties the credit market schedule of entrepreneurs
derived in Lemma 3.1, we can establish the interest rates, r(7,w) each entrepreneur faces in
equilibrium. Given the structure described in Proposition 3.1, we foresee that some types

(7,w) might face a credit quantity constraint, ¢ < ¢(7,w). Namely, any group whom unskilled

investors are not willingly lend to will be constrained given Assumption 2.2.

Therefore, given the credit market outcome and the collateral and budget constraints
of entrepreneurs, we can formalize the choice of investment, ¢, and borrowing, ¢ for any

entrepreneur (7,w) as follows.”

mas (14 £ = ) (L4 77) + pri — Loyl (15 1(r,)) (@1)
s.t.
¢ < min ( ! ,E_(T,w))
1+7r
1 <l+1

where the entrepreneur takes £(7,w) and r(7,w) as given. The maximand is her consumption
at the end of the period given as the sum of her return from the risk-free technology and

from her project minus the repayment in case she is a good type.

Good entrepreneurs. As p, > 147, a good entrepreneur prefers to invest in the project
rather than risk free rate, i = 1+ ¢. Furthermore, as long as r(g,w) < 7 = p, — 1 her
objective function is increasing in ¢, therefore she prefers to borrow as much as possible.
This is consistent with the definition of 7. Therefore, if ¢ is sufficiently large, the constraints
of problems 4.1 imply ¢ = ﬁ andt=/(+1= ﬁ +1. If £ < ﬁ, she is rationed in

the credit market and borrows ¢ = ¢ and invests i = ¢ + 1.

Bad entrepreneurs. In the maximization problem 4.1 for bad entrepreneurs, constraint
¢ < min (ILH,E) always binds with equality since more loan is always better for a bad

agent, who never pays back. At the same time, her maximand is decreasing in i, because

5In Appendix A.1, we spell out the entrepreneur’s problem in its most general form. In Appendix A.2,
we define ¢ < ¢(7,w) and show that problem 4.1 is a compact version of the general problem.
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pp < 1+ 1. In fact, she is investing only because more collateral can relax her borrowing
constraint. Given the structure of the credit market equilibrium, we conjecture and later
verify that bad entrepreneurs are always constrained in the sense that £(b,w) < Wlw) Then,
¢ = {(b,w) and the bad entrepreneur invests just enough to ensure that she can borrow
up to this limit, i = £(1 + 7(b,w)). The entrepreneur understands that to implement that
investment, she has to invest r¢ from her own endowment. It is easy to check that she is
willing to do that, as long as p, > (1 + Tf)l-:(:—(:l)’ which always holds if r(b,w) < 7 under
(2.1). However, unlike good entrepreneurs, she puts rest of her endowment in the risk-free

storage technology.

The last step is to work out /(7,w) for each type by market clearing in all market
segments which unskilled investors are not willingly serve. The summarize the result in the

next proposition in each type of equilibria. We spell out the derivation in the Appendix.
Proposition 4.1

(i) In any equilibrium transparent bad entrepreneurs are not financed by any investors,

hence i(b, 1) = 0.

(i) In the bold stage, all entrepreneurs face interest rate rg. All good entrepreneurs invest

i(g,w) = é—kl, while bad opaque entrepreneurs’ investment plan is limited by unskilled

investors’ mistakes at interest rate rg, implying £(b,0) = % — 17:}017/“ and i(b,0) =
0(b,0)(1+rp).

(#1i) In a cautious stage, all transparent good entrepreneurs face interest rate r¢ thus invest

at i(g,1) = % + 1, while good opaque ones face ¥ and their investment i(g,0) is
limited by the capital of skilled investors, implying i(g,0) = l_ioﬁ + 1. Bad opaque

entrepreneurs are not financed by investor, hence i(b,0) = 0.

(iv) In a miz stage, all transparent good entrepreneurs face ro while opaque good face 1y,

and they both implement the maximum scale, i(g,1) = % + 1 and i(g,0) = % + 1.
Opaque bad investment i(b,0) is limited by unskilled investor’s mistake at ry, £(b,0) =
1 Y and i(b,0) = €(b,0)(1 + rp).

2r;  I—po—m

Note that the output of entrepreneur (7,w) is given by y(7,w) = p,i(7,w).

In a bold stage all entrepreneurs apply for loans at interest rate rz. All unskilled investors

use the bold test and they have abundant capital, thus every good entrepreneurs can obtain
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all the credit they are willing to absorb at interest rate rg. Among the bad entrepreneurs,
transparent ones cannot obtain credit as they are rejected by the bold test. On the other
hand, Opaque bad entrepreneurs can obtain some credit because unskilled investors cannot
distinguish them from good entrepreneurs using the bold test. However, their credit and thus
investment is limited by the mistakes made by unskilled investors who choose to participate
in the credit market. Since all good entrepreneurs and even some bad ones invest, the output

is high in a bold stage, thus it corresponds to a “boom”.

In a cautious stage, good transparent entrepreneurs obtain credit from unskilled investors
using the cautious test at interest rate ro. Unskilled capital is in large supply, therefore good
transparent entrepreneurs can implement ¢ = % + 1. Good opaque entrepreneurs instead
are obtain credit only from skilled investors at the maximum feasible interest rate 7. As
the capital of skilled investors is in short supply, their capital limits the credit of these
entrepreneurs implying low low credit quantities. None of the bad entrepreneurs can raise
any financing from investors. Thus investment is low in a cautious stage and it corresponds

to a “recession”.

We discuss the mix stage (iv) in section 6 in detail. Here we just note that is in between

the other two regimes of equilibria.
The aggregate output in state (uo, pt1) is given by

1 —po— 1

5 (¥ (9,1) +v(9,0)) + pp (p1y (b, 1) + poy (b,0)). (4.2)

Y (po, p1) = Pg

The right panel of Figure 1 illustrates aggregate output conditional on state state pyq
(for a fixed state p;) in a two-state economy. A natural observation is that aggregate output
is smoothly monotonically decreasing in the fraction of bad opaque entrepreneurs within
any range of parameters where the type of the equilibrium is not changing. This is so
because of two reasons. First, the average productivity of entrepreneurs is smaller when
1o as bad projects are less productive. Second, Figure 1 illustrates that within the range
of a given equilibrium interest rates are (weakly) increasing in . A larger proportion of
bad entrepreneurs increases the equilibrium interest rates, because of adverse selection This
increases the cost of capital for production, which decreases investment and total output

according to Proposition 4.1.

More interestingly, the change in total output is not smooth when the economy switches

between the bold and cautious stage. Continuous changes in g can lead to discontinuous
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jumps in Y (po, 111). In this sense, the economy crashes around the thresholds where agents

switch from bold to cautious strategy.

Proposition 4.2 Consider a set of parameters for which rg (ﬁ,ul,c, rf) < 7. Total

output, Y (po, p1), jumps downward at py = when the economy switches from the bold

1+ch ’
stage to the cautious stage in a two-stage economy.

The crash at the switching point is intuitive. For a marginal increase in yy around the
thresholds bad entrepreneurs stop getting credit and interest rate jumps and credit quantity
drops for opaque good projects. All these effects leads to less investment and discontinuously

smaller output.

The bottom panel on Figure 2 illustrate the cyclicality of output, Y (g, pt1), the crash
when sentiment switches, and its co-movement with the spread between opaque and trans-
parent rates in the corresponding two-stage economy. Comparison with the top panel shows
the co-movement with the fraction of opaque bad entrepreneurs po. Unsurprisingly, larger
fraction of bad opaque entrepreneurs implies smaller output. However, the effect of a change
from an overheated credit market to a low-sentiment credit market is very pronounced. The
top panel of Figure 2 shows that this switch occurs in periods 3, 7, 11, and 14 in our exam-
ple. While g increases only slightly in those periods, the bottom panel of Figure 2 shows a
sizable drop in output. This is the result of the switch in sentiment. In these periods, the de-
terioration of the pool of credit applications triggers investors to become cautious. Therefore
all bad projects lose financing, and opaque good projects are significantly squeezed. As the
middle panel on Figure 2 shows, the fragmentation in the credit market means the opaque
good entrepreneurs face a significantly larger interest rate than before. On the bright side
though, this crash has a “purification effect” on the economy. Bad entrepreneurs exit the
economy and are replaced by an average entrepreneur from the outside pool. This leads to
a sufficient improvement in the credit application quality for the next period that increases
the opportunity cost of giving up on good investments, and triggers investors to switch to

bold test. Over the next couple of periods, the credit market becomes overheated again.

5 Welfare, Economic Cycles and Economic Policy

In the previous sections, we demonstrated how fluctuations of sentiment and that of funda-

mentals feed on each other creating endogenous cycles. As we model explicitly the mechanism
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which turns booms to recessions and vice-versa, our framework is well suited to explore how

certain economic policies could and should influence these economic cycles.

First, we explore the rationales for policy makers to intervene in this economy. In
particular, we study a constrained planner’s problem where the planner can choose which test
investors should use in each aggregate state. We argue that the planner can often improve on
the decentralized outcome, because investors do not internalize how their individual choice
of lending standards affects the aggregate dynamics of the state space. In particular, the
planner often prefers a cycling economy, where low sentiment stages keep the fraction of bad

projects in the economy at bay which makes the high sentiment stages more beneficial.

Then, we connect the constrained planner’s solution to realistic monetary and macro-
prudential policies. We show that both changing the risk-free rate and specifying capital
requirements can be used to influence investors’ lending standards. Therefore, each of these
policies affects the dynamics of the state distribution, and, consequently, welfare. The choice
between these policies depend on a trade-off. In general, the policy maker can improve the
quality of loan applications only on the expense of increasing the average cost of capital.
In our particular specification, we show that capital requirements with carefully chosen risk
weights tends to be a more efficient tool than monetary policy in pushing the economy

towards constrained efficient cycles.

5.1 Welfare

A natural welfare measure is the aggregate consumption of all entrepreneurs and investors,

W (s, 1) = L2 (0, = 1) (5 9,1) + (9, 0)) + g1 (ray (0, 1) + oy (b,0)) +

+ wo(1 +7¢) + wi(1 + maxr(g,w)).

Note that welfare, W (g, p1), differs from output, Y (uo, 1), in that good entrepreneurs
consume less than what they produce as they pay back their loans, and that it incorporates

investors’ consumption.®

The next proposition states that welfare decreases in the fraction of bad entrepreneurs,

1o, within any segment of the state space where the type of the equilibrium is not changing.

6 Alternatively, the same expression can be derived adding the total return from risk-free investment to
output, Y (uo, pt1), and subtracting investors’ total cost of running tests.
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Also welfare discontinuously drops when the economy switches to the cautious stage from a

bold stage.

Proposition 5.1 Consider a two-stage economy. Then welfare is decreasing in the fraction

C
1+Tf :

of bad projects, po. There is a discontinuous drop in W (ug, 1) around

Similarly to its effect on total output, an increase in the fraction of bad entrepreneurs
decreases welfare because this group is less productive and imposes higher cost of capital
for all firms through adverse selection. While the higher cost of capital can increase skilled
investors consumption, this effect is always dominated by the smaller consumption of en-
trepreneurs. When the economy switches from bold to cautious, bad opaque entrepreneurs
loose all their financing, while good opaque entrepreneurs experience both a jump in their
interest rate from rp to 7 and a drop in their loans as unskilled investors stop financing
them. Again the resulting upward jump in the consumption for good investors is dominated

by those adverse effects.

In the dynamic economy the state distribution is endogenous as we described in 3.1. In a
cycling economy, just as output, welfare is higher in the bold stage and lower in the cautious
stage, enforcing our interpretation of these stages as booms and busts. Figure 2c¢ depicts the

dynamics of welfare and output under our baseline parameterization.

5.2 Optimal Cycles

As the focus of our analysis is the relationship between the choice of investors’ lending
standards and that of fundamentals, it is instructive to study the following constrained

planner’s problem.

Definition 5.1 The constrained planner’s solution is a dynamic equilibrium where the plan-
ner chooses which test is available in any given state (po, 1) for all investors to maximize

the average welfare along the ergodic state distribution path.

As the definition shows, we give the planner limited tools to influence economic outcomes.
The planner can force all agents to choose the bold test in some states and choose the cautious
test in other states. Given the implied information structure, the equilibrium interest rates,

quantities and the law of motion of the state distribution are determined as before. For

25



instance, if the planner chooses all agents to use the bold test in all states, the economy
will feature only bold stages with no cycles and a degenerate ergodic distribution of (ug =
foB, 41 = fip). Similarly, the planner can implement an only-cautious economy with a
degenerate ergodic distribution of (figc, firc). Following the intuition in Proposition 3.3, the
planner can also implement various cycling economies, for instance, by forcing agents to be

cautious if and only if py < K for some K € [figc, fios]-

In the next proposition states sufficient conditions that the constrained planner’s solution

is a cycling economy.

Proposition 5.2 Suppose that p,—1 > p, and 1 (0,0,c,77) < 7. Then, there is an interval
[Amin \maX] gnd g & that if X € [Amin, \"*] and § < § then the constrained planner’s solution

features endogenous cycles.

The proposition states that rational sentiment driven cycles can be the choice of a welfare
maximizing planner. For instance, under our baseline parameters, the constrained planner’s
solution is to choose investors to be cautious if and only if py < K with a K € [uiq, 1ig)
implementing a cycle with alternating one period booms and recessions. Intuitively, the
planner’s main motivation for choosing the test is to influence the ergodic state distribution.
Tight lending standards keep the fraction of bad firms at bay. However, if the planner
forces agents to be always cautious, opaque good firms are always squeezed. Therefore, to
maximize average welfare, the planner periodically allows investors to be bold when the

fraction of entrepreneurs running negative NPV projects is sufficiently low.

Interestingly, type of cyclicality in the constrained planner’s solution determined very
differently from the decentralized outcome.” This is so, because investors do not internalize
that their individual choice of test affects determines the ergodic state distribution. Note
that this would be the case even if investors were long lived. The reason is that each investor

is atomistic; a unilateral deviation to another test would not affect the ergodic distribution.

5.3 Cycles and Economic Policy

In this part, we introduce a monetary policy tool and a macro-prudential tool to gain insights

on how various policy measures can help to push the economy towards constrained optimal

"For instance, the cost parameter ¢ plays a crucial role in Proposition 3.3, while it is practically missing
from the sufficient conditions in Proposition 5.2.
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cycles.

As a monetary policy tool, consider normalizing the physical return of our storage tech-
nology to zero and reinterpreting r as a the net return of a risk-free asset introduced by
the policy maker. This asset is available in perfectly elastic supply for entrepreneurs and in-
vestors alike. To ensure that we do not violate the budget constraint of the policy maker, we
assume that a lump-sum tax on all agents is introduced which exactly covers the aggregate

expenditure of providing return ;. We adjust welfare accordingly.

As a macro-prudential tool, we model risk-weighted capital requirements as follows. Let
vy be the capital a bold investor invests in loans which have produced a green signal by the
bold test. Suppose that the regulator imposes a risk weight x > 1 on those investments as
they are risky.® Let v, her investment in the risk-free asset. Recall that a bold investor, after
financing all the loans producing a green-light invests all of her remaining capital in risk-free
assets. As this is safe investment, its risk-weight is 1. That is, the investor has to respect
the capital requirement v,a 4+ v, = 1. If = 1, this reduces to the budget constraint of the
investor in our unregulated economy. When z > 1 the capital constraint forces an investor
running the bold to test to not to invest vy(x — 1) units of her endowment. We assume that
the investor can put this capital in storage, — or the risk-free asset if available — and consume

it in the last period.

In the next proposition, we show that both of these policy tools affects the decentralized
equilibrium through changing both the cost of capital for entrepreneurs and investors’ choice

of lending standards.

Proposition 5.3 When risk-weight x > 1, and vy is the return on the risk-free asset, the
equilibrium characterized by Propositions 3.1-4.1 with the modification that the interest rate
functions (3.1) and (3.3) are replaced by

z—1)(1—
r5(to; pa, €7y, @) = rp(po, pa, ¢ rp) + : 1 A Ml)c
— H1— Ho
i = 241
T[(Nov,ul,a Tf,SL’) = :crf(uo,,ul,c, rf) + (;(; — 1)(1 _ 1—C>
—Ho— M1

8Introducing a different risk-weight for cautious investors’ loans would be straightforward. For simplicity,
and because they are investing only in loans which certainly pay back, we omit that treatment.
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respectively, and thresholds ﬁ and fig(p, ¢, s, pg) are replaced by

fo(pa, e,y w) = (1= (1 — ) (z — 1)) fio(e, 75))
(L—p)(pg — (A +rs) = (@=1D(c+ry+1) = (1 +m)c
pg+x(l+c+ry)

ﬂg(ﬂh CTf Pgy "L‘) =

I

respectively.

Using our results, the next corollary summarizes the effect of tighter monetary or tighter

macro-prudential policy on equilibrium cycles.

Corollary 5.1 Consider a two-stage economy. Larger risk-free rate, vy, or larger risk-
weight, x, implies (weakly) higher cost of capital for any fized state (po,p1). A sufficiently
large, one-off increase in vy or x pushes a high credit sentiment boom to a low sentiment
recession. Furthermore it results in the economy spending more time in low credit market
sentiment stages where lending standards are tight, and less time in high sentiment stages,

where lending standards are lax.

The corollary is a direct implication of Propositions 3.1, 3.3, 4.1 and 5.3.

Does these observations imply that the a policy maker could use any of the two policy
tools to push the economy towards the constrained planner’s solution? Panels (a) and (b) on
Figure 3 shows that this is not the case. Panel (a) shows the effect of increasing risk-weight,
x, in our baseline economy, while Panel (b) shows the effect of increasing the risk-free rate.
The solid curve on each panel shows the corresponding welfare adjusted with the lump sum
tax. The dashed horizontal line represents welfare without any intervention, x = 1,y = 0 for
easier comparison. The vertical dashed lines partition the figures according to the cyclicality
of the implied economy in line with Proposition 3.3. From left two right, the first (small)
region corresponds to a bold-only economy, while the rest of the regions corresponds to a
long-boom/short recession, a short-boom short recession, a short-boom-long recession and
a cautious-only economy. That is, in line with Corollary 5.1, both a tighter monetary or a
tighter macro-prudential policy can push the economy towards longer low sentiment stages.
However, the welfare effect of these policies are exactly the opposite! While an increase in x

increases welfare, an increase in ry decreases welfare.

The idea is that while both policies pushes the ergodic distribution towards the one in the

planner’s solution, they do it at a different expense in terms of the cost of capital. In fact, as
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the next Lemma demonstrates, achieving the same tightening of lending standards is always
accompanied by higher lending rates if monetary policy is used instead of macro-prudential

policy.

Proposition 5.4 Consider a two-stage economy. Starting from any policy combination

L> 29 or to

(IO,T?), consider the alternative policies of tightening the risk-weight to x
increase the risk-free rate to 7’} > 7“90 such that their first order effect on the threshold pf s

the same:

Ofig (xl _ xO) _ g ( 1 7,0)

= Tre — .
8x an ! f

Then, the first-order effect of macro-prudential policy (z* — 2°) on the equilibrium interest

rate is (weakly) less than that of the monetary policy (r}» — 7“53) at any given state (po, 1) -

To conclude this section, panel (c¢) and (d) compares the equilibrium path of welfare and
the state variables under optimal capital requirements and in the decentralized solutions.
Panel (c) illustrates that under the optimal capital requirements the fraction of bad trans-
parent projects is smaller in average than in the decentralized economy. This is achieved
by more frequent tightening of lending standards. Panel (d) compares the welfare paths in
these two cases. Clearly, the better quality of loan applicants implies higher welfare in the

regulated economy than in the decentralized one.

6 Three-Stage Economy and Double-dip Recessions

When fig(p1) < 5 Jfrf does not hold everywhere along the equilibrium path in the long run,

the economy features more elaborate dynamics. Importantly, the economy not only can be

in bold and cautious stages, but also in a mix stage. In this case, we need two state variables

to characterize the dynamic economy, (u, fi1)-

We first explain the mix stage in credit market and real economy, and then proceed to

considering the dynamics associated with a three-stage economy.

Mix stage in credit market. If the maximum feasible interest rate 7 is sufficiently high,

the interest rate r; (po, pt1, ¢, 75) in proposition 3.1.(iii) becomes feasible. In this case, some
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implied paths of the fraction of bad opaque entrepreneurs po and welfare under the welfare
maximizing risk weight * and in the decentralized economy.
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unskilled investors choose to be bold and some cautious. A semi-separating equilibrium
arises where opaque good entrepreneurs are financed by bold unskilled investors and skilled
investors at a relatively high interest rate, rr (jo, pt1, ¢, 7¢). Furthermore, the bold unskilled
investors mistake opaque bad entrepreneurs with good opaque ones and finance them at
the same interest rate. Alternatively, cautious unskilled investors finance all transparent
good entrepreneurs at the lower interest rate r¢ (po, pt1, ¢, 75). Interest rates rr (po, 11, ¢, 7¢)
and ¢ (po, 1, ¢, r¢) are such that unskilled investors are indifferent whether to be bold and
finance a worse quality portfolio for a higher interest rate, or to be cautious and finance a

high quality portfolio for a lower interest rate.

Real economy. In a mix stage, the masses of entering cautious and bold unskilled investors
are such that the first group can satisfy the credit demand of transparent good investors at
the low interest rate ro while the second group, together with skilled capital, can satisfy
the credit demand at the higher interest rate r;. Therefore, the investment of both of good
entrepreneurs are given by i = % + 1 with the relevant different interest rates. Similar to the
bold stage, the credit to opaque bad entrepreneurs is given by the share of capital of bold
unskilled investors who cannot identify their loan applications from good opaque ones. The
credit of of bad opaque entrepreneurs is lower in mix relative to bold stage since they face a

higher interest rate r; > rp in the mix stage.

When fig(p1) < ﬁ) does not always hold in the long run equilibrium the economy can
cycle through all three stages, going from bold to mix and then to cautions, and then jumping
back to bold stages. Such a three-stage economy features two different type of downturns.
The mix stage has signs of low credit market sentiment as it leads to a similar fragmentation
of the market as the cautious stage. However, the mixed stage corresponds to a recession
which is not sufficiently deep to trigger the “purification effect” on the entrepreneur pool we
observed in the cautious stage. This is so, because even a small mass of bold investors is
sufficient to mistakenly provide credit to bad opaque entrepreneurs and prevent them from
exiting. Therefore, in a mix stage the fraction of bad entrepreneurs keeps increasing to the
point when the cautious stage is triggered. In a cautious stage the sufficiently tight credit

conditions reverses the direction of the economy.

The following assumption ensures a three-stage cycle for the dynamic economy.

Assumption 6.4 Assume
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Figure 4: Interest rates (left panel) and output (right panel) in a three-stage economy as the
fraction of bad opaque entrepreneurs py changes.

Assumption 6.4 ensures that . < ﬁ < fip(p1) < fiop- This is sufficient to make sure
that in the long run, the economy goes through all the three stages, as formalized in the

following proposition.

Proposition 6.5 Consider figp(d, \) > (9, A) > uip(0, ) > foc(0, A), and assume as-
sumption 6.4 holds. Then the ergodic distribution has more than two points of support. The
credit cycle consists of a multi-period bold stage when g increases, followed by a multi-period
mix stage when o still increases, followed by a one-period cautious stage when py declines
to that of the bold stage with the lowest .

Figure 5 portraits an example of the dynamic cycle of the economy. The top panel

illustrates the dynamics of the state variables. In the beginning of each upward segment,

C
1+Tf :

this region (below the dotted blue line) all investors are bold. Between the dotted blue line

In

1o is sufficiently small and the composition of borrowers sufficiently good, py <

and the yellow curve, some unskilled investors turn cautious but some are still bold (semi-
separating equilibrium). In this region, opaque bad entrepreneurs still get funded (although
at worse interest rates), so o is still growing. When py becomes sufficiently large, i.e. it
crosses the yellow threshold, then the composition of borrowers become sufficiently bad that
no investor chooses to be bold. Thus all investors turn cautious and a one period crash

happens.
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Observe that although the dynamics of the state variables are qualitatively similar to
the two-stage economy depicted in Figure 2, the implied outcomes are quite different. The
second panel of Figure 5 depicts the interest rates in the three-stage economy. inn the mix
stage there is already a considerable spread between the interest rates faced by opaque and
transparent entrepreneurs although g is still increasing. This spread drops to zero again,
only when the economy reverses to the bold stage. Output dynamics in the bottom panel
shows that in the three-stage economy output crashes twice in each cycle, creating a double

dip recession.

Further comparison of Figure 2 and Figure 5 shows that although the interest rate in
the mix stage and in the cautious stage are at similar levels, the output effect of switching
to the cautious stage is significant in the three-stage economy. In fact, the output dynamics
shows a double-dip recession. Despite the significant drop in output around period 3 , the
recession is not deep enough for the economy to experience the “purification effects” of a
cautious equilibrium. Therefore, output drops further until a second drop in output occurs
in period 6 . In this period finally the fraction of opaque bad entrepreneurs drops, and

corresponds to a deep downturn which then triggers a boom in the following period.

A few observations are worth mentioning. First, if ufz < ﬁ < fio(p1) < phe (assump-
tion 3.3 and 6.4 both violated), the ergodic set consists of the same two point distribution as
described in Proposition 3.3.(iii), i.e. a two-stage economy with a cycle of length two which

fluctuates between all lenders being bold or cautious.

Second, it is not possible to have a three-stage economy with a long downturn. In other

words, whenever there is a cycle which consists of multiple consecutive cautious stages, it ends

either by a single bold stage (if fio(p1) < , or by a single mix stage (if fio(p1) > +%).

1+Cr f ) I+r¢
The key to this observation is that whenever pq falls below max{ﬁ, fio(p1)}, the dynamics
is dictated by pop(9, A, o, 1) function and is upward sloping, so it cannot enter a third

(lower) stage.

Finally, note that the threshold fig(11) depends on one of the state variable py. This
implies that the dynamic economy might even fluctuate between a two-stage and a three-

stage economy. This can lead to cycles with varying length.
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7 Model and Facts

Despite its simple structure, our model generates a rich set of empirical predictions. This
section focuses on some of these empirical predictions and contrasts it with empirical evidence

when available.

The quality-spread and the tightness of credit When mapping the model outcomes
to the data, a critical question is how to think about credit to opaque and to transparent
entrepreneurs. We argue that the former corresponds to risky or low quality credit, while
the latter corresponds to less risky or high quality credit. The idea is that from the point
of view of an unskilled investor the opaque group is heterogeneous, hence providing credit
to them is risky. Some of these entrepreneurs would pay back, while others would not. Our
implicit assumption, therefore, is that the econometrician’s information set is close to an
unskilled investor.” Therefore, we think of the quality spread, the difference between yields
of comparable BAA and AAA corporate bonds as a proxy for the difference between the
interest rates faced by these groups. Basic predictions of our model are that (1) the quality

spread is counter-cyclical, (2) it strongly co-moves with proxies for the tightness of credit.

Figure 6 demonstrates that these predictions are in line with the data. The blue curve
is the percentage of senior loan officers claiming to tighten C&I loan conditions in the given
quarter, while the red curve is Moody’s seasoned AAA-BAA spread. The shaded areas are

NBER recessions.!°

Credit composition and realized returns There is a growing body of evidence suggest-
ing that periods of overheating in credit markets forecasts low excess bond or loan returns.
This is not a tautology if credit market overheating is measured ex-ante by the quantity or
composition of credit. As an influential example, Greenwood and Hanson (2013) show that
the share of bond issuance with low credit rating out of total issuance inversely predicts the
excess return on these bonds. Panel (a) on Figure 7 is the illustration of this fact using the

reproduction of Stein (2013). The blue curve is the share of low-grade bonds issued in a

9We could think of an econometrician as an unskilled investor who can run both tests. Thus he can
distinguish opaque entrepreneurs from transparent ones and measure their credit issuance. However, just as
unskilled investors, he still cannot distinguish bad entrepreneurs from good ones except from their ex-post
default.

0For a more systematic treatment see Morais et al. (2019) who finds both US and international evidence
for lax lending standards in booms in the bank loan market.
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axis). The shaded areas are NBER recessions.

given period as a fraction of all issuance, measured on the right axis. The black curve is
the excess return on those low-grade bonds in the subsequent two years, measured on the
reverse scale on the left axis. For instance, years when both curves are high correspond to
overheated periods with low subsequent returns. Periods where both curves are low tend to

correspond to recessions: low sentiment credit markets with high subsequent returns.

Panel (b) of Figure 7 plots the model-equivalent time-series for the two-stage economy

simulated on Figure 2. In the model, the share of transparent credit to all credit is

Mog(bv O) + 1ﬁuOTi‘UIE(g7 O)
p10£(b, 0) + F=H5=1 (£(g,0) + £(g, 1))

S(pos 1) =

Note that ¢(7,w) depends on the state variables as we described in Section 4. The net excess

return on opaque credit is

= 0(g, 0)(1 + 7(g,0))
Nog(ba 0) + m%g(ga O)

R(po, 1) —(L+ry)
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Figure 7: Opaque credit share and its realized excess return. Panel (a) is reproduced from
Stein (2013). High-yield (HY) share is the ratio of speculative-grade issuance to total rated
corporate bond issuance. Excess returns are calculated as the difference between the log
return on a HY index and a corresponding treasury index. Excess returns are calculated
between ¢t and t + 2 and shown alongside the HY share at time on an inverted scale, so
that the negative correlation appears positive. Panel (b) shows the share of issued credit to
opaque projects relative to all credit in a given period (solid, right scale), and the realized
return on opaque credit one period later (dashed, left inverse scale).

where the denominator is the total credit opaque projects receive in a given period,
while the numerator is the total repayment on that credit in the subsequent period. Note
the strong co-movement between S(uo, p1) and R(po, p11) on a reverse scale, both within the
bold stage and across periods. To show the intuition, we calculate these expressions in the

limit when skilled capital is negligible:

1 — — 1
il Ho K ) lim R(/LO? Hl) = . MO( i rf)
0 L+ po — 1

hI_I:OS(/’LOa ,ul) = 2(1 _ ,ul) wy—

w1
in the bold stage and

. 20+7’f(1—u0—,u1) . _
w10 (10, 1) 2¢4+ (1= po — 1) (ry + pg)’ w130 (ho, ) =7 =y

in the cautious stage. It is apparent that the (inverse) co-movement within the bold stage is
driven by both of our state variables. The co-movement across the bold and cautious stages

are driven by the fact that in the cautious stage, S(puo, f11) is converges to its minimal value,
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while R(uq, pt1) converges to its maximal value for w; — 0.

The inverse relationship between credit expansion and subsequent returns is remarkably
widespread across various financial markets. For instance, Baron and Xiong (2017) docu-
ments the negative relationship between bank’s credit expansion and banks’ equity returns,
Kaplan and Stromberg (2009) finds a similar inverse relationship between venture capitalists
aggregate flow to new investments and their subsequent returns. A related early work is
Eisfeldt and Rampini (2006), who shows that volume of transactions are procyclical while

return on transactions is counter-cyclical in the sales of property, plant and equipment.

Market fragmentation and heterogeneous portfolio rebalancing We argue that
through the unique structure of the stage game, our model provides crucial insights on the
market fragmentation in recessions. As a bold stage turns into a cautious stage, skilled and
unskilled investors rebalance their portfolio very differently. Skilled investors rebalance from
low-yield bonds (to transparent entrepreneurs) to high-yield ones (to opaque entrepreneurs),
while unskilled investors do the opposite. This implies that good entrepreneurs with fun-
damentally similar quality suddenly face very different experiences. Transparent good en-
trepreneurs enjoy abundant credit supply, while opaque good entrepreneurs are squeezed,
although in the bold stage they faced the same market conditions. This market fragmenta-

tion and the implied heterogeneous effect of a downturn is a unique feature of our model.

This type of market fragmentation was especially salient in context of the Euro zone
crisis. Indeed, Ivashina et al. (2015) and Gallagher et al. (2018) find that in 2011 a group
of US money market funds stopped lending only to European banks but not to other banks
which had similar fundamentals. In particular, Gallagher et al. (2018) finds that when these
money market funds stopped financing entrepreneurs in a European country, they did so
irrespective of a entrepreneur’s implied risk of default. These predictions are consistent with
our mechanism when considering these funds as low skilled investors. Moreover, Ivashina et
al. (2015) also find evidence that this process led to a significant disruption in the syndicated

loan market, a possible channel for the real effects that our model predicts.!!

International spillovers of US monetary policy Our model is applicable beyond a

developed economy such as the US. As an example, consider our set up as a description of

HSee also our companion paper Farboodi and Kondor (2018) providing a substantially richer picture on
market fragmentation by treating sentiment switches as exogenous.
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an emerging market economy where the banking sector is sensitive to external risk-free rate,
as this determines the opportunity cost of lending domestically. In particular, we can think
of the return on risk-free storage in our model as the US policy rate, controlled by the FED.
Just as in our model, this rate is effectively exogenous for the emerging market banking
sector, but clearly influences their activity. Recall from Corollary 5.1 that a small increase
in the risk-free rate can have a significant adverse effect both in the short run and in the
longer run. Even a small increase in the risk-free rate can push a bold, overheated economy
to a low-sentiment, recessionary one. A permanent change in the rate can change the nature
of the cycle in the economy. In general, higher opportunity cost of lending leads to longer
recessions and shorter booms. This is in line with several emerging market officials including
Raghu Rajan’s warning, who was the Chair of India’s central bank around 2013-14, when

the emerging markets were expected to be adversely affected when US starts to raise rates.!?

8 Conclusion

We present a model of rational sentiments and economic cycles. We capture sentiment by the
credit market conditions which follow investors choice of test that they use to grant credit.
Their choice leads either tight or lax lending standards. Tight credit standards forces low
quality entrepreneurs to exit at a higher rate implying an improving quality of the borrowing
pool. This change then influences investors lending standards in the future. We show that
the two-way interaction between sentiment and fundamentals generates endogenous economic
cycles. We show that the planner, with carefully chosen capital requirements for investors,
prefers to change the cyclicality of the economy, using recessions to keep the borrower pool
quality at bay. We further demonstrate that the predictions of the model matches numerous

stylized facts related to credit cycles.
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A Appendix: Agent Optimization Problem and the
Market Clearing Protocol

In this Appendix, we define the problem of each agent along with the market clearing pro-
tocol. We also introduce a robustness criterium. The structure of our credit market is a
modified version of Kurlat (2016). The entrepreneur and investor problems are simplified
versions of those in Farboodi and Kondor (2018).

A.1 Entrepreneur and Investor Problem

Let R be the a set of trading posts, each of them identified by an interest rate r. Then, the
formal problem for an entrepreneur (7,w) is

o I%ax ) )(1 +l(1,w) —i(T,w)) (L +7rf) + pri(T,w) — Licgl(T,w) (1 + 7 (7, w))
o\r;7,w TeR”L T,w

s.t.

1
0<o(rmmw)<- VreRr

Ur,w) = /RJ(T;T,w)dn (r;7,w)
fR ro(r; T, w)dn (r; 7,w)

<

r(rw) = [0 rden(rTw)

(1, w)

N

— 14+ T’(T,w)
i(r,w) < l(1,w)+1.

where 7 is a rationing function assigning 7 (Ry; 7,w) measure of credit, per unit application,
for an entrepreneur of type (7,w) submitting applications to the subset of trading posts
Ry € R. n is an equilibrium object, determined by the choices of the agents and the market
clearing protocol as we explain below. It is taken by entrepreneurs as given.

The problem of an unskilled investor h € [0, wy] is

x(r}%?%}((h) (1 + f<h)) (Su(r; g, 1)+]lx(h):BSu(r; g, O))+(1+Tf) (Su(r; b> 1) + ]lx(h):C (S (’l“ b O) + S (T g, )))

and that of a skilled investor h € (wp, wo + wy] is

max ((1+7(h)) (S:(r; 9,1) + 8:(r39, 0)) .

X (h) is the unskilled agent’s choice of test, while S, and Sy are the sampling functions
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for unskilled and skilled investors respectively. A sampling function, S, assigns a measure
Su(r; T,w) to any interest rate advertised by an unskilled investor. This describes the measure
of credit applications submitted by entrepreneurs of type (7, w) in the sample of the unskilled
investor advertising that rate. S,(r;7,w) is the analogous object for skilled investors. Each
investor takes the sampling functions as given. Just as the rationing function, the sampling
functions are endogenous objects determined by the market clearing protocol and the choices
of agents as described next.

A.2 Market Clearing Protocol

Let r™®* (7,w) be the maximum interest rate at which o (r,7,w) is positive for some given
type of entrepreneur. If max(, ) r™* (7,w) < miny, 7 (h), then no applications are financed.
Otherwise the market clearing process starts from the smallest advertised interest rate 7 (h),
say, r’. First, each entrepreneurs submitting applications at that rate has to post ’ per unit of
application from her endowment which we refer to as down-payment. Applications without a
down-payment are automatically discarded. Then, each unskilled investor advertising rate r’
runs his chosen test and grant credit for investment for all applications which pass the testin
the sample he receives. He obtains a sample of the (non-discarded) applications submitted at
that rate. The applications are allocated pro rata. That is, the proportion of each type (7, w)
in each sample is identical to their proportion in the (non-discarded) application pool at that
interest rate. If there are not enough applications to fill up every present investor’s capacity
limit, then all applications have been sampled and the sampling process stops. Otherwise,
all unskilled investors received a sample up to their sampling capacity. Their remaining
endowment is invested in the risk-free asset. Entrepreneurs have to invest the credit amount
along with the down-payment and the invested units are posted as collateral for the loan.
These invested units enter into a public registry, so they cannot serve as collateral to other
loan applications. Applications which enter into a sample, but do not pass the test are
discarded, and the down-payment is returned to the entrepreneur who can invest it in the
risk free asset.

If all unskilled investors reached their sampling capacity and there are remaining good
projects, then they are distributed pro rata across skilled investors up to their capacity given
by their endowment. Skilled investors grant credit to these projects and the investment and
colletarilization process are as before. Any remaining applications are discarded and the
down-payment is returned. Then, the process is repeated at the next lowest advertised
interest rate, etc. If there are no more advertised rates, or there are no more applications for
which r™® (7, w) is larger than a remaining advertised rate, the process stops. This process
pins down the objects 7, S, Ss.

Note that (4.1) is a compact version of the entrepreneur’s problem. Instead of considering
the choice over the optimal credit application strategy, {o(r;7, w)},.p for a given rationing
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function, we define the upper limit of obtainable credit as

/(T,w)= max / o(r;m,w)dn (r;7,w) .
R

{o(rimw)lier

Clearly, if an entrepreneur can obtain a given level of credit, she can also obtain less. There-
fore, the choice of £ and i in (4.1), will be the same as ¢ and i obtained in the entrepreneur’s
full problem.

A.3 Robustness

Following Kurlat (2016), we make a robustness assumption implying tie-braking rules and
avoiding multiple equilibria.

Assumption A.1 Suppose that € fraction of applications submitted at an advertised in-
terest rate are granted unconditionally. We require that the equilibrium strategy of each
entrepreneur is the limit of equilibrium strategies as € goes to 0.

Apart from avoiding multiplicity of equilibria, as we will see, an additional consequence of
this assumption is that each type who chooses to submit loan applications at a given interest
rate submits the same, maximal amount That is, o (r;7,w) > 0 implies o (r;7,w) = %
This feature has the convenient consequence that the application pool at any given interest
rate is independent of cross-sectional distribution of choices i (7,w), therefore, we can solve
the credit market equilibrium independently of choices i (7,w) . This simplifies the analysis

considerably.

B Appendix: Proofs

Proof of Lemma 3.1

The market clearing mechanism and Assumption A.1 implies that if any agent would like
to raise credit at an interest rate r™**, she would want to submit a maximum measure of
applications, o (r;7,w) = % at every interest rate smaller than r™** too. The reason is that
it makes it possible that they are receiving a fraction of their credit at a lower rate (as
markets clear from the lowest interest rate), and potentially even without the requirement
to invest the received amount (Assumption A.1). This latter possibility is attractive for
bad entrepreneurs. Because applications with no down-payment are discarded, there is no
possibility of having more credit granted as intended. Agents also want to submit the
maximum measure of applications at ™. Given the linear structure, if, at a given interest
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rate an agent would like borrow to invest, she also would like to borrow up to the limit %
and invest at that rate. This concludes the first part of the Lemma.

For the second part, recognize that good entrepreneurs would want to invest the max-
imum as long as their post repayment return is above what they would get from investing
their own endowment. Using the collateral constraint this requires p, < (py — 1)17#, which
implies r < 7 = p, — 1. For the last part, suppose that bad entrepreneurs can obtain a
maximum of £ loan at an interest rate not higher than their chosen reservation rate. Given
the collateral constraint, to obtain ¢ loan, they have to invest a minimum of ¢ = ¢(14r) into
their project. Given p, < 1, they invest their remaining endowment into the risk-free rate.
That is, for any choice of £ < ¢, they can consume

(L+C0—L1+7)147rs) +ppl(1+7)

which is increasing in ¢ if » < 7 and assumption 2.1 holds.

Proof of Proposition 3.1

The main steps of the proof are explained in the text. Here, we just have to specify the
details.

First, we show that if all entrepreneurs submit the maximum demand to an advertised
rate r than bold, unskilled investors are indifferent to stay out or enter. The superscript
refers to the fact that it is a pooled market where all entrepreneurs submit. In fact, % is
defined by the indifference condition

(1—,ul—,uo)(l—i‘T%)—i‘,ul(l—i—Tf)—C:1—{—7’f (Al)

Note that ((1 — p1 — po) + o) % = (1 — g1 — po) is the probability of ending up
financing a good project with a bold test (Pr(green signal) x Pr(good project|green signal)
), while i is the probability that a entrepreneur in the sample will not pass the bold test,
hence the investor invests in the risk-free asset instead. Therefore, the left hand side is the
expected utility of running the bold test on a proportional sample of applications. Note that

we are using the assumption that unskilled investors sample first.

Similarly, a cautious investor is indifferent to enter to a pooled market at interest rate
r¢., which is defined as:

wuwgn (WHMWO)) (Itrf)—c=1+r; (A2)

We claim that iff 5, < 7% holds, ¥ supports a bold equilibrium where the entering mass
of unskilled investors is determined by the following market clearing condition. Given the
fraction of bold investors’ capital financing good projects, together with the capital of skilled
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investors (which all finance good projects) all good projects, opaque or transparent, have all
their credit demand satisfied. (This market clearing condition is spelled out in the proof of
Proposition 4.1). Then, following the intuition in the text, it is easy to check that no one
has a profitable deviation: skilled or unskilled investors do not want to change their interest
rate from 7%, and none of the entrepreneurs want to demand less than L at that rate. While,
if the condition above did not hold, investors would be motivated to choose to be cautious
advertising a rate 7 € (1, rly).

Now consider a cautious equilibrium where all unskilled are cautious and advertise r¢..
This implies that opaque good projects can be financed only by skilled investors. As skilled
capital is scarce, they will advertise the maximum feasible rate 7. As unskilled capital is
abundant, therefore r{, has to make cautious unskilled indifferent whether to enter. As all
entrepreneurs demand credit at all advertised rate which is lower than their reservation rate,
the pool of applicants in that low interest rate post is identical to the one in the pooled
equilibrium at 7%,. That is, r{, solves (A.2) and r{, = rf, = r¢ holds. If an unskilled investors
is to deviate to a bold test, she has two options. She can advertise an interest rate 7 < ¢,
attracting the pool of all type of entrepreneurs or it can advertise a high rate 7 € (rg, 7
attracting all, but the transparent good ones. The earlier is a profitable deviation if and only
if 5, < r& where 73 solves (A.1). That is, a necessary condition for a cautious equilibrium
is rg = ¥, > rc. The latter option is a profitable deviation if and only if r; < 7 where r/ is
determined by the indifference condition

(1—p1—po)
2 (1+7r7)+ 1 (I+rp)—c=1+r).
Ummi0) 4 (g + pro) Ummi0) 4 (g + pro)

Note that r; > rpg because it refers to an adversely selected pool of applicants. Checking
that neither skilled investors nor any type of entrepreneurs want to deviate from the assigned
strategies concludes the construction of the cautious equilibrium.

Finally, if r; < © and rg > r¢, then there is a mix equilibrium. In this case, skilled
investors cannot offer 7 as they would be undercut by bold unskilled ones. Instead, skilled
and bold unskilled investors advertise r;. This high interest rate post is cleared similarly
to the one at the bold equilibrium: the fraction of entering bold unskilled investors have to
be sufficient to satisfy, together with skilled investors, all the credit demand of good opaque
projects. At the same time, a group of unskilled investors choose to be cautious and advertise
rc to serve good transparent projects. Note that the two groups of unskilled investors make
the same expected profit of 1 4 r; by the definition of r; and r¢. Again, we can check that
none of the agents prefer to deviate from the assigned strategies. Given that the conditions
for each type of equilibria are mutually exclusive, we have uniqueness.

Observe that the static reasoning can be applied in each period of the dynamic set up,
and express the equilibrium criteria in terms of .
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Proof of Propositions 3.2 and 3.3

Since the switch between the two regimes is only a function of pg in a two-stage economy, it
is sufficient to compare g across different regimes. In other words, what determines whether
the economy is in a boom or a recession is measure of bad entrepreneurs who are opaque.

Step 1. The first step is to find the single point steady states in the dynamic model, i.e.
the measures that correspond to being in a cautious market, and end up in the same cautious
market, and similarly for bold market. One can use the system of equations (3.5-3.6) to get
these fixed points.

A

fos(d,A) = == (A.3)
_ P

focl0N) = S A= N £ 0) (A.5)
(6, ) = o (A.6)

2(1—0)(L—\) +0)

Note that fipc = fiic, and figp > figc. Since muyg is exogenous to these steady states (using
¢ and ry, we will focus on the case where iy is in the middle, i.e. fiop > Mmug > Jioc-

Step 2. Two point oscillating distribution. Using the law of motions (3.5-3.6) we get the
two point oscillating distribution by conjecturing that if the lower of those two points, p 5
corresponds to a boom, then the implied next period value is pg~ and it corresponds to a
recession. Two two points has to be such that given the recession, the implied next period
value is pp again. The implied points are

SM(5 — 1A — 1)

1op(0,A) = G- 10+ 1) -2 (A.7)
pipl0) = R (A8
Fel6 ) == a1 =
i o) = _AE = 1A —2) (A10)

206 —1)2A(A+1) — 4

It is clear that puf- > pip. Thus, the statement follows.
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Proof of Proposition 4.1

We described in the main text how entrepreneurs’ decide on investment ¢ and borrowing ¢
taking the interest rate r(7,w) and the borrowing limit ¢(7,w) as given. Then, expressions in
Proposition 4.1 follow from the determination of 7(7,w) in Proposition 3.1 and the borrowing

limits ¢(7,w) which we derive here. Consider the bold stage first. The market clearing
condition for credit to good transparent and opaque entrepreneurs is

1
w1+(1—bp)wo(1—uo—u1)=(1—uo—u1)g

where (1 —bp) is the fraction of unskilled investors who are entering to clear this market.
Then, ¢(b,0) is determined by the endowment of unskilled investors which is allocated to
bad, opaque credit by mistake:

110l (b,0) = (1 — bp) wopo
implying

- 1 w1
(b,0)=—— —-———
( ) B (1—M0—/~61)
and
(1—|—’T‘B)_ (1—|—7’B)w1
TB (1 —po — pa)

i(b,0) =£(b,0)(1+17p) =

Assumption 2.2 requires (1—;%—1—;11) < %, validating that bold entrepreneurs are indeed con-

strained. In the cautious stage market clearing for opaque good firms gives

1— g — 1) -

( M; Ml)'g(g,o):wl
implying

- 211)1

((g,0) = —————

S R P

and investment

211)1

B (T

< L implying that good opaque entreprencurs are

Assumption 2.2 requires ( 5=

wi
) . : ; 1—po—p1)
indeed constrained in this stage.

Turning to the mix stage recall from the proof of Proposition 3.1 that % fraction

of invested unskilled capital finances good, opaque projects at the high interest rate market,
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- +’L°1 — finances bad opaque projects and 2#0 ﬁjl — ends up at risk-free storage. Then

market clearing for good opaque firms then is

wg(g, 0) = (1—1by) wo% o

as good opaque entrepreneurs are not constrained, this implies

11 w 1
) S S
2r;  1—jio— (1= br)wo

Then market clearing for bad, opaque entrepreneurs gives

7 Ho
7(b,0) = (1 — by) wy2—H0
pol(b,0) = ( 1) Wo pT——

Substituting back (1 — b;) implies

- 11 w1
bo)= (-2 - "t
16,0 (27"1 1—M0—#1)

and
11 w1
1(b,0)=(1+r (————).
(b,0)=( 2 2rp 1—po—
Assumption 2.2 requires (1_:;—1#&1) < % Also, wy has to be sufficiently large that
br,bp,be € [0,1]. We can summarize the requirements on w; for later use as:
1 1 1 1
S N (S N I (A1)
(1 — po— 1) 2 2r; g 2r

Proof of Proposition 5.3

Clearly, a risk weight of > 1 does not influence the interest rate in a cautious stage as
investors are lending to projects which they all pay back.

In a bold stage, we require
Vg + v, =1

but still assume that the technology of a bold test did not change implying
Yg
Vg + Uy

=(1— ).
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Therefore,

_ 1—,U1 v — M1
c(l—pm)+m " 2l —pm)+m

Ug

which modifies the indifference condition determining the zero profit rate r% as follows

L=

(1—H1—M0>+ h
(1= )+

IR (1 — )+

(1+7%)

(I4+rp) —c=1+ry

implying the expression for r% in the proposition.

In the mix stage, the bold test on the high interest rate market (at which transparent
good entrepreneurs do not apply for credit) implies

(1—p1—po)

Ug o 2 + Ho
Therefore
po— 1 +1 B Hi
Vg 2

= )/UT'_
T+ 201 + Tpo — Ty T+ 201 + Tpo — Ty

in the mix stage. This implies that the indifference condition determining the zero profit
rate r7 is modified as follows:

M1
T+ 2p1 + Tpo — Ty

+r7)+2 l14+7r¢)—c=1+r
P S —— 7) (1+7y) f

which gives the expression of 7 in the proposition. Finally, by analogous arguments to the
baseline case, the threshold between the bold and cautiuos stages is given by identity

T% (ﬂg (:uh ) 7“f) » M1, €, Tf,l‘) =Tc (ﬂg (:ula C, Tf) y M1, Gy Tf)
while the threshold i (-) is given by identity

T}: (/lg (:uhpg?C? Tf) y M1, G, rf>$) = pPg — L.

Proof of Propositions 4.2 and 5.1

Proposition 4.2 follows as described in the text. Proposition 5.1 follows from the following
three Lemmas.

OWp (po,p1)

B0 <0

Lemma B.1 Within the pooling region, welfare is decreasing in .
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Proof. Total consumption is

W (o ) = (1= o = ) (3~ 1) (1) +

+ o ((1 +rp) + (o (1+ 7“7:; =75 ((1+77))) (i B L))

rg (1= po— )
+u1(1+rf)+(1+rf)wo+w1(1—|—r3)

where the first line corresponds to good entrepreneurs, the second line corresponds to bad,
opaque entrepreneurs, while the last line corresponds to investors and bad, transparent
entrepreneurs. We rewrite this expression as

Wi (pto, 1) =wipg +wo(l + 1) 4+ pg — pa (pg — (L +1¢)) (A.12)
C
+ XY —-(1+7r) —
( ( 2 1—M1)

(L+7rs—p)
+ Ho (wﬂ"B [— (Pg — o)

1 1 wq
Y VA —pe— ) — —w = (1 — ) (— - —
T T e ) e = () (8 e

is the total investment of unskilled capital to risky projects, while

Po((L = pro = )7 —wi) + pottol; = T505)  pg(L = o — pia) + pupso
(1= )Gy = =) (1= m)

1—po—p1

Y

is the per unit return on this investment. Note that X > 0, and

Y >(1+ry)+
(1+7y) —

because it is equivalent to

pg(l = po = p11) + popio > (1 +1p) (1 — pio — pa)

and
(14+7rp) <147 =p,.
Therefore, as g—:g and % are clearly negative, and the first line of (A.12) is independent of
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fo, we only need to show that the derivative of the term in the third line of (A.12),

(A+rs—pp)
0 <—M0 (Pg —Pb — wer'l—uﬁ—ubl )) ( )+ (L+rp—pp) 11—
= —(Pg — Po w1rp
Do ! YT o — 1= o —

is negative. But this is always true in a pooling region as

(Itrp=—p) 1—m
< —(pg—pp) +
L—pio = pn 1= po — (ks = 1)

Spg(_(ﬂg_pb>+(( (1+71r—po) )(1—u1))<

g L—m)(L4+rf) +c
1+7’f—pb (1+Tf—pb) .
<o (- () g ) -

_ 1 (1= p)
—nt =) (S ) <

- (pg - pb) + wyrp

where the first inequality comes from (A.11), the second one comes form

(=) (A +r)+0) _

1+7rpg) =
( 5) L—po—

g

while the third one comes from py > 147y =

Lemma B.2 Within the separating region, welfare is decreasing in g, .%ﬁs”“) <0

Proof. Total consumption is

1 — pio — 1 1— pio —
Uopo=pm) gy (Lyq) Uosomm) |
2 Tc 2

+ (po + ) (Lt 7p) + (L4 7p) wo 4wy (1 +7)

We (pos )

where,. for the second term, we used that facing 7, opaque good firms obtain the same
consumption with any choice of . The implied slope in pg of

OWe (po, )
Ao

(1= po — ) 2c+ B=g=tly,
2 (c + (1—Mg—u1)rf>

1
= - (,09—1) 5 +2p,— 1 5"‘(1"’_77)

(A.13)
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The following inequalities proof the statement:

(1 —po— 1) 2¢+ mﬁ‘

1
— | (pg—1) 9 | 5 T 20 — 1 §+(1+Tf)§
(C‘l— ( _/J;_/Jl),r.f>
2c+ —S—r
c 1, f 1
<—|w,-1 T 4 2p,— 1 5+ (14ry) =

Po= 1Ty (C + pg_f_rﬁf>

2pg — 15 — 2 1 —
- (2 1) g4 () = (2, - 2D

where, for the first inequality, we used that (A.13) is decreasing in (I_“OT_‘“) and that

2

———c=rc—rf<Tr—rr=p,— (1 +7¢).
Ty— f F=pg—(L+r7y)

Lemma B.3 Let us fix 1y and po at any level pg < 1+Crf'

welfare is strictly larger than under the separating equilibrium, Wg (po, p11) — We (o, p1) as

long as py < 1+crf'

Under the pooling equilibrium

Proof. The difference in transparent good consumption is

W(pg_l>(i+l>_w(pg_l) (i+1>

B 2 Tc

which is nonnegative in any point when rg < r¢, that is, in the pooling region. The difference
in opaque good plus skilled consumption is

s, (L) b )] - [ )] 4y

note that the term in the first squared bracket is decreasing in rg as

0 (L) (g, — 1) (L +1) +wi (14 7p)) )

87“3
1 (1—po— ) 1 (1—po— ) 1 —fip —
S S R VA AR | D S o S VA A | —
_ (1—uo—u1)(1_pg—1) — 0
B B
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where we used (A.11), and equals to the term in the second left bracket when rp = 7. That
is, (A.14) is non-negative at any point as long as rp < 7. Unskilled consumption is equal
under the two regimes, while the difference in bad consumption is

wq

1o ((Pb (L+rp) —rp((1+71y))) (i B —)>

TB (1—M0—M1)

which is positive by (2.1). m

Proof of Proposition 5.2

We will show that under the conditions of the proposition, there is at least one cyclical
economy (the one with short-booms and short recessions) which is preferred by the planner
compared to both the always bold and always cautious economies. We will argue that for

. . . . . ) _ rytetl . .
this conclusion, it is sufficient to show that p,—1 > p, and A € [Ayin, 1 —2pgf(c+rf+1)] implies

! fioc, fire) , i o, [i . Wg (1, 1155) + We (Hoe, 145
max(lim We (fioc, iuc) ; im W (fop, fip)) < lim B (Hop M1B)2 o (e NIC)'

Note that limg_,q jiop = ﬁ and

. — — * * — * *
(1$1_r>r(1) H1Bs 10, 1oy M1 By Hocs oo o = 0.

Note that Amx = 1 — — el 5ot solution of
2pg—(c+7‘f+1)

\max 0 o
B 2_)\max’ , Ty | =T

In an economy where investors are always bold or always cautious, welfare converges to
Wg (55, 1ig) and We (fioc, ii5) by definition. First, note that

. _ . W o, ig) + W ocr 1Y Wg(0,0) + We (0,0
lim W (o nc) = W (0,0) < lim 172 Wb 1i) + W i i) _ W ©.0) * We (0.0)

This is implied by Lemma B.3. Then, we show that p, —1 > p is a sufficient condition that
if A = A" then

lim We (150 #ie) > Lim Wi (o, fas) - (A.15)
6—0 0—0
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At that point rg = 7 implying that (A.15) is equivalent to

)\max
We (0,0) > W | ————,0
¢ (0,0) > B<2_)\maX7)

which we can rewrite as
! ( 1) ! +1)+ ! >
2\ ro 2"
w1y

> () gyt (L) (L) = (1) (5 = ).

Note that the left hand side is the weighted average of p, and (p, — 1) < o+ 1) and also

7 f+26

Therefore it is sufficient to show that

L (d4T)  (pp(A+7) — (A +7y)7T)wn
r (1 — o — pa)

g

which, given (2.1), holds as long as p, — 1 > p,. Therefore, we can conclude that

i VB (o 1iB) + We (Moo Hic)
i—0 2

> lim We (fuoe, flue) > Uim Wa (fos, fi1s)
6—0 6—0

at A = A" and p, — 1 > p,. As all inequalities are strict and all relevant functions are
continuous from the left in (pg, 1), for any A < A™** sufficiently close to A™** we can pick
a ¢ (\) that if § < 0 (\) then our statement holds. Picking the smallest such A\ defines Apin
of the proposition and picking

5= 5\

max
)\E[Amnu)\max]
defines the threshold for §.

Proof of Proposition 5.4

The statement comes from

ZE (@ =) =0< T (r} = 1))

% an
or or
S =a%) =0 = 5 (=)
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and

org 1.0 orp 1_ .0 _37“%38—“; b a?
o (z' —2%) < o, (ry—r%) = ors g%g (2! — )
f

which holds because

ot () g (000 ey )

o gy N\
a’r‘f o B an oz =
ore, Oud 5  1-p] 2(1=py)tig
a_f 8_7‘(; 8((1—#1-#0) (1+;f)+ (I—p1—ng) C) 3((1—(1_“1)@_1)) (1+Crf)>
T
ory
Ty + 1 . (1 - Ml) >

:(1—/L1>C<1_(1_p,1)($_1)) B
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