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The Gilded Bubble Buffer and Optimal Macroprudential

Policy∗
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Abstract

We provide a microfounded framework for the welfare analysis of macroprudential

policy within a model of rational bubbles. For this we posit an overlapping generation

model where productivity and credit supply are subject to random shocks. We find that

when real interest rates are lower than the rate of growth, credit financed bubbles may

be welfare improving because of their role as a buffer in channeling excessive credit

supply and inefficient investment at the firms’ level, but its sudden price decrease

may cause a systemic crisis. Therefore a well designed macroprudential policy plays

a key role in improving efficiency while preserving financial stability. Our theoretical

framework allows us to compare the efficiency of alternative macroprudential policies.

Contrarily to conventional wisdom, we show that (i) macroprudential policy may be

efficient even in the absence of systemic risk, (ii) it has to be contingent on productivity

shocks and (iii) it must be contingent upon the level of real interest rates.

Keywords: Bank, bubble, macroprudential regulation

JEL Classification: E44, E60, G18, G21, G28

∗Previous versions of this paper were titled “The Gilded Bubble Buffer” and “Gilded Bubbles”. The authors have benefited
from the comments of Leonardo Gambacorta, Marc Hofstetter, Alberto Martin, David Martinez-Miera, Alan Morrison, Jorge
Ponce, Jean-Charles Rochet, Oren Sussman, Dimitri Tsomocos, Jaume Ventura, Stephen Williamson and seminar participants
at Universidad de los Andes, Oxford University, University of Nottingham, Bank of Canada, and University of Zurich, and
conference participants at the 2017 SED Meeting, the 2017 NASM, the 2017 EEA/ESEM, and the 2017 LAMES/LACEA.
We thank Ana Salazar for her research assitance. Xavier Freixas has benefited from the support of Ministerio de Economia y
Competividad ECO2014-55488-P, Generalitat de Catalunya and Barcelona GSE.
†Corresponding author. Professor at Universitat Pompeu Fabra, Barcelona Graduate School of Economics and CEPR.

Ramon Trias Fargas, 25-27 08005 Barcelona, Spain. e-mail: xavier.freixas@upf.edu
‡Assistant professor at Universidad de los Andes. Calle 19A No 1-37 Este, Bloque W, Bogotá, Colombia 111711. e-mail:
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El amortiguador de las burbujas doradas y poĺıtica

macroprudencial óptima

Xavier Freixas David Perez-Reyna

Resumen

En este art́ıculo presentamos un marco teórico microfundamentado para un análisis de bien-

estar de poĺıticas macroprudenciales en un modelo con burbujas racionales. Nuestro modelo

es uno de generaciones traslapadas con choques aleatorios en la productividad y en la oferta

de crédito. Encontramos que cuando la tasa de interés real es menor que la tasa de crec-

imiento de la economı́a, las burbujas financiadas con crédito pueden mejorar el bienestar

debido a su rol como amortiguadoras en la canalización del exceso de crédito y de inversión

ineficiente por parte de las empresas, pero una cáıda repentina en su precio puede causar

una crisis sistémica. Por lo tanto una poĺıtica macroprudencial bien diseñada juega un rol

clave para mejorar la eficiencia y al mismo tiempo preservar la estabilidad financiera. Nuesto

marco teórico permite comparar la eficiencia de poĺıticas macroprudencial alternativas. Con-

trario a la sabiduŕıa convencional, demostramos que (i) una poĺıtica macroprudencial puede

ser eficiente aún en ausencia de riesgo sistémico, (ii) debe ser contigente a choques de pro-

ductividad y (iii) debe ser contigente al nivel de tasas de interés.

Palabras clave: Bancos, burbujas, regulación macroprudencial

JEL Classification: E44, E60, G18, G21, G28
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“Beautiful credit! The foundation of modern society. Who shall say that

this is not the golden age of mutual trust, of unlimited reliance upon human

promises? ”

–Mark Twain, The Gilded Age

1 Introduction

The Global Financial Crisis (GFC) has taught regulators and academics a hard lesson on the

limits of microprudential banking regulation. In reaction, regulatory authorities promptly

designed macroprudential policies to prevent systemic crises by limiting contagion and curb-

ing excessive credit growth.

Still, there seems to be scant research on the microfoundations of systemic risk that could

fine tune the existing regulatory policies. Important progress has been achieved in identifying

pecuniary and non-pecuniary externalities and their role,1 thus justifying the implementation

of macroprudential policy. Yet, there is limited understanding on the endogenous building

of risk, characteristic of the booms that precede financial crises.

The analysis of historical data has led to a large consensus regarding the fact that “credit

growth is a powerful predictor of financial crises” as Schularick and Taylor (2012) state it

(Jordà et al., 2015; Laeven and Valencia, 2012; Schularick and Taylor, 2012). Still, it is

important to keep in mind that this excessive credit growth is endogenously determined,

which triggers a new question: how come in the credit boom preceding the crisis there is a

sufficient amount of positive net present value projects that need to be financed? One possible

answer is that the credit expansion constitutes a necessary condition for asset bubbles to

emerge, and, provided that the expected return on riding the bubble is sufficiently high, the

demand for the bubble will create a demand for credit. This is an important point, as this

1See, among others, Bianchi (2011); Dávila and Korinek (2018); Farhi and Werning (2016); Gersbach and
Rochet (2012, 2017); Jeanne and Korinek (2010a, 2013); Korinek and Simsek (2016).
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implies that the supply of credit fuels bubble prices which, in turn fuels the demand for

credit. Thus, the supply of credit creates its own demand.2

This article proposes a bubble based microfoundation of systemic risk by building a sim-

ple overlapping generations model that relates the supply of credit, the equilibrium price of

bubbles and systemic risk in the presence of banking. From a theoretical perspective, the

introduction of bubbles in the analysis of sytemic risk particularly appealing, first, because,

as mentioned, it justifies simultaneously the bubble and the credit boom; second, because

it relates the bubble to the excessive credit supply and to households debt, and, as a conse-

quence, to saving gluts, financial innovation and capital mobility; third, it makes systemic

banking crises endogenous; and last, but not least, because it frames the macroprudential

policy in a set up where efficiency can be defined, so that the trade-off between economic

growth and systemic risk is tractable.

We propose a simple overlapping generations (OLG) model in the tradition of Samuelson

(1958), Diamond (1965) and Tirole (1985) that emphasizes the connections between the

supply of credit, the equilibrium price of bubbles and systemic risk in the presence of banking.

Young generations of consumers transfer goods from one period to the next through three

different channels: acquiring the bubble, depositing in the bank or investing in a riskless

asset.3 Thus, bubbles are assets that households purchase as a saving vehicle: they yield no

2From an empirical point of view, attributing the credit growth to the existence of bubbles is a complex
exercise, as it requires defining a fundamental value and identifying the (positive) residual as the bubble.
This will be difficult for real estate prices and may prove impossible for stock markets. It is no wonder
that, prior to the 2008 financial crisis, the dominant view was that bubbles, if they ever exist could not
be identified. Still, a number of contributions point out the importance of bubbles bursting as a cause of
banking crises. In particular, as Reinhart and Rogoff (2009) and Jordà et al. (2015) argue, credit-boom-
fueled housing price spirals are particularly pernicious. Using a measure of bubbles that combines the trend
of real estate prices with an ulterior price correction, Jordà et al. (2015) show that “when fueled by credit
booms, asset price bubbles increase financial crisis risks”. Similarly, Anundsen et al. (2014) recursively test
whether credit and house prices are in a regime characterized by explosive behavior or not, and establish a
positive and highly significant effect of exuberant behavior in the housing and credit market on the likelihood
of a crisis. A simpler, completely different strategy in identifying bubbles consists in analyzing the ratio of
wealth to GDP, as the numerator, but not the denominator, might reflect the existence of a bubble. This
is considered by Carvalho et al. (2012) who motivate their analysis by observing that the ratio of wealth to
GDP grows before a crisis.

3Interestingly, in a fiat money economy, it seems natural to interpret the return on the riskless asset as
the real return on holding cash, which constitutes a second bubble.
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dividend nor are they used in production,4 as in Martin and Ventura (2012). In equilibrium

two bubbles compete, with the possibility that one is relegated to its transactional role

while the other provides a store of value role, as suggested in Tirole (1985). Caballero and

Krishnamurthy (2006) and Doblas-Madrid (2012). Contrary to Farhi and Tirole (2012a) and

Martin and Ventura (2016), bubbles are not owned by entrepreneurs but by consumers and

might be pledged as collateral to obtain a bank loan. A banking crisis occurs then when the

price of the bubble drops and causes insolvency of banks.5

The explicit introduction of banks is of interest for three reasons: first, banks allow for

levered bubbles; second, banks’ solvency depends upon the behavior of the bubble, and

third, the real effects of a systemic crisis occur through the banking system, as the compar-

ison between the dot-com bubble and the housing price bubble of 2007 illustrates, and the

empirical analysis of Jordà et al. (2015) rigorously establishes. This introduction of banks

that are confronted with stochastic shocks allows us not only to take into account the po-

tential dynamic inefficiency of the economy, as in Diamond (1965) and Tirole (1985), but

also to compute the macroprudential rules that maximize the expected aggregate domestic

consumption. Some of our results can be derived in the simpler, classical model of the risk-

less steady state economy, but the analysis of bubble’s price drops and banks’ bankruptcies

requires the additional complexity of random shocks.

We take these stochastic shocks to stem not only from firms’ productivity, but also,

from liquidity shocks. Although we do not model explicitly the process of private liquidity

creation and destruction, it can be justified as the result of an equilibrium in imperfect

financial markets, as in (as in Stein, 2012; Dang et al., 2017), or by exogenous liquidity

shocks, as in Holmstrom and Tirole (1998), or even in a simpler way by classical bank runs

à la Diamond and Dybvig (1983).6

From an empirical perspective, the importance of liquidity has been emphasized after the

4Cryptocurrencies share similar characteristics.
5See Brunnermeier and Oehmke (2013) for an excellent survey on bubble modeling in connection with

systemic crises.
6See Calvo (2012).
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GFC, where it played a key role visible in the collapse of Asset-Backed securities (see Mian

and Sufi, 2010; Pozsar et al., 2013; Covitz et al., 2013). Liquidity shocks had an impact on

banks’ supply of credit as established by Khwaja and Mian (2008), and more recently by

Amiti and Weinstein (2018), Mian and Sufi (2018) and Jiménez et al. (2019). We do assume

that banks are liquidity constrained and that an increase in liquidity triggers an increase

in banks’ supply of credit, in line with the empirical evidence on the lending channel, as in

Khwaja and Mian (2008). Additionally, this source of shocks in the economy is consistent

with financial shocks documented in Jermann and Quadrini (2012), among others.7

Thus, our framework is in line with the empirical finding in Jordà et al. (2015)8 and with

the conjectures put forward by Mishkin (2008), Mishkin (2009) and other policy- makers

after the crisis: bubbles that threaten financial stability are those that are fueled by credit

and leverage.

We show, quite in line with Diamond (1965) and Tirole (1985), that, when the storage

technology has a negative return, the efficient equilibrium will be the one characterized by

leveraged bubbles.9 Our results thus predict that bubbles will emerge when interest rates are

low and banking liquidity is high (as in Martin and Ventura, 2015). In our framework this

results in systemic risk, because the bubbles, even if held by households, will be financed by

banks’ credit.

The comparative efficiency of the leveraged bubble equilibrium is due, first, to the dy-

namic inefficiency of excessive capital accumulation in the bubbleless economy, when interest

rates are too low. Second, the equilibrium characterized by unlevered bubbles, where the

7Mian and Sufi (2009) show the critical importance of credit growth in subprime zip codes prior to the
global financial crisis. Justiniano et al. (2016) examine a number of possible explanations for the observed
pattern of US housing prices and remark that the most current demand driven explanations are inconsistent
with the decrease of the spread on mortgage rates, itself inconsistent with the increase (extensive margin)
of riskier newcomers to the market; and that the critical turning point was the increase in private label
securitization, quite in line with the results in Mian and Sufi (2009).

8More precisely, the coefficient of the interaction between the credit variable and the bubble indicators is
highly significant in determining the probability of a crisis, which fits our theoretical model.

9There is no growth in our model, but all our results follow through if we assume an exogenous rate of
growth. In this case, the above statement holds with the return of the storage technology being less than
the exogenous rate of growth of the economy.
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return of the bubble is the same as the return on deposits, is also inefficient, because the

wedge between deposit and loan rates implies a higher cost of capital for firms than for

households. Third, and most important, bubbles play a key role as a buffer by smoothing

shocks in credit supply. Thus, quite in line with the empirical results (see for instance Laeven

and Valencia, 2012) in our set up not all credit booms are inefficient. Still, the existence

of bubbles financed by bank loans leads to endogenous systemic risk. This is the case as a

drop in the value of the bubble may lead to banks’ bankruptcies with its subsequent cost for

entrepreneurs to access funding.

Our set up allow us to explore the impact of macroprudential policies both on the ef-

ficiency of credit allocation and on the reduction of systemic risk. There are, of course,

alternative frameworks where a macroprudential policy improves the equilibrium allocation.

Indeed, Aoki and Nikolov (2015) consider, as we do, bubbles in a banking economy and their

role in generating banking crises. They show first, that when bubbles are bank-held, booms

are amplified and crises are deeper. Second, they establish that when banks benefit from

a generous deposit insurance scheme, are highly levered and long run interest rates are low

(conditions that have prevailed before the 2008 crisis) they have higher incentives to hold

bubbles. Still, our aim is broader as we explore the mechanism of the bubble price dynamics

in connection with credit booms.

The implementation of a macroprudential policy can also be justified because of the ex-

istence of an externality, as, among others, in Acharya (2009), De Nicolò et al. (2012)Perotti

and Suarez (2011) and Farhi and Tirole (2012b). Alternatively, the existence of a financial

market imperfection, such as price rigidities or collateralized lending generates a pecuniary

externality that macroprudential policy intends to correct (as in Farhi and Werning, 2016;

Gersbach and Rochet, 2012; Jeanne and Korinek, 2010b; Lorenzoni, 2008; Stein, 2012). Here,

the financial market imperfection amplifies the business cycle movements, as in the financial

accelerator literature and macroprudential regulation improves efficiency. Still, in this type

of models banks’ bankruptcies, that we view as a key dimension of a systemic crisis, and its
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real effects is seldom fully developed as a structural discontinuity.

Macroprudential policy in our model will change the set of feasible allocations and, as a

result, the expectations agents form on the future price of the bubble. If macroprudential

policy is based on full information and is unconstrained, then it is expectationally robust

as in Martin and Ventura (2015) paper, in the sense that it isolates the economy from both

liquidity and productivity shocks. Interestingly, macroprudential policy is useful even in the

absence of systemic risk, since it helps bubbles to buffer shocks and improves the allocation

of capital. Therefore the role of macroprudential policies might go beyond counteracting ex-

ternalities, complementing the externalities based justification of macroprudential regulation

of De Nicolò et al. (2014) and Claessens (2014).10

Further, we find that it is welfare improving to set caps and floors on the total credit

supply when households are borrowing to buy the bubble, as this reduces the riskiness of

the economy, thus improving the allocation of funds and reducing systemic risk. Still, when

the only macroprudential policy is to impose caps on lending, this may lead to insufficient

investment because of crowding out. Finally, we obtain that it is welfare improving to cap

total credit supply rather than capping the credit supply used to buy the bubble. While

both regulatory mechanisms allow to cap the bubble and, therefore, systemic risk, capping

targeted credit supply causes credit to flow towards firms, which causes marginal productivity

of capital to reduce to inefficient levels. Consequently, our approach allows to highlight the

benefit of countercyclical buffers rather than specific microprudential instruments, such as

LTV or DTI aimed at curtailing the bubble.

10We focus on macroprudential policies, as opposed to, for instance, monetary policy. See Calza et al.
(2013), Gaĺı (2014) and Iacoviello (2005), among others, for an analysis of optimal monetary policy in
an economy with bubbles. Nonetheless, our results speak to interactions between macroprudential policy
and other economic policies: an expansive monetary policy that leads to more liquidity in the economy
would have to be counteracted by a stricter macroprudential policy. Similarly, policies in a foreign country
that affect international liquidity reaching the domestic economy also need to be counteracted by stricter
macroprudential policies. Our approach differs from the monetarist classical view (Freeman and Haslag,
1996; Smith, 1991) in that their main objective is to identify the impact of interest payment on reserves on
young and old generations, while in our approach it is the impact on firms’ expected cost of capital that is
crucial. In addition, our focus is on real interest rates that may be lower than the rate of growth, while in
the classical view, the analysis focuses on the role of fiat money in an economy where a storage technology
provides an exogenous rate of return.
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2 The Model

We consider an overlapping generations economy with random endowments, productivity

and liquidity shocks, the latter distribution depending on financial conditions that can be

normal or fragile. Risk neutral households, entrepreneurs and bankers live for two periods

and consume when old. Entrepreneurs and households need financing and bankers have a

unique role as providers of funds. In order to transfer resources from one period to the next

households can buy assets susceptible of incorporating a bubble. For the sake of exposition

we focus here on the case of zero growth, although, as usual, our results extend to any

exogenous rate of growth of the population.

2.1 Households

We assume there are two types of households, both of measure 1 that receive an endowment

when young and derive utility from their consumption when old. The ones playing the main

part are risk neutral and we denote their endowment by ω.11 We denote the consumption of

generation τ at time t by cτ,t, τ = t, t+ 1. The second type of households are infinitely risk

averse and play a passive role: they receive an endowment St and invest only in safe, liquid

assets, issued by banks (deposits, covered bonds,.and other short term securities created by

banks with their implicit or explict guarantee) or by the Treasury. Banks are able to issue safe

assets, because their deposits are guaranteed, and in case of a systemic crisis a proportional

tax is levied on non depositors to insure the safety of the banks’ deposit. The consumption

of risk averse households, that we denote cpt,t+1, plays a minor role in the analysis.

Risk neutral households are able to save in three different ways:12 by buying the bubble,

11In a previous version we assumed households received a labor endowment when young, which allowed
them to obtain the equilibrium wage and an income equivalent to the endowment ω.This more realistic set
up did not bring any additional insight, as the equilibrium wage was simply determined by the marginal
productivity for the capital installed in the previous period. The bubble had only an indirect impact on
wages: the reduction in the equilibrium fluctuations on capital led to a reduction in the fluctuation in wages.

12We assume that households cannot lend directly to firms, or, that they have a higher cost of screening
and monitoring loans, in line with Diamond and Rajan (2001) model, where bankers emerge endogenously
as the agents that are most efficient at granting loans.
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depositing in the bank or investing in the riskless asset. If they buy the bubble, they may

require a loan Lt at a rate rht+1, to buy an amount qt of the bubble at price Bt . If, instead

they deposit Dt at the bank, they obtain a return of rdt+1. Finally, they can also invest an

amount Ot in the riskless asset, which offers an exogenous return that we denote by r. In

contrast to Farhi and Tirole (2012a) or Martin and Ventura (2016) it is households, not

firms, that may invest in the asset bubble.

Specifically, an active household born at t solves problem (1):

max
ct,t+1,qt,Dt,Lt,Ot

Etct,t+1 (1)

s. t. qtBt +Dt +Ot ≤ ω + Lt

ct,t+1 ≤ max(0, qtBt+1 − (1 + rht+1)Lt + (1 + rdt+1)Dt + (1 + r)Ot)

ct,t+1, qt, Dt, Lt, Ot ≥ 0.

We assume that households have limited liability, so their consumption cannot be nega-

tive.

2.2 Entrepreneurs

Similar to households, generation t of entrepreneurs lives at t and t + 1 and consumes only

at t+ 1, out of the firms’ profits. Each generation of entrepreneurs has a riskless production

technology and no other endowment. Its production process takes one period and, given

a productivity level At, that is known before its investment decision, it allows to produce

an output Yt+1 = F (Kt) at time t + 1 out of the capital input, Kt, which is borrowed at

time t. The production function is twice differentiable and satisfies the Inada conditions.

(To illustrate the properties of the model we will often use a Cobb-Douglas specification,

F (Kt) = AtK
α
t ).

The problem entrepreneurs solve is the following:
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max
cEt,t+1,Kt

EtcEt,t+1 (2)

cEt,t+1 ≤ F (Kt)− (1 + rft+1)Kt

Kt ≥ 0,≥ 0, cEt,t+1 ≥ 0.

We assume, for the sake of simplification, that capital fully depreciates in production.

2.3 Bankers

Bankers also live for two periods, recieve an endowment e and have unique skills in monitoring

loans, as in Holmstrom and Tirole (1997) and Diamond and Rajan (2001). They manage

a (representative) bank when young, ditribute dividend, sell the bank when old to the next

generation of bankers and use the proceeds for their consumption. The fact that only bankers

can buy banks is justified by their unique skill

2.3.1 Banks’ supply of safe assets

Bankers are experts in screening, monitoring and enforcing loan repayments as well as in cre-

ating safe liquid assets. They are therefore remunerated for their services, which constitutes

a cost of financial intermediation and creates a spread between deposit and loan rates.

At each period banks are able to credibly create an amount of liquid safe assets, Ŝt, that

is random. The volume of bnks’ funding through this interest insensitive source of funds

will be limited either by Ŝt or by the total amount of funds from risk averse households, so

St = min(Ŝt, St). We will refer to St as banks’ liquidity, for short. It encompasses short term

debt, repos and covered bonds as these securities are also safe and liquid.13 This supply of

private money will depend upon banks’ conditions reflecting the structure of banks’ assets,

13A deposit insurance mechanism can be easily introduced with an ex post contribution that will be paid
by the next generation.
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the confidence in the banking system and financial innovations, such as securitization,14 in

line with Stein (2012).

We assume the demand for safe assets St to be fixed and exceed the banks’ supply of

liquid assets such as deposits, so that St − St is invested in the riskless asset. Because these

funds share the same characteristics as the riskless asset, they are remunerated at the same

rate, r. This simplification means that the supply of funds to the economy is infinitely elastic

up to the amount St. The generalization to a more realistic supply function would lead to

some additional complexity, as St would be a function of the equilibrium interest rate rft ,

without changing our main results.

To make the model tractable, we take this supply of private money, St, as well as the

firms productivity shock At, random and its cumulative distribution function, H(At, St | ξt)

conditional on existing financial conditions ξt that reflect the households confidence in the

banking system. For simplicity, we consider only two states of nature regarding financial

conditions, normal (ξt = n) and fragile (ξt = f), the first corresponding to normal times

and the second to the post-crisis times destruction of liquid assets and the resulting credit

crunch. In addition, for the sake of simplicity, we assume the illiquidity in the aftermath of

the crisis takes just one period. Namely, while the probability of switching from n to f is

endogenous and depends upon the probability of a systemic crisis, the recovery, switching

from f to n occurs with probability 1. The cost of a systemic crisis is therefore the sudden

decrease in private liquidity that reduces productive investment.

14More generaly the banks’ supply of safe liquid assets, may depend upon the structure of its balance
sheet, the loans it makes to firms and to housheholds as well as the price of the bubbly asset. Cesa-Bianchi
et al. (2015) empirically document this link by showing how in advanced economies increases in the value
of housing collateral support domestic borrowing and increase consumption. Adrian and Shin (2009, 2010)
establish also this link between assets and investment banks’ leverage. Stein (2012) provides an elegant
framework to understand this link.
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2.3.2 Banks’ supply of credit

The supply of deposits, St, jointly with the banks’ equity determine the banks’ supply of

credit15.

We assume that banking regulation forbids banks to invest in the bubble, so that their

investment choice is limited to either lending to firms or to households. The balance sheet

of the bank is simply:

Kt + Lt +OB
t = Et + St +Dt, (3)

where OB
t is the bank’s investment in the riskless asset (if any), Kt + Lt is the supply of

loans, St+Dt the amount of deposits collected by the bank from the two types of consumers,

and Et is the bank’s equity before the t period profits Πt are realized. In the absence of

moral hazard or regulatory restrictions, the supply will be determined by the balance sheet

constraint.

If there is the amount of equity sets a limit on supply, then the supply of credit, we will

denote by L will be given by L = min(Et + St +Dt, βEt)

2.3.3 Banks’ solvency risk

The bank’s profits Πt, that are generated by its operations at time t and accrue at the

beginning of the next period, once Bt+1 is known, are determined by:

Πt = max(min
{
Bt+1, (1 + rht+1)Lt

}
− Lt + rft+1Kt + r(OB

t − St)− rdt+1Dt

− ϕ(Kt + Lt), 0) (4)

where ϕ is the per dollar cost of financial intermediation, related to screening and monitoring

loans which we take to be zero in the case of an investment OB
t in the riskless asset.

15Banks’ reduced access to funding is generally acknowledged as one of the main characteristics of the
global financial crisis. It parallels productivity shocks as a source of uncertainty in so far as liquidity shocks
may result from financial innovations or from market dry ups.
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Households’ limited liability implies they only pay their loans back as long as Bt+1 ≥

Lt(1 + rht+1). A sufficiently large decrease in the price of the bubble might therefore trigger a

systemic crisis. Namely, as we will establish below, a systemic crisis occurs at t+1 only when

Lt > 0 (and Dt = 0) and the bubble price falls below some threshold BSC
t (Bt+1 < BSC

t+1)

given by:16

BSC
t+1 ≡ Lt − rft+1Kt + rSt + ϕ(Kt + Lt)− Et. (5)

The probability of a crisis is therefore, Pr(Bt+1 < Lt − rft+1Kt + rSt + ϕ(Kt + Lt)−Et).

A value at risk capital requirement at a level 1 − γ could be directly determined from the

equilibrium probability distribution function for the bubble.17

2.3.4 Banks’ offered interest rates

The three interest rates the bank faces are related. First, the bank will only lend to both

households (Lt > 0) and firms (Kt > 0 because of ∂F (0)
∂K

→ +∞) provided the expected

return on the two types of loans the bank offers is the same.

With our simplifying assumption, lending to firms at the rate rft+1 is riskless. In contrast,

because of limited liability, households’ repayment is min(Bt+1, Lt(1 + rht+1)).

Since the bank ceases to exist when Bt+1 < BSC
t+1, indifference between lending to house-

holds or to entrepreneurs takes this into account. Expression (6) summarizes this indifference.

Pr
(
Bt+1 ≥ BSC

t+1

)
(1 + rft+1) = Pr

(
Bt+1 ≥ Lt(1 + rht+1)

)
(1 + rht+1) +

+ Pr
(
BSC
t+1 < Bt+1 < Lt(1 + rht+1)

)
E
(
Bt+1

Lt
| BSC

t+1 < Bt+1 < Lt(1 + rht+1)

)
. (6)

16In case of bankruptcy, bankers consume ϕ(Kt + Lt) if they are senior to risk averse shareholders or

max(0, Bt+1 −Lt + rft+1Kt + r(OBt − St)− rdt+1Dt) if they are holding a junior claim, which is irrelevant in
terms of the aggregate welfare.

17This can be done by setting G(Lt−rft+1Kt+rSt+ϕ(Kt+Lt)−Et) ≤ γ, where G(BSCt+1) is the cumulative
distribution function for the bubble. There are two buffers that combine in limiting risk, Et and the bank’s
current profits rft+1Kt−rSt−ϕ(Kt+Lt), whose sum is E′t, so that the value at risk approach will determine

a minimum capital ratio
E′t
Lt

= 1
1+G−1(γ) .
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Since equation (6) relates rft+1 to rht+1 , this allows us to use only rft+1.

A second condition, links loan to deposit rates. Under perfect competition, the relation-

ship between rft+1 and rdt+1 is given by the cost of financial intermediation, ϕ > 0, and

rft+1 = rdt+1 + ϕ, (7)

implying rdt+1 < rft+1. Since households cannot borrow at rd or save at rh they will either

borrow to buy the bubble or deposit. Additionally, since households and bankers can invest

in the riskless asset, rdt+1 ≥ r holds.

2.3.5 Banks’ equity process

Because there is no market imperfection in the transaction between the old and the new

generation of bankers, the market value of equity equals its liquidation value and any one

dollar increase in the dividend distributed by the old generation decreases by one dollar the

market value of equity. Still, the young generation endowment constitutes an upper bound

for the price of the bank.

Lemma 1. The representative bank’s equity process is simply determined by Et+1 = e.

Proof. See Appendix A.

The banks’ bankruptcy will lead to the liquidation of the banks held by the old generation

and its replacement by newly created banks. The cost of such disruptcion will appear in

the distribution of H(At, St | f) that reflects the sudden reduction in the banks’ ability to

credibly create private money.

2.4 Timeline

Figure 1 shows the timeline of the model.
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-Observe 𝐴𝑡     
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- Receive ( 1 + 𝑟)𝑆̅ 
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-Distribute dividend 

-Pay 𝜑(𝐾𝑡 + 𝐿𝑡) 

-Sell bank or go bankrupt 

t t+1 

Figure 1: Timeline of model

3 The Stochastic Equilibrium

At any point in time, t, the state of the economy, is given by (ξt−1, Kt−1), that describes the

financial conditions and the level of investment in the previous period.

. The distribution of the random variables (At, St) is conditional on the state of the

economy, and we denote their cumulative distribution function by H(At, St | ξt−1).

The equilibrium at time t is characterized by a vector of prices

P = (rft+1, r
h
t+1, r

d
t+1, Bt),

16



quantities

Q =(Kt, Lt, Dt, Et, qt, ct−1,t, c
p
t−1,t, c

E
t−1,t, c

B
t−1,t)

and expectations E =E(Bt+1 | ξt) such that

1. each agent maximizes his expected consumption based on the distribution H(At, St |

ξt−1) and the expected value of Bt+1, E(Bt+1 | ξt);

2. all markets clear with rft+1 ≥ r + ϕ;

3. Agents hold rational expectations: E(Bt+1 | ξt) =
∫
Bt+1(At, St, E(ξt))dH(At, St | ξt)

for every ξt and every t.

Our assumptions allow us to simplify drastically the characterization of the equilibrium

as the bubble supply is fixed (qt = 1). Furthermore, as mentioned, rht+1 and rdt+1 derive from

rft+1 through the cost of financial intermediation and credit risk (equations (6) and (7)).

Once the state of nature (At, St) occurs, the equilibrium main variables are jointly deter-

mined, conditional on the stochastic process governing E(Bt+1 | ξt) by the following system

of equations:

∂F (At, Kt)

∂Kt

= 1 + rft+1, (8)

Bt +Ot +Dt = ω + Lt, (9)

Kt + Lt +OB
t = e+ St, (10)

17



E(Bt+1 | ξt) = Bt(1 + rft+1) if Lt > 0 (11)

E(Bt+1 | ξt) = Bt(1 + rdt+1) if Dt > 0

1 + rdt+1 ≤
E(Bt+1 | ξt)

Bt

≤ 1 + rft+1 if Lt = Dt = 0

with

E(Bt+1 | ξt) =

∫
Bt+1(At, St, E(ξt))dH(At, St | ξt) for every ξt and t.

Equation (8) is the standard firms’ demand for capital; (9) corresponds to the house-

hold budget constraint; (10) is the banks’ balance sheet and (11) reflects the risk neutral

households possible saving strategies, that depend upon the equilibrium return on the three

different savings options: buy the bubble financed by a bank loan, deposit in the bank or

buy the bubble with their own funds. This defines different, mutually exclusive, equilibrium

regimes. Equation (11) is similar to the no arbitrage condition obtained in Farhi and Tirole

(2012a) as well as in Martin and Ventura (2016), but is here simply obtained from house-

holds’ first order condition of (1) with respect to qt, which implies that the expected return

from buying the bubble equals the endogenous interest rate.18

Existence of an equilibrium in this economy is related to its existence in Blanchard and

Watson (1982) and Tirole (1985): the return on the bubble cannot be greater than 0, since

otherwise the bubble would outgrow the economy. Therefore, if r > 0 there is no bubbly

equilibrium.

Notice that the equilibrium bubble price, interest rates and productive capital are here

jointly determined, with credit supply, e+ St, playing a key role.19

18It is therefore a marginal condition and in more general frameworks, e.g. with heterogeneous household,
some of which have a utility for the bubble, the only requirement is that the first order condition holds for
the marginal investor.

19Notice that the balance sheet of the bank may shrink when we go from the L− regime to the D−regime.
This is in line with what happened in the US from 2001 to 2006 where banks’ balance sheet expanded but
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4 The Stationary Distribution

We assume that, conditional on the state of the economy, ξ ∈ {n, f} , the stochastic process

(At, St) has a time-invariant distribution20. The equilibrium will then depend upon the

realized value of (At, St) the previous levels of capital Kt−1, and the conditional cumulative

distribution, H(At, St | ξ) that determines the formation of agents’ expectations.

Depending on the state of nature (At, St) and conditional on ξ, the equilibrium could be

in one of three different regimes,21 that constitute a partition of the set of possible states of

nature.

1. In what we refer to as the D-regime, households buy the bubble out of their endowment

and deposit the rest in the bank

2. In the L−regime, households buy the bubble and finance it by combining their endow-

ment and a bank loan.

3. In the SF−regime, households neither borrow nor deposit and invest the whole of their

endowment in buying the bubble.

Notice that, contrary to Tirole (1985) where there is an infinite number of bubbly equi-

libria, in the absence of randomness, in our framework only one equilibrium is supported by

the liquidity level St. This is the case because, in Tirole’s classical framework the existence

shrank afterwards (Acharya and Naqvi, 2012).
20The benefits of a stationarity or a homothetic growth assumption are well known. First, it allows us to

focus on the main issue, that is the link between the bubble price, its funding and systemic risk, abstracting
from the dynamics of bank capital and collateral assets (as in Kiyotaki and Moore 1997). Second, it greatly
simplifies the analysis of the OLG equilibrium, to the point that explicits analytical expressions can be
obtained.

In our context, the drawback of stationarity lays in its understatement of the bubbles’ impact on the
supply of credit. Indeed, a higher price for the bubble may increase both banks’ capital and its collateral,
thus leading to an increase in banks’ credit. This, in turn, would increa the expected value of the bubble in
the future, creating an upwards spiral, with higher systemic risk and higher capital allocation inefficiencies.

21The steady state certainty case, when (A,S), provides an interesting benchmark. The supply of credit
and the price of the bubble are constant. This implies that the return on holding the bubble is 0. In an
L−regime, the return of the bubble is the lending interest rate, so that rf = 0 and in the D-regime the return
of the bubble equals the deposit interest rate, rd = 0, implying an inefficient wedge between the interest rate
on investment and the zero rate of growth.
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of a perfect market for funds implies there is always an endogenous level of liquidity that

supports any bubble level.

4.1 Equilibrium Characterization

The use of a Cobb-Douglas production function allows us to obtain an explicit character-

ization for the stationary equilibrium and illustrate its main properties. For the sake of

tractability, we now assume that α = 1
2
.

Since the supply of credit equals Lt = St + e, and its distribution is known, we will use

this notation in the characterization of the equilibrium and denote the expected future price

of the bubble by Et+1(ξ) = E(Bt+1 | ξ).

To characterize the equilibrium in this simplified case, we first introduce the notations

pD, pSF and pL for the probabilities of the different regimes, that we refer to as D for deposit,

SF, for self-financed, and L for levered. The equilibrium depend upon the distribution as

well as the actual realization of (A, S) conditional on the financial conditions ξt. The rational

expectations hypothesis, imposing E(Bt+1 | ξt) =
∫
Bt+1(At, St, E)dH(At, St | ξt) is then:

E(ξt) = pDE(BD | ξt) + pSFE(BSF | ξt) + pLE(BL | ξt) (12)

where BD, BSF , BL and B denote the (random) values of the bubble in the different regimes.

It is then possible to solve for every state of banks’ conditions the equilibrium values

of rf (E), B(E) and K(E) that depend upon the state of nature (A, S) and upon financial

conditions ξt through the expectation formation process given by expression (12). We drop

here the time subindex as there is no dynamic connexion.22 Depending on the state of

nature, the economy is in one of the three following regimes that constitute a partition of

the consumer behaviour in terms of their saving strategy.

L-regime:

22Notice that the introduction of labor would lead to a wage that would depend on the previous period
capital, and therefore would lead to an endowment ωt that depends upon the econoomy’s conditions in t−1.
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In the levered regime, L−regime, for rf (E) ≥ r + ϕ, the equilibrium expressed as a

function of E is characterized by the folllowing equations:

rf (E) =
1

2

1

ω + L

[
E +

√
E2 + A2 (ω + L)

]
− 1

K(E) =
A2

4(1 + rf (E))2

B(E) =
2

A2
E
[√
E2 + A2 (ω + L)− E

]
B(E) ≥ ω.

The L-regime will exist provided the state of nature (A, S) is such that L ≥ LL.

We can establish a boundary for L so that the constraint B(E) ≥ ω is satisfied. Using

2
A2E

[√
E2 + A2 (ω + L)− E

]
= ω, the constraint can be simplified to

L ≥ LL ≡
(
Aω

2E

)2

.

Notice that within the L−regime, different configurations are possible, because for L > Lr ≡(
A

2(1+r+ϕ)

)2

+ E
1+r+ϕ

− ω, condition rf (E) ≥ r + ϕ will be binding and rf (E) = r + ϕ and

B will both be constant. In this case, banks have extra liquidity OB = L − (Kt + Lt) that

they will invest in the riskless asset.

SF -regime:

In the self-financing, SF−regime, consumers prefer to buy the bubble out of their own

funds, because neithere depositing nor borrowing to buy the bubble is sufficiently attractive.
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The solution is then:

K(E) = L

r(E) =
A

2L 1
2

− 1

B(E) = ω.

The SF -regime will occur provided the state of nature (A, S) is such that LD ≤ L ≤ LL.

We can find these two bounds on L by using the two inequalities that determines the laws

of motion in this regime, 1 + rdt+1 ≤
E(Bt+1|ξt)

Bt
≤ 1 + rft+1. Using B = ω, 1 + rf = E

ω
results in

LL, and, by setting 1 + rd = E
ω

we obtain the lower bound, L ≥ LD ≡
(

Aω
2(E+ϕω)

)2

.

D-regime:

In the deposit, D-regime, the laws of motion are similar to the ones in the L-regime, but

now the no arbitrage condition refers to the deposit rate rd and L becomes −D. Provided

D ≥ 0 and rd ≥ r, the equilibrium is characterized by the following equations:

rf (E) = hDr (E)

K(E) =
A2

4(1 + rf (A, E))2

B(E) = hDB(E) =
E

(1 + rf (A, E)− ϕ)

B(E) ≤ ω,

where hDr is the solution to a third degree equation23, hDr is strictly decreasing in L and

strictly increasing in E and hDB is strictly increasing in L and E . As before, we can establish

a boundary for L so that the constraint B(E) ≤ ω is satisfied, which determines LD.

Replacing the above expressions in the rational expectations condition, (12), the value

23Using Dt = ωt − Bt and replacing Kt in the bank resources constraint yields: A2(1 + rf (A, E) − ϕ) −
4(Lt + ωt)(1 + rf (A, E)− ϕ)(1 + rf (A, E))2 + 4E(1 + rf (A, E))2 = 0.
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of E obtains.

Figure 2: rf and rd

Figures 2 to 4 show different values across L using α = 1
2

and assuming S follows a

uniform distribution. Figure 2 illustrates the behavior of interest rates as a function of

liquidity, with the line representing rd being below the line showing rf . A liquidity shortage

will make interest rate soar and the D-regime prevail. This leads to a drastic drop in the

equilibrium price for the bubble as well as on the amount of credit that is channeled to the

unproductive (yet possibly efficient) investment, as shown in Figure 3. Figure 4 shows that

the amount produced in the following period is increasing in L.
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Figure 3: B and L

5 Welfare Properties

5.1 Expected Welfare under the “veil of ignorance” hypothesis

Because each generation consumes only when old, a discounting rate on consumption cannot

be defined. Consequently, we assume, as it is typical in this case,24 a central planner that

maximizes the long run average of the expected utilities of the different generations, given

the starting capital K0. This corresponds to the ex ante preferences of agents under the

veil of ignorance, whereby agents neither know ex ante whether they will be consumers,

entrepreneurs or bankers nor at what period they will be born. A utilitarian welfare function

V (K0) can then be defined as the expected per capita consumption:

24See for instance, Allen and Gale (1997).
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Figure 4: Y

V (K0) = lim
T→∞

1

T
WT (K0), where

WT (K0) =
T−1∑
t=0

[
Etct,t+1 + cpt,t+1 + EtcEt,t+1 + EcBt,t+1 | K0

]
.

At any time t+1, because repayment of loans and deposits are transfers between the bank

and the agents and cBt,t+1 = (1+r)St the aggregate amount of goods available, Yt+1+St+1−St,

is either consumed (ct,t+1 + cpt,t+1 + cEt,t+1 + cBt,t+1) or invested in the production function as

capital (Kt+1), i.e. ct,t+1 + cpt,t+1 + cEt,t+1 + cBt,t+1 = Yt+1 −Kt+1 + St+1 −St.

As a result, the ex ante welfare associated to a random consumption (ct,t+1, c
B
t,t+1, c

E
t,t+1, c

B
t,t+1)

equals

WT (K0) =
T−1∑
t=0

E
[
F (At, K̃t)− K̃t+1 + (S̃t+1 − S̃t)

]
.

The cost of a banking crisis does not appear explicitely, but is characterized by the shrinking
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of firms’ investment Kt, due to the sudden reduction of the credit supply under adverse

banks’ conditions (ξt = f) .

Reordering the summations in WT (K0) yields

WT (K0) = F (At, K0)− S0 + (13)

+
T−1∑
t=1

E
[
F (At, K̃t)− K̃t

]
+ E

[
F (At, K̃T ) + S̃T+1

]
,

which reflects the trade-offs in costs and benefits of capital allocation. An excessive volume

of credit to finance firms’ capital has an opportunity cost in terms of lost consumption when

the marginal product of capital is negative and, also, in the systemic risk it might generates.

This expression is interesting as it shows that the ex ante welfare depends exclusively on the

allocation of capital; and that the efficient regime is asymptotically characterized by Phelps’

golden rule of equality between real interest rate and the rate of growth (0, in this case), as

can easily be checked by taking the derivative with respect to Kt.

5.2 Bubbleless vs. Bubbly Economy’s Welfare

Using expression (13) it is possible to assess the impact of the existence of bubbles on the

efficiency of the allocation, which depends upon the prevailing regime. Although comparing

different distributions for (At, St) is complex, the intuition is quite simple. Indeed, bubbles

allow to absorb a fraction of the capital overaccumulation that is characteristic of dynam-

ically inefficient economies in overlapping generations models. This will be the equivalent

to Tirole (1985)’s analysis of efficiency in a perfect financial market25 whereby the asymp-

totically bubbleless equilibria are inefficient and the asymptotically bubbly equilibrium is

efficient. Still, because our financial market imperfection makes interest rates depend upon

the liquidity shock, interest rates lower than the rate of growth will obtain for sufficiently

25See Tirole’s Proposition 2, p.1079.
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high liquidity shocks.

To establish the existence of economies where the bubbly economy dominates the bub-

bleless one, it suffices to consider those where there is sufficient liquidity, so that the bubbly

economy is in the L−regime while the variance of the shocks the economy faces is limited.

In this case, because E
[

1

1+rft

]
= 1, for sufficiently low risk the interest rates are close to

zero and the first best is obtained, while in a bubbleless economy, Kt = e+ St + ω is larger

than in the bubbly economy, so the marginal productivity has to be lower and E
[

1

1+rft

]
> 1.

For low levels of liquidity, with positive real interest rates, the bubbleless economy will be

preferred, as the bubble crowds out efficient capital investment.

6 Macroprudential Policy

Our stylized set up provides some insights for the time dimension in the analysis of macro-

prudential policy.26 In our framework, two conditions are required for a banking crisis to

occur. First, the economy has to be in the L−regime and, second, the equity buffer of banks

should be insufficient to cope with the losses the drop in the bubble price causes. Households

are highly indebted because the equilibrium price of the bubble is high, so that BSC
t+1 is high,

as it is determined by expression (5). If, in the following period, the value of the bubble

is low enough, the bank will go bankrupt. Since the value of the bubble is increasing in

liquidity and decreasing in productivity for a given level of banks’ capital, a large supply of

credit combined with a low productivity will lead to a high value for the bubble and a higher

systemic risk, Pr
(
Bt+1 < BSC

t+1

)
.

The implementation of a macroprudential policy will affect the equilibrium outcome,

as it will affect the realized L and the equilibrium expectations on the future value of the

bubble. Because the utilitarian welfare function ignores redistribution among types of agents

and through periods, the only relevant effect is the level of firms’ physical capital and the

26The cross sectional dimension is exogenous and implicit the cost of switching to a crisis state, as this will
be afected by the banking industry characteristics, such as the level of interbank connections, complexity
and the overall contagion(Allen and Babus, 2009; Shin, 2010).
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probability of a crisis, ξ = f , as can be seen in equation (13).

Our analysis will proceed, first, by considering as a benchmark the first best where the

macroprudential policy can be made contingent on the realized shock L. Still, because

the implementation of a contingent macroprudential is usually both informationally and

institutionally constrained, we extend our analysis to a, more realistic, second best framework

where only the most classical macroprudential instruments are considered.

6.1 Trade-offs in Macroprudential Policy

Current common wisdom implicitly posits a trade-off between the negative impact of macro-

prudential policy (in terms of lost growth opportunities) on production and the positive

effect it has on reducing systemic risk. Contrary to the well-received view that justifies the

existence of a macroprudential policy solely on the basis of the reduction in systemic risk it

provides, in our framework macroprudential policy is welfare improving even in the absence

of systemic risk,27 as it may improve upon the unregulated equilibrium allocation and the

procyclicality financial market imperfections it generates. This is the case when there is

capital overaccumulation, as no trade-off exists then between efficiency and systemic risk

mitigation. Indeed, a macroprudential regulation that reins in current growth by reducing

inefficient investment generates a welfare increase through consumption expansion. Thus,

it would be incorrect to argue that macroprudential policy should be developed uniquely in

order to correct negative externalities generated by systemic risk, except if the concept of

externalities is understood includes the notion of market incompleteness, as De Nicolò et al.

(2012) do.

27A point also emphasized in the context of the pecuniary externalities that are generated by financial
markets imperfections, as established, among others, by Lorenzoni (2008) Jeanne and Korinek(2016) and
Gersbach and Rochet (2017)
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6.2 First Best Macroprudential Policies

The simplified case where regulatory authorities have perfect information and are uncon-

strained on their policy28 provides important insights on how the efficient macroprudential

policy should be designed..

Proposition 1. (Golden Rule) The full information unconstrained macroprudential policy

is characterized by a real interest rate in the L−regime equal to 0.

The economy has to be in the L-regime, so as to eliminate any wedge between households

and firms’ expected cost of borrowing.

To implement the golden rule policy, the regulatory authorities sets a macroprudential

policy such that the interest rate is zero. This implies Et+1 and Bt are constant, (Bt = B0)

while Kt is determined by ∂F (AtKt)
∂Kt

= 1, and its solution K∗t (At) depends upon the realized

productivity At.

Now, because the macroprudential policy elminates any randomness on the bubble’s price

Bt, systemic risk is zero (ξ = n). Consequently, for any exogenous liquidity supply Lt, the

macroprudential policy requires m(Lt, At) = L∗t (At, At−1) − Lt, which is reminiscent of a

sterilization policy, with a target L∗t (At, At−1) = B0 +K∗t (At)− ω, 29.

The specification with Cobb-Douglas α = 1
2

allows to illustrate how the first best macro-

prudential policy operates. The optimal capital is K∗t (At) =
A2

t

4
. Consequently, the op-

timal credit supply is L∗t (At, At−1) =
A2

t

4
+ B0 − ω. The market credit supply depends

on the liquidity shocks Lt, so that the macroprudential adjustment of the credit supply

m(Lt) = L∗t (At−1, At)−Lt will take into account both the liquidity and productivity shocks.

To sum up, two characteristics of the first best macroprudential policy should be high-

lighted. First, it is only possible to reach the efficient allocation in the L−regime; that is,

for a level of B larger than ω, so that households are levered. Second, the first best macro-

28This implies that in the benchmark case of a state contigent macroprudential policy, the government is
able to raise taxes and transfer resources across periods

29Notice that in a broader context, such policy should take into account shadow banking insofar as it
increases or destroys liquidity.
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prudential policy should not only aim at eradicating systemic risk, but also at smoothing

credit cycles.

6.3 Precommitted Macroprudential Policies

Because it is not always possible to implement a fully contingent first best allocation, we

now turn to the comparison of the macroprudential policies that are set in advance and are

unconditional on the effective shock realized.30

Our set up allows to consider the effect of caps and floors on the aggregate amount of

credit, and to compare targeting the aggregate credit supply and using a microprudential

policy to reduce the fraction of credit that is used to buy the bubbly asset.

Namely, we will consider either limits on the total credit supply, Lt, or on the loans

to acquire the bubble, Lt. The first approach is related to Basel III countercyclical buffer,

while the second relates to classical microprudential mechanisms, such as loan to value ratios,

(Lt ≤ γ1Bt−1), or loan to income ratio (Lt ≤ γ2ω). Because e is given at time t, it is equivalent

to set the limit on total credit supply in terms of leverage ratios (e/Lt). In general, both

approaches pertain to policies aimed at counteracting prociclycality (Claessens et al., 2013;

Claessens, 2014).

6.3.1 Caps and Floors On the Aggregate Credit Supply

The following proposition establish sufficient conditions for the the imposition of bounds on

the supply of credit L to be welfare improving.

Proposition 2. Imposing a cap L and a floor L on L, with L in the D or SF regime and

L in the L or r regime, such that

1. [(i)]

30Notice that, form the present standpoint, the distinction between microprudential and macroprudential
is irrelevant, as only the aggregate impact of these measures matters.
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2. E
[
∂F (A,K(L))

∂Kt

]
> 1 and E

[
∂F(A,K(L))

∂Kt

]
< 1,

3. E is invariant

is welfare improving.

Proof. See Appendix A.

The existence of a cap reduces systemic risk while the condition E
[
∂F(A,K(L))

∂Kt

]
< 0

implies that, at the margin, productive investment has a negative net present value. Sym-

metrically, the existence of a lower bound allows to reduce the inefficiency of an excessively

low volume of credit that would lead to insufficient productive investment. The cost of lost

growth opportunities appear for extreme values of A,A > A and A < A where
∂F(A,K(L))

∂Kt
> 0

and ∂F (A,K(L))
∂Kt

< 0.

6.3.2 Cap On the Aggregate Credit Supply

When it is not feasible to impose a floor on the aggregate credit volume, the macropru-

dential policy will be based on setting only a cap on the credit supply. This correspond

to the existence of the countercyclical buffer of Basel III. The following sufficient condition

complements Proposition 2 and shows that such a macroprudential policy will be efficient

as it limits the uncertainty associated with liquidity shocks.

Proposition 3. Assume the distribution of L has its support in the L−regime. Furthermore,

assume that the production function F is such that h(δ) = F (A,K(A, δ)) − K(A, δ) is a

concave function of δ, for every A, where δ ≡ 1
1+r

. Then, imposing a cap L on L is Pareto

efficient provided the economy stays in the L−regime.

Remark 1. If F = AKα then h(δ) is concave in δ.

The sufficient condition stated in Proposition 3 is such that there are positive impacts

both on the resulting allocation and on the reduction of systemic risk.
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As in Proposition 2, the cost of imposing too strict a cap on the credit supply is that,

with some probability, for extreme values of the productivity shocks, it leads to an inefficient

capital allocation as it limits the ability for the economy to accommodate a liquidity shortage

due to a high productivity shock. Consequently, there is a trade-off between preventing

systemic risk and the risk of depriving productive firms from access to funding.

Proposition 3 has a limited scope, as its conditions may not be fulfilled if a cap leads to

a lower expected value of the bubble and, therefore, to a higher probability of being in the

SF or D-regimes which implies a cost in terms of efficiency.

6.3.3 Comparing Caps on Credit Supply and Caps on Targeted Credit Supply

An alternative to the regulation of the credit supply is to regulate exclusively the segment

of the credit supply that is used to buy the bubble. This would imply setting limits on the

amount lent to households, so that L ∈ (L,L). For L > 0, the equilibrium is always in the

L−regime. As L is endogenously determined, a cap or a floor on this variable implies a

segmentation in the credit market with different interest rates for consumer lending and for

firms, even in the absence of banking crises.

The following Proposition shows tha, in terms of welfare, it is better to cap total credit

supply, rather than capping the amount of targeted credit supply used to buy the bubble.

Proposition 4. In the absence of systemic risk, for every cap on the targeted credit supply

L, there exists a cap on the total credit supply L that dominates the L cap allocation, provided

L is such that the marginal product of capital is negative.

Proof. See Appendix A.

To illustrate proposition 4, we consider a limit on loan to value (LTV), L ≤ λB, and

construct the equivalent cap Lλ on total credit, such that L = λB for any L ≥ Lλ.

Under LTV, higher liquidity implies more resources flowing towards capital, since the

limit on borrowing to buy the bubble binds. Figure 5 illustrates this. More capital implies
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higher production (Figure 6), beyond the point where marginal productivity is at the efficient

level. As a result, even though production is increasing in L, welfare becomes decreasing, as

Figure 7 shows. On the other hand, a cap on L results in less resources being allocated both

to buy capital and to buy the bubble. As a result, systemic risk is still the same, but there

is less capital misallocation.

K LTV

Cap on L

Lλ Lr,λ

Figure 5: K for cap targeted credit supply and cap on total credit supply

7 Conclusion

Even if risky, rational bubbles constitute a way for households to transfer wealth from one

period to another. This has a positive impact on resource allocation when, in the absence of

bubbles, financial markets fail to do so in an efficient way. As in the standard model, credit,

as “unlimited reliance upon human promises”, has a role here because the efficient allocation

of resources is reached for a unique interest rate, and this means households and firms face
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Y

LTV

Cap on L

Lλ Lr,λ

Figure 6: Y for cap targeted credit supply and cap on total credit supply

the same return for their intertemporal transferring of resources. Still, in a banking economy,

with different lending and a deposit rates, the efficient allocation is reached when bubbles

are financed by credit. The other side of the coin is that if the price of the bubble decreases

it leads to bank losses that may wipe out the financial institution capital causing a systemic

crisis with its cost for society.

By modeling bubbles in an overlapping generation set up, it is possible to visualize

the impact of credit, expectations formation and shocks on the resulting allocation. In

equilibrium, the price of the bubble depends upon credit and upon the expected future price

of the bubble. To some extent, the model shows that the supply of credit creates its own

demand in so far as expectations react to the current prices.

We focus our analysis on liquidity shocks, but there is a symmetry with productivity

shocks. In this context, systemic risk is modeled as the combination of the bubble crash

with banks’ insufficient capital, an event that depend on these exogenous shocks as well as
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W LTV

Cap on L

Lλ Lr,λ

Figure 7: Welfare for cap targeted credit supply and cap on total credit supply

on the equilibrium price of bubbles and the profit maximizing behavior of banks.

Interestingly, this approach allows us to characterize macroprudential policy and, con-

trarily to conventional wisdom, it is possible to show that macroprudential policy should

consider the type of shock that occurs: reacting to a liquidity shock or to a productivity

shock implies different macroprudential policies. Systemic risk depends both upon liquidity

and productivity shocks, as we show that a lower productivity leads to a higher price for

the bubbly asset and a higher systemic risk. Additionally, macroprudential policy is useful

even in the absence of systemic risk, since it helps bubbles to buffer shocks and reduce real

credit cycles. Finally, we find that it is welfare improving to impose a cap and a floor on

total credit supply and that capping the total credit supply dominates capping the targeted

credit supply used to buy the bubble.

It is clear that multiple extensions of the model are possible. In the case where the bubble

is in real estate, a more cumbersome yet realistic model can be built, by assuming two classes
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of consumers, residential and financiers, with the former enjoying some utility from real estate

while the latter do not. Another extension is to analyze the effect of stochastic shocks in the

endowments of bankers and risk neutral households, particularly, when there is a connection

between the equilibrium level of the bubble and the endowment, as in the case of bequests.
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Appendix A Mathematical Appendix

We first state and prove a lemma that we use in the proofs of the propositions.

Lemma 2. For a given (A, E ,L), let B(E ,L) the equilibrium price of the bubble, and let

r(E ,L) denote the equilibrium interest rate that the entrepreneurs pay to borrow. Then

∂r

∂E
≥ 0;

∂r

∂L
≤ 0

∂B

∂E
≥ 0;

∂B

∂L
≥ 0.

Proof of Lemma 2

To avoid cumbersome notation, in this proof we abstract from time subscripts in this proof

and refer to rf as r, with B(E ,L) being denoted B. Since F is strictly concave and twice

differentiable, the demand for credit, K(1 + r) =
(
∂F (A,K)
∂K

)−1

(1 + r), is strictly decreasing

and differentiable in r.

First, consider the L-regime. To make notation simpler, let x ≡ E , and define B as the

value of the bubble in this regime. From (9) and (10) we have

B = ω + L = ω + L −K(r).

From the indifference condition of the household, E
B

= 1 + r, we have

E = (1 + r)(ω + L −K(r)),

from which we can solve for r(E ,L) that satisfies

∂r

∂E
=

1

ω + L −K(r)− (1 + r)K ′(r)
> 0

∂r

∂L
= − 1 + r

ω + L −K(r)− (1 + r)K ′(r)
< 0.
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We can now derive B(E ,L) = ω + L −K(r(E ,L)) which satisfies

∂B

∂E
= −K ′(r) ∂r

∂E
> 0

∂B

∂L
= 1−K ′(r) ∂r

∂L
> 0.

To see why the second inequality holds, notice that

K ′(r)
∂r

∂L
=

1

1− ω+L−K(r)
(1+r)K′(r)

< 1,

as K ′(r) < 0.

A similar argument holds for the D regime. In the r-regime and in the SF -regime B is

constant in L. In the r-regime r is constant in L. In the SF -regime it is strictly decreasing,

as K is strictly increasing.

Proof of Lemma 1

To prove that Et+1 = e, consider the supply and demand for bank shares of the two

generations. Denote by V (Et+1) the price of the bank which equity is Et+1. Because the old

generation is able to liquidate the bank and obtain Et+1, the supply of shares is positive only

for

V (Et+1) ≥ Et+1.

The participation constraint for the young generation of bankers comes from their option

of creating a new bank that will yield an expected return E(Πt+1(e))+e under the assumption

of a zero sunk cost for starting a bank.31 The demand for shares from the young generation

is non-zero positive if the equity obtained from buying at price V (Et+1), and recapitalizing

by e− V (Et+1), so as to obtain a capital Et+1 + e− V (Et+1), is at least as large as e.

31The assumption of a sunk cost to create a bank would not change the results: it will combine with the
decrease in banks’ funding to generate a credit crunch.
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Et+1 ≥ V (Et+1)

Combining the two inequalities yields V (Et+1) = Et+1.

Now, the young generation budget constraint is V (Et+1) ≤ e, which implies Et+1 ≤ e.

Thus, if Et + Πt(Et−1) > e the old generation of bankers will distribute a dividend dt and

sell the bank with equity Et+1 = Et + Πt(Et−1)− dt = e. If, instead, the Et + Πt(Et−1) < e,

the bank will be recapitalized and the new equity will be, again, e.

Proof of Proposition 2

The proof will proceed in two steps. We will first prove that for unchanged probabilities

PrA(ξ = n) and PrA(ξ = f) the expected welfare increases, and then we will show that the

probability of PrA(ξ = f) decreases, implying an increase in expected welfare.

Denote by Ψ(L) be the one period expected welfare conditional on the realization of L,

for given probabilities θn = PrA(ξ = n) and θf = PrA(ξ = f)

Ψ(L) = θnE [F (A,K(L))−K(L) | L, n] + θfE [F (A,K(L))−K(L) | L, f ]

Let PrA(ξ = f) ≡ Pr(Bt+1 < BSC | A). The total expected welfare for the original distribu-

tion is given by

WO =

∫
L

Ψ(L)dH(L)

and is

WB =

∫ L
0

Ψ(L)dH(L) +

∫ L
L

Ψ(L)dH(L) +

∫ ∞
L

Ψ(L)dH(L)

for the bounded one. Define ∆W = WB −WO. We will proceed to prove ∆W > 0.

Because E is invariant, the equilibrium is the same for any L in the interval
(
L,L

)
, so
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∆W =

∫ L
0

(Ψ(L)−Ψ(L))dH(L) +

∫ ∞
L

(Ψ(L)−Ψ(L))dH(L).

First, notice that Ψ(L) depends upon L only through K(r(L)), so it can be writ-

ten as Ψ(L) = Υ(K(r(L))), where Υ is concave and has a maximum characterized by

E
(
∂F (A,K∗)

∂K

)
= 1. Now, since E

[
∂F (A,K(L))

∂Kt

]
> 1 and E

[
∂F(A,K(L))

∂Kt

]
< 1, and K(r(L)) is

increasing in L, this maximum corresponds to a unique K∗ = K(r(L∗)). The concavity of

Υ implies then that Ψ(L) ≤ Ψ(L) for L < L and Ψ(L) ≤ Ψ(L) for L > L, which proves

∆W > 0.

Now, BSC is increasing in the loans granted to households during period t. For levels

of L > L, L is lower in the bounded distribution, so that BSC is lower for the truncated

distribution. For levels of L ∈ (L,L), L is the same. For levels of L < L, the probability of

a systemic crisis is zero as L belongs to the D or SF regimes. This proves that Pr(ξ = f)

decreases under the truncated distribution which concludes the proof.

Proof of Proposition 3

The average expected welfare is measured by

W = Pr(ξ = n)

∫
L,A

F (A,K(L,A))−K(L,A)dH(A,L |n)

+ (1− Pr(ξ = f))

∫
L,A

F (A,K(L,A))−K(L,A)dH(A,L |f)

For a given A, let Ψ(L)be the one period expected welfare conditional on the realization

of L, for given probabilities θn = PrA(ξ = n) and θf = PrA(ξ = f):

Ψ(L) = θnEA [F (A,K(L, A))−K(L, A) | L, n] + θfEA [F (A,K(L, A))−K(L, A) | L, f ]

so that
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W =

∫
L

Ψ(L)dH(L) + (Pr(ξ = n)− θn)

∫
L,A

(F (A,K(L,A))−K(L,A)) dH(A,L |n) (A1)

+ (1− (Pr(ξ = f)− (1− θn)))

∫
L,A

(F (A,K(L,A))−K(L,A)) dH(A,L |f).

The proof will proceed in steps. First, we will prove that the first term of this expression,∫
LΨ(L)dH(L), increases for the upper bounded distribution. For this we will start by

showing that E is lower for the truncated distribution. Then we will use this property to

prove that the random variable 1
1+r(L)

is less risky under the truncated distribution. This

will imply that
∫
LΨ(L)dH(A,L |n) is greater for the truncated distribution. Then, we will

prove that the probability of a crisis Pr(ξ = f) decreases under the truncated distribution

for L, which will allow us to conclude.

First, define EO as the expected value of B for the original distribution and EB as its

equivalent for the truncated distribution.We will establish that EB < EO by using E(δ) = 1,

which is a consequence of E = E [B].

Let

Φ(L, E) ≡
∫ L

0

∫
A

1

1 + r(L, E)
dH(A,L) + (1−H(L))

∫
A

1

1 + r(L, E)
dH(A,L)− 1

so that in equilibrium we have Φ(L, E) = 0. Then lemma 2 implies:

∂Φ

∂L
= −(1−H(L))

∫
A

1

(1 + r(L, E))2

∂r

∂L
dH(A,L) > 0

and

∂Φ

∂E
=

∫ L
0

∫
A

− 1

(1 + r(L, E))2

∂r

∂E
dH(A,L) +

∫ ∞
L

∫
A

− 1

(1 + r(L, E))2

∂r

∂E
dH(A,L) < 0.

Therefore, dE
dL = −

∂Φ
∂L
∂Φ
∂E
> 0, and EB < EO.
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Next, notice that lemma 2 implies, for L ≤ L, δ(EO,L) < δ(EB,L), since r is striclty

increasing in E . Because in both distributions E(δ) = 1, δ(EO,L) > δ(EB,L) for some L > L.

If there was a L1 > L such that δ(EO,L1) < δ(EB,L1), then by continuity there would also

exist a L2 > L such that δ(EO,L2) = δ(EB,L2), which is a contradiction with Lemma 2.

This means that the original distribution is more risky than the bounded one.

Since h(δ) = E [F (A,K(δ))−K(δ, A) | A] is a concave function of δ, then Rothschild

and Stiglitz (1976) theorem allows us to conclude that
∫
LΨ(L)dH(A,L) is greater for the

truncated distribution, and so is the term
∫
LΨ(L)dH(L).

Now, regarding the sum of the second term and third term in (A1), because welfare is

higher in the ξ = n state, and it suffices to show that PrA(ξ = n) is higher for the bounded

distribution. This is obviously the case, since BSC is increasing in the loans granted to

households during period t. Since K +L = L in the L-regime and K is increasing in E , then

L is decreasing in E . This proves that PrA(ξ = n) is lower under the truncated distribution.

Proof of Proposition 4

Let L be defined as the level of total credit supply that leads to the equilibrium amount

of L. For L > L, the value of the bubble is B = ω+L in both the economy with a constraint

on L and the economy with a constraint on L. For L < L the equilibrium is unconstrained,

so that the expected value of the bubble E is the same in both economies. Consequently,

the difference between the two regimes stems from the allocation of capital when L > L.

In equilibrium, L is a non decreasing function of the credit supply. This implies the

bounds on targeted credit supply will only bind for L > L. The equilibrium is in the

L−regime and the upper bound is binding, so that L = L, implying a fixed level B for the

bubble, as B = ω+L. Now, because K = L−L, the firms’ interest rate will be determined

as the marginal product of capital: ∂F (A,L−L)
∂K

= 1 + rf
L
, while when the cap is on the credit

supply, the allocation is determined by ∂F (A,L−L)
∂K

= 1 + rfC , with L > L. Consequently,

∂F (A,L−L)
∂K

< ∂F (A,L−L)
∂K

, and, by assumption, ∂F (A,L−L)
∂K

< 0 for every L > L.
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To compute the difference in welfare, it is sufficient to compute

∆ =

∫ ∞
L

[
F (A, K̃L)− K̃L −

(
F (A, K̃L)− K̃L

)]
dH(L),

where K̃L
t is the allocation of capital in the capped targeted credit supply regime and K̃Lt is

the corresponding allocation in the capped credit supply regime.

Let φ(K) = F (A,K)−K. The function φ(K) is concave, so φ′(K) is decreasing. As we

know that for every L > L we have 0 > φ′(KL) > φ′(KL). This implies 0 < KL < KL. The

concavity property implies then φ(KL)−φ(KL)

KL−KL
≤ φ′(KL) < 0, so φ(KL) ≤ φ(KL). Therefore

∆ > 0, and the proposition holds.
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