
Banks, Shadow Banking, and Fragility∗

Stephan Luck† Paul Schempp‡

We study how shadow banking activities can create financial instability.

We argue that liquidity mismatch and the possibility of panic-based runs

only arise if the shadow banking sector grows too large. We then show that

if regulated banks are contractually linked to shadow banks, the parameter

space in which a run can occur in the shadow banking sector is reduced.

However, once a run occurs, the crisis also spreads to the regulated bank-

ing sector. Moreover, contractual linkages themselves may enhance shadow

banking, rationalizing macroprudential regulation that targets such linkages.

JEL: G21, G23, G28

Keywords: bank runs, financial crisis, regulatory arbitrage, liquidity guaran-

tees

∗We are very thankful for Martin Hellwig’s extensive advice and support. We explicitly thank Jean-
Edouard Colliard for very helpful comments. Moreover, we also thank Tobias Adrian, Markus Brun-
nermeier, Brian Cooper, Raphael Flore, Hendrik Hakenes, Christian Hellwig, Sebastian Pfeil, Natalya
Martynova, Stephen Morris, Jean-Charles Rochet, Eva Schliephake, Anatoli Segura, Larry Wall, and
Ansgar Walther, as well as seminar and conference participants at Princeton University, University
of Bonn, Max Planck Institute for Collective Goods, “Financial Safety Net Conference” in Stock-
holm, EEA Mannheim, Conference on “Macroprudential Regulation” at De Nederlandsche Bank,
Isaac Newton Institute conference on “Systemic Risk” in Cambridge, Conference on “Nonbank Fi-
nancial Firms and Financial Stability” at the Federal Reserve Bank of Atlanta, CREDIT conference
in Venice; 21st Annual Meeting of the German Finance Association. This paper was awarded the
Young Economist Prize at the 1st ECB Forum on Central Banking 2014 in Sintra, Portugal. Finan-
cial support by the Alexander von Humboldt Foundation and the Max Planck Society is gratefully
acknowledged.

†Federal Reserve Bank of New York, phone: 202 677 9441, e-mail: stephan.luck@ny.frb.org.
‡University of Cologne, Cologne, and Max Planck Institute for Research on Collective Goods, Bonn,

phone: +49 221 470 7186, e-mail: pschempp@uni-koeln.de.

mailto:stephan.luck@ny.frb.org
mailto:pschempp@uni-koeln.de


1. Introduction

Shadow banking activities describe financial activities that fulfill economic functions

of banks, but are not classified as such by banking regulation.1 Prior to the 2007-09

financial crisis, the volume of shadow banking activities had grown rapidly (Pozsar et

al., 2013), and the crisis itself centered around various panics in the shadow banking

sector (Brunnermeier, 2009; FCIC, 2011).2 Importantly, the pre-crisis shadow banking

institutions had been operated almost exclusively by regulated commercial banks that

had granted their shadow banking subsidiaries liquidity or credit guarantees (Acharya

et al., 2013). Hence, the crisis of the shadow banking sector necessarily evolved into a

crisis of the regulated banking sector.

This paper contributes to the theoretical understanding of how shadow banking affects

financial stability, even in the absence of fundamental solvency risk. To this end, we

extend a model of maturity transformation à la Qi (1994) such that regulated banks and

shadow banks coexist, and we investigate how fragility of the latter affects the financial

system as a whole. In particular, we analyze the implications for financial stability when

regulated banks themselves operate shadow banks and commit to support them in case

1The term “shadow banking” was coined during the 2007-09 financial crisis in order to describe financial

intermediation activities that were unknown to a broader public prior to the crisis. The expression

was first used by Paul McCulley at the Jackson Hole Symposium in Wyoming, who described shadow

banking as “the whole alphabet soup of levered up non-bank investment conduits, vehicles, and struc-

tures”(McCulley, 2007). Prominent academic definitions are by Pozsar et al. (2013), by the Financial

Stability Board (FSB, 2013), and by Claessens and Ratnovski (2014). The emerged consensus de-

scribes shadow banking as financial activities that fulfill economic functions of banks (i.e., liquidity,

risk, and maturity transformation), but are neither as strictly regulated as banks, nor as privileged,

i.e., they don’t have direct access to insured deposits or the central bank.

2This includes the run on ABCP-conduits (Covitz et al., 2013) in summer 2007, the collapse of the tri-

party repo programs of Bear Stearns and Lehman Brothers over the course of 2008 (Copeland et al.,

2014; Krishnamurthy et al., 2014), as well as the run on the money market mutual fund industry

subsequent to the Lehman failure (Schmidt et al., 2016).
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of distress.

Our analysis provides three main insights. First, when shadow banking emerges as

a less regulated alternative to regulated commercial banks, it is not necessarily fragile

and prone to panic-based runs. While shadow banks always have a maturity mismatch,

they do not have an aggregate liquidity mismatch3 as long as the shadow banking sec-

tor is small: Whenever other actors in the financial system (e.g., regulated banks and

arbitrageurs) could provide sufficient liquidity to satisfy the shadow banking sectors’

liquidity needs in case of a run (e.g., by purchasing shadow banks’ assets), runs do not

occur because they do not constitute an equilibrium. Aggregate liquidity mismatch only

emerges when the shadow banking sector grows too large relative to the liquidity that

can be provided by the rest of the financial system. In this situation, fire-sale pricing

can emerge, and shadow banking becomes fragile and prone to runs. Hence, shadow

banks indirectly benefit from the government’s safety net which makes regulated banks

immune to runs: On the one hand, the commercial banks’ stability implies that they do

not exhaust liquidity provided by arbitrageurs. On the other hand, their stability also

implies that they themselves can act as liquidity providers for shadow banks.

Second, we find that the provision of ex-ante liquidity guarantees by regulated banks

may make a larger shadow banking sector sustainable—but it can also set the stage

for contagion. Whenever frictions in asset markets or regulatory constraints restrict

the regulated banks’ ability to purchase assets of distressed shadow banks ex-post, the

provision of ex-ante liquidity guarantees can be a means to increase the liquidity avail-

able in case of a run. Hence, the scope for panics is reduced. Therefore, if regulated

banks themselves operate shadow banks and grant their subsidiaries liquidity guaran-

tees, a relatively larger shadow banking sector may be sustainable. However, liquidity

guarantees and the contractual interdependence between the two sectors open the door

for contagion: Once a panic in the shadow banking sector takes place, regulated banks

3See, e.g., Brunnermeier et al. (2014) or Bai et al. (2018).
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become illiquid and insolvent as well. Even without any fundamental insolvency risks,

and without runs on regulated banks, the deposit insurance may still be required to live

up to its promise when panic in the shadow banking sector takes place.

Finally, as a third result, we argue that if liquidity guarantees alleviate information

asymmetries in the shadow banking sector, liquidity guarantees will emerge endogenously

and increase the size of the shadow banking sector. Whenever shadow banks have a

comparative advantage if they are operated by a regulated bank, regulated banks will

find it optimal to operate shadow banks themselves, and liquidity guarantees emerge

endogenously. In turn, the reduced information asymmetries increase the incentive for

depositors to move to the shadow banking sector. Hence, active regulatory arbitrage

(banks operating shadow banks) may not only display a channel of contagion from the

shadow banking sector to the regulated banking sector: it may also sow the seeds for a

crisis in the first place by increasing the size of the shadow banking sector.

Our findings are important as they rationalize post-crisis reforms that attempt to pro-

hibit contractual linkages between the regulated commercial banks and the shadow bank-

ing sector. Prior to the 2007-09 financial crisis, many commercial banks had themselves

actively conducted regulatory arbitrage. They had set up off-balance-sheet conduits to

finance long-term real investment by issuing short-term debt. A typical intermediation

chain would look as follows: Claims on long-term real investments were transformed

into assets such as mortgage-backed securities (MBS) and other asset-backed securities

(ABS), and bought by special-purpose vehicles such as asset-backed commercial paper

conduits. These conduits financed themselves short-term by issuing asset-backed com-

mercial papers (ABCP) and medium-term notes (MTN), which in turn where mostly

held by money market mutual funds (MMF); see Figure 5 for an illustration and Pozsar

et al. (2013) for institutional details. Importantly, conduits were either granted explicit

guarantees—e.g., in the form of credit or liquidity enhancements—or implicit guarantees
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as in the case of structured investment vehicles (SIV).4

After the crisis, it has been recognized that the growth of the shadow banking sector

was largely driven by regulatory arbitrage motives (Acharya et al., 2013; Duca, 2016).

In particular, it has been argued that shadow banking activities expanded because they

were conducted by commercial banks, as these institutions had access to the safety net

(i.e., the discount lending window, deposit insurance, implicit bailout guarantees, see

FCIC, 2011). Consequently, regulatory reforms have tried to close loopholes in regula-

tion by an outright prohibition of contractual links between depository institutions and

other parts of the financial system. However, implicit guarantees remain a problem in

the form of step-in risk. To address this problem, regulation aims at prohibit that com-

mercial banks buy their subsidiaries’ assets. The reform proposals include a ring-fencing

of depository institutions and systemic activities (Report of the Vickers Commission,

enacted as Financial Services Act in 2013), separation between different risky activities

(“Report of the European Commission’s High-level Expert Group on Bank Structural

Reform”, known as the Liikanen Report), and prohibition of proprietary trading by com-

mercial banks (Section 619 of the Dodd-Frank Act, referred to as the “Volcker Rule”).

Finally, the Basel Committee on Banking Supervision points out that although major

reforms have been made in order to reduce step-in risk of banks with respect to unconsol-

idated entities, the topic remains problematic and call for further supervisory oversight,

see Basel Committee (2017).

Our model provides an argument for why these reforms are desirable not only from a

microprudential, but also from a macroprudential perspective. On the micro level, the

regulatory reforms reduce the scope of regulatory arbitrage and the resulting exposure

of a single bank to the risk of its shadow banking subsidiary. They prevent free-riding

4Less than 30% of the conduits had received outright guarantees. However, most other conduits that

were set up by commercial banks had relational contracts with their parent companies. Reputational

concerns ensured that parent companies would not let their shadow banking subsidiaries default; see

particularly Segura (2018).
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by cutting off the shadow banks (indirect) access to public backstops through explicit or

implicit guarantees provided by regulated banks. On the macro level, the prohibition of

contractual linkages can increase financial stability by reducing the size of the shadow

banking sector and therewith the potential for runs.

The paper complements an important, fast-growing literature on the theoretical as-

pects of shadow banking which investigates, for instance, the ability of shadow banks

to generate liquidity via forms of market-based funding (Bolton et al., 2011; Gennaioli

et al., 2013; Hanson et al., 2015), the circumvention of capital requirements (Plantin,

2015; Ordoñez, 2018), and the role of shadow banks in monetary policy transmission

Xiao (2018).5

Our paper contributes to this literature by providing a conceptual framework that

allows to understand how panic-based runs in the shadow banking sector may adversely

affect the regulated banking sector. Importantly, our findings show that contractual

linkages between the two sectors may, by inducing growth of shadow banking, set the

stage for panics in the shadow banking sector. Hence, our paper is closely related to a

series of papers that discuss contractual linkages between regulated banks and shadow

banks in more detail. For instance, Segura (2018) explicitly discusses the role of liquidity

guarantees. In particular, he argues that banks supported their off-balance sheet con-

duits despite the absence of direct contractual linkages (Acharya et al., 2013) to protect

their reputation. Similarly, Górnicka (2016) provides a model with explicit contractual

linkages in which banks and shadow banks are complements. Finally, Parlatore (2016)

discusses strategic complementarities in providing sponsor support for money market

funds.

We proceed as follows: In Section 2, we describe the setup and construct the steady-

state of the economy. In Section 3, we investigate the conditions under which the shadow

5Furthermore, recent papers in the macro-finance literature like Moreira and Savov (2017), Begenau

and Landvoigt (2017), and Ordoñez and Piguillem (2017) present quantitative models of shadow

banking within a general-equilibrium context.
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banking sector can be subject to a run, while assuming that regulated banks are com-

pletely passive. Finally, in Section 4, we analyze the interplay of regulated banking and

shadow banking. In particular, we study the effect of liquidity guarantees and asset pur-

chases by regulated banks on the existence of run equilibria. Moreover, we discuss how

liquidity guarantees may change the equilibrium composition of the financial system.

Section 5 concludes.

2. A Model of Intergenerational Banking with Two Sectors

2.1. Setup

The model builds on a variant of the overlapping-generation version of the banking model

by Diamond and Dybvig (1983), which was first introduced by Qi (1994). The economy

goes through an infinite number of dates t ∈ Z. There is a single good that can be used

for consumption as well as investment. At each date t, a new generation of consumers

is born, consisting of a unit mass of agents. Each consumer is born with an endowment

of one unit of the good, and her lifetime is three dates: (t, t + 1, t + 2). Upon birth,

all consumers are identical, but at date t + 1, their type is privately revealed: With a

probability of π, a consumer is impatient and her utility is given by u(ct+1). With a

probability of 1−π, the consumer is patient and her utility is given by u(ct+2). Assume

that the utility function is twice continuously differentiable, with u(0) = −∞, u′ > 0,

u′′ < 0, u′(0) =∞, and u′(∞) = 0.

At each date t, there are two investment technologies: a storage technology and a

production technology. The storage technology transforms one unit of the good at t

into one unit of the good at t + 1, thus effectively storing the good. The production

technology yields a return of R > 1 units at t + 2 for each unit invested at t, and the

rate of physical liquidation at t+ 1 is zero. However, claims on the future cash-flows of

the technology, which we refer to as assets, can be traded at t+ 1, as specified below.
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We assume that consumers cannot directly invest in the production technologies, but

need an intermediary to do so on their behalf. We extend the model of Qi (1994)

and allow for the coexistence of two types of intermediation: regulated banking and

shadow banking. Assume there is a competitive, regulated banking sector as well as

a competitive, less regulated shadow banking sector (see Figure 1 for an overview of

the economy). Both types of intermediaries insure consumers against their idiosyncratic

liquidity risks while allowing them to benefit from the profitable but illiquid production

technology.

[Figure 1 about here]

The regulated banks’ liabilities are covered by a (credible) deposit insurance. The

deposit insurance has two effects: it eliminates consumers’ potential concerns about

adverse selection or moral hazard on the part of regulated banks, and it rules out the

possibility of panic-based runs on regulated banks.6 However, regulated banks are also

subject to costly regulatory requirements. This assumption is based on the notion that

a safety net eliminates the disciplining effect of short-term debt (Calomiris and Kahn,

1991; Diamond and Rajan, 2001), and thus, costly regulation may be necessary to

prevent moral hazard.7 In the main version of the model, we simply assume that at each

date regulated banks incur a regulatory cost γ per unit of new deposits. It is meant to

display resources that need to be devoted to fulfill regulatory requirements such as the

cost of fulfilling capital requirements and auditing standards, as well as the resources

devoted to financing the regulatory authority itself. Assume γ < R − 1, implying that

investing in the productive technology is still even when accounting for the regulatory

6We assume that this insurance is provided by the government and is credible. We do not specify

its financing; but the regulatory cost could partly stem from a lump-sum contribution to a deposit

insurance fund.

7In Appendix A, we provide an extension of our model in which we illustrate how costly regulation is

needed to address the moral hazard resulting from a safety net.
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cost.

The less regulated shadow banks compete with regulated banks by offering the same

kind of maturity transformation services. While by legal standards, shadow banks do

not offer demand deposits in practice, they do offer what can be called “quasi deposits”,

i.e., they issue claims that are essentially equivalent to demand deposits, such as equity

shares of a money-market mutual fund (MMF) with a stable net asset value (stable

NAV).8

While the shadow banks’ liabilities are not insured, they are nonetheless assumed to

be subject to a regulatory cost ρ < γ per unit invested in the productive technology, but

this is smaller in the shadow banking sector. On the one hand, this reflects the notion

that shadow banks are not completely unregulated and typically subject to securities

regulation. On the other hand, securities regulation is typically viewed as less stringent

and hence less costly than regulatory requirements for banks.9

While regulatory costs are lower in the shadow banking sector, the downside of deposit-

ing at a shadow bank is a necessity to conduct costly screening: If consumers choose a

shadow bank, they incur screening costs in order to find a reliable and competent shadow

bank. While regulation combined with deposit insurance makes it unnecessary to worry

about the competence and behavior of a regulated bank,10 consumers have reason to be

worried about adverse selection and moral hazard in the shadow banking sector: As-

sume that in absence of the screening there is a positive probability of depositing at

an incompetent shadow bank that leads to a payoff of 0 (and utility of u(0) = −∞).

8In our model, a shadow bank is a single entity, whereas the actual shadow banking sector contains

many different types of entities and an entire intermediation chain. Appendix B extends the model

to account for the complexity of shadow banking.

9We only allow for some potential cost ρ ∈ [0, γ) in the shadow banking sector to allow for comparative

static exercises and illustrative purposes, however, all results would also be obtained for ρ = 0.

10We assume that, in the regulated banking sector, screening is not necessary because the regulator

eliminates incompetent banks in the regulated banking sector.
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However, identifying incompetent institutions can be ensured by screening the shadow

banks before depositing. Hence, any consumer who decides to hold a claim on a shadow

bank, necessarily screens to avoid incompetent shadow banks.

The screening costs si vary across the consumers. Although, we call the depositing

agents “consumers”, they could very well also be other investors such as corporations

that have a similar demand for liquidity. The assumption of hetrogenous screening

costs thus reflects that some investors, such as large corporations, may find it relatively

cheap to screen, whereas others, such as small consumers, may find it more expensive.11

The distribution of screening costs si is described by a continuous and strictly increasing

cumulative distribution function G with G(0) = 0. For simplicity, we model the screening

costs as non-monetary costs, they enter into the consumers’ utility additively separable

from the consumption utility.

Finally, there is a secondary market for illiquid assets, similar to Martin et al. (2014).

Assume there exists a secondary market in which intermediaries can sell claims on their

productive technology if they need to raise additional funding, which may be necessary,

e.g., in case of a run. On the one hand, intermediaries themselves may provide liquidity

to other intermediaries in this market, but, on the other hand, we also assume that there

are arbitrageurs who can act as buyers.

Arbitrageurs are endowed with an exogenous total budget of A, and they have an

outside option offering a risk-free return of r̂, i.e., they are willing to buy the illiquid

assets if this offers a return of at least r̂.

Assumption 1.

r̂ >

√
π2 + 4(1− π)R− π

2(1− π)
(1)

11Heterogeneous screening costs can either be interpreted literally, or as a metaphor for investors with

heterogeneous endowments: If screening costs are constant across consumers and their endowments

vary, this induces heterogeneity in the relative cost of screening. It is quite plausible for corporations

that need to store liquid funds of several millions to have lower relative costs of screening shadow

banks than individual consumers.
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This assumption ensures that arbitrageurs will not want to deposit their funds with

intermediaries because their outside option is more better than the per-period interest

offered by intermediaries. Arbitrageurs can be interpreted as experts who would not

necessarily hold the intermediaries’ assets in normal times, but do purchase them if they

are available at some discount and thus promise gains from arbitrage. The reservation

interest rate r̂ implies that an arbitrageur’s reservation price for an asset with a return

of R is given by pa = R/r̂. The assumption of a fixed budget A implies that there

are limits to arbitrage. In particular, arbitrageurs cannot borrow in addition to their

endowment.

2.2. Steady State of Intergenerational Intermediation

We construct a steady state of the economy with intergenerational intermediation. The

steady state is characterized by the fraction of consumers that deposit in the regulated

commercial banking sector and in the shadow banking sector, and by the demand-

deposit contracts that are offered in the two sectors, i.e., by the interest rates, as well

as an investment policy to support them. The mechanics of intergenerational banking

and the steady state equilibria closely follow the model of Qi, and as our focus lies on

the existence of run equilibria, they are only briefly summarized here. For a complete

characterization of the theoretical foundations, see Qi (1994).

The overlapping generations structure allows for a steady state in which infinitely-

lived intermediaries do not have to invest in the inefficient storage technology, but can

invest all funds in the productive technology. Hence, we restrict attention to those steady

states where at each date t, the newly-born consumers deposit all their endowment with

the intermediaries, new deposits are used to invest in the production technology, and

only impatient depositors withdraw early. The return R from investment at t−2 is used

to pay the regulatory cost, to pay out those patient depositors who were born at t− 2,
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and those impatient depositor who were born at t− 1.12

Per unit of depositors and each date t, an intermediary receives 1 unit of new deposits,

and R units of return from the investment made at t− 2. It uses these funds to pay the

regulatory cost γ, to make an investment of 1 unit in the production technology, and to

pay out r1 units to the mass π of impatient depositors born at t− 1 as well as r2 units

to the mass 1 − π of patient depositors born at t − 2. The cash inflow in each period

is thus given by R + 1, and the cash outflow is given by πr1 + (1 − π)r2 + 1 + γ. The

intermediary’s steady-state budget constraint is given by

πr1 + (1− π)r2 = R− γ. (2)

In contrast to the three-period model of Diamond and Dybvig, consumption smoothing

is limited by a “reinvestment threat”: Patient depositors have an incentive to withdraw

early and to redeposit by masquerading as newly-born consumers. Thus, we also require

that r2 ≥ r21.

At birth, a consumer’s expected consumption utility is given by πu(c1) + (1−π)u(c2).

The overlapping-generations feature of intermediation implies that no storage is being

used, so the first-best steady state features perfect consumption smoothing. The budget

constraint implies that the first best is given by r1 = r2 = R− γ.

However, the first best is not incentive compatible. The overlapping-generations

framework also implies that consumption smoothing is limited by a “reinvestment threat”.

Patient depositors have an incentive to withdraw early and to redeposit by masquerad-

ing as newly-born consumers whenever r21 > r2. This condition implies that instead

of waiting and receiving r2, patient investors withdraw early and receive r1, and then

deposit their funds again at an interest rate of r1.

In the second-best steady state, the reinvestment constraint is binding. This leads to

12Note that the economy features multiple steady states. We will focus on a particular steady state

in which the investment by intermediaries at each date is equal to the endowment of newly-born

consumers.
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a flat yield curve: Intermediaries pay a constant interest rate r each period, implying

that impatient depositors receive r and patient depositors receive r2.

Because the regulatory cost γ = γj difference across intermediary types, so does

the interest rate rj they can pay. Thus, the steady-state interest rate offered by an

intermediary of type j ∈ {b, sb} are given by

rj =

√
π2 + 4(1− π)(R− γj)− π

2(1− π)
(3)

Note that Assumption 1 implies that the interest rates offered both by shadow banks

and regulated banks are lower than the required return of arbitrageurs, so they have no

incentive to hold deposits. Moreover, there is no need for trade with arbitrageurs on the

secondary market, arbitrageurs stick to their outside option.

Given the interest rates offered by regulated banks and by shadow banks, and given

the screening cost distribution G, the steady-state composition of the financial system

is pinned down.

Lemma 1. There exists a unique screening cost threshold s∗ such that a consumer

deposits in the shadow banking sector if and only if si ≤ s∗. The size of the shadow

banking sector is given by the mass of consumers depositing in the shadow banking sector,

G∗ = G(s∗). G∗ is increasing in the regulatory costs of regulated banks γsb, and decreasing

in the costs of shadow banks banks γb.

By depositing at an intermediary of type j, a consumer receives an expected consump-

tion utility of EUj = πu(rj) + (1 − π)u(r2j ). The screening-cost threshold is given by

s∗ ≡ EUsb − EUb. A consumer with si = s∗ is indifferent between depositing at a bank

or a shadow bank. All consumers with lower screening costs choose a shadow bank; their

mass is given by G(s∗). Hence, a mass G(s∗) of each generation’s consumers deposits at

shadow banks, The size of the shadow banking sector G∗ is thus given by the mass of

each generation’s consumers depositing at shadow banks, G∗ = G(s∗), and the regulated

banking sector has size 1−G∗.
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The equilibrium composition of the financial system results from the following trade-

off: while the deposit insurance makes costly screening unnecessary in the regulated

banking sector, interest rates are relatively low due to the higher regulatory cost. In

turn, shadow banks face lower regulatory requirements and offer higher interest rates, but

costly screening is required. The shadow banking sector attractive to more consumers

and thus increases in size if the regulatory cost for regulated banks γb increase, and the

other way around for the costs of shadow banks γsb. Thus, the shadow banking sector

increases in the wedge between shadow banks’ and banks’ costs ∆γ = γb − γsb.

3. Fragility of Shadow Banking

Models of maturity transformation such as Diamond and Dybvig (1983) and Qi (1994)

exhibit multiple equilibria. The demandable nature of deposits gives rise to strategic

complementarity among the depositors’ actions, and it may give rise to bank run equi-

libria in which all depositors withdraw early, and no newborn agents deposit. While the

credible deposit insurance eliminates this strategic complementarity and prevents runs

on regulated banks in our model, runs on shadow banks are not necessarily excluded.

In the following, we analyze the equilibrium of the date-t subgame (i.e., the game

starting at date t) under the assumption that until date t − 1, the economy behaves

according to the steady-state described above. We consider a “run” on some intermediary

at date t to be an event in which all depositors who have deposited at this intermediary

at date t − 1 withdraw their funds, and none of the newly-born agents deposit their

endowment at this intermediary.

In case of such a run, an intermediary has to sell assets in order to raise liquid funds to

serve withdrawing depositors. A run on a shadow bank in the above sense constitutes an

equilibrium if a shadow bank has a liquidity mismatch. Obviously, intermediaries have

a maturity mismatch, but if a shadow bank can raise enough liquidity in the secondary

market to serve all its obligations in a run, it does not have a liquidity mismatch. If in
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a run, all obligations can be fulfilled through asset sales, patient depositors will find it

optimal to roll over, and newly born agents will prefer to deposit. Hence, a run does

not constitute an equilibrium. If in contrast a run turns a shadow bank illiquid at t, it

does have a liquidity mismatch. A run constitutes an equilibrium, where no depositor

finds it optimal to roll over, and neither will any newly-born depositor find it optimal

to deposit.

Note that in our model there is a difference between the liquidity mismatch of an

individual shadow bank and the aggregate liquidity mismatch of the shadow banking

sector. The liquidity mismatch measures the difference between the amount of short-

term liabilities and the the amount of liquid funds an intermediary can raise by selling its

assets. The latter obviously depends on market prices, and in a systemic crises where a

lot of intermediaries have to fire-sell assets at the same point in time, fire-sale prices are

lower compared to a situation where only a single intermediary has to liquidate. Thus,

it is possible that although a single shadow bank does not have a liquidity mismatch,

there still is an aggregate liquidity mismatch. Runs on the entire shadow banking sector

constitute an equilibrium if the available liquidity that can be raised by selling assets

is sufficiently low compared to the number of assets sold, implying that a run induces

a sufficiently depressed fire-sale price (see Shleifer and Vishny, 1992; Allen and Gale,

1994). In this section, we assume that only arbitrageurs can provide liquidity, but not

regulated banks. We relax this assumption below, when we allow for regulated banks

either to provide ex-ante liquidity guarantees, or to purchase assets in a fire sale ex post.

As we are interested in the macroprudential aspect, we will focus on whether a sector-

wide run, i.e., a systemic run, constitute an equilibrium of the date-t subgame. In order

focus on the macroprudential aspect, we rule out the possibility of runs on single shadow

banks by assuming that a single institution does not have a liquidity mismatch. This is

the case if the arbitrageurs’ willingness to pay for a shadow bank’s assets is sufficiently

high, i.e., if their outside option is sufficiently low.
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Assumption 2.

(1− π)rsb ≤ R/r̂ (4)

Assumption 2 makes sure that an individual shadow bank does not face a liquidity

mismatch. It states that a shadow bank’s unexpected amount of withdrawal (left-hand

side) is smaller than the arbitrageurs’ willingness to pay for the shadow bank’s assets.

In each period t, a shadow bank has to repay a mass (1 − π) of patient depositors

born at t− 2 who have claims worth r2sb each as well as a mass π of impatient depositors

born at t − 1 who have claims worth rsb each. This withdrawal of (1 − π)r2sb + rsb can

satisfied using the project return R from the investment made at t− 2, of which ρ units

are earmarked for the regulatory costs, see budget constraint (2). In case of a run at date

t, however, the patient consumers that have deposited at date t− 1 now also withdraw

their funds, yielding an unexpected withdrawal of (1− π)rsb. To serve this unexpected

withdrawal, a shadow bank sells the assets it has invested in at date t − 1. They will

deliver a return of R at date t + 1, and the arbitrageurs outside option of r̂ implies

that their willingness to pay for these assets is R/r̂. As long as only one (infinitesimal

small) shadow banks is in a run, the budget of arbitrageurs never is a binding constraint.

Assumption 2 ensures that a single shadow bank does not have a liquidity shortfall in

case of a run as long as no other institutions are affected.

However, even if a run on a single shadow bank does not constitute an equilibrium,

a collective panic and a run on the entire shadow-banking sector may nonetheless be

possible:

Proposition 1. A run on all shadow banks constitutes an equilibrium of the date-t

subgame if and only if the shadow banking sector is large, i.e., if its size is G∗ > G0,

where

G0 =
A

(1− π)rsb
. (5)
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The aggregate shortfall in case of a run on all shadow banks is given by G∗ · (1−π)rsb.

Shadow banks can raise this amount of funds by selling their assets to arbitrageurs if

the funds of arbitrageurs exceed this liquidity shortfall, i.e., if A ≥ G∗ · (1 − π)rsb. In

this case, all shadow banks can cover their liquidity shortfall by selling assets to the

arbitrageurs, and all depositors can be served. It is thus a strictly dominant strategy

for each patient depositor born at t − 1 not to withdraw, and for new-born agents to

deposit new funds, and a run does not constitute an equilibrium.

However, if A < G∗(1 − π)rsb, the arbitrageurs’ budget is not sufficient to cover the

liquidity shortfall in case of a run on all shadow banks. As the arbitrageurs’ budget

becomes a binding resource constraint, the price is determined by cash-in-the-market

pricing. Shadow banks are forced to sell their entire asset portfolio and the market-

clearing condition is given by pG∗ = A. Thus, fire-sale price is a function of the amount

of assets that are on the market in case of a run on the shadow banking sector, which is

determined by the size of the shadow-banking sector G∗. The fire-sale price in case of a

complete liquidation of shadow banks’ assets as a function of G∗ is given by

p(G∗) =


R/r̂ if G∗ ≤ GA,

A/G∗ if G∗ > GA,

(6)

where

GA = Ar̂/R. (7)

By Assumption 2, it holds that GA < G0. Thus, a shadow banking sector of size

G∗ ∈ [GA, G0] would imply that a complete fire sale of all assets by shadow banks would

induce cash-in-the-market pricing, but a run on all shadow bank does not constitute an

equilibrium. In a run, arbitrageurs’ budget A would be sufficient to serve all shadow

banks’ depositors with rsb, so shadow banks can cover their liquidity shortfall by liqui-

dation. Thus, patient investors would not have an incentive to joint a run. Note that
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shadow banks would not have to liquidate all their assets. The equilibrium fire-sale prices

as a function of the size of the shadow banking sector is illustrated in Figure 2. The

figure also illustrates the (off-equilibrium) cash-in-the-market price in the hypothetical

case of complete liquidation for G∗ ∈ [GA, G0].

[Figure 2 about here]

We see that the shadow banking sector is fragile in the sense that the date-t subgame

features a “run equilibrium” if this sector is sufficiently large to induces substantially

depressed fire-sale prices. The sector size ultimately depends on the cost parameters

γsb and γb as well as the distribution G. This is depicted in Figure 3: Whenever the

regulatory costs exceed the shadow-banking costs, γb > γsb (i.e., above the 45 degree

line), the shadow banking sector has a positive size in equilibrium, i.e., G∗ > 0. However,

as long as the shadow banking sector is small relative to the arbitrageurs’ budget, it is

stable. Only if regulatory costs γb are sufficiently larger than the regulatory cost in

the shadow-banking sector γsb, it holds that the size G∗ of the shadow banking sector

exceeds the critical threshold G0, and shadow banking becomes fragile.

[ Figure 3 about here]

4. Regulated Banks and Shadow Banking

Until this point, the regulated banking sector had a very passive role by assumption, and

regulated banks were not able to interact with shadow banks. In this section, we allow

regulated commercial banks in one of the following ways: First, banks may operate in

the shadow banking sector through “unregulated” unconsolidated subsidiaries to which

they grant liquidity guarantees ex-ante. Second, regulated banks may ex-post purchase

assets sold by shadow banks in case of a fire sale of shadow banks.
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4.1. Ex-ante Liquidity Guarantees

Let us first analyze a situation in which regulated banks set up off-balance sheet sub-

sidiaries and commit to guarantee their liquidity in a crisis. Such institutional relations

have been been common practice prior to the 07-09 financial crisis (Acharya et al., 2013).

After analyzing this effect, we will show how such guarantees may emerge endogenously.

As above, the regulated banks’ depositors are assumed to be covered by a credible

safety net, implying that regulated banks are never subject to runs. A liquidity guarantee

describes a (implicit or explicit13) commitment by a regulated bank to support a shadow

bank in case of distress. To honor this commitment, a regulated bank uses its available

liquidity to support its shadow-banking subsidiary when it is subject to a run.

However, a regulated bank’s capacity to provide support is unlimited. We assume

that regulated banks first are required to serve their own withdrawing consumers and to

cover the regulatory cost γ, before they can use the remaining funds to provide liquidity

to their shadow banking subsidiary.

Proposition 2. Assume that regulated banks grant liquidity guarantees to shadow banks.

A run on the entire shadow banking sector constitutes an equilibrium of the subgame

starting at date t if and only if the size of the shadow banking system G∗ exceeds the

threshold given by

G1 =
A+ 1

(1− π)rsb + 1
. (8)

This threshold is larger than in the case without guarantees, G1 > G0.

In case of a run, the shadow banks’ liquidity shortfall is, as above, given by G(s∗)(1−

π)rsb. Now, however, they not only raise funds by selling assets, but also by receiving

support from regulated banks. After serving their withdrawing consumers and covering

13For our purposes, it is not important whether this commitment results from an explicit contractual

obligation or an implicit obligation via, e.g., reputational concerns. For a paper on why banks may

support their subsidiary even in the absence of an explicit contractual obligation, see Segura (2018).
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the regulatory cost, regulated banks have an additional amount 1 − G(s∗) of liquid

funds available from newly-born depositors.14 The regulated bank can thus use the

(unchanged) inflow of deposits 1−G∗ from newly-born agents to support their shadow

banking subsidiary. In case of cash-in-the-market pricing, selling assets to arbitrageurs

allows shadow banks to raise A, and the liquidity guarantees from commercial banks

imply that shadow banks now have a budget of A+(1−G∗) to cover the liquidity short-

fall which is again given by G∗(1− π)rsb. Their liquidity needs are satisfied in case of a

run if and only if

A+ (1−G∗) ≥ G∗(1− π)rsb, (9)

which is equivalent to the condition G∗ ≤ G1.

Hence, if commercial banks themselves operate shadow banks and provide them with

liquidity guarantees, the parameter space in which shadow banking is stable increases:

the critical size threshold up to which the shadow banking sector is stable increases.

This shift is also depicted in Figure 4. The result is driven by the fact that through

the constant inflow of new deposits, regulated banks have additional liquid funds even

in case of a crisis which they can use to support their subsidiaries: Because of the

deposit insurance, regulated banks always receive deposits from newly-born agents, while

their patient depositors never have an incentive to withdraw early. Hence, the liquidity

available to shadow banks in case of a panic is increased.

[Figure 4 about here]

While liquidity guarantees shift the critical size of the shadow banking sector at which

runs exist, this comes with an unfavorable side effect: Once this critical size is exceeded

14Note that we assume some form of “stickiness” in the size of regulated banks, they do not increase

their depositor base in a crisis: those newly-born depositors that do not deposit at shadow banks

also do not deposit at regulated banks either. Moreover, note that we assume that regulated banks

do not sell assets themselves to arbitrageurs in order to raise funds, as this would only decrease the

price, but not the obtained liquidity, which is given by A.
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and shadow banks become subject to a run, the crisis spreads from the shadow banking

sector to the regulated banking sector. Hence, if regulated banks can actively engage in

shadow banking and provide liquidity guarantees, it holds that a deposit insurance may

be able to eliminate runs in the regulated banking sector, but only at a cost.

The amount of funds that the deposit insurance has to inject crucially depend on the

exact specification and timing of the deposit insurance. The cheapest way to implement

the deposit insurance in this situation is to inject funds at the very same time at which

the bank pays out the liquidity support to its intermediary. This intervention allows the

bank to follow through on its steady-state investment pattern and could thus also be

interpreted as a bailout. Note that a deposit insurance that injects funds later would

imply that the bank would not be able to invest when paying out the liquidity guarantee,

which would require a larger injection at later dates.

Corollary 1. Assume that G∗ > G1, and assume banks provide liquidity guarantees to

shadow banks. In case of a run in the shadow banking sector, the safety net for regulated

commercial banks is tested and the regulator must inject an amount 1−G∗.

This result follows directly from the assumption on the feasibility of liquidity guaran-

tees. 1−G∗ is the maximum amount of liquidity guarantees that the sector of regulated

banks can provide to the shadow banks. In case of a run, regulated banks have to fulfill

the guarantees, and this is exactly the shortfall that has to be accommodated by the

deposit insurance that ensure that regulated banks are able to conduct the investment

necessary to serve their depositors in the future.

4.2. Ex-post Asset Purchases

A second way of how regulated banks can provide liquidity to shadow banks is when

regulated banks, just like arbitrageurs, act as buyers of the illiquid assets. Until this

point, we have ignored such a possibility. In order to understand the effect of such

purchases, assume that regulated banks are willing to buy the assets from shadow banks
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at the same price as arbitrageurs.15 However, assume that they cannot use all their liquid

funds, but only a fraction θ ∈ [0, 1]. θ < 1 is an exogenous constraint that prevents

regulated banks from using their entire funds to purchase assets. The constraint is

meant as a shortcut for either a friction in asset markets or some regulatory constraints

on regulated banks that may hinder them from using all their entire available liquid

funds ex-post, unless they were not committed ex-ante.

Proposition 3. Assume that regulated banks can use a fraction θ of their liquid funds

to purchase assets. A run on the entire shadow banking sector constitutes an equilibrium

of the period-t subgame if and only if the size of the sector G∗ exceeds the threshold

Gθ =
A+ θ

(1− π)rsb + θ
. (10)

It holds that G1 ≥ Gθ ≥ G0.

The result follows directly from the condition that a run cannot be successful if the

available liquidity exceeds the shortfall, i.e., if

A+ θ(1−G∗) ≥ G∗(1− π)rsb. (11)

Hence, given that regulated banks face frictions in using their liquidity from newly-born

depositors in order to purchase assets from shadow banks and θ < 1, liquidity guarantees

decrease the parameter space in which runs can take place in the shadow banking sector

compared to the situation of ex-post purchases, i.e., G1 > Gθ. For θ close or equal to one,

in turn, liquidity guarantees have little or no benefit over ex-post purchases. Hence, only

when asset markets are subject to frictions, can liquidity guarantees a means to overcome

these frictions and increase the liquidity available for shadow banks, thus reducing the

parameter space for runs.

However, ex-post asset purchases have a clear benefit over ex-ante liquidity guarantees

as they are not associated with any contagion to the regulated banking sector. Hence,

15Note that we do not model the banks’ reservation price explicitly, as whenever banks actually end up

buying the assets, the price is always below their reservation price.
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ex-post asset purchases may make a larger shadow banking sector stable, but do not

pave the way for contagion from the shadow banking sector to the regulated banking

sector.

Committed vs. uncommitted asset purchases

In our model, one can distinguish between ex-post asset purchases at the prevailing mar-

ket price, and an explicit or implicit commitment to purchase assets in case of distress

at a predefined price. As argued, the former enhances financial stability without caus-

ing contagion to the regulated banking sector. In contrast, the latter may be a way of

providing a de-facto liquidity guarantee ex ante. In particular, if regulatory rules treat

explicit and implicit guarantees differently, a regulated bank may have an incentive to

circumvent regulation by providing its subsidiary with an implicit liquidity guarantee

via pre-committed asset purchases. Even without explicit guarantees or purchase com-

mitments, reputational concerns can make implicit purchase commitments credible, as

argued by Segura (2018).

It thus seems natural and sensible that post-crisis reforms also limit the step-in risk by

restricting the ability of regulated banks to purchase assets from their own subsidiaries.

Our model rationalizes a prohibition of pruchasing assets from subsidiaries whenever

liquidity guarantees are undesirable. However, we also emphasize that banks should

generally be allowed to purchase assets from (legally unrelated) shadow banks: Regula-

tion should thus prevent potential implicit liquidity guarantees via pre-committed asset

purchases by prohibiting asset purchases from subsidiaries. At the same time, allowing

regulated banks to purchase assets from other legally independent shadow banks ex post

can increase the stability of shadow banking sector: For the sector’s stability it matters

only how much liquidity is available in aggregate, but not who buys from whom.
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4.3. Screening Costs and Liquidity Guarantees

Until this point, we have only analyzed the effect of liquidity guarantees on the liquidity

available and the stability of the financial system. However, it is natural to assume that

liquidity guarantees also have an effect on the screening cost depositors face. Hence, we

now analyze the case of the provision of liquidity guarantees reducing the depositors’

screening costs.

Assume that the individual screening cost si is reduced to s′i = si/x, where x > 1,

whenever a shadow bank is equipped with a liquidity guarantee. We argue that it

appears plausible that the cost of screening a shadow bank is lower if it is equipped with

a liquidity guarantee: Whenever an investor is searching for a viable shadow bank, the

depositor does not have to check the viability of a shadow bank itself, but only whether

the liquidity guarantee is provided or not. In practice, an investor would simply need

to check whether the shadow bank is set up by a regulated commercial bank with a

reputation or not, instead of screening the shadow bank in detail.

Proposition 4. Assume that a liquidity guarantee reduces screening cost to si/x. Regu-

lated banks grant shadow banks liquidity guarantees endogenously, and the shadow bank-

ing sector size increases to G(xs∗) > G(s∗).

If screening costs are reduced by liquidity guarantees, two important implications fol-

low: First, if liquidity guarantees actually lower the screening costs, liquidity guarantees

emerge endogenously. By providing a liquidity guarantee to its shadow banking sub-

sidiary, commercial banks make their subsidiary relatively more attractive and increase

their market share. Shadow banks without liquidity guarantees will be driven out of the

market.

Second, once all shadow banks are equipped with liquidity guarantees, the depositors’

cost of screening shadow banks is lower, making the shadow banking sector more attrac-

tive: under the reduced screening costs, the depositor who is indifferent is characterized

by s′i = s∗, i.e., si = xs∗, increasing the size of the shadow banking sector from G(s∗)
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to G(xs∗).

In terms of the implications for the stability of the economy, providing liquidity guar-

antees that lower screening costs have two opposing effects: First, as argued in Propo-

sition 2, the critical size up to which the shadow banking sector is stable increases.

However, the size of the shadow banking sector increases, too. The total effect is am-

biguous as it depends on the parameters which of the two effects dominates. While

liquidity guarantees in theory have the potential to stabilize the shadow banking sector

by decreasing the parameter space of runs, they can also destabilize by increasing the

size of the shadow banking sector and therewith decreasing the fire sale price in case of

a run. In particular, if screening costs are high without, but very low with, liquidity

guarantees, one may find that the contractual interdependence of the two sectors creates

fragility.

5. Final Remarks

This paper investigates how a shift of activities from the sector of regulated banking to

the shadow-banking sector can create financial fragility. We consider different implica-

tions for financial stability when regulated banks themselves operate shadow banks: If

regulated banks commit to support their shadow banking subsidiaries, a larger shadow

banking sector may become sustainable. However, while direct contractual exposure to

the shadow banking sector via liquidity guarantees increases the maximum size of sus-

tainable shadow banking, it also enables contagion to the regulated banking sector in

case of a crisis. Importantly, this channel is present despite the absence of any funda-

mental risk of bankruptcy, and may impose costs for the safety net that covers regulated

banks.

Moreover, liquidity guarantees may also lead to a larger shadow banking sector in

the first place: whenever liquidity guarantees reduce the information asymmetries in

the shadow banking sector, it becomes optimal for regulated banks to set up a shadow
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banking subsidiary. By reducing information asymmetries, this makes the shadow bank-

ing sector more attractive as a whole and induces growth of shadow banking activities.

As a larger shadow banking sector is potentially more fragile, we argue that liquidity

guarantees may set the stage for panic-based runs in the shadow banking sector in the

first place. This behavior is a form of regulatory arbitrage as regulated banks abuse

their deposit insurance to support their shadow-banking activities.

These runs are based entirely on self-fulfilling expectations, and they are unantic-

ipated in our model. One interpretation of our model is that agents treat crises as

zero-probability events as, e.g., in Gennaioli et al. (2013). While such an assumption is

key to the model’s simplicity, the trade-off between the two sectors would clearly change

in a richer setup with fundamental risk and anticipated runs. Thus, the simple nature

of the model limits the welfare statements we can derive. Yet, we argue that our model

is helpful to identify and emphasize some important forces and trade-off that determine

financial stability in the context of the interplay between regulated and unregulated

banking.

Our model helps to rationalize regulation that targets active regulatory arbitrage and

contractual linkages between regulated banks and shadow banks. For instance, Section

619 of the Dodd-Frank Act, also referred to as the “Volcker Rule”, as well as the Financial

Services Act of 2013 in the UK explicitly prevent such exposures. Most certainly, these

reforms reduce the potential contagion between shadow banks and regulated banks. By

reducing (or appropriately regulating) the step-in risk of bank towards unconsolidated

entities, the regulation reduces the banks exposure to panics originating in the shadow-

banking sector. This paper shows that these reforms may be helpful in limiting the

financial instability arising from regulatory arbitrage. In particular, we argue that they

have a macroprudential role in safeguarding the regulated banking sector and preventing

growth of the shadow banking sector.

Within the discussion on how to specify the prohibition of contractual linkages, our
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model helps to distinguish between the benefits and risk associated with regulated banks

being able to purchase assets from shadow banks in case of distress. On the one hand,

the ability of regulated banks to purchase assets may increase financial stability as it

increases the size of a sustainable shadow banking sector, without increasing the size of

the shadow banking sector. Hence, any regulatory reform that makes such purchases

more difficult may harm financial stability. However, while asset purchases may be

a way of stabilizing the shadow banking sector, it appears problematic if regulated

banks purchase their own subsidiaries’ assets because this can be used to rule out this

specific form of step-in risk. Hence, regulation should foster shadow banks’ stability by

allowing regulated banks to purchase assets from shadow banks, but not from their own

subsidiary.
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Figure 1: Structure of the Economy. Shadow banks, like regular banks, invest in long

assets and transform these investments into short-term claims. There is a secondary

market in which shadow banks can sell their assets to arbitrageurs. In a later specifica-

tion, we allow regulated banks to be active in the secondary market or even to operate

shadow banks themselves and grant them liquidity guarantees.
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Figure 2: This figure depicts the fire-sale prices for the shadow banks’ illiquid assets

that can prevail in an equilibrium of the date-t subgame. If G∗ ≤ G0 = A/(1−π)rsb, the

arbitrageurs’ funds suffice to cover the liquidity shortfall in case of a run, and there is

a unique equilibrium without any panic-based withdrawals from shadow banks. In turn,

if G∗ > G0, the funds of arbitrageurs are insufficient, and the period-t subgame has

multiple equilibria. The dashed downward sloping curve denotes the price in the run

equilibrium. The horizontal dotted line the liquidity shortfall per unit of shadow bank.
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Figure 3: This figure visualizes the equilibrium characteristics of the financial system

for different values of the regulatory cost γb and γsb.

34



0
0

p

G∗

R/r̂

G0

(1− π)rsb

Stability Fragility

Unique equilibrium

Multiple equilibria

G1

Figure 4: This graph depicts the potential fire-sale price of long assets in case regulated

commercial banks provide liquidity guarantees to shadow banks. The critical size above

which multiple equilibria exist increases from G0 to G1. The upward sloping dotted line

depicts a representative shadow banks’ liquidity shortfall after subtracting the payment

from the liquidity guarantees, i.e., [G∗(1−π)rsb− (1−G∗)]/G∗ = (1−π)rsb + 1− 1/G∗.
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Appendix A Disciplining short-term debt, skin-in-the-game,

and regulatory costs

In this section, we extend the model to provide a foundation for why regulatory costs

are higher for those intermediaries which are covered by a deposit insurance, i.e., why

regulatory costs are higher in the regulated banking sector. In the model described above,

regulatory costs enter as an exogenous cost parameter γb for regulated commercial banks,

and γsb > γb for shadow banks.

Here, we argue that, once a bank is covered by a safety net that is in place to pre-

vent self-fulfilling runs (e.g., a deposit insurance), short-term debt-holders refrain from

disciplining the bank (Calomiris and Kahn, 1991; Diamond and Rajan, 2001) and the

bank has incentives to invest in riskier projects that yield private benefits. The regu-

lator thus needs to impose a minimum capital requirement in order to ensure that the

bank behaves diligently. However, we assume that issuing equity is costly for interme-

diaries, explaining the lower profitability of an intermediary that is subject to a capital

requirement. Hence, because stricter regulation is necessary when a deposit insurance is

provided, regulatory costs are higher for those intermediaries.

Complementary to the setup above, assume that any intermediary in the economy,

regulated or not, is operated by a banker who is an owner-manager. Managers can

decide whether they want to operate a regulated bank or a shadow bank. We keep the

assumption that some small fraction of managers is incompetent: Such managers are

not able to engage in intermediation; they necessarily go bankrupt and their depositors

lose all their deposits.

Now assume that—next to the short asset and the long asset described in the beginning

of Section 2—bank managers also have access to an additional production technology

that we call “private asset”. This private asset is similar to the long asset, but pro-

duces some private non-pledgeable benefit b per unit of deposits for the bank manager.

However, the investment fails with some probability α, reducing the return from R to
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0. We assume that investment in the private asset is socially undesirable because it is

dominated by the long asset, i.e.,

R > (1− α)R+ b. (12)

This structure is reminiscent of how moral hazard is introduced, for instance in Holm-

ström and Tirole (1997).

If the manager invests in the private asset instead of the long asset, the bank still offers

the same demand-deposit contract as above. However, the bank can serve its depositors

only with probability 1− α, but with probability α it defaults.

Two different types of intermediation can prevail. In the first (shadow banking),

the manager holds no equity and his depositors are not protected by a deposit insur-

ance. Depositors screen in order to be able to identify incompetent managers ex-ante.

Moreover, they discipline ex-interim, i.e., it constitutes a credible threat that depositors

might withdraw their funds if the manager misbehaves by investing in the private asset.

Therefore, the manager behaves diligently in the first place.

In the second environment (regulated banking), depositors are protected by a deposit

insurance and do not need to screen ex-ante or to discipline ex-interim. In the presence of

a deposit insurance scheme, investors do not care about the type nor about the behavior

of the bank manager. Thus, regulation and supervision is necessary to eliminate adverse

selection and moral hazard problems.

Assume that every intermediary faces some cost γsb each period per unit invested in

the long asset or in the private asset, with γsb < R − 1. If the banker has no “skin in

the game” and his liabilities are uninsured, i.e., if he is not disciplined by the depositors,

he always prefers to invest in the private asset because it gives him the private benefit

b, whereas he gets no benefit from the long asset. The incentives, however, change once

the banker has some “skin in the game”.

Assume that the banker has some endowment which he can invest in the banking
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business, and assume that he has some required return of κ > R per period.16 His

participation constraint requires that he receives κe units each period if his investment

in the intermediation business is e each period. Each period, the banker can now invest

1 + e units, and the return is R(1 + e). Using this return, the intermediary first has to

pay the cost γsb, then he gets his payment. The remainder, R − γsb − (κ−R)e, can be

used to pay out depositors.

Which level of equity is required to induce diligence? When investing in the private

asset, the banker gets b for sure, but he only receives the payment Re with probability

1− α. When investing in the long asset, he gets Re for sure. Thus, the banker behaves

diligently whenever

e ≥ b

αR
. (13)

By setting a minimum amount of αR/b units of equity per unit of deposits, the regulator

can induce diligence. The cost of equity is given by (κ − R)b/(αR), and the total

regulatory cost for commercial banks is given by γb = γsb+(κ−R)b/(αR). If γb < R−1,

it is also profitable for regulated commercial banks to invest in the long asset.

Notice that the equity requirement not only solves the moral hazard problem, but

also the screening problem: An incompetent banker would not operate in the regulated

banking sector because he would lose his equity for sure.

Hence, screening is only necessary in the shadow banking sector. As above, the screen-

ing is associated with private costs for the investors: screening costs vary across investors

and each investor i has some screening costs si which are drawn from G(s). The ultimate

trade-off is then as above: in the regulated banking sector, no screening is necessary;

however, due to higher regulatory cost, the offered interested is lower. In the shadow

16The assumption is a shortcut for assuming that some market imperfections make issuing equity more

costly than debt. The standard argument why equity is costly is based on adverse selection concerns

(Myers and Majluf, 1984). Other more recent reasonings are, for instance, a detrimentally high

cost of renegotiating with existing creditors and an associated leverage-ratchet effect (Admati et al.,

2018), as well as non-pecuniary benefits to bank owners (Adrian and Shin, 2011).
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banking sector, the interest offered is high, but the screening costs accrue.

Appendix B Institutional Details: MMFs, ABCP Conduits,

and SPVs

In the main text, we presented a model in which the shadow banking sector consisted

of one vertically integrated, representative shadow bank. In order to illustrate that our

model’s results can be translated into a more complex shadow banking sector with an

intermediation chain, we will now describe a shadow banking sector that offers credit,

liquidity, and maturity transformation to investors through vertically separated institu-

tions. We assume an exogenously given structure of the shadow banking sector (com-

pare Figure 5) which is empirically motivated; we follow and simplify the descriptions by

Pozsar et al. (2013). Altogether, the shadow banking system invests in long assets and

transforms these investments into short-term claims. However, we distinguish between

different actors in the shadow banking sector.

Consider a shadow banking sector that consists of special purpose vehicles (SPVs),

ABCP conduits, and money market mutual funds (MMFs). Investment banks securitize

assets such as loans (i.e., the long assets in our model) via SPVs. SPVs buy long assets

with idiosyncratic returns, transform them into ABS, and sell them to ABCP conduits.

The empirically motivated narrative is that investment banks use SPVs to purchase

loans from loan originators such as mortgage brokers or commercial banks. These SPVs

bundle the claims into securitized loans (ABS), thus diversifying the idiosyncratic return

risk and conduction risk transformation. Securitization makes the long assets tradable

by eliminating the adverse selection problems associated with idiosyncratic return risk.

Note that SPVs typically do not lend to firms or consumers directly, but rather purchase

loans from loan originators such as mortgage agencies or commercial banks; however, we

do not model this loan origination explicitly. For simplicity, let us assume that the cost

of shadow-banking γsb accrues at this stage. Thus, the ABS that are sold by SPVs have
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Figure 5: Detailed Structure of Shadow Banking. The structure of the shadow banking

sector is mostly exogenous in our model; we selectively follow and simplify the descrip-

tions by Pozsar et al. (2013). Shadow banking consists of special purpose vehicle (SPVs),

ABCP conduits such as structured investment vehicles (SIVs), and money market mu-

tual funds (MMFs). SPVs transform assets into asset-backed securities (ABS) in order

to make them tradable, i.e., they conduct risk and liquidity transformation (securitiza-

tion). ABS have a long maturity; they are bought by ABCP conduits. ABCP conduits,

in turn, use short-term debt to finance these long-term assets; they sell asset-backed com-

mercial papers (ABCP) to MMFs, i.e., they conduct maturity transformation. MMFs

are the door to the shadow banking sector: They offer deposit-like claims to investors,

such as shares with a stable net assets value (NAV), thus conducting another form of

liquidity transformation. Finally, there is a secondary market in which ABS can be sold

to arbitrageurs.
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a return of R− γsb.

These securitized assets with long maturities (ABS) are purchased by ABCP conduits,

e.g., by structured investment vehicles (SIVs). They, in turn, finance their business

by issuing short-term claims like asset-backed commercial papers (ABCPs).17 These

short-term claims are sold to MMFs. In this intermediation chain, ABCP conduits are

the institutions that conduct maturity transformation. Maturity transformation is the

central element and the key service of banking in our model, and it is the main source

of fragility.

For depositors, MMFs are the door to the shadow banking sector as they transform

short-term debt (such as ABCPs) into claims that are essentially equivalent to demand

deposits, such as equity shares with a stable net assets value (stable NAV). MMFs thus

conduct liquidity transformation. Again, we will assume that MMFs are literally taking

demand deposits.

At the heart of the shadow banking sector is the maturity transformation by ABCP

conduits which purchase securitized long assets from SPVs. As described above, these

assets have a return of R−γsb and a maturity of two periods. ABCP conduits can finance

themselves by borrowing from MMFs via ABCPs. Moreover, they can also sell ABS to

arbitrageurs in the secondary market, as specified above. ABCP conduits may be legally

independent entities, but theyoften largely founded and operated by regulated banks in

order to engage in unregulated off-balance sheet maturity transformation (Acharya et

al., 2013). Because such maturity transformation is very fragile, banks stabilized their

conduits by providing them with liquidity guarantees. In this section, we assume that

all ABCP conduits are provided with such liquidity guarantees.

Investors can access the services of the shadow banking sector via MMFs, which

are assumed to intermediate between investors and ABCP conduits.18 MMFs offer

17ABCP conduits also use other securities to finance their activities, such as medium term notes. In the

context of our mode, we focus on short-term claims such as ABCPs.

18This is equivalent to assuming that investors face large transaction costs or do not have the expertise
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demand-deposit contracts to investors while purchasing short-term claims on ABCP

conduits.19 MMFs offer a per-period interest rate rmmf to investors and purchase ABCP

(short-term debt) with a per-period return rabcp. Competition among MMFs and among

ABCP conduits implies that rmmf = rabcp = rsb. Investors face the same situation as

described in the last section, and the size of the shadow banking sector is again given

by G∗ = G(s∗).

In the following, we will analyze the fragility of the different institutions within the

shadow banking sector. First, we will assume that MMFs have perfect support by a

sponsor and analyze under which condition a run of MMFs on ABCP conduits constitutes

an equilibrium. Second, we will relax the assumption of sponsor support and analyze

under which conditions investors might run on MMFs.

B.1 Runs on ABCP Conduits

As in the previous section, we now study the stability of the shadow banking sector.

We again analyze the period-t subgame under the assumption that behavior until date

t−1 is as in the steady-state equilibrium specified above. We assume that the regulated

banks grant liquidity guarantees to the ABCP conduits. Moreover, we assume for the

moment that MMFs receive absolutely credible sponsor support, implying that investors

will never run on MMFs. We derive the condition under which ABCP conduits might

experience a run by MMFs, i.e., the condition for the existence of a run equilibrium in

the period-t subgame.

Proposition 5. Assume that all ABCP conduits are granted liquidity guarantees by

commercial banks. A run of MMFs on ABCP conduits constitutes an equilibrium of the

period-t subgame if and only if G∗ > G1, with G1 as defined in Proposition 2.

to buy ABCP directly.

19An MMF typically sells shares to investors, and the fund’s sponsor guarantees a stable NAV, i.e., it

guarantees to buy back shares at a price of one at any time. As mentioned above, the stable NAV

implies that an MMF share is a claim that is equivalent to a demand-deposit contract.
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The logic behind Proposition 5 is the same as the one behind Proposition 2. In this

setup, MMFs have the same type of claims that investors had in the main part, and the

ABCP conduits have the same liabilities and assets, i.e., the same maturity structure,

that shadow banks had before.

If commercial banks engage in off-balance sheet activities, i.e., if banks themselves

operate ABCP conduits and provide them with liquidity guarantees, the critical thresh-

old for the size of the shadow banking sector is ϑ. Again, deposit insurance does not

eliminate self-fulfilling adverse equilibria at no cost. If the shadow banking sector ex-

ceeds the size ϑ, a run in the shadow banking sector constitutes an equilibrium despite

the safety net for commercial banks, and despite the liquidity guarantees of banks. By

running off-balance sheet conduits and providing them with liquidity guarantees, banks

circumvent the existing regulation and abuse their safety net.

The equivalent to Corollary 1 also holds in this setup:

Corollary 2. Assume that G∗ > G1, and assume regulated banks provide liquidity guar-

antees to ABCP conduits. In case of a run of MMFs on ABCP conduits, the safety net

for regulated commercial banks is tested and the regulator must inject an amount 1−G∗.

Because the liquidity guarantees that commercial banks provide to ABCP conduits

induce contagion of the regulated banking sector, the deposit insurance scheme needs to

inject funds into the regulated banking sector.

B.2 Runs on MMFs

In the previous sections, we ruled out runs on MMFs by assuming that they have credible

support by a sponsor. Credible sponsor support means that even if all investors withdraw

their funds from an MMF, the sponsor is able to provide sufficient liquidity to the MMF

such that it can serve all investors. Recall that we use the narrative that MMFs are

literally offering demand-deposit contracts. In practice, an MMF issues equity shares,
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and its sponsor guarantees stable NAV for theses shares, i.e., it promises to buy these

shares at face value in case of liquidity problems.

We now relax the assumption that the guarantee is always credible. We explicitly

model the credibility of the guarantee by assuming that the sponsors have m units

of liquidity per unit of investment in the MMF that they can provide in case of a

crisis. Moreover, we keep the assumption of existing liquidity guarantees. We show that

providing mG∗ units only credibly prevents a run on MMFs if this amount is sufficient

to fill the liquidity shortfall in case of a run of investors on MMFs, which in turn triggers

a run of MMFs on ABCP conduits.

Proposition 6. Assume that the economy is in the steady state described as above.

Assume further that all ABCP conduits are granted liquidity guarantees by commercial

banks, and that per unit of investment, MMFs receive m units of liquidity support from

their sponsor. A run of investors on MMFs constitutes an equilibrium if and only if

G∗ > Gm, where

Gm =
A+ 1

(1− π)rsb + 1−m
. (14)

If Gm > G∗ > G1, investors never run on MMFs, but MMFs might still run on ABCP

conduits, which then draw on the sponsor support.

Observe that once an MMF needs liquid funds because investors withdraw unexpect-

edly, it will stop rolling over ABCP. Now, whenever the shadow banking sector exceeds

the critical threshold G1, a run of MMFs on ABCP conduits is self-fulfilling, as ABCP

conduits will make losses only in this case. Notice that G∗ > G1 is also a necessary

condition for a run by investors on MMFs. If it is not satisfied, MMFs are always able

to fulfill their obligations by stopping the rollover of ABCP, making it a weakly domi-

nant strategy for patient investors not to withdraw early. However, it is not a sufficient

condition.

Observe that in case of a run on MMFs, the resulting liquidity shortfall for the MMFs

is given by [(1− π)rsb + 1]G∗−A− 1. Thus, a run of investors on MMFs constitutes an
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equilibrium only if

mG∗ < [(1− π)rsb + 1]G∗ −A− 1. (15)

Sponsor support can be interpreted as an additional liquidity backstop. If there is a

run by MMFs on ABCP conduits, MMFs make losses. This additionally triggers a run

of investors on MMFs if the sponsor is not able to cover these losses. Again, losses

depend on the fire-sale price. The fire-sale price, in turn, depends on the amount of

assets sold in case of a run by MMFs on ABCP conduits, which is determined by the

size of the shadow banking sector. If the shadow banking sector is so large that runs by

MMFs on ABCP conduits occur, but not so large that losses cannot be covered by the

sponsors, investors do not run. This is the case for Gm > G(s∗) > G1. In turn, if the

shadow banking sector size exceeds Gm, a run by MMFs on ABCP conduits will always

be accompanied by a run of investors on MMFs because sponsor support is insufficient

to cover losses in case of a run.
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