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1 Introduction

It has been a long standing puzzle why U.S. corporations hold seemingly excessive amounts of safe assets
including cash and tradable treasury securities. According to Is There a U.S. High Cash Holdings Puzzle
after the Financial Crisis? (2013), the average cash/asset ratio for non-financial and non-regulated firms
with a market capitalization above $5 million per year is approximately 21% from 2004 to 2010 and at
least 10% of the cash/asset holding is regarded as excessive. For financial firms, the puzzle is even
deeper. For example, in 2007 required reserves in the U.S. banking system averaged $43 billion, while
excess reserves averaged only $1.9 billion. During the first six months of 2012, required reserves averaged
almost $100 billion, while excess reserves averaged $1.5 trillion.! Even unregulated shadow banks hold
large amounts of safe assets. Jiang et al. (2020) show that for shadow banks active in the U.S. mortgage
market, cash and cash-like securities constitute, on average, 15% of their total assets in the 2011-2017
period. Moreover, the demand for safe assets in the form of reserves, treasury bills and bonds issued by
the government has been time-varying. For example, Andolfatto and Spewak (2018) have documented
that the share of safe assets—outstanding U.S. Treasury securities (treasuries)—was at a stable rate of 35%
of GDP throughout early 2000, but has increased to 75% since the 2007—2008 crisis, thereby indicating
that demand for safe assets is especially important during crisis periods. To explain the demand for
safe assets, we develop a model that formalizes the role of publicly issued safe assets as a balance sheet
multiplier in an economy with adverse selection, complementing the existing roles of safe assets as a
medium of exchange, a unit of account and a store of value.? Specifically, we demonstrate that publicly
issued safe assets facilitate more asset production on the asset side and/or promote high leverage on the
liability side of the balance sheet of private, especially financial, firms.

Before pinpointing the multiplier role of safe assets, we first model the optimal balance sheet compo-
sition of a representative borrower who faces a limited commitment problem. In this case, the borrower
has to pledge cash flows from the asset side of her balance sheet as collateral to secure funding from
investors (which are listed as liabilities on her balance sheet) to realize gains from trade. Typically,
borrowers can produce/purchase two types of assets as collateral: risky credit instruments (e.g., mort-
gage and corporate loans), and safe assets (e.g., treasury or equivalent securities). Risky collaterals

have limited funding capacity due to adverse selection. To model adverse selection, we assume that

Thttps://www.frbsf.org/education /publications/doctor-econ /2013 /march /federal-reserve-interest-balances-reserves,/
2For example, Samuelson (1958) studies money as a store of value in an overlapping-generations model, Kiyotaki and

Wright (1989) study money as a medium of exchange in a model with search frictions, Doepke and Schneider (2017) analyze

money as a unit of account for an optimal currency area where firms manage relative price risks among trading partners.



the risky collaterals have either high or low quality, and this information is privately observed by the
borrower. Safe assets, on the other hand, are free from information frictions but costly to produce by
the government and, therefore, expensive for investors to hold.

When the borrower is restricted to using risky collateral on the asset side of the balance sheet
and sell an equity claim backed by it on the liability side of the balance sheet to raise funding, the
equilibrium outcome depends on the degree of adverse selection. When the degree of adverse selection is
severe, borrowers with high-quality collaterals would choose not to be pooled with those with low-quality
collaterals. As a result, the market for collateralized borrowing is full of lemon assets, the prices for the
equity claims are low and less funding is raised, resulting in a small balance sheet for the borrower. The
opposite is true when the adverse selection is mild: that borrowers with both quality types of collaterals
are selling equity claims and investors are willing to pay a high pooling price resulting in a large balance
sheet size.

In this lemons environment, we demonstrate that safe assets act as a balance sheet multiplier. In
reality, safe assets are costly to hold for investment (e.g., due to inflation). To starkly highlight the
balance sheet multiplier role of the safe asset, we first study the case where the cost to secure a unit
of safe asset is higher than the gain from trade directly generated by it. Hence, it is not profitable to
hold safe assets on their own. An immediate consequence of this assumption is that safe assets are not
desirable if risky collaterals are already sold in a pooling equilibrium at a high pooling price. However,
if risky collaterals are sold in the separating equilibrium, we show that safe assets improve the funding
environment. By holding both safe assets and risky collaterals on the asset side of the balance sheet,
adverse selection of the combined asset portfolio is reduced, the economy switches from the separating
to the pooling equilibrium, resulting in more funding, a larger balance sheet, and greater realized gains
from trade.?

Consequently, borrowers are willing to pay more to construct a portfolio of both safe assets and
risky collateral on their balance sheets, leading to high valuations for both asset types. Moreover, both
asset types complement each other. When the cost of holding the safe asset is lower, more of the risky
collateral asset will be held, which means the borrowers’ balance sheet expands and pledgeable cash flow
in the economy increases. That is, safe assets facilitate the risky collateral production on the balance

sheet and act as a collateral multiplier. This finding is supported by the empirical evidence in Adrian and

3This theoretical result is consistent with the finding in Peydré, Polo, and Sette (2021) where by studying the balance
sheet compositions of Italian banks during 1999-2013 they find that during times of crisis (that is, when the adverse

selection problem is severe), banks switch to hold safer securities instead of making risky (collateral) loans.



Shin (2014) where they document the expansion of bank balance sheets as monetary policy is loosened.

Next, we allow borrowers to optimally design both the asset and liability sides of the balance sheet
jointly. In our setting, optimal security design leads to tranching the liability into a debt tranche that is
issued by both high- and low-quality borrowers and, hence, sold at a pooling price, as well as an equity
tranche issued by only the low type of borrower and sold at a separating price. The debt tranche is a
claim to the entire cash flow from the safe assets and the cash flow from the risky collaterals up to a
threshold. This threshold is chosen so that high-quality borrowers are indifferent between selling the
debt versus not, ensuring that the debt tranche is quality insensitive.*

The interesting element of this design is the interaction between the two quality-insensitive instru-
ments that are free from adverse selection: the safe asset on the asset side (produced by the government)—
public safe asset—and the debt tranche on the liability side of the balance sheet—private “safe” securities.
In this way, our theory applies naturally to banks, especially shadow banks. The asset side of the bank’s
balance sheet consists of safe assets such as treasury securities and risky assets such as bank loans. The
liability side consists of (short-term) debt such as repos and other wholesale securitized products. For
this reason, we sometimes refer to the borrowers in our model as banks.

Private safe securities production via debt tranche substitutes for the high cost of holding public safe
assets and hence, lowers the funding cost in the economy. Without security design, borrowers need to
hold enough safe assets to make the entire asset portfolio quality insensitive. With security design, they
are able to reduce costly safe asset holding since only the debt tranche needs to be quality insensitive.
All else equal, they hold fewer safe assets per unit of risky collateral, indicating a substitution effect.

At the same time, there is a complementarity between the public safe asset and private safe security
holding/production. An increase in the safe asset holding in a lemons market reduces adverse selection,
allowing the quality-insensitive debt tranche to expand and the quality-sensitive equity tranche shrink
in size. This complementarity between the public safe asset and private safe securities strengthens
the aforementioned collateral multiplier effect of the safe assets, because when the cost of safe assets
becomes lower, banks not only hold more safe assets and more risky collaterals but also more safe assets
per unit of the risky collateral. As a result, the private safe securities—the debt tranche-become larger.
The resulting higher leverage incentivizes banks to hold even more risky assets on the balance sheet,
causing the balance sheet to grow further. This balance sheet multiplier effect of safe assets in our model

corresponds with procyclical leverage and balance sheet size as documented in Adrian and Shin (2014)

4We refer to assets and securities sold in a pooling equilibrium as quality insensitive, in a separating equilibrium as
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for the financial intermediation sector of the economy (in particular shadow banks). To summarize, with
security design, safe assets facilitate collateral production on the asset side and promote leverage on the
liability side of the balance sheet, both strengthening the balance sheet multiplier effect.

This set of theoretical results is in line with empirical observations. For example, when the cost of
safe assets increases, our model predicts that banks with loans that are more subject to adverse selection
(e.g., banks with a larger fraction of subprime mortgages) would shrink their balance sheet further
and decrease their leverage more. Going back to the safe asset puzzle presented at the beginning of
the introduction, our model of the optimal balance sheet potentially explains why banks (or firms) hold
excessive cash or cash-like assets on their balance sheet (and borrow at the same time). According to our
model, the extraordinary level of safe asset holdings in the banking system since 2008 is the equilibrium
response to the reduction in the cost of safe assets from quantitative easing (QE), and the existence of
severe adverse selection problem in the banking system during and after the 2008 Great Recession. Our
theory also finds empirical support in Ennis and Wolman (2015). They have shown that a significant
proportion of reserves were held by banks apparently not restricted by capital requirements. Instead,
they find reserves did not crowd out other kinds of banking assets (such as securities, loans, and leases)
and banks with more reserves have larger balance sheet capacity.

Thus far, to illustrate the complementarities between public and private safe assets, we have assumed
that the gains from trade are linear in the amount of funding. Next, we generalize the model in a setup
where there are many bankers and the gains from trade are concave in the amount of funding in the
economy, a natural assumption akin to decreasing return to scale technology. This generalization allows
us to characterize conditions under which public safe assets are complements vs. substitutes with private
safe debt. We show that when the gains from trade are high, additional safe assets lower the adverse
selection on banks’ asset portfolios and hence allow them to produce more private safe debts on the
liability side and hold more risky collaterals on the asset side of the balance sheet. Empirically, this
corresponds to the scenario where the economy faces greater uncertainty (either new technologies or large
negative shocks inducing potential large gains from trade) and limited funding, resulting in procyclical
leverage and balance sheet size as documented in Adrian and Shin (2014). However, when the economy
is flooded with funding, the gains from trade are small, and additional safe assets further diminish
marginal gains from trade. High-quality borrowers become less willing to borrow at the pooling price.
As a result, banks lower their debt threshold, leading to lower private safe debt creation and lower
leverage. Empirically, in this scenario the amount of net private debt (private debt minus treasury) is

negatively correlated with the size of public safe assets (i.e., treasury), as documented by Krishnamurthy



and Vissing-Jorgensen (2015), indicating that public safe assets crowd out private safe debt creation.

The generalization of our model allows us to study the role of (conventional) monetary policy in
creating liquidity in the economy across business cycles. At the initial rise and the bottom of the
business cycle, adverse selection is severe and the complementarities between publicly safe asset and
private safe debt are dominant. Monetary policy can utilize this complementarity by issuing treasuries
to encourage private debt creation. During the peak of the business cycle, adverse selection is low. The
substitution effect dominates, and monetary policy needs to be more conservative ito avoid inefficient
crowding out of private debt.

With this new perspective that safe assets are balance sheet multipliers, we explore the implications
of unconventional monetary policies during the crisis. We find that when adverse selection in the private
sector’s balance sheet is severe, it is optimal for the government to conduct unconventional monetary
policies similar to the large scale asset purchase program (LSAP) or the troubled asset relief program
(TARP) of the U.S. government in 2008 that swapped ‘troubled” private risky assets for treasuries. An
alternative policy would involve the central bank injecting safe assets directly into banks and leaving
the troubled assets on banks’ balance sheets. This alternative requires the central bank to supply many
more safe assets backed by greater tax revenues to attract the same level of investment in the economy,
demanding a large fiscal capability and potentially negative profits for central banks. According to
our theory, asset swaps are more effective in stimulating economic growth because government has an
informational advantage relative to private lenders: it can remove troubled assets from bank balance
sheets without suffering from the adverse selection problem. It can then inject safe assets into the private
sector’s balance sheet using a combination of payments from risky assets and taxation. Our analysis
of central bank intervention yields one new cross-sectional testable implication: credit spreads of long-
term credit instruments (such as mortgage or corporate bonds) largely reflect the fiscal capability of the
corresponding government.

Finally, we study the pricing implications of safe assets. In our model, all public safe assets earn
a liquidity premium due to the role of the balance sheet multiplier. However, even though publicly
issued safe assets are free from adverse selection, their payoff might be deterministic. There are multiple
reasons why safe assets such as treasury bonds might not be completely risk-free. First, the coupon
payments from treasuries are nominal and subject to inflation risk. Second, treasuries not only pay
a cash flow but also a service flow. The service flow could be based on the corresponding collateral
rent, which is time varying and risky. In our model, due to its role as balance sheet multiplier, safe

assets command a price premium. However, the multiplier effect is larger when the safe asset’s payoff



is risk-free. By modeling safe assets with a risky payoff component allows us to decompose the price
premium or convenience yield for safe assets into two components—safety and liquidity— and speak to the
empirical literature. For example, Krishnamurthy and Vissing-Jorgensen (2012) show that during the
sample period of 1926-2008, the liquidity attributes of treasuries account for 46 basis points, while the
safety attributes of treasuries account for 26 basis points per year in terms of convenience yield. This
decomposition varies with the level of adverse selection, costs of safe assets with different risk profiles,
gains from trade arising from productivity in the economy.’

Literature Review

The economics of safe assets has fascinated the economic profession due to its interesting features and
pricing anomalies (Gorton (2016)). Caballero and Farhi (2017) and Caballero, Farhi, and Gourinchas
(2017) define a safe asset as a simple debt instrument that is expected to preserve its value during
adverse systemic events. Brunnermeier and Haddad (In Preparation) also define safe assets as assets
that appreciate in value in times of stress but point out the bubble aspect of safe assets. Safe assets
in our paper are defined as being free of information frictions, similar to the definition of safe assets as
information-insensitive securities in Dang, Gorton, and Holmstrém (2013). Gorton and Ordonez (2013b)
show that public safe assets play an important stabilizing role in collateral production, irreplaceable by
private assets such as bank loans. Our model formalizes the role of public safe assets played in lowering
the adverse selection and stimulating collateral production in the economy. The underlying economic
mechanism is different as the frictions in our model lead to adverse selection rather than incentives to
acquire information. By formulating the role of safe assets as a balance sheet multiplier, our model
has implications for the effectiveness of various unconventional monetary policies. Our models shows
that QE operations that take the troubled assets off banks’ balance sheets are most effective when
adverse selection is severe and fiscal capacity of government is limited. This speaks to the literature
that assesses the impact of QE on not only a wide range of financial assets but also financial markets in
general (Krishnamurthy and Vissing-Jorgensen (2011), Haldane et al. (2016), and Reis (2017)).

Our theoretical finding of the interaction between the supply of public safe assets and the production
of private liquid debt adds an additional complexity to the finding that public safe assets and private
safe assets are substitutes as shown in Krishnamurthy and Vissing-Jorgensen (2015), Gorton, Lewellen,
and Metrick (2012), Gorton and Ordonez (2013b), and Carlson et al. (2016) This literature focuses on

the money view of both public and private safe assets: both provide direct utility for consumers and

5Geromichalos, Herrenbrueck, and Lee (2018) also distinguish safety and liquidity premium. In their setup, not all safe
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are substitutes for providing short-term liquidity. We also emphasize a collateral view , that public
safe assets act as collateral multipliers and lower the adverse selection in the banking sector’s balance
sheet. This view is consistent with the empirical findings on both short-term and long-term safe asset
production. For example, the balance sheet channel of safe assets is observed by Kacperczyk, Perignon,
and Vuillemey (2021) where they show that European banks that have higher quality balance sheets are
able to issue more short-term CDs (i.e., private safe debts), which are better substitutes for short-term
government securities from 2008-2014. Regarding the long-term safe assets, our theory predicts that
they can act as complements to risky assets, especially during times of crisis. This theoretical insight is
consistent with the findings in Krishnamurthy and Vissing-Jorgensen (2012) that show that the liquidity
premium on long-term treasury bonds was substantially higher than T-bills at the time of Operation
Twist, indicating the contraction of long-term safe collaterals that negatively affected the value of long-
term risky assets, leading to increased mortgage spreads. Our theory, nevertheless, generates both
substitution and complementary effects, accommodating both money and collateral views of public and
private safe asset interactions. We find that borrowers optimize on both public and private liquidity
margins: when the cost of public safe assets is relatively high, borrowers indeed substitute toward private
liquidity per unit of risky collateral; however this crowding out effect is subtle and takes place when there
is a large enough supply of safe assets in a lower adverse selection environment. When the cost of the
safe asset is relatively low and the supply is limited, an additional holding of safe assets would lead to
more production of private liquid short-term debts. Our finding on this complex interaction of public
and private liquidity production potentially could shed light on the impact of unconventional monetary
policies on the role of banks in producing “money-like” short-term liquid securities. This role has been
well recognized in both the macro and the banking literature (Diamond and Dybvig (1983);Gorton
and Pennacchi (1990); Holmstrom and Tirole (1998) Stein (2012); Diamond (2017); and Donaldson,
Piacentino, and Thakor (2018)), while how the supply of public safe assets affects private liquidity
production and hence entrepreneurial activities/real output in this type of economic environment has
been understudied.

Moreover, our model produces new pricing implications of safe assets. In our model, borrowers are
willing to hold and pay more for safe assets due to their balance multiplier effect and the resulting
convenience yield can be decomposed into liquidity and safe components. These theoretical findings are
supported by empirical results in Krishnamurthy and Vissing-Jorgensen (2012) and recent work by Jiang
et al. (2019) that show that the market value of outstanding government debt is significantly above the

expected present discounted value of current and future primary surpluses.



Our paper is also related to a long lineage of security design literature including Leland and Pyle
(1977); Myers and Majluf (1984b); Nachman and Noe (1994);DeMarzo and Duffie (1995);DeMarzo and
Duffie (1999) Biais et al. (2007); and Chemla and Hennessy (2014). By focusing on liquid debts, our
paper is also related to endogenous asymmetric information in an optimal security design problem such
as Rocheteau (2011); Yang (Forthcoming); Dang, Gorton, and Holmstrém (2013); and Farhi and Tirole
(2015). The fact that information friction affects the moneyness of an asset has also been studied
by Lester, Postlewaite, and Wright (2012) and Li, Rocheteau, and Weill (2012a). Our focus on the
interaction between the public and private liquidity design is unique to this literature.

Our model shares several features of an earlier paper by Bigio and Weill (2016) who study banks’
optimal asset-liability design. Bigio and Weill (2016) model the frictions between a monopolistic bank and
producers who own informative-sensitive assets in a two-state economy. They focus on the intermediary
role of banks in creating deposits for the productive sectors of the economy by pooling information-
sensitive assets, and show that liquid and illiquid assets are complementary in deposit creation. In our
model, we abstract away the difference between banks and producers and consider them as a coalition.
Instead, we focus on modeling the role of public safe assets where the demand for public safe assets
is a choice variable of borrowers/banks, and the supply of public safe assets is bounded by the fiscal
capability of the government. We generalize the state space for both safe and potentially lemon assets,
as well as the gains from trade. This allows us to study the pricing of both information sensitive and
insensitive assets, such as the safety and liquidity premium of safe assets as well as the credit spread of
potential lemon assets, delineate the complementarity or substitution effect between public safe assets
and private safe securities, and analyze the effectiveness of conventional and unconventional monetary

policies such as QE in an adverse selection environment.

2 The Model

2.1 The Model Setup

There are three dates, t = 0,1,2 and a single consumption good. The consumption good must be
consumed during the date at which it is produced, otherwise it perishes. There are two types of agents
which we call agent Bs (borrowers or banks) and agent Is (investors). All agents consume at dates 1 or
2 (but not at date 0). Agent Is are indifferent between consuming an additional unit at date 1 versus
at date 2. Agent Bs are more impatient than agent Is. They are indifferent between consuming an

additional unit at date 1 versus z > 1 additional units at date 2. The reasons that agent Bs are more



impatient and need consumption goods at date 1, is possibly because they have higher discount rates
or they have access to alternative investment opportunities that produce z units of consumption good
at date 2 from each unit of consumption good at date 1. Depending on the application, consumption
goods at date 1 can be interpreted as capital or intermediate input for a high-return z-technology, which
we discuss in section 2.2. Consequently, there are potential gains from trade between the two types of
agents at date 1.

Basic Production Technology. Both types of agents are able to produce the consumption good using
labor with a constant returns-to-scale technology such that one unit of consumption good requires one
unit of labor. We assume that agent Is can produce the consumption good at all dates whereas agent
Bs can only produce it at dates 0 or 2 but not at date 1, which reflects the need for borrowing by agent
Bs at the interim date. We also assume that producing the good using labor and consuming it provides
zero net utility to both types of agents.

Pledgeable Assets. We assume that agent Bs cannot borrow from agent Is at date 1 unless they
make a credible promise to pay back. This assumption could be motivated several ways. If gains from
trade are due to different discount rates, agent Bs would consume all the consumption goods that they
borrow at date 1. So they need pledgeable cashflow to pay back at date 2. Alternatively, if gains from
trade are because agent Bs have productive investment opportunities, i.e., agent Bs produce z units of
consumption goods for each unit that they borrow at date 1, there is a limited commitment problem,
that is, they cannot commit to pay back loans out of the z units they produce and need pledgeable cash
flow to borrow.

There are two types of collateral assets: safe and risky. A safe asset, s, generates s(w) > 0 units of
pledgeable consumption good in state w at time 2 where w € 2 is the aggregate state of the economy.
Suppose that there is a finite number of aggregate states, |2] = N < oo, Pr (w) = 7, which is commonly

known by all agents.b

We denote the expected value of the safe asset s by Es = )" s (w)m, We
interpret these assets as government issued safe assets such as treasury bills and bonds whose payoff
depends on the aggregate state of the economy. Safe assets may have different risk profiles (e.g., inflation
risk at different durations) but are free of information frictions since none of the agents have private

information about them. We assume that the market for safe assets is complete and hence there are N

6To make a clean comparison, we assume that safe assets are completely free from asymmetric information. In a
dynamic framework, the distinction between the safe and risky assets may be less stark. For example, treasury bills and
bonds may be subject to short-lived asymmetric information, in contrast to risky assets that are subject to long-lived

asymmetric information.
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Arrow-Debreu assets which we denote by s, for w € Q such that s, (w) = 1 and s, (w') = 0 for &’ # w.”

We also assume that there are N risky assets 7, : Q x [0, 0] for w € Q. We assume that r,, (w’,6) =0
for w' # w and 7y, (w,0) =7, (W',0) = 0 for all @ € [0, 0] and w,w’ € Q. These risky assets are similar to
Arrow-Debreu assets in the sense that they only pay in one of the aggregate states; however, they are
risky because their payoff depends on the realization of another random variable 6. The distribution of
6 is given by Fg(0;w) which depends on the quality of risky assets, @, and the aggregate state of the
economy w. Agent Bs have private information about the quality @, which can be high (H) or low (L).
This formulation allows € and w to be correlated and the degree of adverse selection to depend on the
state of the economy w. We denote the expected value of a risky asset r,, with quality @ in state w by
E50 = [ 0dFo(0;w). Agent Is believe that L occurs with probability A and H occurs with probability
1— ), and this, as usual, is common knowledge. We refer to an agent B that observes quality @ as type
Q@ borrower/bank. We interpret risky assets as privately issued assets such as mortgage or corporate
loans.

Although many of our results can be illustrated in a single w-state setup, the more general environ-
ment is important in decomposing the safe asset premium into its safety and liquidity components. In
addition, this setup clarifies the distinction between safe and risky assets and opens the door to studying
the implications of market incompleteness on the value of safe assets.

Safe Asset Markets and Risky Asset Production. Markets for safe assets open up at date 0. We
assume that the date 0 price of Arrow-Debreu safe asset s, is p,. By no arbitrage, price of safe asset
sis p(s) = Y 5(w)p,. We can think of markets for safe assets as treasury auctions or secondary
markets. Similarly, date 0 price of A units of the risky asset r,, is p(A4;r,) units of consumption good
with p(0;r,) > 0, p'(4;7y) > 0, p”"(A;7,) > 0 for all A > 0. Agent B pays for safe and risky asset
purchases by producing the consumption good via labor at date 0.

Securities. Next, we define the securities backed by the pledgeable cash flow of a portfolio consisting
of M,, units of the safe asset s, and A, units of the risky asset r,, for w € . At date 1, agent Bs use
these securities to trade with agent Is in securities markets that we describe later.

A security y : © % [Q,ﬂ — R, is a payoff contingent contract.® The contract is fulfilled at date 2
when assets pay dividends. We assume that securities are monotone in the dividends generated by the

assets:

y(w,0) >y (w,0)if M, + A,0 > M, + A0 (1)

"That is, we assume that existing safe assets span the aggregate states.
8We restrict attention to right continuous contracts.
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for all w € Q and 6,6’ € [Q,g].
A security design is a finite set of securities, J = {yl, e ,y‘]}, backed by M,, units of the safe asset
Sw and A, units of the risky asset r,, for w € Q, that is,

J
> Y (w,0) < My, + Aub (2)
j=1

for all w € Q and 0 € [Q,m.

Security Markets. The securities are sold in dedicated over-the-counter markets at date 1 after the
aggregate state, w, becomes public information and agent Bs obtain private information about the risky
asset’s quality. In each security market, several investors make bids a la Bertrand and the seller—the
asset owner—decides how much to sell at the highest bid.® We denote the price of security 37 in state w
by ¢’ (w), and the quantity of security j exchanged when the underlying asset quality is Q by aé (w).10
We further assume that an investor has access only to one security market so that trading information
is segmented across security markets.

Balance Sheet Design Problem. Since all borrowers are identical, we call a representative borrower
agent B in the remainder of the paper. Agent B designs the balance sheet at t = 0 before the arrival
of information about the aggregate state w or risky asset’s quality Q). Agent B first chooses M, (the
amount of safe asset s,,) and A, (the amount of risky asset r,) for each w € € to hold on the asset
side of the balance sheet. At the same time, she chooses the set of securities on the liability side of the
balance sheet backed by these assets. At the beginning of date 1, all agents learn the aggregate state
w and agent B learns the risky asset’s quality (). Agent B exchanges some of the securities with date

1 consumption good with agent Is and retains the rest on her balance sheet. Hence, formally, agent

B chooses M, and A, for w € Q and a balance sheet design J taking the security prices ¢/ (w), and

9If several investors are tied for the highest bid, agent B equally splits the amount she would like to sell between them.
10The price of the security does not depend on the underlying asset quality because investors are not able to distinguish

between low and high quality when they make offers for a security; however, the quantity exchanged depends on the quality

because the owner is privately informed.
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quantities, ag, (w), as given to maximize:

SO [ X ah @) (o @) -7 (0.0) + O+ Aur 0) | dFe(6:0) ®)

we [

(LX) /9 S ady (@) (207 (@) — 4 (@,0)) + (Ma, + Aur (9)) | dFy(030) | p

—1

- }::p(Aw§rw)_'jE:]wpr

weN weN

The balance sheet design takes place ex-ante before the arrival of information about the aggregate state
or the quality of the risky asset. We have in mind an environment where risky assets (mortgages,
corporate loans, etc.) look identical ex ante.

Timeline. To recap, there are three dates. At date 0, agent B chooses the amount of collateral assets
to purchase and the composition of the balance sheet. On the asset side, she chooses the amount of
safe and risky collateral assets to hold. On the liability side, she chooses the set of securities backed by
these assets. After these decisions are made, the aggregate state becomes public information and agent
B privately learns the quality of risky collateral assets on the balance sheet. At date 1, agent Is and
agent Bs trade securities: Agent Is exchange consumption good for the securities issued by agent Bs
backed by the assets on their balance sheets. At date 2, agent Bs make payments promised by securities

to agent Is based on the realization of the state.

2.2 Applications

In our leading application of the model, agent Bs are shadow banks and the input from agent Is is
capital. The representative bank designs the (pledgeable) asset and liability composition of its balance
sheet to increase its capacity to raise capital. The asset side of the bank’s balance sheet can be broadly
categorized into two types: safe and risky. Safe assets are reserves, treasuries and AAA-rated bonds.
Risky collaterals are mortgages, car loans, and other collateral-backed debt that the bank issues and has
private information about. The liability side of the bank’s balance sheet consists of securities backed
by these pledgeable safe and risky collateral assets. This interpretation corresponds well to the shadow
bank operation described in Gorton and Metrick (2012a). Shadow banks do not have deposit insurance
and have to rely on collateralized borrowing for funding.

Gains from trade could be from the bank’s off balance sheet activities such as loans to startups
that have no immediate cash flows or activities that provide private benefits to the bank or payment

processing fees. Cash flows of these productive activities are not pledgeable.
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To summarize, the bank raises capital by selling asset-backed securities (on the liability side of its
balance sheet) to investors that it uses to support its productive off-balance sheet activities. In the rest
of the paper, we refer to the representative agent B as the bank.

The model applies more broadly to firms that have collateral assets and are in need of intermediate
inputs for activities that do not generate pledgeable cash flows. For example, a firm may possess an
inalienable productive technology while agent Is supply input to this technology. These inputs can be
specialized labor or any other types of intermediate goods. Supply chain finance is one specific example.

Finally, the model also applies to the case where agent Bs and agent s have different discount rates.
Agent Is are savers and agent Bs are those who have been hit by a liquidity shock — in aggregate, a
deterministic proportion of agent Bs demand liquidity, similar to the environment proposed by Diamond
and Dybvig (1983). However, the focus is different. In Diamond and Dybvig (1983), they focus on the
role of banks to pool a population of agent Bs and provide demand deposits to insure against liquidity
shocks. In our setup, we focus on the role of collateral assets on a balance sheet in creating pledgeable

cash flows.

2.3 Equilibrium in Securities Markets

Before proceeding with solving the main model, we first describe the equilibrium in the market for an
arbitrary security y.'! We assume that investors are strategic and compete & la Bertrand, which ensures
that equilibrium in each security market is generically unique. That is, in the market for security vy,
investors simultaneously make price offers taking into account which types of the borrower would sell the
security at that price. Agent B observes these offers and decides how much of the security to allocate
to each investor.'? Due to Bertrand competition, investors make zero surplus in expectation, and the
equilibrium price of the security, ¢ (w), is equal to the expected value of a unit of security given the

quantities sold by each type ag (w):
q(w) =AEfy (w,0) + (1 = A) Efjy (w,0). (4)
Quantities sold by each type must be optimal given the price, i.e., for each Q € {L, H},

ag (w) € arg arg[%ﬁ} a(z2q (W) — By (w,0)) . (5)

By (1), the expected payoff of the security when issued by the high type is weakly more than that issued
by the low type, i.e., EYy (w,0) < E%y (w,0). We define quality ratio R as the ratio of the expected

HWe now drop the security index j from all the variables to ease the notation.
121n this formulation agent B has all the bargaining power, but this is not crucial for any of our results.
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value of the security under the low versus the high distribution, i.e., r, = EYy (w,0) /EYy (w,0). As
this quality ratio increases, the expected values of the security under the low versus high distribution
become closer, and the adverse selection problem becomes less severe.

The next proposition characterizes the equilibrium in the security market.

Proposition 1. Ifr, > ( =1 — (z — 1)/Az, in the market for security y the price of the security is
q (W) = AEYy (w,0) + (1 = N) B4y (w,0) and ar, (w) = ag (w) = 1. If r, < ¢ the price of the security is
q(w) = E¥y(w,0) and ar, (w) =1 and ay (w) = 0.13

Proposition 1 shows that when the quality ratio r, is above the threshold (, the adverse selection
problem is not too severe, and both types sell the security. In this case, the security price is the pooling
price ¢ (w) = AEYy (w,0) + (1 — X) E4y (w, ). When the quality ratio 7, is below the threshold, the
adverse selection problem is severe, and only the low type sells the security. In this case, the security
price is the separating price ¢ (w) = E¥y(w, ).

We refer to a security that is traded in a pooling equilibrium as a quality-insensitive security and one
that is traded in a separating equilibrium as a quality-sensitive security. A quality-insensitive security
commands a high pooling price and hence generates more consumption at time 1 for the borrower than
a quality-sensitive one that is traded at a lower separating equilibrium price.

In the remainder of the paper, with the exception of section 6.1 on the safety and liquidity premium
of safe assets, we consider the case where there is only a single aggregate state, i.e., N = 1, and drop
dependence on w from all the variables. It is straightforward to generalize the results to the case with

N > 1 states.

3 Narrow Design: Balance Sheet with Only One Type of Asset

Suppose agent B is restricted to hold only safe assets on her balance sheet, a practice known as narrow
banking. Let y be a security that promises M units of consumption good at date 2, backed by M units
of safe asset s. Safe assets are quality-insensitive, hence the price of y, an equity claim on the safe asset
s, is simply ¢ = M. By holding M units of s, agent B generates M units of pledgeable cash flow and
obtain M units of consumption good at date 1. Hence the value of holding M units of s at date 0 is zM,
and agent B chooses M to maximize (z — p) M. The optimal holding of s when agent B is restricted to
hold only safe assets is M =0if p >z, M € [0,00] if p= 2, and M = o0 if p < z.

B3When r, = ¢ there are multiple equilibria. In particular, both pooling and separating (and even semi-separating)

equilibria are possible. To simplify exposition in this knife edge case, we select the pooling equilibrium.
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Next, suppose agent B holds only the risky asset on her balance sheet and does not hold any safe asset.
A security that is backed by A units of the risky asset r generates A units of pledgeable consumption
good at date 2. By Proposition 1, the price ¢ of the security that is backed by A units of the risky
asset r, that is, an equity claim on 7, is ¢ = A[AELO+ (1 — N)Eg¥)] if EL0/Eg0 > ¢ and ¢ = AELG if
E0/Eg0 <.

Given the price of risky asset p(A;r), agent B chooses A to maximize Az [AELO 4+ (1 — \)En6] —
p(A;r) if EL0/Egf > ¢ and A[zAELO+ (1 — N\)Eg6] — p (A4;r) otherwise. Hence, agent B does not

hold a positive amount of A if either
o (0;7) > z(AELO + (1 — X) Egb), (6)

or

2(AELO+ (1= A) Eg6) > p/ (0;7) > 2AELO+ (1 — \) Ey0 and EL0/Ep < (. (7)

Under (6), agent B does not hold the risky asset even if the security backed by it is sold in a pooling
equilibrium. The more interesting case is given by (7). Under (7), holding the risky asset is profitable if
the security backed by it is sold in a pooling equilibrium but not in a separating equilibrium; however,
adverse selection is severe enough that the security is sold in a separating equilibrium.

In the remainder of the paper, we restrict attention to the interesting case where p > z, that is, the
safe asset is expensive to purchase: narrow banking is not profitable, and (7) holds, that is, adverse
selection in risky collateral is severe enough that its equity claim is sold in a separating equilibrium. As
the analysis above illustrates, in this case, agent B does not hold the safe asset s or the risky asset r
on her balance sheet if restricted to hold only one asset type. We demonstrate in the next section that
even in this case agent B might nevertheless, hold a portfolio of safe and risky assets and sell securities

backed by this portfolio because the security backed by the portfolio is subject to less adverse selection.

4 Portfolio Design: Balance Sheet with Both Asset Types

Suppose that agent B holds a portfolio of M units of the safe asset s and A units of the risky asset r.
This portfolio generates # A + M units of pledgeable goods at date 2. Let y be a security backed by the
cash flow of this portfolio that pays y (6) = 0 A+ M at date 2. By Proposition 1, the price of this security
is given by ¢ = M + [AEL0+ (1 = NEp0) A if (AEL0 + M)/(AEg0+ M) > ( and ¢ = M + AELO
otherwise. Note that (AELO + M)/(AEp6 + M) > C if and only if M/A > m* where

e St — Eif
NNEES
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The benefit of holding the portfolio (M, A) is

2 (M + [ANELO+ (1 — \)Egb] A) if M/A > m*,
VM, 4) = (M + [AELO + (1 = N Enb] A) /

M2EL0+ (1 —=MNEgflA+ (A+1—-XM, if M/A<m*.
For a fixed A, V jumps upward at M = m*A. Everywhere else it is linear with respect to M, and its
slope is less than or equal to z. Since p > z, V(M, A) — pM is maximized with respect to M at either
M =0or M = Am*.
Agent B chooses M > 0 and A > 0 to maximize V (M, A) — pM — p (A;r). Since it is never optimal
to produce either asset on its own, there are only two cases to consider: the optimal solution involves
either A= M =0or A >0 and M = Am*. Hence, if the maximum is achieved at some A > 0, the

optimal risky collateral holding is given by the maximizer of:

V(Am*, A) — pAm™ — p(A;r)

=2z([AELO+ (1 = NEg0) A+ Am™) —pAm™ —p(A;r)

The value of the optimization problem is strictly positive since agent B could obtain zero payoff by

choosing A = 0. Since the objective is concave, the optimal A is strictly positive if and only if
p (0;7) + pm* < 2(AELO+ (1 — \)Egf +m™), (8)

and if (8) holds then the optimal holding of risky collateral is given by A > 0 that satisfies

P (A;7r) +pm* = 2(AELO+ (1 — N)Eg0 +m*). (9)
We summarize the discussion thus far in the following proposition.

Proposition 2. Suppose p > z and (7) hold. Then, agent B does not hold the safe asset s or the risky
asset r on its own. If agent B is able to combine both assets in a portfolio and sell a security backed
by the cash flow from the portfolio, then she holds strictly positive amounts of both assets if and only if
(8) holds. The amount of risky collateral v held by agent B is A and the amount of safe assets is m* A,
where A solves (9).

It is too costly to produce the safe asset on its own if the marginal cost of the safe asset exceeds
the value of the pledgeable funding that it generates for the gain from trade, i.e. if p > 2. It is also
too costly to produce risky collateral if only the low type pledges its cash flow in the security market

but worth producing if both types pledge the cash flow (condition (7)). In this situation, when the safe
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asset is combined with the risky collateral, it lowers the adverse selection. To attract the high-type risky
collateral holder to participate in selling the security, each unit of risky collateral must be combined
with at least m™* units of the safe asset. Hence, the effective marginal cost of producing a unit of risky
collateral is increased by the marginal cost of producing m* units of the safe asset. This is the expression
on the left side of (9). The right side is the marginal benefit of pledging the cash flow from a unit of
risky collateral (given that both types participate in security trading) and m* units of the safe asset.
The optimal amount of the risky collateral equates the effective marginal cost and marginal benefit.

Next, we construct a simple analytical example to illustrate the result. Suppose p(A4;r) = (v/2) A%+
XA, where z (AELs+ (1 — A\) Egs) > x > zAELs + (1 — A\) Egs and p > z. Hence,

p'(A;r) +pm” = yA+ x + pm”.

For p close enough to z, p'(0;r) + pm* = x + pm* < z ([AErs+ (1 — \)Egs] + m*) and (8) holds. The
optimal risky collateral holding is given by:

z2(AELs+ (1 —AN)Egs) — x — (p—z)m*.
Y

A:

As the example illustrates, there are complementarities in the production of the two assets. As long
as the marginal cost of producing the safe asset is not too high, agent B finds it profitable to produce
both assets and combine them in a portfolio. If this portfolio approach is not allowed, agent B does not
produce either asset. Another way of seeing the complementarities is that, when the marginal cost of

producing safe asset falls, more risky collaterals are created.'?

5 Joint Design of Asset and Liability on the Balance Sheet

In the previous sections, our focus was on the asset side of the balance sheet. On the liability side, we
considered a single security backed by the cash flow of agent B’s assets. In this section, we allow the
optimal joint design of asset and liability composition of the balance sheet. Intuitively, agent B can
lower adverse selection by offering, on the liability side of the balance sheet, securities that are free from
adverse selection and backed by certain tranches of assets’ cash flow. By doing so, agent B reduces the

amount of the expensive safe assets that she needs to hold on the asset side of her balance sheet.

M This part of our analysis is closely related to Rocheteau (2011).
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5.1 Optimality of Debt and Equity

We first analyze the optimal choice of securities given that, on the balance sheet, agent B has M units of
the risk-free asset s and A units of the risky asset r. The following observation simplifies the analysis: If
two securities ¢/ and y* are both sold in the pooling (separating) equilibrium, their sum, 3’ +*, is also
a feasible design and sold in the pooling (separating) equilibrium. Moreover, offering the sum of the two
securities, instead of the two securities separately, raises the same amount of funding. Hence, without loss
of generality, we restrict attention to at most two securities: one that is sold in the pooling equilibrium
and the other that is sold in the separating equilibrium. The following proposition characterizes the

optimal securities given M and A.

Proposition 3. Assume that fr,(0)/fu(0) is decreasing in 0. The optimal security sold in the pooling

equilibrium is a standard debt contract yp such that
yp(0) = M + Amin(6, D),

and the optimal security sold in the separating equilibrium is the residual (equity) tranche yg (6) =

Amax (0,6 — D). The prices of the securities are given by

qDZM—I—A

0+/\/D Fr(0)do + (1 —\) /D ﬁH(e)del, (10)
o o

and

0
qE = A/D Fp(6)do. (11)

Moreover, if M > Am*, D is equal to 0 and the optimal security is pass-through. If M < Am*, the debt
threshold D € (Q, 5) is the unique solution to:

(z—1) | M/A+ <0+)\/D}7L(9)d9+(1—A)/DﬁH(e)deﬂ :)\/D [ﬁH(e)—ﬁL(e) do.  (12)
[ [ 0

There are several notable features of optimal securities. The debt tranche promises the cash flow
from the safe asset and each unit of the risky asset up to the debt threshold D. That is, the face value of
debt is M + AD. When the cash flow from the risky asset is below D debt pays less than its face value;
hence, it is risky.

Recall that when E;0/En0 < (, a security backed by the cash flow of the risky asset is sold in
the separating equilibrium. To create a security sold in a pooling equilibrium, agent B needs to either

combine the risky asset with the safe asset or tranche the risky asset, or both. If M > Am*, each unit
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of the risky asset is combined with enough safe assets to ensure that the participation constraint of the
high type is not binding. In this case, there is no need to tranche the risky asset and the security (on
the liability side of the balance sheet) backed by the entire cash flow from the portfolio of safe and risky
assets (on the asset side of the balance sheet) is sold in the pooling equilibrium. When M < Am*, the
high type prefers not to trade a security that promises the entire combined cash flow. In this case, debt
threshold D must be lowered so that the high type retains the equity tranche, which is the residual
claim on the cash flow from the risky asset when the state exceeds D. The high type is then incentivized
to participate in selling the debt tranche. Therefore, debt threshold D is determined by the incentive
constraint of the high type, which is given by equation (12). By Proposition 1, the prices of the optimal
debt and equity securities are given by (10) and (11).

5.2 Optimal Design of Liabilities

Using proposition 1, we can express agent B’s benefit from holding m units of the safe asset and one

unit of the risky asset as follows,

z[m+ (AELO + (1 — N\)Egb)] if m>m*
Vim1) =9z [m+ (0 J) Fo©)do+ (1= [, Fu(0)ao)]
(1= A) [ Fy(6)do if m < m*

where D solves:

(z—1)

m+ <0+A/DFL(9)d9+(1_A) /DﬁH(o)df))] :/\/D [Fu(0) - FL@)] a0, (13)
o 0

Agent B’s benefit from holding M units of the safe asset and A units of the risky asset is then V (M, A) =
AV (M/A,1).
Let D (m) be the unique solution to (13) for m < m*. The marginal benefit of holding m units of

safe asset per unit of the risky collateral is

d OV VoD

am’ MY = 5t 5 ham ¢

- +h (D (m))

where
(: = DO =NFu(0)
Az [FH(Q) - FL(e)] — Fy(0)

Holding marginally more safe asset per unit of risky collateral has a direct benefit and an indirect benefit.

h(0) =

The direct benefit is that agent B can raise more capital to realize the gain from trade, z. The indirect
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benefit is that the debt threshold D is now higher. The value of the indirect benefit is h (D (m)). We
characterize properties of h in Lemma 2 which shows that as the debt threshold increases, the indirect
benefit falls.

The following proposition characterizes the optimal choice of safe assets per unit of risky collateral.

Proposition 4. Let p =z + h(D(0)) and p = z + h (f). Let m be the optimal amount of safe assets
per unit of risky asset and D be the debt threshold. There are the following three cases.

() fp<p<P.p=z+g (5) , and the debt threshold is D = D () .

(ii) If p < P then m = m* and the debt threshold is D = 0.

(iii) If p > D then m = 0, and the debt threshold is D = D (0).

If the marginal cost of holding safe assets is low, it is optimal to combine each unit of risky collateral
with m™ units of safe assets. In this case, the pass-through security is traded in a pooling equilibrium
and there is no need to create the costly equity tranche. On the other hand, if the cost of holding safe
assets is high, it is optimal to tranche risky collateral into a debt tranche and an equity tranche and
use no safe assets. If the cost of holding safe assets is intermediate, it is optimal to combine the risky
asset with the safe asset and create a larger debt tranche. The safe asset and the risky asset are again
complements. Safe assets allow agent B to reduce the costly equity tranche and tranching allows agent B
to use less costly safe assets. Figure 1 illustrates Proposition 4 and shows how to find the amount of safe
assets per unit of risky collateral, m, and the corresponding debt threshold D in case 1 of Proposition 4.

Given the optimal amount of safe assets per unit of risky asset m and the corresponding debt threshold
D (m), agent B’s chooses the amount of the risky asset A to maximize AV (m, 1) —pAm —p (A;r), which

completes the characterization of the optimal balance sheet.

5.3 Public Safe Assets and Private Safe Debt: Substitutes or Complements?

Empirical studies have shown that the abundance of safe assets may crowd out private (short-term) safe
debt creation. For example, Krishnamurthy and Vissing-Jorgensen (2015) show that the net private
safe debt (i.e., private debt minus treasuries) decreases in the amount of treasuries. Thus far, we have
highlighted the complementarity between safe assets and private debt creation. The channel is that safe
assets lower the adverse selection in the economy, which allows for a larger private (safe) debt tranche
and more borrowing. To starkly illustrate this channel, we have assumed that gains from trade feature
constant returns to scale technology, i.e., marginal return z is constant.

When we allow gains from trade to be decreasing returns to scale, i.e., marginal return decreases as
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h(z)

5]

Figure 1: Construction of m and D.

the amount of total borrowing increases, substitution between safe assets and private (safe) debt (i.e.,
crowding out of private debt) arises. To illustrate this possibility in a simple way, suppose there are
many nonatomistic bankers indexed by i € [0,1]. On the asset side of the balance sheet, each banker
holds M units of the public safe asset and A units of the risky asset. Individual bankers take return per
unit of investment z > 1 as given which is determined endogenously as we describe later. The quality
of the risky asset is low with probability A € (0,1) and high with probability 1 — A, and the quality is
drawn independently for each banker. After privately observing the asset quality, each banker chooses
the security design and trades the securities in segmented over-the-counter markets. As in the main
model, the optimal design involves a liquid debt with a threshold D;, which is traded by both types and
an illiquid residual equity tranche that is traded by only the low type.

Since all bankers are identical ex ante, they choose the same debt threshold D = D;, and the amount
they raise from the sale of securities depends only on their types. We denote the amount raised by type
@ banks by zq. Total borrowing in the economy is = Axy, + (1 — X\) . Gains generated by x units of
total borrowing by all bankers in the economy are given by Z (x) where Z' () >0 > Z" (z), Z' (0) > 1.
In equilibrium we have Z (z) = z (z) . That is, the sum of the gains experienced by individual bankers
is equal to the total gains in the economy. Importantly, economy-wide gains have decreasing returns to

scale even though each banker perceives her own gain as constant returns to scale. In addition, since Z
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is concave, individual bankers perceive higher gains from trade per unit of borrowing than the marginal
gains from trade at the aggregate level. That is, z () = Z (z) /o > Z'(z). In equilibrium, z (z) must
exceed 1; otherwise, bankers have an incentive to reduce borrowing. However, the marginal gain from
borrowing at the aggregate level may be less than 1 in equilibrium.

Given the debt threshold D, the amount of borrowing by the high type banker is:

D _ D _
oy =M+ A <9+ A/ Fp(0)do + (1 — A)/(9 FH(a)d9> (14)
6 6

and the borrowing by the low type is:

7
LEL:.’I?H-FA/ FL(0>d9 (15)
D

The incentive compatibility constraint (12) of the high type banker is:
D ~ ~
(2(z) — ) o = AX / [FH(Q) - FL(H)} do. (16)
0

Using (14)-(16) we obtain:

9D _ z(x) — 142 (z)xy .
OM A [Fu(D) — (2 (z) + 2/ (@)zn) (\FL(D) + (1 = N F(D))]

(17)

Following similar arguments to those in the proof of Lemma 1, we can show that the denominator of (17)
is positive. Hence, there is crowding out when z () < 1 — 2/(x)zy. Plugging in for Z (x) = z (z) x and
. z
Z'(z) = z(x) + 2’ (v) x we observe that crowding out occurs whenever Z'(x)*X + % (1—22) <1.
This condition suggests that safe assets are likely to crowd out private debt creation when the

aggregate investment is high (i.e., Z’(z) < 1) and the illiquid equity tranche is small (i.e., 2y is close to

x, which occurs when adverse selection is mild, e.g., A is low or E0/Eg# is high).

6 Implications and Applications

In this section, we consider the implications of our model for monetary policies, in particular, the pricing

of safe assets and QE operations.

6.1 Safety Premium and Liquidity Premium Decomposition

Krishnamurthy and Vissing-Jorgensen (2012) show that the convenience yield on treasury bonds has

two components, liquidity premium and safety premium, approximately 46 basis points and 26 basis
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points per year, respectively, during the sample period 1926-2008. We show next that the balance sheet
multiplier premium on a safe asset can be decomposed into these two components. In our model, safe
assets are free from adverse selection but might have stochastic cash flows. In reality, the cash flows of
safe assets might be volatile for a number of reasons. For example, treasury bonds of various maturities
are exposed to different magnitudes of inflation risks. The convenience yields of safe assets might be time
varying as well. To capture the aggregate risk embedded in the safe assets, we consider an endowment
economy with many aggregate states w € () as outlined in the section 2.1. Agents are endowed with M,
units of the safe asset s, and A, units of risky asset r,, for all w € Q.

Consider a safe asset d that pays d, in state w. Denote the liquidity value of an asset by pg. The

value of the asset d is

A
Pd = B de(MwaAw)]
oV, oV,
= EiaM (Mwa Aw)Edw + COU |:dw, W(Mw, Aw) (18)

For py to be the market price of the asset, the bank must be the marginal investor. Denote the market
price of an asset p;. Barring short selling constraint, the market price of the asset is weakly greater than
Dds Pl > Pd, with equality only strict if bankers hold the asset in equilibrium. If the price of the asset is
above pg, then there is no demand from bankers. 15

Thus far, we have not attached an economic meaning to the aggregate state w. In an environment
where the aggregate payoff of safe assets is volatile, the aggregate state w can be interpreted as the
aggregate safe asset payoff. Under this interpretation, because securities are contingent on the aggregate
state, when w is higher, there is a positive shift in the supply of safe assets that affects the security
design. In particular, when w is higher, the face value of the debt tranche increases, and the marginal
value of the safe asset payoff in that state goes down.

A shift in the aggregate state may also shift the payoff distribution of the risky asset, but, for
simplicity, suppose that the payoff of the risky asset is independent of state w, Fg(f;w) = Fg(#) and
that the total supply of risky assets equals 1. Denote v(w) = V,,(w,1) for all w. The price of the safe

asset d is then

p(d) = Eld(w)v'(w)]
= Ev'(w)Ed(w) + Cov [d(w), v (w)] (19)

15We ignore the regulatory requirement for banks to hold safe assets, since recent empirical evidence has shown that

banks hold more safe assets than what the regulation demands.
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We observe from (19) that if Cov [d(w), v’ (w)] < 0 then there exists a risk premium on asset d:

p(d) < p(E(d)).

This result mirrors the standard result from asset pricing: any asset whose payoff covaries negatively
with the marginal utility of consumption is priced below a safe asset with the same expected payoff. As
an example, consider a safe asset d whose payoff is increasing in the aggregate state w. For such an
asset, we have Cov [d(w), v’ (w)] < 0 and there is a risk premium.*®

In general, safe assets with volatile cash flows still have the balance sheet multiplier effect in some

realization of the world. This means that its equilibrium value is above its autarky value,
E(d) < p(d).

The liquidity premium of the safe asset d, with expected payment E(d) is

liquidity premium = p(d)E_(d?M) = Ev'(w) — 14 Cov d7w7 v’(w)} . (20)

The safety premium for the safe asset that pays E(d) deterministically for all w over the safe asset d is

p(E(d)) —p(d) _ dw)
R —Cov W,v (w)} . (21)

safety premium =
This decomposition generates both business cycle and cross-sectional implications of safe asset pricing.
Our model would predict that the liquidity premium component is relatively larger during the boom
when gains from trade are greater and the opposite is true for safety premiums. Cross-sectionally,
shorter maturity treasuries (and inflation protected treasuries) feature larger safety premiums than
longer maturity treasuries.'”

In reality, there are many types of assets that are free from adverse selection, such as broad market
indices (e.g., SP500). Our theory sheds light on why these assets are not commonly used as collateral
multipliers on banks’ balance sheets. Unlike the treasury securities, the covariance term in (21) for broad
market indices is negative (that is, they are positively exposed to aggregate market risk). Consequently,

these adverse-selection free assets have a too high risk premium for the banks to use them as liquidity

multipliers (i.e., their market price exceeds their value given in (18)).

16To see why, recall that v"' (M,,) < 0 for M., below a certain level. Let d (M,,) = d (w). The function d is well-defined
and increasing because d is increasing in M,,. Now note that Cov [d(w),v’ (My)] = Cov [E (My),v' (Mw)] < 0. The

inequality follows because d is increasing and v’ is decreasing in M.
17Relatedly, Geromichalos, Herrenbrueck, and Lee (2018) differentiates asset safety from asset liquidity in an environment

with search frictions. Holmstrom and Tirole (2001) provides a theory of the value of liquidity and safety in an environment

with limited commitment.

25



6.2 Quantitative Easing as Balance Sheet Design of the Government

In this section, based on the main setup of our model, we formulate unconventional monetary policy as
an optimal balance sheet design problem for the government with a limited fiscal capacity. We consider
an environment where the banking sector has an endowment of M units of the safe asset s and A units
of the risky asset r. The government maximizes the total value of the banking sector by removing risky
assets from and/or injecting safe assets into their balance sheets. These actions are potentially costly to
the government because they affect the composition and the size of the government’s own balance sheet.
The cost to the government of a given policy depends on its fiscal capacity. However, compared with the
private banking sector, the government has an advantage in creating safe assets due to its commitment
power.

Specifically, we assume that the QE program is implemented uniformly to all banks so that risky assets
that the government exchanges for safe assets are of average quality, i.e., low quality with probability
A and high quality with probability 1 — A. The government backs the safe payment at date 2 through
taxation and the cash flow payoff from the risky assets that it obtains in exchange for the safe assets
that it provides to agent B. Suppose transferring 7 extra units of safe payment to the banking sector’s
balance sheet at date 2 costs ¢, (7). We assume that (i) taxation is costly: ¢, (1) > 7; (ii) no taxation
has zero cost: ¢, (0) = 0; (iii) the cost function is smooth: ¢, (0) = 1; and (iv) the cost of taxation is
convex: ¢ > 0 with a strict inequality for 7 > 0.18 Let Ep denote the expectations over § taken with
respect to the average quality distribution AF, + (1 — A) Fg. Now, we can express the government’s

optimization problem as follows:

max V(M, A) — Ep [cr (10)]

{re,0,A}
subject to
M — M +6(A— A) =74, for all 0 (22)
V(M,A) — Epe, (19) > V(M, A). (23)

where 79 denotes government taxes in state 6, A and M denote the amounts of risky asset r and safe

asset s that the private sector holds after QE transactions. Equation (22) is the government budget

181n general, if QE ends up with a surplus, i.e., if 7 < 0, the government would lower its overall tax bill. This formulation
also allows for the possibility that the government simply transfers the surplus from its intervention to the banks, in which

case ¢r (1) =7 if 7 < 0.
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constraint in implementing QE. The operator Ey captures the commitment power of the government,
that is, the government does not cherry pick assets of good quality. Equation (23) is the private banks’
participation constraint in the QE program.

The government budget constraint (22) depends on the tax revenue of the government at that state
and the amount of quality sensitive assets that the government purchases from the private sector. Because
agents are risk neutral in this economy, the safe asset payment holds in expectation, and is invariant
across realized payment from quality-sensitive assets.

The government optimization problem implies that

By [¢, (ro)) = o2V (1, A) (24)
By (06, () = 2V (¥, 4) (25)

Equations (24) and (25) tie the private value of safe assets and risky assets, or their market price, to the
fiscal cost for the government to create safe assets and to hold risky assets through QE. The left side
of (24) is the taxation costs of delivering a unit in all states §. This is the fiscal cost of creating a unit
of safe assets. The left side of (25) is the taxation costs of delivering 6 payment in state 6. This is the
fiscal benefit of holding a unit of the risky asset to the government. The right side of Equation (24) and
(25) is the private values of safe and risky assets, or equivalently, their market prices.

Note that if the government purchases risky assets through QE, A < A, 79 is decreasing in 6, and

the marginal cost of taxation, ¢, (7p), negatively covariates with 6.
Eg [0c.(10)] = Eg [0] Eg [c ()] + Cov [0, ¢/ (19)] < 0 (26)

If 1 unit of a risky asset generates E[f] unit of cash flow in every 0 state, then the government does not
need to use any taxation and QE is neutral. However, more taxes are needed for lower # states, and the
government has to fund QE in these states via distortionary taxes. Therefore, QE creates more fiscal
risk to the government. In fact, the risk premium of the risky asset in an equilibrium with QE reflects
the fiscal risk. Formally, define the credit spread between safe assets and risky assets (normalized by
expected payment) as,

S = %v (M, A) — [Ee0] " %V (M, A) (27)
It reflects the fiscal capacity and the cost of taxation of the government: the higher the spread, the lower

the fiscal capability of a country to conduct QE. This generates interesting testable implications across

countries and their aggregate asset risk premiums.
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7 Conclusion

In this paper we find that safe assets have a role in coordinating equilibrium beliefs and help to expand
borrowers’ balance sheet in the economy. They have a multiplier effect on risky collateral production
in the economy. We also find that there are complementarities between safe asset holdings and the
leverage of borrowers when adverse selection is severe in the economy, while the substitution between
safe assets and private safe debts arise when there are plenty of safe assets and gain from trade between
borrowers and investors is decreasing in the amount of safe assets in the economy. The model can be used
to understand the endogenous capital structure/balance sheet of the banks as producers of pledgeable
securities, safety and liquidity premiums of safe assets, and the implication of various monetary policies

such as QE.

A Proofs

A.1 Proof of Proposition 1

If r, > ¢ =1—(2—1)/)\z, in the market for security y the price of the security is ¢ (w) = AEYy (w, 0) +
(1 =X B4y (w,0) and ar, (w) = ag (w) = 1. If 7, < ¢ the price of the security is ¢ (w) = EYy(w,0) and
ar, (w) =1 and ag (w) = 0.

Let gp (w) = AEYy (w, 0)+(1 — A) E%y (w, 0). Note that zgp (w)—E%y % 0iff EYy (w,0) /EYy (w, 0) %

Consider the case EYy (w,8) /EYy (w,8) > (. Suppose that the equilibrium price ¢ (w) is strictly less
than ¢p (w). In this case an investor can deviate and bid ¢p (w) — € where € > 0. For € small enough,
z(gp (w) —€) — EYy (w,0) > 0. Hence at this price both types sell the security and the deviation
generates strictly positive surplus. This means that the equilibrium price must be at least gp (w). At
price above ¢p (w) investors make negative profit, so in equilibrium ¢ (w) = ¢p (w).

Now consider the case E{y (w,8) /E4y (w,0) < ¢. In this case high type will sell the security only if
q (w) is sufficiently larger than gp (w). However, at prices above ¢p (w), investors make negative profit.
Hence equilibrium price must be below ¢p (w). If g (w) is below EYy (w,0) /z then neither type sells
the security. In this case, one of the investors can deviate and bid EYy (w,8) — § where 6 > 0. For ¢
small enough, z (Ery — ) — Ery > 0 so the low type sells the security and the deviating agent makes
strictly positive surplus. If ¢ (w) is at least EYy (w,8) /z but less than EYy (w, ) then the low type sells

the security to the investors who bid that price. In this case, one of the investors who bids E{y (w,0)
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or less can deviate and bid slightly above g (w). This agent then buys the security alone and increases
her surplus. At prices greater than equal to E¥y (w,8) (and below gp (w)), the low type alone sells the

security. Hence the only price that is consistent with zero profit condition is ¢ (w) = E{y (w, 0) .

A.2 Proof of Proposition 3

The security designer’s problem can be written as:

max Ery(0) (28)

y(0)

s.t.M + A0 — y(0) > 0,V0,

Ery() — CEny(6) > 0,

y () is weakly increasing on [0, 0]. (29)
The first constraint above is the feasibility constraint and requires y () to be backed by the underlying
asset in every state. The second is the pooling constraint and guarantees that the high type agent sells
the liquid security y.

Let’s write the monotone security y(6) as:

0
y(6) = M+ A9 + /9 £(j)dj.

where z(j) > 0 for all j € [0,0].1° Let ﬁQ(Q) =1-Fy(0) for Q € {L,H} and 6 € [§,0]. Then,

g ~
Equ(0) = M + Af + /9 Fo(j)2()dj.

Hence, the optimal security design problem (?7) is equivalent to the following problem:

6
arg mxax/e Fr(s)z(s)ds, (30)
4
s.t./ z(j)dj <0 —0,v0 € 10,6, (31)
0
[ [P0y~ CPu@)] w00+~ ) 1ag 4 ) 2 o, (32)
z(0) >0,V0 € [0, 0] (33)

19In our analysis, we restrict attention to securities that can be written as the sum of an absolutely continuous increasing

function and countably many jump points.
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In the above problem, (31) corresponds to the feasibility constraint, (32) corresponds to the pooling
constraint and (33) guarantees that the security is monotone.

First note that the feasible set is compact, convex and nonempty so the optimization problem must
have a solution. Moreover, since the objective function is bounded above, the solution must be finite.

The Lagrangian of the optimization problem is

0 0 0
E(%%Maﬂw) :/9 ﬁH(G)SU(Q)dH—&-/Q 7(9) [9_9_/9 T
6

o { / [Fo(0) — CFi(0)] 2(0)d0 + (1~ )[40 + M]} + / 112 (0)2(0) 0.
0 0

Note that for any feasible  and for v > 0, p > 0 and p, > 0 we have

0 ~
L (0577, sy ) 2/9 Fy(0)x(0)do.

Let L (7, i, pro) = maxy L (x; 7, @, ) - Let L* = min7>0 1>0,.>0 £ (7, 11, f1) . Note that £* is the value

of the original optimization problem. Letting n (6 fe ~v(4)dj, we can rewrite the Lagrangian as:

L@ ) = Jy {Fu®)+p [E(e) = CEu(®)] = 1(60) + o (0) } w(0)d0
(1= C) [A8 + M] + [} n () de.
Now note that the quantity inside the curly brackets must be zero or otherwise the value of the opti-
mization problem would be infinite. Let H,, (6) = Fr(0) + p [ﬁL (0) — CﬁH(G)] . Consider the following

problem:

9
min min,>o p(1—¢)[A0+ M|+ / n(0) do
n>0 ]

and the constraint that n(6) is a decreasing function in . The value of this problem is £*. Note,
hy (9) = OH“(H) =—fu @) |1+ p fL(e )} Clearly H, (§) > 0 and H, (6) = 0. Since p1 > 0 we

must have b, (#) < 0. To see this suppose h () > 0. Then it must be the case that 1+pu J];LI((%)) - C) <0.

Since L ((0) is decreasing, this implies that h,, () > 0 for all 6 € (0,0] contradicting that H, (f) = 0.

Smce ]{g ((9)) is decreasing in 6 one of the following must be true:

(i) There exists a unique cutoff @L € (0,0) such that hy, (6) <0 for s < @L and h,, (6) > 0 for § > 5;“
(ii) hy (8) <0 for all 6 € (0,0).

In case (i) the function H,, (@) crosses from positive to negative once, eventually increasing to zero
at 0. In case (ii) Hy (0) decreases to zero at 6. Let 0% € (¢,0) be the unique 6 for which H, (6) = 0 if it

exists, otherwise let 0}, = 6.
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Note that for given p > 0 optimal 7, is given by:

H,(0) if 0<0;
0 it 0>0;

N (0) =
Plugging this into the minimization problem we get:

min u(1 — C)[A0 + M) + /9 " B0 + [FL(6) — CFu(6)] ) do.

The first order condition for this problem is:
Or ~ 007, .
(1-¢) [AQ+M]+/ [FL(G)—CFH(F))} d0+%Hu (9u >0
0

Because H, (9; =0,

O 1~ -
(=g + [ [Fuo) - Fu@)] a0 >0

with complementary slackness.

Let 6* € (Q, ?] be the unique 6 for which

(1-¢)[A6+ M)+ / } [FL(6) = CFu(6)] do =0

if it exists, and let 8* = 6 otherwise.
If 6* < 0 then p > 0, gy, =0, and

0

L= p(l-¢)[A0+ M] + /9* F () + p [ﬁL(Q) - CﬁH(e)} o = Fy(0)do.

—

If 6* = 0 then =0, o5, =0, and
9
LY = / Fy(0)de.
0

To complete the proof, let D = §* and note that z () = 1 for € [§, D) and = (§) = 0 for 6 € [D, 0]
achieves the value £* and it is feasible, and must be optimal for the original problem. This completes
the proof that the optimal security sold in the pooling equilibrium is a standard debt contract yp such
that

yp(0) = M + Amin(0, D),

and the optimal security sold in the separating equilibrium is the residual (equity) tranche yg () =
Amax (0,0 — D). Tt follows immediately that if M > Am*, D is equal to § and the optimal security is
pass-through. If M < Am*, the debt threshold D € (Q, ?) is the unique solution to the high type’s IC

constraint given by (13). The following lemma completes the proof.
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Lemma 1. If M/A < m*, there exists a unique D € (Q, 5) that solves (13) which is strictly increasing
im M.

Proof. Let m = M/A and
T () = )\/: [Fia(0) ~ Fu(®)] do — (= 1) [m 4 (9+ /\/9 Fu(6)d0 + (1— ) /9 ﬁH(H)deﬂ .

It is easy to check that 7" (8) < 0,7 (f) > 0 if m < m*. Hence, T (y) = 0 at some y € (6,6) . Denote
the smallest such y by D. At D, 7" intersects the horizontal axis from below so 7’ (D) > 0. Taking the
derivative:

T (z) = Az (ﬁH(x) - ﬁL(x)) — (2 —1) Fu(x).

Note 77 () < 0, 77 (6) = 0, and the second derivative is:

T (2) = Asfu(2) g%—g.

Since fr(0)/fr(0) is decreasing in 6, 7" is either decreasing for all § or it is increasing and then (possibly)
decreasing. Since 7" (0) < 0 and 7’ (8) < 0, if 77 is decreasing everywhere then 7" cannot cross zero.
Hence, it must be that 7" is initially increasing, crosses zero and becomes positive and then decreases
so that 1’ (5) = 0. If T crosses zero a second time at D < #, it must remain below zero at all > ﬁ,
contradicting that 7 (5) > 0.

Finally, if m goes up, 7" shifts down and the point where it crosses zero shifts to the right, i.e., D

increases. O

Lemma 2. Define h : [Q, ?] — R as:
(z—1)(1 = N\ Fy(x) |
z>\jl [FH(x) - FL(ﬁC)} — FH(,T)

h(x)=

The function h is continuous and strictly decreasing everywhere, except at a single point De (Q, 5) where
it jumps from —oo to 0o, and this jump always occurs strictly below D (0) . In addition, h (x) < 0 for all

z <D, h(z) >0 forallx € (5,9) ,and h (6) > 0.

Proof. The denominator of h is (z — 1) "' 7" () where 7" is as defined in the proof of 1. We know that
T’ (#) < 0 and 77 (6) = 0. We know from the proof of 1 that 7" is initially increasing, crosses zero and
becomes positive and then decreases to 1" (5) = 0. Denote the point at which 7" is zero by D. Taking
the derivative of h we find that

Vo _CTIONEAWAE ) A
Az [FH(x) _ FL(JC)} _ FH(@) Fy(z)  Fp(z)

z—1
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Recall that f7, (x) /fu (x) is decreasing in x implying that Fig (-) dominates Fp, (-) in hazard rate so the
term in parentheses is negative for all x, and h is decreasing. Note also that the numerator is positive

for all x so h(z) < 0 for all x < D and h(x) >0 for all x € (ﬁ,@). O

A.3 Proof of Proposition 4

Proof. Suppose agent B holds A units of risky collateral. The marginal benefit of holding m units of safe
asset per unit of the risky collateral is A [z 4+ h (D (m))]. By Lemma 2, for D > D (0), marginal benefit
is continuous and decreasing in D. In addition, D (m) is continuous and increasing in m, so marginal
benefit is continuous and decreasing in m. Marginal cost of m is pA. Hence if p > z+h (D (0)), marginal
cost of m exceeds its marginal benefit for all m > 0 and m = 0. If p < z + h (D (0)) and p > z + h (f),
there exists m € (0,m*) such that p = z + g (D (m)). In this case, the optimal amount of safe asset per

unit of risky asset is m and the corresponding debt threshold is D (m) € (D (0),6). If p < z + h (6),

the optimal amount of safe asset per unit of risky asset is m = m* and the debt threshold is 6. O
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