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Abstract

This paper develops a model of how the financial system is organized to most effectively
create safe assets and analyzes its implications for asset prices, capital structure, and
macroeconomic policy. In the model, financial intermediaries choose to invest in the
lowest risk assets available in order to issue safe securities while minimizing their reliance
on equity financing. Although households and intermediaries can trade the same assets,
in equilibrium all debt securities are owned by intermediaries since they are low risk, while
riskier equities are owned by households. The resulting market segmentation explains
the low risk anomaly in equity markets and the credit spread puzzle in debt markets and
determines the optimal leverage of the non-financial sector. An increase in the demand
for safe assets causes an expansion of the financial sector and extension of riskier credit
to the non-financial sector— a subprime boom. Quantitative easing increases the supply
of safe assets, leading to a compression of risk premia in debt markets, a deleveraging of
the non-financial sector, and an increase in output when monetary policy is constrained.
In a quantitative calibration, the segmentation of debt and equity markets is considerably

more severe when intermediaries are poorly capitalized.
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An important role of financial intermediaries is to issue safe liabilities such as bank deposits
while holding risky assets such as mortgages and corporate debt. The effectively riskless
liabilities created by this "safety transformation" are sold primarily to households, meeting their
demand to hold safe, liquid assets. To ensure that their liabilities are riskless, intermediaries
must issue enough equity to bear all risk in the portfolio of assets they own. An intermediary’s
equity capital and the riskiness of its asset portfolio jointly constrain the quantity of safe
liabilities it is able to produce. As shown in the figure below, banks choose a highly levered
capital structure and invest almost exclusively in various forms of debt, while equities are held

in large quantities by households.
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This paper presents a general equilibrium model of how the financial system is organized
to perform safety transformation. The model’s equilibrium determines (i) the composition of
intermediary and household balance sheets, (i7) the leverage of the financial and non-financial
sectors, and (ii7) the pricing of risk in endogenously segmented debt and equity markets. In
addition to its implications for the structure of the financial system, the model provides a
framework for understanding the general equilibrium effect of changes in the supply and demand
for safe assets. The model implies that an increase in the demand for safe assets replicates
many features of the subprime boom, including an expansion of intermediary balance sheets and
an increase in non-financial sector leverage. It also implies that quantitative easing policies,

by increasing the supply of safe assets, decreases the price of risk in debt markets, causes a



deleveraging of the non-financial sector, and stimulates output at the zero lower bound. The
model’s implications for non-financial sector leverage and the price of risk in bond markets rely
crucially on its ability to explain the stylized fact that intermediaries are highly levered and
invest in debt while households invest primarily in equities.

Two basic ingredients are at the core of the model. First, households have a demand for
riskless assets, obtaining utility directly from holding them. This reduced form assumption
can be motivated by the role of safe, money-like assets as a medium of exchange that is immune
to adverse selection (Stein 2012, Gorton Pennachi 1990, Dang et. al. 2016). Second, financial
intermediaries face a cost of issuing external equity. Costs of external financing are a basic
feature of models in corporate finance which I assume in reduced form (Froot Scharfstein Stein
1993) and microfound in the appendix as in (Lacker Weinburg 1989) based on an agency problem
between an intermediary and its outside investors. The model’s implications follow from the
fact that intermediaries aim to meet households’ demand for riskless assets while issuing a
minimum of costly equity.

A key assumption in the rest of the financial intermediation literature, that households do
not have the expertise to hold the assets owned by intermediaries, is absent from the model.
This provides a theory of the role of intermediaries in markets for liquid, publicly traded secu-
rities which does not require any special ability to monitor or screen borrowers. In particular,
this allows the model to be consistent with the large quantity of informationally sensitive equity
securities owned by households as well as the fact that many assets owned by banks (such as
$2.13 trillion in agency mortgage backed securities in 2015) are easily accessible to non-expert

investors.

In the model, financial intermediaries buy a portfolio of risky assets to back the safe liabil-
ities that households demand. Because households obtain utility directly from holding riskless
securities, they are willing to invest in them at a reduced interest rate, making issuance of these
securities attractive to intermediaries. In order to make these claims safe, intermediaries must

issue costly equity that will bear all risk in their asset portfolio. In essence, intermediaries can



finance themselves with cheap, riskless debt but must issue enough costly equity to ensure the
safety of their debt. This model of an intermediary’s cost of capital incentivizes it to choose
a highly levered capital structure. The intermediary’s desire to be highly levered in turn de-
termines which securities it is willing to purchase. Because holding low risk securities allows
an intermediary to issue the largest quantity of safe liabilities with a given quantity of equity
capital, intermediaries are willing to pay more than households for the lowest risk securities.
The amount of equity issuance required to buy high risk securities makes them unattractive to
intermediaries, so high risk securities are bought by households instead.

Because intermediaries will pay more than households for low risk securities but less for high
risk securities, the pricing of risk in asset markets is segmented. Low risk securities purchased
by intermediaries earn a higher risk-adjusted return than high risk securities purchased by
households. This segmentation reflects the fact that the intermediary has a uniquely cheap
source of leverage, which increases its willingness to pay for riskless assets, but requires a high
price of risk to compensate for its cost of equity issuance. This segmentation is related to the
fact that in asset pricing models with leverage constraints (e.g. Frazzini Pedersen 2014, Black
1972), agents who can borrow obtain the best compensation for taking risk by holding levered
portfolios of low risk assets. In my model, a financial intermediary, which can borrow cheaply
because of the demand for its riskless liabilities, is the agent that can most easily implement
levered trading strategies.

This market segmentation is arbitraged by non-financial firms when they choose their capital
structure. Each firm chooses its leverage so that its debt is sufficiently low risk to be bought
by an intermediary and its equity is sufficiently high risk to be bought by a household. As a
result, the firm’s total market value is strictly higher than any agent would be willing to pay
for the firm’s entire stream of profits. As a firm increases its leverage, its debt becomes riskier,
and the intermediary who buys the firm’s debt charges a higher price of risk than the household
who buys the firm’s equity. Each firm therefore has a unique optimal leverage, beyond which
any further debt issuance increases the riskiness of its debt so much that the firm’s total market

value decreases.



Because each non-financial firm sells its debt to an intermediary and its equity to a house-
hold, debt and equity markets are segmented. Within each asset class, the same marginal
investor owns all securities, and there is a unique market price of risk. However, all debt
securities are held by financial intermediaries, while all equities are held by households, so the
price of risk is strictly greater in the debt market. This provides a rationale for the "credit
spread puzzle" (Huang and Huang 2012) in debt markets which finds that credit spreads on
corporate bonds are too large to easily reconcile with risk premia in equity markets. This also
explains the "low risk anomaly" (Black Jensen Scholes 1972, Baker Bradley Taliaferro 2014) in
equity markets, which finds that simple measures of risk (such as CAPM beta) are inconsistent
with a high expected return on equities and low risk free rate. The model is able to explain
the low risk anomaly because the risk free rate is reduced because of a demand for safe assets

as in (Bansal Coleman 1996).

I apply the model to analyze three macroeconomic issues: the response of the financial
system to changes in the supply and demand for safe assets, the transmission mechanism of
quantitative easing, and the role of intermediary capital at the zero lower bound. All three
issues can be interpreted in a supply and demand framework. The supply of safe assets depends
on the riskiness of the intermediary’s asset portfolio and the quantity of equity capital it can
raise in order to bear this risk. An increase in safe asset demand reduces interest rates, and
the cheap source of riskless debt funding induces intermediaries to expand their balance sheets
and provide riskier credit to the non-financial sector. This illustrates how a global demand
for U.S. safe assets may have contributed to the subprime boom by reducing yields in debt
markets (Bernanke et al. 2011). By reducing the riskiness of the intermediary’s portfolio
through quantitative easing or increasing the amount of intermediary capital available to bear
risk, the supply of safe assets is increased. This increased supply raises short term interest
rates and reduces the price of risk in debt markets. When goods prices are sticky and the zero
lower bound is binding as in (Caballero Farhi 2016), a safe asset supply increase stimulates

output and compresses risk premia in debt markets while leaving the risk free rate unaffected.



This analysis illustrates the macroeconomic importance of a well capitalized financial sector in

the market for safe assets, particularly near the zero lower bound.

Relationship to literature Within the financial intermediation literature, this paper is
closest to "liability-centric" models such as (Gorton Pennachi 1990, Dang et. al. 2015, Dang et.
al. 2016). In this literature, the role of intermediaries is to provide safe, informationally insen-
sitive assets which are demanded by other agents. The key friction in previous papers in this
literature is asymmetric information, which constrains the ability of informed and uninformed
investors to share risk with each other. More generally, theories of the role of debt on inter-
mediary balance sheets that emphasize its informational insensitivity (going back to Townsend
1979) imply that equity claims are too informationally sensitive to be sold to outsiders.! In
my model, all investors are equally informed about asset payoffs, but risk sharing is imperfect
because the non-financial sector is unable to issue riskless securities. The model explains the
role of debt held by intermediaries and equity held by households because this allocation of as-
sets allows the intermediary to issue the most riskless liabilities with a given quantity of equity
capital. Because all assets in my model are liquid and can be bought by all investors, it pro-
vides a theory of the role of financial intermediaries that is consistent with empirical evidence
that securitization has increased the liquidity of their asset portfolios (Loutskina 2011).

Because my model has intermediaries investing in publicly traded debt securities, it speaks to
the connection between intermediary capital and the price of risk in securities markets. This
places the model within the intermediary asset pricing literature (He Krishnamurthy 2013),
where the capitalization of intermediaries plays an important role in determining risk premia.
Existing papers within this literature assume that certain risky assets can only be held by (or
are more productive in the hands of) intermediaries, who must therefore price the assets in
equilibrium. This paper endogenously determines which assets are priced by intermediaries

and which are priced by households.?  Similar to the rest of the literature, risk premia on

! As stated in the conclusion of (Townsend 1979), "The model as it stands may contribute to our understand
of closely held firms, but it cannot explain the coexistence of publicly held shares and debt."
2He and Krishnamurthy 2013 motivate their work by arguing that the pricing kernel for equities and fixed



assets owned by intermediaries are sharply higher when intermediaries are poorly capitalized.
However, only relatively safe debt securities are priced by poorly capitalized intermediaries,
since intermediaries sell their riskiest assets in a flight to quality when forced to downsize.

The applications of my model are related to the macroeconomic literature on safe asset
shortages (Caballero Krishnamurthy 2009, Bernanke et al 2011, Caballero Farhi 2016). This
literature argues that an increasing global demand for safe assets since the 1990s has depressed
interest rates, fueled asset bubbles, and eventually pushed the developed world to the zero
lower bound. Relative to this literature, my model clarifies how meeting a growing demand
for safe assets requires the financial sector to invest in riskier assets and how this induces the
non-financial sector to take on more debt. As a result, my model provides one explanation
for the growth in household and firm debt issuance during the 2000s subprime boom and how
policies such as quantitative easing crowd out intermediary risk taking and non-financial sector
leverage.

In addition, an empirical literature suggests that there is a disconnect between the pricing
of risk in debt and equity markets. (Collin-Dufresne et. al. 2001) shows that changes in credit
spreads are difficult to explain using variables that appear in structural credit risk models that
assume asset markets are integrated. (Gilchrist Zacrajzek 2012) shows that movements in
bond risk premia that are unrelated to measures of default risk are highly cyclical and presents
evidence that they co-move strongly with bank lending standards and financial sector profitabil-
ity. (Frazzini Pedersen 2012, 2014) demonstrate that a levered bond portfolio outperforms an
unlevered equity portfolio in a mean-variance sense and that low risk assets outperform partic-
ularly when the TED spread, a proxy for intermediary distress, is large. In this paper, financial
intermediaries invest in a portfolio designed to take advantage of segmentation in risk pricing,
and segmented debt and equity markets endogenously emerge in equilibrium.

The rest of the paper is organized as follows. First, I present the baseline two period model

which illustrates the main idea. Next I present three applications: the general equilibrium

income securities may be different. This feature endogenously arises in my model since intermediaries only
choose to hold debt.



effects of changes in the supply and demand for safe assets, quantitative easing, and the role of
intermediary capital at the zero lower bound. I then present a quantitative version of the model
in which the segmentation between debt and equity markets is highly nonlinear in intermediary

capital. Proofs are in the appendix.

1 Baseline Model

I first present an overview of the model’s agents, timing, and frictions and provide a discussion
of the key assumptions. Next, I solve each agent’s optimization problem in partial equilibrium

and discuss their implications. Finally, I solve for the model’s unique equilibrium.

Setup The model has two periods (¢t = 1,2) and three classes of agents: a household,
a financial intermediary, and a continuum of non-financial firms indexed by ¢ € [0,1]. The
household’s utility is a function of its consumption (c1,cs) at times 1 and 2 as well of the
quantity of riskless assets d it buys at time 1. It invests its endowment in securities issued
by the intermediary and non-financial firms in order to maximize its expected utility. The
intermediary is a publicly traded firm which maximizes the market value of its equity. It can
invest in the same publicly traded assets available to the household and can issue liabilities
backed by the portfolio of assets it purchases. In particular, the intermediary is able to buy
risky assets and issue safe liabilities backed by them in order to meet the household’s demand
for riskless securities. However, all systematic risk on the intermediary’s balance sheet must
be financed by issuing equity, and the intermediary faces a convex cost C' (e) of issuing e units
of equity at time 1. Each non-financial firm ¢ € [0,1] has exogenous cashflows z; at time
2 and chooses its capital structure to maximize the total market value of securities it issues.
Non-financial firms can only sell debt and equity securities but not arbitrary Arrow-Debreu
claims.

At time 1, households consume and all agents participate in markets for securities which

pay off at time 2. At time 2, the payoffs of securities are realized and the household consumes



the payouts from its assets. An aggregate shock is realized at time 2 to be "good" or "bad".
For each non-financial firm ¢ € [0, 1], an idiosyncratic shock is also realized at time 2 which
determines its cashflow x;. The expected cashflow E (z;|good) of firm i in the good state is
strictly greater than its expected payoff F (z;|bad) in the bad state. Because non-financial
firms are exposed to idiosyncratic risk, they are unable to issue riskless securities. Shocks to
the cashflows of non-financial firms are the only source of uncertainty in the model. The payoffs
fol x;di are the resources available for consumption at time 2, and an exogenous endowment C
of output is available for consumption at time 1.

Agents trade securities in an asset market at time 1 which pay off at time 2. A collection of
securities indexed by s € [0, 1] is available for purchase. Each security s has payoff §; at time 2
and is sold for a price p, at time 1. To map this set of securities to the debt and equity issued
by the non-financial sector, let s = % refer to firm i’s debt and s = % + % refer to firm i’s equity
for each i € [0,1]. All assets can be purchased by either the household or the intermediary, but
neither agent can short securities.

An important feature of asset markets in this model is that securities cannot be broken into
their underlying Arrow-Debreu claims. A security 05, which has expected payoff F (§;|good) in
the good state and E (0s|bad) in the bad state, is a bundle of both good and bad state claims.

BQ:Jgood) jatermines the exposure of security s to systematic risk, and agents can

The ratio W

choose to buy securities for which this ratio is high or low. However, it is impossible for an
agent who wants only bad state payoffs to avoid buying good state claims as well if all securities

have positive expected payoffs in both states.

Discussion of Assumptions Three of the model’s assumptions are particularly impor-
tant. First, the utility which the household obtains from holding riskless securities (similar
to Stein 2012) is a simple, reduced form assumption to create a demand for safe assets. A
similar demand could come from a cash in advance constraint (Clower 1967) or from adding
an infinitely risk averse agent to the model as in (Caballero Farhi 2016). The key implication

of this assumption is a reduction in the risk free rate relative to the pricing of risky assets.
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This low risk free rate is the defining feature of a demand for safe assets, and it is robust to
how the demand is microfounded. One more fundamental explanation for the demand for safe
assets follows (Gorton and Pennachi 1990) and (Dang et al. 2016), where the informational
insensitivity of a riskless asset makes it a useful medium of exchange between asymmetrically
informed agents.

Second, the intermediary’s cost of external equity issuance constrains its ability to bear
risk. The appendix provides a microfoundation for this cost following (Lacker Weinburg 1989),
where the intermediary earns rents from its shareholders that are increasing in the amount
of risk on its balance sheet. This assumption constrains the size of the intermediary sector,
so that it does not buy the entire non-financial sector in order to issue safe securities. A
cost of equity issuance or a constraint on the quantity of outside equity that can be issued
appears in the vast majority of the literature (e.g. Bernanke Gertler 1989, Holmstrom Tirole
1997, He Krishnamurthy 2013, Brunnermeier Sannikov 2014). Such a cost is necessary for the
intermediary to be financially constrained.

Third, the assumption that non-financial firms can only issue debt and equity securities
ensures that the non-financial sector is not perfectly able to separate its cashflows into safe
and risky tranches. While debt is less risky than equity, all securities issued by non-financial
firms are exposed to some degree of systematic risk. Only the intermediary is able to issue
riskless securities by issuing enough equity to bear the risk in its asset portfolio. Because
the securities of the non-financial sector are risky, it is necessary for the intermediary to bear
some risk on its balance sheet. There is no way for the intermediary to buy a riskless portfolio
composed of assets issued by the non-financial sector. Perhaps the strongest motivation for this
assumption is the empirical fact that firms (and households) issue debt with payments that are
not indexed to aggregate states. (Mian Sufi 2008) presents a forceful empirical argument that
a lack of indexation in debt contracts played an important role in the 2008-2009 recession, and
(Hebert Hartman-Glaser 2016) provides an incomplete contracting framework in which indexed
contracts are not traded despite their benefits.

Together, these three assumptions imply that (i) the household demands riskless assets, (ii)

10



securities issued by the non-financial sector are not riskless, and (iii) the intermediary faces a
cost of bearing systematic risk on its balance sheet. As a result, my model features a minimal
set of frictions for which there is a non-trivial safety transformation role to be played by financial
intermediaries. A key assumption which is absent from the model, but appears in essentially
the entire financial intermediation literature, is that the intermediary has access to investment
opportunities that are not available to households. My emphasis on safety transformation
therefore provides a theory that can explain the role intermediaries play in markets for publicly
traded securities that households are also able to purchase.

One difference between my modelling of financial and non-financial firms is that only in-
termediaries face a cost of external finance. This naturally occurs in the (Lacker Weinburg
1989) microfoundation presented in the appendix, since the agency costs in this model are a
function of a firm’s asset risk. For intermediaries, equity is issued to bear the risk in their
asset portfolio, while non-financial firms have an exogenous cashflow z; which is tranched into
debt and equity securities. A non-financial firm’s capital structure decision is therefore inde-
pendent of the riskiness of its assets. In addition, mature non-financial firms generate enough
internal cashflow so as to rarely tap equity markets. The choice between retaining earnings or
borrowing and paying to debtholders is unrelated to the cost of external equity issuance. The
model’s results are broadly robust (but less clean) with a cost of non-financial equity issuance,

though the leverage of the non-financial sector increases to avoid the cost of equity issuance.

Household’s problem The household faces a standard intertemporal consumption prob-
lem, except for the fact that it obtains utility directly from its holdings of riskless assets. Given
its initial endowment, the household may either consume or invest it in a portfolio of available
securities. Risky securities owned by the household are priced by the marginal utility of con-
sumption they provide. The household’s special willingness to pay for riskless assets yields an
arbitrage opportunity, since the risk free rate lies strictly below that implied by the household’s
marginal utility of consumption. A trading strategy which exploits this arbitrage opportunity

is to buy a portfolio of assets and sell a riskless senior tranche and risky junior tranche backed
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by the portfolio, similar to the safety transformation intermediaries perform in equilibrium.

The household maximizes expected utility

u(cr)+ Elu(e)]+v(d). (1)

over period 1 consumption ¢, period 2 consumption ¢y and “deposits” d, which are riskless
securities owned by the household. w and v are assumed to be strictly increasing, strictly
concave, twice continuously differentiable, and satisfy Inada conditions. The household’s only
choice is how to invest its initial endowment, whose total value is Wy. It may purchase either
riskless assets, which yield the direct benefit v (d) as well as a riskless cashflow at period 2, or
any other financial security issued by the intermediary or non-financial firms. It cannot sell

securities short or borrow in order to invest.

The household’s problem is to maximize its expected utility given a deposit rate iy and
prices p, of securities s which pay the random cashflows d, in period 2. Given the interest
rate 14, the price of one unit of deposit at time 1 equals ﬁ Consumption at period 2 is the
sum of payoffs from deposits and securities ¢; = [ d,qu (s) ds + d, where gy (s) is the quantity
of security s purchased by the household. ¢y (s) cannot be negative, since short selling is not

allowed. The household’s problem can be written as

max u(c)+ F [u (/Oléqu(s)ds—l—d)] + v (d)

vaH(')ﬁl

1
subject to ¢; + + / psqm (s) ds = Wy (budget constraint),
0

1+ iy
qu (.) > 0 (short sale constraint)

The first order conditions for deposits d (which must be an interior solution since v’ (0) = 00)

and for the optimal quantity ¢y (s) to purchase of security s are

u'(er) = (L +ia) (v (d) + E'u' (2)]) (2)

12



u (c1) ps = E U (c2) 6] (3)

where inequality 3 becomes an equality if the household holds a positive quantity of security s,
qu (s) > 0.

Two features of the household’s optimal portfolio choice are notable. First, inequality
3 implies that only securities actually owned by the household must satisfy the consumption
Euler equation. If other agents (such as the intermediary) are willing to pay a strictly higher
price for an asset than the household, the price will not reflect the household’s preferences.
This depends crucially on the no short sale constraint, which stops the household from shorting
assets it considers overvalued. Second, the extra marginal utility v’ (d), reflecting the "safe
asset premium" households are willing to pay to hold riskless securities, depresses the risk free

rate. The interest rate iy = (U,(d)u;(% — 1 implied by the household’s optimal behavior
u'(c1)

would equal the strictly larger rate - @)

— 1 if v’ (d) were equal to zero. Safe asset demand
leads to a low risk free rate relative to the pricing of other assets owned by the household, as
(Krishnamurthy Vissing-Jorgensen 2012) shows empirically in the pricing of treasury securities.

This is illustrated in the diagram below.
Asset Pricing Implications of Household's Preferences

expected return of risky assets

expected return

? risk free rate

sy stematic risk (beta of pay off with aggregate state)

If all asset prices reflected the household’s willingness to pay, the gap between the risk free
rate and the pricing of risky assets would be an arbitrage opportunity. Given the set of assets d;
available for purchase, suppose that a financial intermediary buys ¢; (s) units of asset s and sold
securities backed by these cashflows to the household. This portfolio pays fol dsqr (s) ds, equal to
fol E (64]good) q; (s) ds in the good state and fol E (6,)bad) q; (s) ds. The price of this portfolio is
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E [uj(w)

! dsqr (s) ds} . If the intermediary sells a riskless security backed by this portfolio pay-
ing fo (0s|bad) qr (s) ds and a residual claim paying fo (0s|good) — E (ds]bad)] qr (s) ds in

the good state, the household buys the riskless securlty at the price (DB () fo E (65|bad) qr (s) ds

u/(c1)
1

and buys the risky residual claim at the price §u fo (0s|good) — E (05|bad)] gz (s) ds.

This yields an arbitrage profit of ”,(Cd)) fo E (65|bad) q ( )ds for the intermediary who con-

structed this portfolio after subtracting the cost of buying the risky assets d,. This profit equals
the quantity of riskless assets backed by the intermediary’s portfolio fo (05|bad) qr (s) ds times
the safety premium ( ) that households are willing to pay for a riskless asset.

This arbitrage tra,ding strategy, selling safe and risky tranches backed by a diversified port-
folio of risky assets, is precisely the safety transformation performed by financial intermediaries.
The asset pricing implications of safe asset demand therefore already contain a hint of the role
intermediaries play in this model. Empirically, intermediaries only perform safety transforma-
tion by holding portfolios of low risk assets, staying away from riskier securities such as equities.
In the example above it would be most profitable for intermediaries to buy the entire supply
of risky assets available in order to issue the largest possible supply fo (65|bad) qr (s) ds of
safe securities. The next section develops a model of safety transformation subject to costs
of issuing external equity, which explains why intermediaries choose only to invest in low risk

assets.

Intermediary’s problem The intermediary is a publicly traded firm that maximizes
the market value of its net payouts (d71,972). The household must own the intermediary’s
equity in equilibrium (since there are no other buyers). The net payouts (071,072) (which are
positive when a dividend is paid and negative when equity is issued) are therefore priced by
the household’s marginal utility v’ (¢;) at ¢ = 1,2, since the first order condition 3 must be an

equality. The market value of the intermediary’s equity at time 1 is therefore equal to

E {Z; Ezgam] 400 (4)

The intermediary raises funds by issuing deposits and equity at time 1, can invest these

14



funds in the same set of assets available to the household for purchase, and must purchase a
portfolio which is always sufficient to back its promised payment to depositors. It must pay a
cost of C'(e) units of the consumption good when it issues equity e at time 1 where C' (¢) = 0
for e < 0, C"(0) =0, C'(e) > 0 for e > 0, C"(e) > 0 for e > 0. This implies there is
no penalty or bonus for paying dividends (since C (e¢) = 0 for e < 0) but the intermediary
faces a strictly convex cost of issuing positive amounts of equity. The appendix presents an
agency problem similar to (Lacker Weinburg 1989) which provides a microfoundation for the
cost of equity C (e). In this agency problem, the rents earned by the intermediary are costly
to its outside shareholders but have no effect on total resources available to be consumed at
the time of equity issuance. At time 1, the intermediary’s net payout to its shareholders is
—1 times the equity it issues, minus the cost of issuing equity 6;; = — (e + C' (e)). At time
2, the intermediary’s net payout is the total cashflows from its security portfolio minus the
promised payouts to depositors 975 = fol dsqr (s) ds — d, where q; (s) is the quantity of security

s purchased by the intermediary. The intermediary’s problem can therefore be written as

household’s pricing kernel payout at time 2
Ve 7\ ~  cost of equity issued at time 1
gl S ([a@a-d)+  Feoow
max qr\s)as — —€ — €
edyqr(.) u' (1) o !
d 1
subject to: e + T = / Dsqr (s) ds (budget constraint)
Zd 0

1
( / dsqr (s)ds — d) > 0 in all states of the world (solvency constraint)
0

qr(.) >0 (short sale constraint)

Since all securities have higher expected payoffs in the good than bad state, the sol-
vency constraint only binds in the bad state. It is therefore equivalent to the constraint
fol E (65|bad) qr (s)ds —d > 0. Let A be the Lagrange multiplier on the solvency constraint, so

the problem can be written in Lagrangian form (after using the budget constraint to solve for
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d
B 0sqr (s)ds — — B )ds — -
gl(%?z u' (o (/ qr (s)ds ) u' (c1) {/Opql S 1+Zd}
1
)0 [par(ds— )+ (/ B (Glbadyar (5)ds —a).
0 1+Zd 0

subject to g7 (.) > 0 nonnegative.

The first order conditions are (noting that e = fol Psqr () ds — 5 +1,1)
u'(e1) (14 C"(e)) = (1 +a) (B (c2) + A) ()
v (c1) (14 C"(€)) ps > Eu' (¢2) §5 + A\E (d4|bad) (6)

where the inequality must be an equality for all s for which ¢ (s) > 0.

The intermediary’s ability to issue riskless deposits depends on two separate channels: di-
versification of idiosyncratic risk, and equity issuance to bear systematic risk. Because the
intermediary can issue securities backed by its entire portfolio of assets, it is able to diversify
away all idiosyncratic risk in the assets it holds. As a result, it is possible for the intermediary
to issue riskless securities even when every asset it owns can have arbitrarily low payoffs. If the
intermediary’s liabilities were collateralized by individual securities rather than a portfolio, no
riskless assets could be issued unless some assets s € [0, 1] have payoffs bounded away from 0.
The intermediary’s ability to diversify is reflected in the fact that its solvency constraint can
be written as fo E (§5|bad) q; (s) ds > d, in which no security’s idiosyncratic risk appears. The
systematic risk which remains in the intermediary’s diversified portfolio is costly for the inter-
mediary. The good state cashflows fo (05|good) — E (65|bad)] g (s) ds on the intermediary’s
balance sheet after depositors have been paid must be financed by equity issuance.

The intermediary’s solvency constraint and cost of equity issuance make it effectively more

risk averse to systematic than the household. The intermediary gets a marginal value of
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u’ (cgad) + X from a bad state payoff at time 2 but only u’ <cg°°d) from a good state payoft, since

only bad state payoffs relax the solvency constraint. At time 1, the intermediary has a marginal
value of funds v’ (¢1) (1 + C’ (e)) which is strictly greater than the marginal value v’ (¢;) of the

u’(cg“d)—O—)\ u'(cgad) u’(cgwd> u'(cgwd)
u/(e1)(1+C7(e)) u/(c1) c1)(1+C7(e)) u/(e1)

household whenever e > 0. If and — ( (as will be
true in equilibrium), the intermediary is willing to pay strictly more at time 1 for bad state

payoffs and strictly less for good state payofts relative to the household.

Asset prices This section uses the optimal portfolio choices of the household and in-
termediary to characterize asset prices, which have so far been taken as given. It proceeds
in two steps. First, I use the portfolio choice inequalities 3and 6for each agent to provide an
expression of asset prices. This result shows that equilibrium asset prices are the maximum
of the two agents’ willingness to pay for the asset. Second, I use the fact that both agents
are willing to trade risk free assets at the same interest rate iy to provide a more economically
interpretable asset pricing formula. This result shows how the cost of capital of the financial
intermediary, in particular the fact that it can issue riskless assets cheaply but faces costs of
issuing external equity, is the fundamental determinant of asset prices.

The portfolio choice inequalities 3 of the household and 6 of the intermediary provide a direct
characterization of asset prices. Because every security in nonzero supply must be owned by
some agent, at least one of these two inequalities must be an equality. This proves the following

result.

Proposition 1 (segmented asset prices) For any asset s in positive supply with payoffs § at

time 2, its price at time 1 is the maximum of the willingness to pay of the two agents

o= (S P )

If the two arguments of the max function are not equal, the agent willing to pay a higher

(7)

price ps for the payouts §, holds the asset’s entire supply in equilibrium.

To illustrate the implications of this proposition, it is useful to show how the intermediary’s
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cost of capital determines its willingness to pay for an asset. To do so, note that since both
agents are willing to borrow and lend at the risk free rate 74, so the intermediary’s value of a
riskless security is equal to the household’s in equation 2. Note also that since the realization of
u’ (¢2) depends only on aggregate shocks, the intermediary’s willingness to pay for a security ds
is the same as one which returns E (§;|good) in the good state and E (d;|bad) in the bad state.
Idiosyncratic risk is diversified away and does not earn a risk premium. The intermediary’s
value of a security paying d, can therefore be written as the sum of its value of a security paying
E (§5|bad) in all states and a security paying E (0s|good) — E (ds|bad) in the good state. This
implies that the price the intermediary is willing to pay to own asset s is equal to
o (Cgood> [E (05]good) — E (§,|bad)] (B! (c2) + ' (d))

2(1+C"(e))u (¢1) + B (9s[bad) w (c1)

(8)

which proves the following corollary. It expresses the price of every asset in terms of the
mix of riskless debt and risky equity finance an intermediary would have to raise in order to

fund its purchase as part of a diversified asset portfolio.

Corollary 2 (intermediary’s cost of capital determines asset prices) Every asset s in positive

supply with payoff 65 has price

household’s willingness to pay for asset

——N—
u' (e
Ps = E [ﬁésl +
w (1)
equity required to purchase asset
safety premium -~ - ~ cost of equity
safe debt backed by asset m <C‘gOOd) [E (53’90060 _E (5s|bad)] Cl (6)

max|0, E (6,|bad) o) 2 () (ERe (e))] (9)

If the expression in the max function is strictly positive, the intermediary values the asset

more than the household and owns its entire supply in equilibrium. When v' (d) and C’ (e) are

E(0s|good)

F 0o fad) is sufficiently small. It follows that

both strictly positive, this is the case if and only Zf B

there exists some cutoff k* > 1 such that the intermediary owns all assets with ]ij((‘;'—f’:jg) < k*
E(6s|good) > k*

and the household owns all assets with £ —(5 bad)
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This corollary presents a single expression which illustrates how asset prices are determined
by the intermediary’s cost of capital. First, equilibrium asset prices are the maximum of
the willingness to pay of the household and intermediary. Because both agents face short
sale constraints, they cannot short assets they consider overvalued and need not have the
same willingness to pay for all assets. Second, the difference between the household’s and
intermediary’s willingness to pay for an asset is a function of how much safe debt the asset backs.
If an intermediary holds a portfolio which diversifies away idiosyncratic risk, it can issue a total
of E (05|bad) safe securities backed by the random cashflow §;. The residual payoff 6s—FE (d;|bad)
has 0 expected payoff in the bad state and an expected payoff of E (d5|good) — E (§;|bad) in the
good state. Because only bad state payoffs loosen the intermediary’s solvency constraint for
issuing riskless liabilities, the claim E (d;|good) — E (0s|bad) which remains after idiosyncratic

risk is diversified away must be financed entirely by issuing equity. The "cheapness" of safe

C'(e)
1+C’(e)

v'(d)

u(c1)

debt (measured by ) and "costliness" of risky equity (measured by ) determine the
intermediary’s willingness to pay for an asset. The frictions which lead to a violation of
Modgliani-Miller for financial intermediaries, biasing them towards issuing riskless debt on a

highly levered balance sheet, are reflected in equilibrium asset prices.

Asset Pricing Implications of Household and Intermediary Portfolio Choices

low risk assets: high risk assets:
owned by intermediary | owned by household

low price of risk
for high risk assets

expected return

high price of risk
for low risk assets
systematic risk (beta of payoff with aggregate state)

As illustrated in the figure above, the portfolio choices of the household and intermediary

lead to segmentation between the pricing of low and high systematic risk assets. For assets

E(ds]good)

with Foopad) < k*, which are purchased by the intermediary, the price of systematic risk is

strictly higher than for assets with % > k* owned by the household. By the corol-
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lary above, increasing E (§|good) and decreasing E (§,|bad) by one unit changes the price by

! (200 ) —u (o)

2u/(c1)

< 0 if the household owns asset s. For assets owned by the intermediary, the

) v () o () () .
: 2u/(c1) : T ow(e) u’(ch) 1+C'(e) : 2u/(c1) “—. These dlfferlng

change in price is
prices of systematic risk yield a "kinked" securities market line.

This segmentation in risk pricing illustrates the role of intermediaries in asset markets when
other investors face borrowing constraints. In models with leverage constraints (e.g. Frazzini
Pedersen 2014, Black 1972), high risk assets earn low risk adjusted returns since they are held
by risk tolerant agents who cannot use leverage to take risk. Agents who are not borrowing
constrained can hold levered portfolios of low risk assets in order to take risk and earn a better
risk-return tradeoff. In my model, the natural agent to consider as borrowing unconstrained is
a levered financial intermediary such as a bank. Because the riskless liabilities of intermediaries
are demanded by households, issuing such liabilities is a uniquely cheap way for intermediaries
to borrow. As a result, intermediaries are the marginal holders of low risk assets, earning
a more attractive risk-return tradeoff than households. Empirically, financial intermediaries
such as banks and insurance companies do in fact hold highly levered portfolios of low risk
assets, suggesting this is a natural interpretation of the role such intermediaries play in asset

markets.

Non-financial firm’s problem This section shows how non-financial firms choose their
optimal capital structure. The segmentation in asset prices in the previous section can be
arbitraged by non-financial firms through their capital structure choices. As shown above,
the intermediary is willing to pay more than the household for all securities which have suffi-
ciently low undiversifiable risk. In order to issue perfectly safe assets which provide utility to
households, intermediaries demand low risk assets. To meet this demand for low risk assets,
non-financial firms divide their cashflows into a low risk debt security and a high risk equity
security, which they respectively sell to the intermediary and to the household. As a result,
the cost of capital of the intermediary, which determines its willingness to pay for securities,

indirectly determines the cost of capital of the non-financial sector. The Modigliani-Miller
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violation for intermediaries, which is due to the household’s demand for safe assets and the
intermediary’s cost of external equity, indirectly leads to a Modigliani-Miller violation for all
non-financial firms.

Each non-financial firm i € [0, 1] has cashflows x; at time 2. The cashflows are subject
to both aggregate and idiosyncratic shocks. In the good and bad aggregate states, x; is
respectively distributed according to F'(x;|good) and F (x;|bad). Given the aggregate state,
the realized cashflows of non-financial firms are conditionally independent. The only choice of
the non-financial firm is the face value of debt D; that it chooses to issue. The debt of firm i
pays x” = min (x;, D;) , paying the full face value whenever possible and otherwise paying the
firm’s entire cashflow x;. The equity of firm ¢ pays the remaining cashflow after paying off the
debt z¥ = x; — min (z;, D;) = max (x; — D;,0) .

The problem of the non-financial firm is to maximize the total market value of its debt
and equity, taking as given the asset prices implied by the behavior of the household and
intermediary. Corollary 2 implies that the sum of the prices of the firm’s debt and equity can

be written as

/
Pl +pp = EZ’ E?;ajl + max (0, K1 E (zbad) — K, [E (2 |good) — E (z}|bad)]) (10)
1

+max (0, K1 E (27 |bad) — K; [E (z|good) — E (z|bad)])

good

where K| = ;,'((i)) >0 and Ky = UQS;Q((H)) (1fg,e()e)) > (0. The signs of these two constants reflect

the fact that the intermediary is willing to pay more than the household for riskless payoffs
but less for payoffs in the good state. If K; = Ky = 0, which would occur if household and
intermediary had the same willingness to pay for all securities, firm i’s total market value would
be independent of its capital structure. The fact that p% + p%, does depend on the face value of
debt D; illustrates how segmentation in asset markets leads to a violation of Modigliani-Miller
for non-financial firms. This is related to (Baker Hoeyer Wurgler 2016), who study the capital

structure implications of segmented debt and equity markets and provide supporting empirical
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evidence for such segmentation.

The firm chooses the face value of debt D; to maximize its total market value p%, + pi.
If there is some D; at which the intermediary buys one security issued by the firm and the
household buys the other, it must be that p% + p%, is strictly greater than either investor’s
willingness to pay for the firm’s total cashflows x;. The firm will therefore choose such a D; if

one exists. If such a D; is chosen optimally, it must therefore satisfy the first order condition

K, Pr(z; > D;|bad) — Ky (Pr (x; > D;|good) — Pr (z; > D;|bad)) =0 (11)
zP in(z: D zF
since 2ZUPH) _ 0pminGuDU) _ py (4, > Dy H) = 220 for 1 = bad and H = good.

This condition has the interpretation that a security which pays 1 when z; > D; and 0 otherwise
is of equal value to the household and the intermediary. Because a marginal increase in the
face value D; of debt increases the payout of debt only in states of the world where x; > D;, it
must be the case that this marginal transfer of resources from equity to debt has no effect on

firm i’s total market value pi;, + pb,.

Pr(x;>D;|good)

Pr(z;>D;|bad) For this ratio to

The first order condition 11 uniquely determines the ratio
determine firm i’s capital structure, there must be precisely one D; for which 11 holds. 1

therefore impose the following regularity condition.?

Condition 3 (i) % s a strictly increasing continuous function of D.

(73) Pr (x; > 0]good) = Pr (z; > 0|bad) =1

caN e Pr(z;>D]|good) __
(#77) limp o Pr(z;>Dlbad)

Condition 3 implies that as firm i increases its leverage, the systematic risk of its debt
increases. As well as providing a unique solution to the first order condition 11 for any

positive K; and K, this condition also implies that

E (min (x;, D;) |good)  Pr(x; > D;|good) _ E (max (x; — D;,0) |good)
E (min (z;, D;) |bad) Pr (z; > D;|bad) E (max (z; — D;,0) |bad) -

f5;(D|good) fs; (D|bad)
1(5:>Dlgood) < Pi(s,>DJbad) Where fs. (|H)
is the conditional density of §; given the aggregate state H. Such an assumption appears in (Simsek 2013) to
ensure a unique solution in a related leverage determination problem.

3Condition 3 (i) is equivalent to the monotone hazard ordering S
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It follows that when D; is chosen to satisfy 11, firm i’s debt has sufficiently low systematic
risk that it is bought by the intermediary, while firm i’s equity is bought by the household.
This verifies that 11 uniquely determine’s firm i’s optimal capital structure. Plugging in the

definitions of K; and K, yields the following proposition.

Proposition 4 (optimal non-financial capital structure) If condition 3 is satisfied, the optimal

face value of debt D; for firm i is the unique D; which solves

V' (d) u (Cgmd> C’ (e) (Pr (#; > Dj|good) 1) —0. (12)

u (c1) 2u' (c1) (14+C"(e)) \ Pr(z; > D;|bad)

At this optimal capital structure, firm i’s debt is bought by the intermediary and its equity

1s bought by the household.

This proposition illustrates how the household’s demand for safe assets (measured by v’ (d))

C'(e)
1+C'(e)

and the intermediary’s cost of equity finance (measured by ) jointly determine the op-
timal capital structure of the non-financial sector. As shown in the previous section, the
intermediary’s cost of capital is reflected in segmented asset prices. The proposition extends
this result by showing how the non-financial sector responds to this market segmentation. As
a result, the intermediary’s ability to issue cheap riskless debt implies that non-financial firms
are also able to issue cheap debt as long as its exposure to systematic risk is low enough.

The proposition also provides a simple condition cross-sectional prediction for corporate cap-
ital structure. A security which pays Pr (z; > D;|good) in the good state and Pr (z; > D;|bad)

in the bad state is of equal value to the household and the intermediary. If the intermediary’s

willingness to pay for risky securities increases, the non-financial firm will change its capital

Pr(z;>D;|good)

structure so that the ratio Br(z: D; bad)

increases as well. Under condition 3, this implies an

Pr(z;>D;|good)

increase in the firm’s leverage. In addition, firms for whom
) Pr(z;>D;|bad)

is greater at a given
level of D; will choose in equilibrium to issue less debt. This implies that firms with more
cyclical cashflows chose to be less levered, consistent with the empirical findings of (Schwert

and Strebulaev 2015).
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A further implication of this proposition, illustrated in the figure below, is that it determines
the composition of household, intermediary, and non-financial firm balance sheets. Households
invest in the equity of both the financial and non-financial sector and also hold safe assets,
since safe assets provide a direct flow of utility. Intermediaries, who supply the safe assets held
by households, invest in the debt of the non-financial sector and must issue a buffer of costly
equity to bear the risk in their portfolio of debt securities. Non-financial firms sell their debt to
intermediaries and equity to households, arbitraging the differing prices of risk for low and high
risk securities. Note that the fact that equities are held by households while debt securities
are held by the intermediary is an endogenous outcome and not directly assumed. Any agent
is able to buy any security, but intermediaries are willing to pay more for debt securities and
less for equities compared to households.

Composition of Balance Sheets in Equilibrium
\ \

Financial Equity Financial Equity
Non-financial Debt Non-financial Debt
Safe Assets Safe Assets
Non-financial Firm Liabilities Intermediary Assets Intermediary Liabilities Household Assets

One final implication of this proposition is that it provides a rationale for the "credit spread
puzzle" in debt securities and "low risk anomaly" in equities. Because of the capital structure
choices of the non-financial sector, the "kink" in risk premia derived above endogenously leads
to segmentation between debt and equity markets, with a greater price of systematic risk
in the debt market. As shown in (Huang and Huang 2012), structural credit risk models
underestimate the spreads on corporate bonds when calibrated to data from equity markets,
a finding referred to as the credit spread puzzle. Such a result can either be interpreted as a

failure of existing structural models or taken as evidence that risk is priced more expensively
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in debt markets than in equity markets, as naturally occurs in my model. The high price of
risk in debt markets occurs jointly with a low price of risk in equity markets. This rationalizes
the "low risk anomaly" (e.g. Black, Jensen, Scholes 1972, Baker, Bradley, Taliaferro 2014),
which finds that for simple measures of risk (such as covariance with returns on an equity
market index), the price of systematic risk in equity markets is too small to jointly explain a
low risk free rate and high expected return on equities. This naturally occurs in my model,
since the demand for safe assets depresses the risk free rate. A more direct implication of my
segmentation result is that a levered portfolio of bonds outperforms an equally risky unlevered
portfolio of equities. This is consistent with the evidence in (Frazzini Pedersen 2012), providing

additional evidence for my model’s asset pricing implications.

Equilibrium This section characterizes the model’s equilibrium, endogenously determin-
ing the intermediary’s cost of capital, which has been taken as given in the results above. To
do so, I must impose the budget and resource constraints which have not been considered in
the above results on asset prices and capital structure. Once these constraints are imposed,
proposition 4 summarizes all additional information necessary to determine the model’s unique

equilibrium.

Definition 5 An equilibrium is a set of consumption allocations (c1,c2), intermediary and
household portfolios (qr (S) , qu (5))56[071} , asset prices (ps)se[m] , deposits d, intermediary equity
and non-financial firm debt issuance (D;)c (o such that

(1) The household, intermediary, and non-financial firms behave optimally as described
above (so 2, 3, 5, 6, and 12 are satisfied).

(11) Household and intermediary budget constraints are satisfied.

(1ii) Consumption at time 2 equals the total output of the non-financial sector co = fol x;di

and consumption at time 1 equals output at time 1 ¢, = C].

Because v’ (d) > 0, the intermediary chooses to issue as much safe debt as possible, resulting
in a binding solvency constraint. This binding constraint yields two straightforward implica-

tions. First, directly from the definition of the intermediary’s solvency constraint, the bad state
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payoff of the intermediary’s portfolio equals the quantity of safe debt it issues. Because the
intermediary’s portfolio is composed entirely of the debt of the non-financial sector as shown

in proposition 4, the quantity of riskless assets is
1
d- / E (min (x5, Dy) [bad) di. (13)
0

In addition, because the entire bad state payoff of the intermediary’s portfolio is used to back
riskless debt issuance, the intermediary’s equity pays out only in the good state. The intermedi-
ary’s asset portfolio has a good state payoff of fol [E (min (x;, D;) |good) — E (min (z;, D;) |bad)] di
that is not paid to depositors. Assets owned by the intermediary must have prices that satisfy

condition 6 with equality, so the quantity e of equity the intermediary must issue is given by

u' (e1) (14 C"(e)) e = %u’ <cg[’0d) /0 [E (min (x;, D;) |good) — E (min (x;, D;) |bad)] di.  (14)

One interpretation of this result is that the systematic risk in the intermediary’s asset
portfolio (i.e. the mismatch between the risky payoff fol min (z;, D;) di and the intermediary’s
riskless debt) is financed entirely by equity issuance. These two results combined with the

optimal capital structure condition in proposition 4 uniquely determine the equilibrium.

Proposition 6 (unique equilibrium) The model’s unique equilibrium is determined by a face
value of debt D; for each non-financial firm i and quantity e of equity issued by the intermediary

which solves the following 2 equations.

o (Jfy B (min (a;, D) [bad)di) o (5) (e (Pr (z: > Dilgood)

u' (1) 2/ () (1+C(e)) \ Pr (i > Dylbad) _1) =0 (15)

(1+C' (e)) et (cl):%u' (cgood) /0 [E (min (z;, D;) |good) — E (min (w;, D;) |bad)] di ~ (16)
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Proof. Note that the ratio % is the same at the optimal debt D; of each firm i. By

condition 3, this single ratio uniquely determines the face values of debt D; for each firm i. Since
the intermediary’s portfolio is composed entirely of the debt of non-financial firms, this also de-
termines the portfolio’s payoft fol min (x;, D;) di. Since [E (min (z;, D;) |good) — E (min (z;, D;) |bad)]

is nonnegative, there is a unique e which satisfies the intermediary’s budget constraint for each
Pr(z;>D;|good)
Pr(z;>D;|bad)

Pr(z;>D;|good)
Pr(xz;>D;|bad)

Pr(z;>D;|good
value of 2x(zi>Dilgood)

Br(e.5Dilbad) > 1. Plugging this function e (

) into equation 15 yields a

continuous monotone function of

M — ]_ and negative
(

Br (2.5 Diba d)) which is positive at
t % sufficiently large. A unique equilibrium therefore exists. m

This result illustrates in general equilibrium the implications of safety transformation by

financial intermediaries. The first equation, taking as given the intermediary’s cost of capital

(determined by v’ (d) and C’ (e)) determines the uniquely optimal capital structure of the non-

Pr(zi>Dilgood) Gy the debt of the non-financial sector is

financial sector by pinning down Br(e 5D bad)

equal to the asset portfolio of the intermediary, this in turn determines the quantity of riskless
claims fol E (min (z;, D;) [bad) di intermediaries are able to issue and quantity of systematic
risk fol [E (min (x;, D;) |good) — E (min (z;, D;) |bad)] di to which intermediaries are exposed.
The second equation, which implies that all systematic risk on intermediary balance sheets
must be born by issuing equity, determines just how costly it is for intermediaries to bear
the systematic risk to which they are exposed. The ability of intermediaries to issue riskless
claims therefore depends both on the quantity of systematic risk they must bear (measured by
[ [E (min (z;, D;) |good) — E (min (z;, D;) |bad)] dxi) and the costs they incur in order to do so
(measured by C’ (¢)). As a result, the intermediary’s cost of capital (which appears in the first
equation) depends on the quantity of risk transformation it must perform (determined by the

second), explaining why these two conditions jointly characterize the model’s equilibrium.

2 Applications

Supply and Demand for Safe Assets The framework developed in the previous section

can be used to understand the general equilibrium effects of changes in the supply and demand
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for safe assets. Because the model endogenously determines asset prices, intermediary portfolios
and leverage, and the capital structure of the non-financial sector, all of these will adjust in
order to clear the market for safe assets. I consider three comparative statics: an increase in
the marginal utility v" of holding safe assets, the issuance of riskless assets p backed by lump
sum government taxes, and increase in the capital W; of intermediaries. The first can be
interpreted as an overall increase in the demand for safe assets, motivated by the increase in
foreign demand for U.S. treasury securities which began after the 1998 Asian financial crisis.
The second, issuance of riskless securities by the government, creates a supply of safe assets
in addition to those issued by financial sector. The third, increasing intermediary capital,
increases the supply of safe assets by increasing the amount of risk the intermediary is able to
bear while remaining solvent.

The first comparative static, an increase in the demand for safe assets, is simply an overall
increase in the function v’ (d) for all d. The effect of this is characterized by applying the implicit
function theorem to the system of equations 15 and 16. At a given quantity d of deposits, this
leads to a decrease in the risk free rate, providing the intermediary with cheaper debt financing.
This incentivizes the intermediary to expand its balance sheet, which requires it to invest in
riskier debt than it previously owned. The general equilibrium effects are summarized in the

following proposition.

Proposition 7 (safe asset demand) An increase in the demand for riskless securities, modeled
as an increase in the function v' (d) causes:
1. An increase in the quantity d of riskless securities and intermediary equity issuance e.
2. A reduction in the risk free interest rate and increase in credit spreads, with an overall
reduction in borrowing costs for all firms.

3. An increase in the leverage of the non-financial sector

The second comparative static, creating a supply p of riskless securities backed by lump sum
taxes, simply increases the supply of safe assets from the liability d issued by the intermediary

to the sum d+p. This crowds out the intermediary’s incentive to perform safety transformation
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by providing a supply of safe assets that do not lie on the intermediary’s balance sheet. For
any given quantity d of deposits, the safety premium v (d + u) is decreasing in pu. The effect
of this decrease is therefore precisely the opposite of the increase in v’ (d) considered in the
first comparative static. ~While the model in the previous section does not explicitly have
government debt, riskless government debt can be mapped into the framework above by simply

replacing v’ (d) with v’ (d + u) .

Proposition 8 (government debt supply) An increase in the supply p of riskless securities
1ssued by the government causes

1. Anincrease in the quantity d-+pu of total riskless securities, a decrease in riskless securities
d 1ssued by the intermediary, and decrease in intermediary equity e.

2. An increase in the risk free interest rate and compression of credit spreads, with an overall
wncrease in borrowing costs for all firms.

3. A decrease in non-financial leverage.

The third comparative static, an increase in intermediary capital, reduces the intermediary’s
need to issue equity to bear risk. If the intermediary starts with a supply W of inside equity,

its total equity is W; 4+ e. As a result, its budget constraint (equation 16) becomes

(1+C"(e) (e+Wp)u (e1) = %u’ (cgwd> /0 [E (min (z;, D;) |good) — E (min (x;, D;) |bad)] di

while equation 15 determining the non-financial sector’s capital structure remains unchanged.
In effect, this can be viewed as a shift in the function C” (.), where the marginal cost of equity
issuance is C’ (e) when W} + e units of equity have already been issued. As a result, an increase
in intermediary capital can be viewed alternatively as a decrease in the intermediary’s cost of
raising external equity finance. This induces the intermediary to expand its balance sheet and

increases the supply of safe assets, since the cost of safety transformation is reduced.

Proposition 9 (intermediary equity) An increase in intermediary inside equity W causes
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1. An increase in the quantity d of riskless securities and decrease in intermediary equity e.

2. An increase in the risk free interest rate and compression of credit spreads. Firms with
sufficiently safe debt have an increase in borrowing costs, while firms with sufficiently risky debt
have a decrease in borrowing costs.

3. An increase in non-financial leverage.

Proof. Appendix, where expressions are provided. m
While the proofs of these propositions are somewhat tedious, much of the intuition can be
seen in the special case where C'(e) = C’ and v'(d) = v’ are constant. In this case, the

non-financial firm’s optimal capital structure condition (equation 12) can be written as

20" [1+C"]  Pr(z; > Di|good)
o ( good> C' Pr(x; > D;|bad)

&)

1+

This expression determines the face value of debt D; issued by each non-financial firm as a
function of these the constants v" and C’. As v increases (raising the household’s willingness
to pay for the intermediary’s riskless liabilities) or C’ decreases (reducing the cost of equity
issuance required for the intermediary to take risk), the optimal quantity of debt D; of each firm
increases. Since the debt of the non-financial sector equals the asset portfolio of the financial
sector, this implies that the intermediary must expand its balance sheet. In particular, this
expansion requires the intermediary to invest in riskier assets than it previously did, since it
already owns the most senior claims on the cashflows issued by non-financial firms. In this
sense, my model is qualitatively consistent with the facts from the 2000s subprime boom. As
foreigners bought larger amounts of U.S. government debt, the financial sector increased its
size and invested in riskier assets in order to meet the growing demand for safe securities as
documented in (Bernanke et al 2011). The resulting increase in the leverage of U.S. homeowners
has a simple interpretation in terms of my model: intermediaries had to make more loans in

order to expand their balance sheets, so households had to borrow more to clear the market.
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An additional result, which cannot be seen in the special case above, is the fact that safe
security issuance by the government crowds out the risk taking of the financial sector. A special
case in which this can be seen is to assume C” is constant but that the household’s quantity of
riskless securities demanded d 4y is price inelastic. In this case, we have that if the government
issues p units of riskless securities backed by lump sum taxes, d = fol E [min (z;, D;) |bad] di
must decrease. This implies that by increasing p, the government can decrease the size of
intermediary balance sheets, which must in equilibrium decrease the amount and riskiness of
non-financial debt issued. As can be seen from the condition above, this leads to a reduction in

Pr(z;>D;|good o . .
Prlwi>Dilgood) jo.reases, resulting in a fall in the risk free rate. Several other recent papers
Pr(z;>D;|bad) )

v’ since
(e.g. Greenwood Hanson Stein 2015, Krishnamurthy Vissing-Jorgensen 2015, Bansal Coleman
Lundblad 2011) have models (and empirical evidence) showing that safe security issuance by
the government crowds out risk taking in the financial sector when a certain class of risky assets
may only be owned by intermediaries. My model extends their results by showing that this
leads to a decrease in the non-financial sector’s leverage and a compression in credit spreads®.
This extension relies crucially on the fact that in my model intermediaries are the marginal

investor in publicly traded debt securities, illustrating the implications of my model’s emphasis

on safety transformation by financial intermediaries.

Quantitative Easing This section extends the model above into a 3 period setting in
order to study the effect of changes in government debt maturity, motivated by the Federal
Reserve’s use of quantitative easing in which short duration bank reserves were issued in order
to purchase longer duration debt securities. The debt of non-financial firms and the government
can either be short duration (paying off at time 2) or long duration (paying off at time 3), and
financial intermediaries can choose to take on both credit and duration risk in their portfolio
choice. The basic insight connecting this extension to the model above is that the intermediary’s

ability to remain solvent after a bad shock depends both on its exposure to credit and duration

4Strictly speaking, credit risk premia when C’ are constant do not change. This result holds true whenever
C” > 0 and can be seen in closed form in the case where the intermediary has a supply of inside equity and
cannot issue more.
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risk. As a result, shortening the duration of government debt behaves very similarly to an
increase in the supply of government debt in the 2 period model, since duration risk is taken

off of the intermediary’s balance sheet. The good or bad aggregate shock in the 2 period

model impacts cashflows at both times 2 and 3, and for tractability I assume that Z:Eg is held
constant across realizations of the shock.
Time runs from t = 1,2,3. To preserve the structure of the 2 period model derived above,

all aggregate uncertainty is realized at time 2.

Households have preferences

E (u(c1) + Bau (ca) + BaBzu(c3)) + v (d)

where ¢; denotes consumption at time t and d denotes the set of riskless securities owned
at time 1 which pay off at time 2. Households are subject to the same frictions as above. At
time 2, [, is realized to either equal 3, or B, > B4, With probability 1 independently of
the good or bad state aggregate shock. This is a simple approach to inducing randomness in
the risk free rate at time 2 so that the price of long term debt fluctuates. The portfolio choice

first order conditions at time 1 are analogous to those above

u' (e1)psy > BoEu' (c2) (psa2 + ds2)

u'(er) = (14dan) (BoEu () +0'(d)),
but in addition at time 2 they must satisfy
u' (ca) = (14 iaz2) Bsu’ (c3)
where 42 is the risk free rate at time 2. Since there is no aggregate risk at time 3, (1 +1i42)

is the expected return on all assets from time 2 to time 3. It follows that for every asset, its

u
u

price at time 2 is pso = ﬁEQ(ss’g = [, :Eingg(ss,g where F, is the conditional expectation
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given all information known at time 2.

The intermediary is identical as above, buying securities at time 1 in order to create riskless
claims which pay off at time 2. It faces the same budget, solvency, and short sale constraints
as in the two period model. Securities owned at time two are worth the sum of their dividend
payments d; o and their market prices p; 2, so the intermediary’s willingness to pay for an asset
depends on its total value 052 + pso at time 2. Similar to the 2 period model above it solves

the problem

max £\%2) ([ / (05,2 + Ps2) 41 (s) ds — dD +[—e—C(e)]

edgr() U (Cl)

d 1
subject to e + — = / Ps.1qr (s) ds (budget constraint)
]. + 1d 0

1
(/ (052 +ps2) qr (s)ds — d) > 0 in all states of the world (solvency constraint)
0

qr (.) nonnegative (short sale constraint)

To characterize the intermediary’s optimal behavior, 1 first determine in which state its
solvency constraint binds. Note that the intermediary’s solvency constraint can only bind
when the payoff its portfolio fol ds2 + Ps2) qr (s) ds is the smallest. To determine which when
this occurs, note that since p; o = 63 7 (cs EQ 5,3, the payoff of the intermediary’s portfolio can
be written as fol ( 52+ ﬁ3u o E255 3) qr (s)ds. Since all assets have lower expected returns

after the bad credit event, it follows that the intermediary’s solvency constraint can be written

u’c)

as fol ( ds2|bad) + low" (e (5573|bad)> qr (s)ds — d > 0, since the solvency constraint only
binds when 8; = 45" and the bad credit event occurs. It follows that the intermediary’s first

order conditions can be written as

u' (c3)
' (ca)

v’ (Cl) (1 + ' (e))ps,l > 62Eul (02) (ps,2 + (55,2) + A ( ( S 2|bad> + Blow

A+ (N (er) = (1+ian) [B2Bu' (c2) + A,

E (5s,3|bad)>

where A is the multiplier on the solvency constraint. These first order conditions reflect the
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fact that the intermediary finds payoffs in the worst state of the world (where both 5 is low
and credit risk is bad) especially valuable, since only these payoffs increase its ability to issue

riskless securities demanded by households.

As in the 2 period model, imposing that both agents are willing to buy a riskless security
at time 1 at the same interest rate ¢y can be used to remove the Lagrange multiplier A\ from
the above expressions. The difference in the two agents’ willingness to pay for a security with

payoffs (052, 0d53) is

/ low u' (63) C’ (6)
v' (d) {E (0s2|bad) + B4 " (02)E(5873|bad) 1T 0@ © *
/ u' (03) low u' <C3)
Eu' (cz) [55,2 + 53@5&3 — E (652|bad) + B3 " (Cz)E (0s,3/bad) | .

Given the willingness to pay of the household and intermediary for assets, the non-financial
firms choose the maturity (D; 2, D;3) of their debt. For simplicity, I consider the case where
the firm’s debt at time t is backed only by its cashflows at time t.> Under this assumption,
the firm’s debt pays min (z;2, D;2) at time 2 and min (x;3, D;3) at the 3. By an identical
argument to that characterizing the firm’s optimal capital structure in the 2 period model, the

firm’s debt issuance (D; 2, D;3) is characterized by

/ CgOOd (%2 1,2|1g00
vi(d) - 156(”626) (2 ) {[[Pllr((xzzilz),liqbadcg] a ] -

0 (c) 1+ (e)
Eu (03) [63 {(L’i’g > D@g} — ﬁl;w Pr ((L’i’?) > DZ’3|bCLd>] =0.

V' (d) [“ <C3)ﬁ§;’w Pr (2,5 > Di,3|bad)} __ gl

where z; 2 and x; 35 are assumed to satisfy the same regularity condition 3 as in the 2 period

®An alternative and more realistic model of corporate debt payout would be to allow the firm to borrow
against the value of its equity at time 2 in order to avoid default subject to the constraint that new issuance
must be junior to existing debt.
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model.

Together with the intermediary’s budget constraint,

1 min (2,2, D 2) — E |min (z;2, D; 2) |bad
(1 + O/ (6)) 6u/ (Cl) _ 6Eu/ (CQ)/ , [ ( 2 2) [ l ( 2 2) ’ ]] di
0 —l—u (c3) [/63 min (ZL‘Z‘73, Di,3) — 630wE (mln (l‘@g, Di,S) |bad)]

u(c2)

this characterization of the choice of corporate debt maturity determines the model’s unique
equilibrium. This system of equations allows me to prove the following proposition, illustrating

the effects of quantitative easing.

Proposition 10 (quantitative easing) If the government issues short term debt in order to
repurchase either long term debt or risky assets:
(1) The safe asset premium v' (d) decreases, so the risk free rate iq; at time 1 increases.
(i1) Credit and duration risk premia decrease.

(131) The issuance of both short and long term debt by the non-financial sector decreases.

Proof. Appendix. m

The basic intuition for the effects of quantitative easing is that both duration and credit risk
held on intermediary balance sheets must be financed by costly equity issuance. As a result,
decreasing the amount of duration risk the intermediary must taken in order to issue a given
quantity of riskless securities is analogous to an increase in the overall supply of safe securities
issued by the government and has similar effects. This can be seen from the fact that if the

intermediary purchases a riskless bond paying off at time 3, it backs 35" Z:EZ;; units of short

term riskless debt issuance, while the bound is worth 55" Z:Ezzg if By = 9" is realized at time
2. The remaining payoff ( high _ é"w) Z:Ei‘zg which occurs when 3, = 2" must therefore

be financed by equity issuance by the intermediary. As a result, riskless payoffs in period 3
held by the intermediary must be financed by a mix of debt and equity issuance, while short
term riskless assets can be held with 100% leverage. Shortening the duration of government

debt therefore reduces the intermediary’s need to issue equity, similar to an overall increase in
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the supply of government issued safe assets. As in the two period model, this crowds out the
intermediary’s incentive to take risk and compresses risk premia in credit markets.

One advantage of my approach to the effects of quantitative easing over existing papers is
that no assumptions about the "moneyness" of long term debt are required. Several papers
(e.g. Greenwood Hanson Stein 2015, Williamson 2016) proceed under the assumptions that
government debt of various maturities provide non-pecuniary services as either a source of
pledgeable collateral or money-like transaction services but that long term debt is less useful
in this regard. Under such an assumption, an aggregate liquidity shortage is mechanically
decreased by a shortening of the duration of government debt. In my setting, the amount of
"money services" provided by a long term bond is a function of how much short term riskless
debt it is able to back when held as part of a diversified portfolio. A useful implication of
my modelling approach is that the duration risk premium for government debt has a natural
interpretation in terms of the risk premium intermediaries require in order to borrow short
and lend long. Such a duration premium exists because intermediaries endogenously choose
to expose themselves to interest rate risk. This provides a rationale for theories of the term
structure which emphasize the balance sheets of arbitrageurs (Vayanos Vila 2009) The market
price of duration risk decreases as either credit or duration risk is taken off of intermediary
balance sheets, illustrating how quantitative easing can flatten the yield curve and compress

credit spreads.

The Zero Lower Bound This section embeds the two period model developed above into

a simple framework with nominal rigidities in order to study the role of financial intermediaries
at the zero lower bound. To maintain tractability, I make the extreme assumption that goods
prices are perfectly rigid, following the original liquidity trap analysis of (Krugman 1998).
Given this price rigidity, I assume that the central bank sets the interest rate ¢4y subject to the
zero lower bound constraint iy > 0 which binds since households will swap riskless bonds for

cash when interest rates are negative. The household’s optimality condition for investing in
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riskless securities

u' (1) = (1 +ia) [E (0 (c2) + 0" (d))]

determines consumption at time 1 as a function of ¢y, d, and i4. At time 1, the total supply
of consumption resources available need not be consumed, since the goods market is in disequi-
librium. Whenever the real interest rate iy which would occur in a flexible price equilibrium
(the natural rate) is negative, the binding zero lower bound constraint reduces ¢; to a quantity
strictly less than the amount of output available.

When the natural is negative and nominal rates are zero, output at time 1 can be stimulated
by reducing the premium v’ (d) on riskless securities. This can be seen from the fact that when
iq is fixed, u” (c1) % = v"(d) and u” has the same sign as v”. As a result, increasing the
supply of safe assets stimulates demand and output. This result is similar to the findings in
(Caballero Farhi 2016). Because my framework connects the supply of riskless assets d to the
risk taking capacity of the financial sector, my model allows me to extend this existing work by
considering aggregate demand effects of policies which focus on the balance sheets of financial
intermediaries.

To analyze the effects of policy at the zero lower bound, I first develop a tractable ver-
sion of the model’s equilibrium conditions which allows for output at time 1 to be demand
constrained. The equilibrium conditions which characterize the flexible price version of the
model’s equilibrium still hold, but they no longer characterize the equilibrium since ¢; is no
longer given. Using the household’s optimality condition for investing in riskless assets to

substitute for u' (¢1) and setting i; = 0 yields the following system of equations

([ et maann) U [t ) (et ) -0
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1+ ()e [Eu (c2) + ( /0 B min 1, D) [ d)]

1 1
= o (cgwd) / [E (min (z:, D;) |good) — E (min (z;, D;) |[bad)] di
0

which characterizes equilibrium with the economy stuck at the zero lower bound. As above
increasing the demand for safe assets or reducing the supply increases the premium v’ (d) on
safe securities determined in equilibrium. However, because the interest rate iy cannot move,
this implies that «’ (¢1) must increase in order to ensure asset markets clear. This yields a loss

in period one output ¢; due to a shortage of demand.

Proposition 11 (zero lower bound) Output at time 1 is decreasing in the demand for safe
assets and is increasing in the supply of government issued safe assets and in intermediary

capital.

Proof. Appendix. =

3 Dynamic model

In order to understand quantitatively the connection between financial intermediaries and the
pricing of credit risk, I embed the above framework in an infinite horizon model. As above,
intermediaries are the marginal holders of debt while households are the marginal holders
of equity, since a portfolio of debt securities is the safest portfolio an intermediary can buy.
One key new feature appears quantitatively- the degree of segmentation between debt and
equity markets is highly nonlinear in intermediary capitalization. In states of the world where
intermediaries are well capitalized, asset prices in debt and equity markets imply roughly the
same risk-return tradeoff. When intermediaries are poorly capitalized, debt and equity markets
are very segmented, and large arbitrage opportunities exist for any agent who is able to trade

both in the stock and the bond market. This is consistent with the fact that pricing anomalies
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such as the CDS-bond basis and covered interest parity violations tend to be largest in periods
of financial distress. One direct implication of this time varying segmentation between stock
and bond markets is that structural credit risk models, which attempt to predict credit spreads
using information from equity markets, should perform particularly poorly when intermediaries
are poorly capitalized.

The key reason why the segmentation between debt and equity markets is highly nonlinear
in intermediary capitalization is that the intermediary’s solvency constraint is only occasionally
binding. In "crisis times", an intermediary at time ¢ buys just enough assets to back its deposits
at time ¢+ 1 given the worst possible shock, satisfying the solvency constraint with a minimum
of capital. However, in "normal times" intermediaries will hold strictly more assets than are
needed to remain solvent, insuring against the possibility of future solvency constraints. As
can be seen in my quantitative results below, crisis times only occur when intermediary capital
is sufficiently low. When intermediary capital reaches the point when the solvency constraint
starts to bind, risk premia in debt markets become extremely sensitive to further decreases in

intermediary capital, while they are not so sensitive in normal times.

To illustrate the dynamic implications of the mechanisms studied in the two period model,
I adhere as closely as possible to the existing literature. In particular, my model of financial
intermediaries follows (Gertler Kiyotaki 2010, Gertler Karadi 2011), who provide a microfoun-
dation for forcing intermediaries to pay a fraction of their wealth as dividends each period.
The fact that intermediaries are forced to pay dividends is important to ensure the model has
a nontrivial steady state, since otherwise intermediaries will gradually save their way out of
financial constraints via retained earnings. Other than this detail, my intermediaries have the
same features as those in the two period model. In particular, they face solvency constraints
which restrict the quantity of deposits they can issue, short sale constraints on the securities
they purchase, and costs of issuing outside equity. For tractability, I choose functional forms
for these various frictions so that only the ratio of intermediary wealth to output, rather than

each variable separately, is the unique state variable that must be tracked to solve the model.
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To solve the model, I adapt some tools from the literature on general equilibrium asset
pricing in incomplete markets. My solution technique for a Markovian equilibrium is based
on the recursive procedure of (Dumas Lyasoff 2012), which uses time varying welfare weights
as state variables in a problem with multiple households. While there is only one household
in my model, the intermediary’s shadow value of internal funds behaves similarly to a welfare
weight. In a complete market, this shadow value cannot vary over time, while in my setting
it is strictly decreasing and convex in intermediary wealth. While (Dumas Lyasoff 2012) does
not consider short sale or solvency constraints, the duality techniques of (Cvitanic Karatzas
1992) for portfolio constraints are easily adapted so that the method allows for my model’s
constraints on portfolio choice. The literature on the asset pricing implications of solvency
constraints (Chien Lustig 2010, Gottardi Kubler 2015), where time varying welfare weights are
used heavily, focuses on the case where arbitrary Arrow-Debreu securities can be traded. My
model therefore broadens the set of questions to which these tools can be applied and draws

connections between this literature and financial intermediation.

Model details Time is infinite and runs from ¢ = 1, ...0c0. At each period, a binary shock
s, is realized to be "good" or "bad". A set of securities indexed by k € [0, 1] are available for
trade at time t which pay 0, = 1 after the good shock or ¢, = k after the bad shock in supply
q: (k). The total payoff of these securities y; = fol drqi—1 (k) dk equals the total output of the
economy at time t.

Households maximize expected utility E'> ;o) 8" (u(c;) + v (d)) over consumption ¢; and
deposits d;. At time ¢, they have wealth W, which can be consumed or invested. They can
invest either in a set of securities indexed by k € [0,1] at price pi, or in deposits which yield
the interest rate iy, as well as the extra utility v (d;) incurred directly from holding them. This

yields the budget constraint W; = ¢; + fol Preqey (k) dk+ 5 f;d - The household’s wealth at time

t 4 1 is the sum of payoffs from securities it owns plus deposits W1 = fol Oktr1qme (k) dk + dy.

The household’s problem can be written as
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max _ F Z B (u(c;) + v (dy)) subject to
{et,dt,fIH,t(~)}t:1 t—0

1
d
Ct = Wt_/ Pk tdH ¢t (k) dk — :
0

1+ Z'dﬂg

1
Wipgn = / O ut1qm,y (k) dk + dy
0

qm. (-) nonnegative

In my numerical simulations, I use the functional forms

u(c)=c "

Similar to the two period model above, the household has first order conditions

u (c)per > BEW (¢i41) Oppsn

u'(ce;) = (1+ige) [BE (cra) + 0 (dy)]

where any asset k held in positive quantity at time ¢ must satisfy its first order condition with
equality. The interpretation of these first order conditions is identical to that in the two period
model. Any asset k held in positive quantity by the household must satisfy the consumption
Euler equation. However, deposits, because they yield the extra marginal utility v’ (d;) , trade
at a strictly lower interest rate 74, than the risk free rate implied by the household’s marginal
utility of consumption. As above, this provides the intermediary with a cheap source of riskless
debt finance.

Intermediaries are publicly traded firms who maximize shareholder value, like in the two
period model. At time ¢, they start with wealth W/ and can raise funds by issuing additional
equity at a cost C' (e;) or by issuing deposits at the going rate iy¢. These funds can be invested in

publicly traded securities. As described above, intermediaries must pay a minimum dividend of
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AW at time t. They also face a solvency constraint like in the two period model which requires

the portfolio they buy at time ¢ to always be able to back their promised deposit liabilities d;.

Their problem can be written as

Ve

v

max EZ B (ce) [—er = C (er) + 4]
{et,dt,qm()}t:l t

d 1
subject to W/ + e, + . +t, = / Prtqre (k) dk +,, (period budget constraint)
1.t 0

1
Wh, = / Ok.t+141+ (k) dk — d; (definition of wealth)
0

1

< / Oktr1qrt (k) dk — dt> > 0 with probability 1 (solvency constraint)
0

YW/} (dividend payout constraint)

qr+ () > 0 (short sale constraint).

To characterize the intermediary’s optimal behavior, note first that it will only voluntarily

pay dividends when C’ (¢;) = 0, in which case it could choose e; < 0 instead of v, > 0. It is

without loss of generality to therefore assume v, = yW/. As in the two period model, let );

be the multiplier on the solvency constraint at time ¢. This constraint only binds after bad

shocks, so the problem can be written in Lagrangian form as

1
max _ E Z B’ (cy) {—et —C (&) + W] + N </ kqrs (k) dk — dt)}
t=1 t B

{et,dt,QI,t(~)} _

d 1
subject to W[ (1 —~) + ¢, + —— = / Drtqre (k) dk, (period budget constraint)
0

1+ id,t

1
Wl = / (Prt+1 + Ok t+1) qrt (k) dk — dy (definition of wealth)
0

g (.) nonnegative (short sale constraint).
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The first order conditions are

u (c) (1 +C (e)) pry > BE [y (1+C (erg1)) + (1 =) v (1) Onia
+ ek

u' () (14 C(er) = (I4ida) (BE [y (14 C" (er41)) + (L= )] v (cr41) + As)

where the inequality for the purchase of asset k must be an equality if the asset is held in
positive quantity, gr; (k) > 0. The multiplier \; on the intermediary’s solvency constraint at

time t satisfies the complementary slackness condition

1
At (/ k’th (k) dk — dt) =0
0

which ensures it is only nonzero when the solvency constraint binds.

To understand these first order conditions, note that at time ¢, the intermediary’s value of
internal funds is (1 + C’ (e;)), since this is the marginal cost of raising an extra unit of equity.
If these newly raised funds are invested in securities, only a fraction v of the proceeds can be
re-invested at time ¢ + 1. The remaining fraction (1 — v) must be paid out as dividends. The
intermediary’s marginal value of cashflows received at time ¢ + 1 is therefore v (1 + C” (e;41)) +
(1 — ), since 1+C" (e;41) is its marginal value of internal funds at time ¢t41. If the intermediary
chooses to pay more than yW;.; in dividends, it must be the case that C’(e;r1) = 0, so
1=~71+C" (et41)) + (1 =) = 14+ C’ (e441) is still a valid expression for the marginal value
of payoffs at time ¢ 4 1.

In equilibrium, because intermediaries choose to issue more equity when poorly capitalized,
their value of internal funds is higher when their capital is low. This endogenously increases
the intermediary’s risk aversion above that of its shareholders. In addition to providing funds
at time ¢t + 1, securities purchased at time t also loosen the intermediary’s time ¢ solvency
constraint if it is binding. Since the intermediary can only issue deposits up to the worst

possible realization of its portfolio fol kqr+ (k) dk, only the payoffs and resale of securities in this
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bad state are able to loosen the solvency constraint. The value of bad state payoffs to loosen
the intermediary’s solvency constraint is a second mechanism which adds to the intermediary’s
endogenous risk aversion, and in states of the world where the solvency constraint binds this
channel can be quantitatively much more important. To summarize, the intermediary’s optimal

“/(Ct“)MHC,it(tj))[)lfr%f(zgr’\s’t{st“:bad} is a valid pricing kernel for all asset

behavior implies that

k purchased by the intermediary and for deposits.

The optimal behavior of the household and intermediary yield a characterization of equilib-
rium which is similar to the two period model. As above, since both agents participate in the
deposit market, they must trade deposits at the same interest rate. Also, a cutoff asset k; exists
for which both agents are willing to pay the same price. Safer assets with & > k; are held at
time t by the intermediary while riskier assets with & < &k} are held by the household. Finally,
the intermediary’s budget must be sufficient to purchase all assets with £ > k. These three
equilibrium conditions uniquely characterize the two period model’s equilibrium, while in the
infinite horizon model they jointly define an operator whose fixed point is an equilibrium.® To
see this, suppose that in a Markovian equilibrium, the intermediary’s shadow value of internal
funds is the function A (W, ¢). The fact that both agents invest in or issue deposits at the rate

g at time t implies

1 W (c) 0 (d) o () [Y (14 C7 (er41)) + (1= )] + Asy
T Py @ () (L+ O (@)
_ B8E, u' (crp1) (YA Wi, ciq1) + (1 =) + A (W, 1)

uw (er) A (W, )

Similarly, if both agents are willing to pay the same price for asset k; at time ¢, then

SWhile I do not formally prove that the intermediary’s portfolio can be charecterized by a cutoff asset, it is
possible to check ex-post after solving the model numerically if this is indeed the case. My numerical solution
passes this test.
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u' (Ct)pk;f,t = [BE (Ct+1) (pk;j,t+1 + 5k;,t+1)
0O ) + (0 =)l )
(1+C" (er))
YA (Wisa, cipn) + (1= )] (1) (Drr (Wiga, €ian) + ke i1 (Wagn, cig1))
AWy, ¢p)

(pkt*,t+1 + 5k;,t+1) + As it mtin (pkwr1 + 5,€;7t+1)

= ﬁEt

+ﬁ)\s,t (Wm Ct) k:

Finally, since 57(1+C’(6t+1))+(1*’7) — B[VA(WHLCtHH(l*V)]

T+ () NGy is the pricing kernel for assets owned

by the intermediary at time ¢ if the solvency constraint is not binding, the intermediary’s budget

constraint can be written as

u' (crp1) (YA (Wiga, ee1) + (1 =) (/1 >
5 t u' (Ct) A (Wt, Ct) . (pkt t+1 k; ,t+1) L [ f t]

The complementary slackness condition \; min, ( f kl* (pk;’t_t'_l + 5k;7t+1) dk — dt> = 0 implies
that this expression for the intermediary’s budget constraint is also valid when the solvency
constraint does bind, because the portfolio ( f kl* (pkm“ + 5k;,t+1) dk — dt) has zero payoffs in
the worst possible realization of shocks at time ¢ + 1, and only payoffs in this state loosen the
solvency constraint.

To solve for a Markov equilibrium of the dynamic model, I must find some function A (W, ¢)
which satisfies the above three equilibrium conditions at every possible initial value of (W,c).
For tractability, I choose functional forms so that the function A (W, ¢) depends only on one
state variable rather than two. As is common in the literature, the intermediary wealth to
output ratio % is a valid state variable if A (W, ¢) is a homogenous function. For this to be the

case, I choose the functional forms
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u(cy) = Ct1_7§7:3
v(d) = d"
2
€t
C (e = 100 ( —
( t) (yt)
St (k) = Yt
v = .1
Yt+1

— = 1.1if s44; = good, .5 if s;1; = bad
Yt

To solve the infinite horizon model numerically, I solve a finite horizon approximation and
send the number of periods to infinity. By construction, such a solution cannot have rational
bubbles, which may or may not exist in other Markov equilibria of the model. The procedure for
solving the model is to iteratively construct functions A, (W, ¢) which maps the intermediary’s
wealth and the economy’s output to the intermediary’s shadow value of internal funds with n
periods remaining, starting with A; (W, ¢) = 1. If ||\, — A\i1||, gets small as n increases, this
approximates a solution to the infinite horizon model.

My numerical results show a strong nonlinearity in the degree of segmentation between
debt and equity markets. The first plot, shows the intermediary’s shadow value of internal
funds as a function of its capitalization. This shows that the intermediary’s value of internal
funds is decreasing and convex in intermediary capital. However, the following two plots show
a much more severe nonlinearity in the asset pricing implications of my model, which is due
to the binding of the intermediary’s solvency constraint. My second plot shows the safe asset
premium, which is the difference between the risk free rate and what it would be without
the utility of holding safe assets v’ (d). The kink point in the plot at which it grows steeply
as intermediary capital decreases is precisely the point at which the intermediary’s solvency
constraint first begins to bind. The third plot shows the difference between the intermediary

and household’s willingness to pay for a security which pays 1 after a good shock and -1 after
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a bad shock, and is a measure of the differing risk premia charges by the two agents.” This
measure of differing risk prices in low and high risk assets (or equivalently debt and equity
securities as explained above) also decreases sharply in intermediary capital below the point

where the solvency constraint begins to bind.
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TAny security which pays more in the good than bad state is a convex combination of this security and a
riskless asset.
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Difference in Risk Premia for Equity and Debt

Intermediary Capital/Output

Conclusion This paper develops a general equilibrium model of safety transformation, the
issuance of safe liabilities backed by a portfolio of risky assets. These safe liabilities issued by
financial intermediaries meet the demands of households to hold safe assets. In the model,
the structure of the financial system is organized to provide these safe assets while minimizing
financial intermediaries’ need to issue costly equity. As a result, financial intermediaries choose
to be highly levered and invest exclusively in low risk debt securities, while riskier equities are
held by households. The resulting segmentation of debt and equity markets provides an
arbitrage opportunity that the non-financial sector exploits when choosing its capital structure.
A key difference between this framework and the rest of the intermediation literature is that
households and intermediaries have access to the same investment opportunities. The model
provides a framework for understanding the role of intermediaries in publicly traded securities
markets and provides a risk based explanation for the role of debt on intermediary balance
sheets.

The model provides a framework for understanding how the financial system responds in
general equilibrium to changes in the supply and demand for safe assets. It explains how
a growing demand for safe assets may have contributed to the subprime boom, causing an

increasing in non-financial sector leverage and an expansion of intermediary balance sheets. In
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addition, the model clarifies how policies such as quantitative easing that increase the supply
of safe assets crowd out the incentive for the financial sector to perform safety transformation
and lead to a compression of risk premia in debt markets. Looking forward, a key question
is to understand how the private and social benefits of safety transformation by the financial

sector may or may not be aligned and to understand the implications for financial regulation.
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4 Appendix

Proof of propositions 6-8: Recall that the model’s equilibrium can be characterized by the

system of equations

o ( /0 "B (min (.. D,) [bad) dz’) L (622 ) { L 1] (P;r(g;%lf’b%) - 1) _0

(1+C" () et (¢1) — %u (cgood) /0 [E (min (z;, D;) |good) — E (min (z;, D;) [bad)] di = 0

Define a function M; (e,r) to be the value of the first expression for a given value of e and

Pr(z;>D;|good) d

" = Pr(z:>Ds|bad)

M, (e, r) to be the value of the second expression. Equilibrium occurs when M (e, r) =
(Ml (67 T) g M, (67 T)) = (07 0)
The Jacobian of M is
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.\ 90 1E(min($i7Di)|bad)di ' (9004 O'le
agfl (fo (min (2, D) [bad) dz) b ar - (3 )(1+c(/()e)) <0

oMy __ —C”(e) ood Pr(z;>D;|good)
e = 3010(e) (cg > (Pr(z1>D lbad) 1) <0

oMy — _ Ly ( go°d> fo (min (x;, D;) |good) — E (min (x;, D;) |bad)] di < 0

or 2

AL — o/ (1) (14 C'(e) +C" (e)e) >0

d [y E(min(z;,D;)bad)di 1 Pr(z;>D;|bad)
Where . or o fO ) (Pr(m,>D \good )d/L and
9D; \ Pr(z;>D;[bad)
1 Pr(z;>D;|good)—Pr(z;>D;|bad) ;.
;) [bad)] di = 5 (Pr(ac >D¢\good)) di. The

9D; \ Pr(z;>D;|bad)

fo (min (z;, D;) |good) — E (min (x;, D

inverse of the J a(:(l)bia,n is

OM; OM; OM> __ oMy _
0 ) ) ] .
" © = oo L N ¢ “ | whose elements have signs |
8M2 8M2 or de  Oe or _ 8M2 8M1 _ +
or Oe or or

use this result to now characterize the three comparative statics stated in the proposition
(7) Increased demand for safe assets

If the demand function v for safe assets is exogenously increased, by the implicit function

theorem
I or | oMy _ 9M; aM;
o’ 1 Ode Oe o’
= T oMy oMy oMy oMy ©
Oe aor e de Or __OM> oMy OMo
_81}’ or or ov’
Where aaM,l =1 and 8M2 =0, so
o 1 1 ' (e) (14C' () +C" (e) e)
oo | T T DLALOMMINL W) |4, aood) o 1 ) .
o or de Qe Or SU <02 ) o fo [E (min (z;, D;) |good) — E (min (z;, D;) |bad)] di

so 55 >0 and - > 0, so the intermediary expands its balance sheet and issues more equity.

In addition, note that the change in the equilibrium level of v’ < fo E (min (z;, D;) |bad) di) must

be equal to
u,<cgwd> de O 1 Pr(z;>D;|good) C'(e) o . . .. . 9
- [B—B—(HC,(e)) (Pr(xi>Di|bad) — 1) — ma—ﬂ , which is positive since 55 > 0
and % > 0.

Since v’ ( fol FE (min (z;, D;) |bad) dz’) increases, the risk free rate falls and the aggregate quan-
tity d of riskless securities issued increases. Since r increases, the leverage of each nonfinancial
firm also increases.

(71) Increased government supply of safe assets
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If the supply p of riskless government debt is exogenously increased, for a given value of r,

note_that
oMy v < ' E (min (z;, D;) |bad di) 9
O | _ Jo B ( ) [bad) =" (fol E (min (z;, D;) |bad) di) o0
oMy 0 M,
ou o’
or or
so || =" (fol E (min (z;, D;) |bad) dz’) v
Oe Oe
2 v

It follows that 8; < 0 and Z < 0 since v” < 0. The change in the equilibrium value of

v (fol E (min (2, D;) |bad) di) is equal to

_(eg) [&g 1 <Pr(ﬂcz>D ilgood) 1) _ _Ce &] <0
2 Ou Oe (14C’(e)) \ Pr(z;>D;|bad) 1+C'(e) O :

It follows that the risk free rate increases since v’ ( fol E (min (z;, D;) |bad)) decreases. The
quantity of riskless liabilities issued by the financial sector decreases, but the total supply
including the government supply increases. By the same arguments as in part (i), credit
spreads compress and the non-financial sector decreases its leverage.

(77i) Increase in intermediary capital

Finally, suppose the quantity W of intermediary capital before equity e is raised is increased.

We have that 20 = 0 and 22 = (14 " (e)) v (c1) so

Or_ oMy  _ oM, 0

ow | 1 Oe Oe

8 T OM; My _OM; OMy M oM

e or 0 de O 2 1 ! /
ow N (1+C"(e))u' (e1)
C" (e) o Cgood Pr(z;>D;|good) 1
(1+C7(e))u'(c1) 2(14+C7(e))? 2 Pr(z;>D;|bad)
— T 9Ny 9Ny 8]V[1 6MQ

— 5c 0 (min(z;,D;)|bad)di ! (g (e
o e (fo (min (z;, D;) [bad) dz) h? or - (3 )(1+C("()e))

which implies 2~ > 0 and 2 < 0. Since v/ ( fo (min (x;, D;) |bad) di) decreases because

aa—v’;, > 0, the risk free rate increases. Since

5_1;/ < 0, credit spreads compress. The leverage of the non-financial sector increases since
o
ﬁ > 0.
Proof of Proposition 9 As noted in the main text, equilibrium is characterized by a solution

to
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’ d 1 U/ (CgOOd> [Pl" (CL’@Q > Di72|900d)] 1 o
vi{d)+ <1+0/ (e) > {[Pr(mm > D, 5lbad)] 1 -
o (d) [ YA gowpy (4~ D, slbad)| =~

u (ca)® p s 1+C"(e)
Ev <C3) [53 {ZL’i’g > Di’g} — ﬁéow Pr (ZL’i’g > D1,3|bad)] =0.

and

[IIliIl (er"Q, Di’2) —F [mm (l’i’g, DLZ) |bad]] di
4

1
(1+C () e (e1) = BEW (c2)
1 i /0 +utes) [53 min (73, D;3) — ﬁéowE (min (23, Dy 3) |bad)]

u/(c2)

[Pr(z;,2>D; 2|good)]
2[Pr(xi,2>Di,2 \bad)] -

The value of these 3 expressions can be computed from knowing the ratio r =

Bu'ca)[Bs{wis>Dis )] determining the debt of each firm and the quantity e of equity issued by the

5l30w Pr(xi73 >Di,3|bad)
intermediary. The map N (r,e) from r and e to values of

1
v’ (/ (E [min (z;9, D;») |bad] + By E (min (z; 3, D; 3) |bad)) di)
0

1 u/ (CgOOd) P ' D, d
(L Pr (2 > Dislgood)]
1+ (6) 2 [PI‘ (.I'i,g > Dl,glbad)]
and
1 min (2,2, D;2) — F [min (x; 2, D; 2) |bad
(1+C (e) er (c1) BB (02)/ , in {23z, Dia) = £ fmin (232, Dig) [pad] di
0 +Z,EZ§§ [63 min (ZE@g, Dijg) — BéowE (mln (ZL’Z"3, Di,3) |bad)]

characterizes equilibrium at N (r,e) = 0. N has Jacobian

95 — o ((f (B [min (2:2, Diz) [bad] + B E (min (2:5, i) [bad)) di ) «
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, o Cgood
2 [V (E [min (212, Do) [bad) + 89°E (min (2,5, Dis) [bad)) di] — (242 () g

1+C'(e) 2
ONy . —C"(e) 1 [ good Pr(xz;>D;|good)
861 - 2(1+c/(e))2u (62 > (Pr(zi>Di|bad) o 1) <0

[min (I‘Z”Q, DLQ) - F [Hlll’l (.131‘,2, Di’g) |bCLdH

ONy __ ’ g rl .
GE=BE @S| o di<0
ey [53 min (z;3, Di) — B3 E (min (253, Di3) \bad)]
Ge =1 (c1) (1+C (e) +eC" () > 0
The effects of quantitative easing, by the implicit function theorem, solve
ar Ny  _oni | |om oNy
= - N ON; L NI ONG oe % | 5| 99 where | %9 | is the partial equilibrium
de Dr @ oe or |_ONa 9N Ny AN,
oQ or or aQ oQ

effect of an increasing in the quantity () of riskless government debt issued to purchase riskless

long duration assets, holding fixed r and e. To compute 88—%1 and ‘98% first note that issuing

one unit of short duration riskless debt at time 1 buys a face value F' of long duration riskless

debt where F3" < 1 and FAL"9" > 1,
It follows that %—JS < 0 and %—]\5 > 0. This implies that g—é < 0 and g—g < 0. This
Oe

implies that credit and duration risk premia are compressed since 50 < 0, and the rest of the

proposition follows directly.

4.0.1 Proof of proposition 10

As shown in the main text, with nominal rigidities at the zero lower bound, equilibrium is

characterized by the solution to

1 ul <C2 © ) I I r (fI; > D| ood
) ] ) 7 ? g )

(140 ()e (Eu (c2) + ' ( / B min 5, D)) dz))

1 1
—§u’ <c300d> /0 [E (min (x;, D;) |good) — E (min (z;, D;) |bad)] di = 0
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m) the value of these two

If T define M to be the map from r and e (where r =

expressions, M has Jacobian

oMy U“(fol E(min(xi,Di)\bad)di) 8[01 E(min(z;,D;)|bad)di U/(ngd) 1 _1l <o
or u(c1) or 2u/(c1) | (14+C'(e))

oMy _ _—C"(e) (™) (Pr(a;>Dilgood)

Bel T (14C7(e))? 2u'(c1) Pr(z;>D;|bad) 1) <0

A — Ly ( 900d> fo (min (z;, D;) |good) — E (min (x;, D;) |bad)| di

' (min(z;,D;)|bad)di ! E(min z;,D;)|bad)di
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For any perturbation p of the problem above,

or oMy  _ 9M; oMy
ou 1 Oe Ode ou
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My
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Increasing intermediary capital W has
OMo
oW

0
(1+C'(e)) (Eu’ (o) + ' (fol E (min (x;, D;) |bad) dz))

It follows that ;5% > 0, s0 v/ ( fo (min (z;, D;) |bad) di) decreases, and thus v’ (¢1) increases

since

u (c1) = Eu' (o) + 0/ ( fol E (min (x;, D;) |bad) dz’) . Increasing the demand v’ for safe assets

yields
OM, 1
A . The change in the equilibrium value of v/ ( fol E (min (z;, D;) |bad) di)
7] A+ Ce)e
must equal
! (c900% ) )
_ 5 ) g—§(1+cl,(e)) (?fg;%ﬁfbo(%) - 1> + [—(1+(}"(e)) — 1] %] , which is positive since % >

0 and 25 > 0.
It follows that u' (¢1) increases, so ¢; decreases, reducing output.

Finally, an increase in the supply p of government issued safe assets has

oMy M,
p) N\ | v : :
K ( fo (min (z;, D;) |bad) dz) Y|, so ¢; increases with the supply of govern-
8M2 81\42
ou o’
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ment issued safe assets.

A microfoundation for the intermediary’s costly external finance constraint At

time 1, the household divides into a consumer and an intermediary, as in (Gertler Kiyotaki
2009). Each agent maximizes the value of resources it returns to the household at time 2.
The consumer is given an endowment W; of wealth which it can either consume or invest as
described in the main paper. The intermediary initially has no wealth, but it can buy portfolios
of assets which back securities it can sell to the investor.

The intermediary faces an agency problem when selling securities to the household, since
the cashflows on the intermediary’s balance sheet are observable but not verifiable. If at time
2 the intermediary reports a smaller payout than actually occurs, it obtains private benefits
from diverting the remaining cashflows. It must therefore be incentive compatible for the
intermediary to accurately report its cashflows, which implies that it must receive a payment
greater than its private benefits of diversion.

The intermediary purchases a portfolio ¢; (s) of securities, which pays fo (0s|good) qr (s) ds

in the good state and fo E (65|bad) q; (s) ds in the bad state. The intermediary also issues

6good 5bad

securities which pay a total of in the good state and ;" in the bad state. The remaining

payoffs fo E (8,]good) q; (s) ds — 69°°* and fo E (6,]bad) q; (s) ds — 65" go to the intermediary
in each state of the world. If the intermediary reports the bad state when the good state
occurs, it loses the payment <f0 (05]good) qr (s) ds — 5*‘}00d> (fo (0s|bad) q; (s) ds — 51}“d>
but can divert the resources fo E (§5|good) — E (d4|bad)] q; (s) ds from which it gets the payoff

(fo (0s|good) — E (0s|bad)] qr (s) ds) for some constant M < 1. The IC constraint for
reporting the good state is therefore

(fo E (64]good) q; (s) ds —5§°°d> (fo E (6,bad) q; (s) ds — 51}‘“[)

> M ( B (8] good) — E (8.]bad)] g (s) ds) .

Given this good state IC constraint, I now solve for the optimal contract satisfying it and

show that the bad state IC constraint is also satisfied. To minimize the payment to the interme-
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diary subject to the IC constraint, note that §2*¢ = fo E (65|bad) qr (s) ds so the IC constraint
becomes (fo (85|good) qr (s) ds — 6900d> > M (fo (05|good) — E (§5|bad)] g1 (s) ds). The

5900d is minimized when this is satisfied with equality. 5g°°d = fo (05]good) qr (s) ds —

payout
(fo E (0s|good) — E (05]bad)] qr (s) ds). Given the portfolio ¢ (s), the maximal incentive
compatible payout the intermediary can make is 054 = fo (8,|bad) q; (s) ds and §9°°* =
f E (65|good) q; ( (fo (0s|good) — E (05]bad)] qr (s) ds) . For this choice of <5bad 5?00‘1),
if the intermediary reports the good state when the bad state occurs, it receives a negative
payment and has no resources to divert since (5§O°d > o9 = fo (0s|bad) qr (s) ds, so all IC
constraints are satisfied.
Given these total payouts, the intermediary optimally issues a riskless debt claim paying
fol E (d5]bad) qr (s) ds in both states of the world and an equity claim paying
JHE (8good) — E (8,|bad)] g1 (s) ds — ( JME (84]good) — E (5.Jbad)] g1 (s) ds>
in the good state and 0 in the bad state in order to provide the maximum of riskless assets.
The intermediary’s budget constraint given this constraint can therefore be written as
u (cr)e = 3u (cg""d> (fo (85|good) — E (§,|bad)] q1 (s) ds)

and its willingness to pay for a security with payoff §, can be written as

'(d) B (8:fbad) + Su' () (1= M) [E (8,]good) — E (3,Jbad)]

which is equivalent to the intermediary’s costly external finance problem in the main text

where 1 — M = ﬁ In order to reproduce an arbitrary cost of equity issuance C' (e) , replace

1+C7
(fo (0s|good) — E (0s|bad)] qr (s) ds) by the function
( JE (8:lgood) — E (8.[bad)] s (s) ds, e) = i Iy [ (8:]good) — E (6,]bad)] g (s) ds.
In this formulation, the marginal agency cost of risk on the intermediary’s balance sheet depends

on rather than solely on fo (0s]good) — E (ds|bad)] qr (s) ds.

1+C,(
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