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» Al. Agents
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There are two classes of agents: households and firm managers. Households
have expected utility

u(cy) + Efu(cz) — T+ v(d), (1)

which depends on consumption (ci,cz) at times 1 and 2, on a transfer T of
utility paid to firm managers at time 2, and directly on the holding d of risk-
less assets that pay out at time 2. The functions v and v are strictly increas-
ing, strictly concave, twice continuously differentiable, and satisfy Inada con-
ditions. Managers have expected utility equal to the expected transfer E(T)
they receive at time 2.

shanxi universiey



» A2. Agency problem
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Firm managers face an agency problem. For a firm that owns assets with
a payoff of x at time 2, an increasing and (weakly) convex portion C(x) of the
output is nonpledgeable and can be seized by firm managers, where C(0) = 0,
1>C" > 0,and C” = 0. As a result, only the payoff P(x) = x — C(x) can be paid
to outside investors. For a nonfinancial firm, the payoff seized by management
1s determined only by the payoff §; of the Lucas tree it owns, and the firm’s
pledgeable cash flows are §; = P(§;). Because all trees must be owned by non-
financial firms, and each tree i owned by a different firm, the payoffs seized by
managers of nonfinancial firms are effectively fixed. For the intermediary, the
cash flows seized by management depend on the payoftf é; of its (endogenously
chosen) asset portfolio, yielding pledgeable cash flows of §; = P(é;). If the pay-
off 67 of the intermediary’s portfolio increases, more output C(§;) can be seized
by its manager.
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» A3. Utility transfers
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After firm managers seize output, they sell it to households at a market price
in exchange for direct transfers of utility. If households consume ¢ at time 2
and managers have cgizeq Worth of seized consumption goods, households are
willing to make a transfer T = u'(c2)Cgeizeq t0 recover the seized consumption
goods. Because managers get no utility from consuming seized goods (but do
value utility transfers from households), all seized consumption goods are sold
back to households. This market for utility transfers (instead of having man-
agers consume seized goods) keeps the tractability of an endowment economy
with a representative household because households consume all output. How-
ever, households are harmed by managers seizing output because they must
transfer utility to buy the output back.
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> A4. Securities Issuance and Portfolios

our notation. Let f; and F;, respectively, be the face value of senior and ju-
nior debt issued by the firm owning tree i, which I call firm i. The pay-
offs of the senior and junior tranches of firm i’s debt are d; = min(s}, f;)
and D; = min(8 — min(87, f;), F;), respectively. The payoff of firm i’s equity 1s
E; = max(§’ — f; — F;, 0). Let f; be the face value of the intermediary’s debt,
so Dr = min(é7, f7) and E; = max(é; — f7, 0) are the payoffs of its debt and eq-
uity, respectively.

Let g;(d;), g1(D;), and q(E;) be the fraction of firm i’s senior debt, junior debt,
and equity held by the intermediary, with the remainder gg(.) = 1 — g;(.) held
by the household.® The payoff §; of the intermediary’s portfolio is

1 1
5 = f min(s?, f)g;(d;)di + ] min(s? — min(s?, f3), B g (Dy)di
0 0

1
+ ] max(s* — f; — F}, 0)q;(E;di. 2)
0
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» A5. Regularity Conditions

| impose two regularity conditions on this environment. The first condition
implies that a firm’s debt is less exposed to systematic risk than its equity,
which is the key reason why debt is held by financial intermediaries and equity

is held by households in the model.

Condition 1: For each i € [0, 1], there is a constant §; > 0 such that (1) Pr(s; >
§i;|bad) = Pr(8; > §;|good) = 1 and (i1) iﬁﬁﬁiﬂg{ is continuously differentiable

with l'esgect to u on [§;, o0), with the derivative strictly positive on (§;, o0) and

. Eﬁf:}ulgood} —
Limy . 0o B —ibady = O©-
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» A5. Regularity Conditions (cont.)

The second condition ensures that the benefit of the first unit of riskless

assets issued by intermediaries exceeds its cost, so that financial intermediaries

actually exist.

Condition 2: If the total supply of riskless assets is only the quantity u created

by nonfinancial firms, the marginal cost E [u"[fﬂl 8;di)C'(0)] of the intermediary
increasing the supply of riskless assets is strictly less than the marginal benefit

v'().
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» B1. Statement of Social Planner’s Problem

Given these portfolio and issuance decisions, the payoft 8;(q;(.), f;. F;)
of the intermediary’s portfolio is given by equation (2). The amount
of riskless debt the intermediary can issue 1is §7(q7(.), f;, F}) =

P[min(é?ad{{}‘;(.J, fi, Fy), 5?“':1({};(.), fi, F;))], where (ﬁ?ad, Sfmdl are the real-
1zations of ;7 in the bad and good aggregate states. This yields a total quantity
of riskless debt held by the household of

1
dqiC), fi. Fi, f1) = fil{f1 < 8;(q:1(.), fi, Fy)) +j (1 —qrdi)fil{fi < 87)di. (3)
0

To see this, note that the indicator function 1{f; < &7} is defined to equals 1 if
fi < &7 and 0 otherwise, which means that the senior tranche of firm i’s debt
has a face value no greater than the (exogenous) worst realization §F of its
pledgeable cash flows. This is equivalent to the debt being riskless. Similarly,
I{f7 < 8%} is equivalent to the intermediary’s debt being riskless.!!
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» B1. Statement of Social Planner’s Problem (cont.)

Given the payoff &/(q;(), f;,F;) of the intermediary’s portfolio,
C(61(qr(.), fi, F;)) 1s seized by the intermediary’s manager. In addition, C(§;) 1s
seized by the manager of nonfinancial firm i. To repurchase all of these seized
resources requires a transfer of utility from the household equal to

1
T(qz(.), fi,F;.c2) = u’(ﬂz}[j C(8;)di + C(81(qg(.), ﬁ:ﬂ]}]- (4)
0

The planner’s problem can be now be written as

max  u(c1) + Efu(ca) — T(q(), fi, Fi, c2)| + v(d(q1(), fi. Fi.f1).  (5)
qr(.). f1.fi.Fi.c1.c2

subject toc; <Y, ¢ < fﬂl §;di,and 0 < gy(.) < 1.

The first two constraints are resource constraints requiring that consump-
tion is no greater than total output, which is Y; at time 1 and the sum fﬂl 8;di
of all Lucas tree payoffs at time 2. The third constraint requires that each
investor owns a nonnegative share of every financial asset.
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» B2. A Simplified Planner’s Problem

utility transferred to intermediary manager -

P

1 1 1 '
E —u*( f S;di) (C( f min(5; — 5%, F)qr(Do)di + f max(ﬁ;-“—ﬁ_i*—ﬂ.ﬂ)qfr(Ea}di))
] 0 0

utility of holding safe assets

o,

# 1 1 1 |
+ U(P (f E(min(5} — 8, F;)|bad)qi(D; )di + f E(max(8} — 6 — F;, 0)g1(E;)di|bad) +f Ez*di)) (6)
0 0 ’

subject to 0 < gy(.) < 1.

If we write the planner’s objective function (expression (6)) in terms of the
payoff &; of the intermediary’s portfolio rather than the planner’s exogenous
choice variables, we obtain

’ ! . bad 1 S : 1, ! : good
E|-u fﬁ,;dz Cep) | +v(P(sf )+f Sidi | = ——u fE(Silgood)dz c(s7%)
0 0 2 0
_ Ly [ 1E(3-|bad}di C(sbﬂﬂ) 4o P(ﬁbﬂd)+ f e (7)
9 0 [ I I 0 i .
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» B2. A Simplified Planner’s Problem (cont.)

If the planner wants the intermediary to create a given quantity of safe as-
sets, it faces the lowest cost of managerial diversion by giving the nonfinancial
firms’ risky debt to the intermediary, all riskless assets and all equity to house-
holds, and choosing the capital structure of nonfinancial firms appropriately.
The following proposition illustrates this result, which is depicted in Figure 2.

PROPOSITION 1: The social planner’s optimal allocation satisfies the following
conditions. (1) All riskless assets are held by households (q;(d;) = 0). (2) All
risky debt securities are held by the financial intermediary (q;(D;) = 1). (3) All
equity securities are held by the household (q;(E;) = 0). (4) Each nonfinancial
firm issues as much riskless debt as it possibly can. It also issues an additional
risky debt security as well as an equity security.
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» B3. Optimal Nonfinancial Sector Leverage

Proposition 1 characterizes the intermediary’s optimal portfolio g;, leaving
only the face value F; of risky debt issued by each nonfinancial firm for the
planner to choose. The intermediary’s portfolio consisting only of risky debt

pays §; = fﬂl min(8* — &7, F;)di. Plugging this into the planner’s objective func-
tion (equation (6)) yields

1 1
max E |:—u.’ (] éidi)C(] min[8; — &7, F};]di)} -
F 0 0
1 1 i
u(f 8*di +P([ E{min[s] — 3;,ﬂ]|bad}dz‘)). (8)
0 0
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» B3. Optimal Nonfinancial Sector Leverage (cont.)

The first-order condition for firm i’s optimal capital structure is

agency cost of 1 1ncreasmg firm i's debt

E|:u’(f 610’.{) (f min[s] — 87, Fjld )]1{6:‘ — 8 > Fi}j| — (9)

utility benefit of additional safe assets backed by firm i’z debt

"y

1 1
o (H + P( f E{(min[5} — 5, E;]|bad]dz‘) )P’( f E{minl5} — 57, F}]|bad}di) » Pr((s¢ — 5 = F)[bad).
1] 1]
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» B3. Optimal Nonfinancial Sector Leverage (cont.)

After breaking the expectation in equation (9) into good-state and bad-state
payofts (each weighted by their probability % of occurring), the expression can
be rearranged to yield

Pr{s* — §* > F}|good) —u*(cgad)mfﬂlE{min[s; — 5%, F,l|bad)di))
— — _|_
Pr{s; —§; = F;|bad) u,f(cg””d)cr( [ E{min[s; — 5%, F}]|good)di))

zu’(,u, + P([; E{min[s? — §*, F]|bad)di ))P’{ful E{min[s} — §*, F}|bad)di)
(10)

u (cgmd)C’[fﬁl E{min[s} — ¥, F]|good}di)
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> B4. Discussion of Social Planner’s Problem

® Three features of the solution to the planner’s problem are particularly relevant.
® First, a financial intermediary exists to produce safe assets that nonfinancial
firms cannot produce on their own. This is because nonfinancial firms face
idiosyncratic risk, which the intermediary diversifies away by holding a pool of
securities issued by all nonfinancial firms. If nonfinancial firms faced no
idiosyncratic risk, intermediation would not be necessary.

® Second, the intermediary holds a diversified portfolio of all risky debt securities
because this is the least costly way to create riskless assets. The agency

cost of diversion by the intermediary’s manager increases with the size of the

intermediary’s portfolio.

i IE R
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» B4. Discussion of Social Planner’s Problem (cont.)

® Third, the nonfinancial sector’s leverage is indirectly determined by the demand
for safe assets. Risky debt securities in the model are intermediate inputs
for the intermediary to create riskless deposits. Because the intermediary

holds all risky debt, expanding the intermediary’s balance sheet requires an

increase in nonfinancial firms’ leverage.
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» C. Decentralized Market Equilibrium

® A competitive equilibrium in this economy, where households maximize their
expected utility and firms maximize their profits, yields the same allocation of
resources as the planner’s problem.

® Riskless assets are held by the household, and the risk-free rate is pushed
down by the household’s demand for safe assets.

® | ow-risk assets are held by the intermediary, which uses them to back the
issuance of riskless assets, and the intermediary’s agency problem makes it
endogenously risk averse.

® High-risk assets are held by the household, and the price of risk for these
assets is lower than for the assets held by the intermediary, resulting in

segmented asset markets.

i IE R
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» C. Decentralized Market Equilibrium (cont.)

® Nonfinancial firms exploit this segmentation when choosing what securities to
Issue, and each nonfinancial firm has a unique optimal capital structure.

® Nonfinancial firms optimally issue a riskless senior debt security (if they can)
that is held by the household, a low-risk junior debt security that is held by the
intermediary, and a high-risk equity security that is held by the household.
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» C1. Setup

All financial securities trade at competitive market prices and can be bought
by households or financial intermediaries subject to a no-short-sales con-
straint.'® The risk-free rate is iy, and a security paying cash flows x; trades
at a price ps. At time 2, there 1s a competitive price piransfer Of @ utility transfer,
stating how much consumption can be purchased by transferring one unit of
utility to managers.

® Households maximize their expected utility by investing at these competitive

market prices. Firms maximize their profits, taking as given how the market prices
the securities they issue and the fact that managers seize all nonpledgeable cash
flows that they generate. Financial intermediaries choose both the assets that
they purchase and the liabilities that they issue to maximize their profits.
Nonfinancial firms own Lucas trees whose cash flows are exogenous, so they

only choose which securities to issue.

iy K%

shanxi umiversiey



R ——
» C2. Household’s Problem

The household 1s endowed with wealth Wy and chooses a quantity gg(s) of
each risky asset s, a quantity d of riskless assets, consumption ¢, and utility
transfer T to solve

max u(ci)+FE [u. (f qu(s)xsds +d + ptransferT) — T:| + v(d)

gu(.)d.c1,T

g + f qu(s)psds = Wy (budget constraint)
d

qu (.) = 0 (short-sale constraint). (11)

subject to ¢q + 1
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» C2. Household’s Problem (cont.)

If the household puts gy (s) in each risky asset s, its total risky asset portfolio
pays [ qu(s)xsds and sells for a price of [ gy (s)psds. In addition, the transfer
T at time 2 buys piransferd of consumption goods.

The first-order conditions for the quantity of riskless assets d'#, for the quan-
tity gy (s) of risky asset s, and for the amount of utility T to transfer in ex-

change for consumption are

u'(cy) = (1 +iq)(E[u'(c)

D EE[“ (CEJx

u'(cy) |

HI(CE )ptransfer =1,

+v'(d)),

(12)

(13)

(14)

where inequality (13) must be an equality for any risky asset held in positive

quantity by the household.
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» C3. Intermediary’s Problem

One risky security that must be held by the household in equilibrium is the
equity of the financial intermediary. As a result, inequality (13) must be an
equality for this security. If the intermediary pays a dividend of Er to equity-
holders at time 2 and raises equity ey at time 1, then its market value at time
1 is (net of equity issuance)

E(”’ (CEJEI) _ey. (15)

w'(cq)

The intermediary maximizes this market value of its equity by choosing to buy
a quantity gr(s) of each risky asset s, to buy a quantity d; of riskless securi-
ties, and to issue quantities ey of risky equity and Dy of riskless deposits. The
intermediary’s problem can be written as

max £E [u (c2) {P (] qr(s)xsds +df) —DI” — ey
grl.).dr.er.Dy uicy)

: d 1
subject to fq;(s)psds + - +I.fd — D;l i

+ ey (budget constraint),

Dr < P( ] q1(s)E(xs|bad)ds + dy) (deposit issuance constraint),
%

q1(.) = 0 (short-sale constraint).
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» C3. Intermediary’s Problem (cont.)

The intermediary’s budget constraint states that the sum of the equity ey 1is-

sued and the proceeds D; 14313 from issuing riskless deposits must equal the

price [ qi(s)psds of the intermediary’s risky asset portfolio plus the price

aj
1+i
of the riskless assets it buys. Of the payoff [ g;(s)x;ds + dr of the intermediary‘dé
portfolio, only P( [ q;(s)xsds + dy) remains after managers seize the nonpledge-
able output, so this is what remains to sell to outside investors. The realization
of P([ qr(s)E(xs|bad)ds + dy) in the bad aggregate state is the largest riskless
payoff the intermediary can promise to outside investors, so this is the amount
of riskless deposits D the intermediary 1s able to issue.
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» C4. Nonfinancial Firm’s Problem

of face value F}, and an equity security.’® The firm chooses the face values
of its debt securities to maximize the total market value of the securities it
1ssues. The price of each security is the maximum of what the household and
intermediary are willing to pay for it. If pgy(x) and p;(x) are, respectively, the
household’s and the intermediary’s willingness to pay for a cash flow x, and
Pmax[x] = max(pg(x), pr(x)), the firm’s problem can be written as

I}lﬁlﬁ'}{ [pmax [min[ﬁf, fz)] + Pmax [min (3: — min (5;* f-i) ; E)]

+ Pmax [max (8 — f; — F;, 0)]}. (17)

The payoffs d; =min(s;, f;) of the firm’s senior debt, D; =min(s} —
min(s}, f;), F;) of its junior debt, and E; = max(s’ — f; — F;, 0)) of its equity sat-
1sty d; + D; + E; = §;. The total cash flow paid out by the firm is independent
of the securities it issues. In a frictionless asset market, where a single pricing
kernel prices all assets, py(.) and p;(.) would both be equal to some linear func-
tion p(.). This would imply that p(d;) + p(D;) + p(E;) = p(d; + D; + E;) = p(8}),
so the firm’s value would be the same regardless of which securities it issues.
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» C5. Asset Prices and Portfolio Choices

To see how the intermediary prices assets, note that it chooses to issue as
many riskless securities as it can and to not buy any riskless securities, as
shown in the Appendix. This is because the household’s utility v(d) from hold-
ing riskless assets means that it is willing to invest at a lower risk-free rate,
which makes it attractive to borrow at the rate and unattractive to lend at it.
Taking this as given, and using equation (12) to determine the risk-free rate,
the intermediary’s problem reduces to

max £ e | [ qrtomds ([ artons )|
L. )= .

+P( f QI(SJE(xslbﬂdeS) ) _ f qi(s)psds. (18)

w'iey)
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» Cb5. Asset Prices and Portfolio Choices (cont.)

The intermediary’s first-order condition for buying risky asset s is thus

household’s willlingness to pay agency cost of buying asset
;-—’-"""-—-a - ’ -~ ~
E “ mg]xs — K “ [EEJC’ j q1(s)xsds | xs
u'(cy) u'(cy)
additional riskless payoff backed by asset safety premium
- . . o —
(v'(d))
+ P qr(s)E(xs|bad)ds |E(xs|bad) ) < Ps, (19)
u'(cq

with equality if the intermediary holds a positive quantity of the asset. The in-
termediary’s willingness to pay for an asset differs from that of the household
for two reasons. First, a portion C([ gi(s)xsds) of the intermediary’s portfolio
1s seized by its manager, and this agency cost grows when the intermediary
buys more assets. Second, as part of the intermediary’s diversified portfolio,
an asset x; increases the amount of riskless securities that the intermediary
can issue by P'( [ q;(s)E (x5|bad )ds)E(xs|bad ). Because the risk-free rate is low

shanxi universiey
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» Cb5. Asset Prices and Portfolio Choices (cont.)

(due to the household’s demand for safe assets), the intermediary benefits from
issuing more riskless securities. The intermediary buys an asset if the agency
cost of holding the asset is less than the benefit of the extra riskless securi-
ties the asset allows the intermediary to issue. As shown in the Appendix, the
intermediary buys all assets for which

2P'([ q1(s)E (xs|bad)ds)v'(d) — a’(cgadJC’(f q1(s)E (xs|bad )ds)
u’(cﬁmd )C' ([ qr(s)E(x5|good )ds)

- E(xg|lgood )
— E(xg|bad)”

(20)
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» Cb5. Asset Prices and Portfolio Choices (cont.)

PROPOSITION 2:

(1) All riskless assets are bought by the household. The risk-free rate iy is
given by

u'(cy) =1 +ig)lEu'(cy) +v'(d)]. (21)

(2) For some cutoff value 1, all risky assets whose payoffs x; have sufficiently
low systematic risk {%&J‘; %ﬁ; < 1) are bought by the intermediary. The

price p, of such an asset equals

u'(cag) u'(cz) .,
E(u’(cljxs) _E(u’(cl)c (j q;(s)xsds)xs)

'(d
+P ( f q;(s]E(xs|bad)ds)E{x3|badJ v'(d) (22)

u'(cq)

(3) All risky assets with sufficiently high systematic risk {% > 1) are

bought by the household. For these assets, the price ps is given by

e P
E -] — 8 23
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» C6. Capital Structure Choices of Nonfinancial

Firms

max E (u. c2) + 0 (dJﬁ_‘f‘)—l—(u (cz) (57 —f)) —E I:u, e ([ Q'J(Sstds) s

F w'icy) ' w'cy) w'(cy)
(24)

v'(d)

min (§; — &7, E)] + P (/ q;(s)E[xslbades) E(min (57 — 87, F;) |bad)

u(cy)
(25)
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» C6. Capital Structure Choices of Nonfinancial

Firms (cont.)

To compute the optimal face value F; of risky debt, note that except on an event
of probability 0,1°

omin(8; — &, Fy) B omax(sf — 87 — F;, 0) Cree
T =— T =1{5; — 57 = F}}. (26)

The first-order condition for the optimal face value F; of risky debt is therefore

u'(cy) ;

=P ([ q;{s)E(xS|bades) Pr(s; — &' = Fi|bad)

v'(d)

. 27
u'(ey) &0
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» C7. Equilibrium

DEFINITION 1: An equilibrium is a set of asset prices, portfolio and leverage
choices, and consumption allocations that satisfies the following conditions.
(1) The household, the intermediary, and nonfinancial firms behave optimally,
solving maximization problems (11), (16), and (17). In addition, managers opti-
mize, so they transfer all seized consumption resources in exchange for utility
transfers. (2) Resource constraints are satisfied, soc; =Y; and ¢y = fﬂl 8;di. (3)
Asset markets clear, so g7 + gy = 1.

Plugging in ¢ = fﬂl 8;di and using the fact that the intermediary’s portfolio

consists of all risky debt issued by the nonfinancial sector, so §; = fﬂl min(s; —
67, Fi)di, equation (27) becomes

1 1
E |:u’r ([ ﬁjdi)C" (f min(s; — 87, F; ]di) s — 8 = E'}:|
0 0

1 1
_y (,u +P([ E(min(s* — a;#,ﬁgnbad)di));}'(f E(min(s* — a}mbad}d::) .
0 0

Pr({5; — &7 = Fj}|bad). (28)
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