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We develop a model in which the capital of the intermediary sector plays a critical role in deter-
mining asset prices. The model is cast within a dynamic general equilibrium economy, and the role for
intermediation is derived endogenously based on optimal contracting considerations. Low intermediary
capital reduces the risk-bearing capacity of the marginal investor. We show how this force helps to explain
patterns during financial crises. The model replicates the observed rise during crises in Sharpe ratios, con-
ditional volatility, correlation in price movements of assets held by the intermediary sector, and fall in
riskless interest rates.
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1. INTRODUCTION

Financial crises, such as the hedge fund crisis of 1998 or the 2007/2008 subprime crisis, have
several common characteristics: risk premia rise, interest rates fall, conditional volatilities of
asset prices rise, correlations between assets rise, and investors “fly to the quality” of a riskless
liquid bond. This paper offers an account of a financial crisis in which intermediaries play the
central role. Intermediaries are the marginal investors in our model. The crisis occurs because
shocks to the capital of intermediaries reduce their risk-bearing capacity, leading to a dynamic
that replicates each of the aforementioned regularities.

Our model builds on the liquidity models common in the banking literature (see in particular,
Allen and Gale1994 Holmstrom and Tirole1997). There are two classes of agents, households
and specialists. The specialists have the know-how to invest in a risky asset, which the house-
holds cannot directly invest in. This leads to the possibility of gains from trade. The specialists
accept moneys from the households and invest in the risky asset on the households’ behalf. In
terms of the banking models, we can think of the specialist as the manager of a financial in-
termediary that raises financing from the households. However, this intermediation relationship
is subject to a moral hazard problem. Agents choose a financial contract to alleviate the moral
hazard problem. The financial contract featureseguity capital constraintif the specialist
managing an intermediary has wealth, the household will provide at mostW of equity fi-
nancing to the intermediary. Hem,is a function of the primitives of the moral hazard problem.

There are many models in the banking literature that study intermediation relationships
subject to financial constraints. However, most of the literature considers one- or two-period
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736 REVIEW OF ECONOMIC STUDIES

equilibrium settings (the typical model is &= 0, 1, 2" model). We embed this intermediation

stage game in an infinite-horizon setting. That is, the households and specialists interact at date
t to form an intermediary, as described above, and make financing and asset trading decisions.
Shocks realize and lead to changes in the wealth levels of both specialists and households, as a
function of the intermediation relationship formed at daf€hen in the next period, given these

new wealth levels, intermediation relationships are formed again, and so on so forth.

The advantage of the infinite-horizon setting is that it is closer to the models common in the
asset pricing literature and can thus more clearly speak to asset pricing phenomena in a crisis.
The asset market is modelled along the lineswdéas(1978. There is a risky asset producing
an exogenous but risky dividend stream. The specialists can invest in the risky asset directly but
the household cannot. There is also a riskless bond in which all agents can invest. We use our
model to compute a number of asset pricing measures, including the risk premium, interest rate,
and conditional volatility, and relate these measures to intermediary chpital.

Most of our model’s results can be understood by focusing on the dynamics of the equity cap-
ital constraint. Consider a given state described by the specialists’ Wigiaéthd the households’
wealthVVth. The capital constraint requires that the household can invest atrms{which
may be less thawth) in intermediaries as outside equity capital. Thus, intermediaries have total
capital of at mosiV; + mW to purchase the risky asset. In some states of the world, this total
capital is sufficient that the risk premium is identical to what would arise in an economy without
the capital constraint. This corresponds to the states wiveigs high and the capital constraint
is slack. Now imagine loweriny\;. There is a critical point at which the capital constraint will
begin to bind and affect equilibrium. In this case, the total capital of the intermediary sector is
low. However, in general equilibrium, the low total intermediary capital must still go towards
purchasing the total supply of the risky asset, which in equilibrium results in market prices ad-
justing. More specifically, the limited intermediary capital bears a disproportionate amount of
asset risk, and to clear the asset market, the risk premium rises. Moreover, from this state, if the
dividend on the risky asset fall§y; falls further, causing the capital constraint to bind further,
thereby amplifying the negative shock. This amplification effect produces the rise in volatility
when intermediary capital is low. Finally, falling; induces households to reallocate their funds
from the intermediary sector towards the riskless asset. The increased demand for bonds causes
the interest rate to fall. As noted above, each of these results match empirical observations during
liquidity crises?

The paper is related to a large literature in banking studying disintermediation and crises (see
Allen and Gale1994 Holmstrom and Tirole1997 Diamond and Rajgr2005. We differ from
this literature in that our model is dynamic, while much of this literature is statisanermeier
and Sannikoy2010 is another recent paper that develops a model that is fully dynamic and
links intermediaries’ financing position to asset prices. Our paper is also related to the literature
on limits to arbitrage studying how impediments to arbitrageurs’ trading strategies may affect

1. In a companion papeHg and Krishnamurthy2010, we develop these points further by incorporating addi-
tional realistic features into the model so that it can be calibrated. We show that the calibrated model can quantitatively
match crisis asset market behaviour.

2. The dynamics of the capital constraint in our model parallels results in the recent long-term contracting lit-
erature €.g.DeMarzo and Sannikg\2006 Biais et al, 2007 DeMarzo and Fishmar2007). In these models, after
a sequence of poor performance realizations, the long-term contract punishes the agent and leaves the agent with low
continuation utility or a low “inside” stake in the project. Then, because of limited liability, the principal finds it harder
to provide incentives for the agent to exert effort, resulting in a more severe agency friction. In our model, we restrict
attention to short-term contracts. Nevertheless, our model’s results have this dynamic flavour: negative shocks result in
low specialist wealth, which tightens the incentive constraint and exacerbates the agency frictions in the intermediation
relationship between household and specialist.
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equilibrium asset pricesShleifer and Vishneyl1997. One part of this literature explores the
effects of margin or debt constraints for asset prices and liquidity in dynamic mode(Srzed

and Vayanos2002 Brunnermeier and PedersétD08 Geanakoplos and Fost@008 Adrian

and Shin, 2010). Our paper shares many objectives and features of these models. The principal
difference is that we study a constraint on raising equity capital, while these papers study a
constraint on raising debt financingiong (2001) andKyle and Xiong(2001) model the effect

of arbitrageur capital on asset prices by studying an arbitrageur with log preferences, where risk
aversion decreases with wealth. The effects that arise in our model of equity capital constraints
are qualitatively similar to these papers. An advantage of our paper is that intermediaries and
their equity capital are explicitly modelled allowing our paper to better articulate the role of
intermediaries in crise$Vayanog2005 also more explicitly models intermediation. His model

also explains the increase in conditional volatility during crises. However, his approach is to
model an open-ending friction, rather than a capital friction, into a model of intermediation.
Finally, many of our asset pricing results come from assuming that some markets are segmented
and that households can only trade in these markets by accessing intermediaries. Our paper is
related to the literature on asset pricing with segmented marketsA{Eseand Gale 1994

Alvarez, Atkeson and Keho8002 Edmond and Weill2009.4

Empirically, the evidence for an intermediation capital effect comes in two forms. First, by
now it is widely accepted that the fall of 1998 crisis was due to negative shocks to the capital
of intermediaries (hedge funds, market makers, trading desks, etc.). These shocks led interme-
diaries to liquidate positions, which lowered asset prices, further weakening intermediary bal-
ance sheet3Similar capital-related phenomena have been noted in the 1987 stock-market crash
(Mitchell, Pederson and Pulvin@007), the mortgage-backed securities market following an
unexpected prepayment wave in 19%hbaix, Krishnamurthy and Vignerpp007), as well the
corporate bond market following the Enron defatde(ndtet al., 2004. Froot and O’Connell
(1999 andFroot (2007 present evidence that the insurance cycle in the catastrophe insurance
market is due to fluctuations in the capital of reinsurénsffie (2010 discusses some of these
cases in the context of search costs and slow movement of capital into the affected intermediated
markets.Duffie and Strulovici(2011) present a search-based model of the slow movement of
capital. One of the motivations for our paper is to reproduce asset market behaviour during crisis
episodes.

Although the crisis evidence is dramatic, crisis episodes are rare and do not lend themselves
to systematic study. The second form of evidence for the existence of intermediation capital
effects comes from studies examining the cross-sectional/time-series behaviour of asset prices
within a particular asset markeBabaix, Krishnamurthy and Vignerq2007) study a cross-
section of prices in the mortgage-backed securities market and present evidence that the marginal
investor who prices these assets is a specialized intermediary rather than a Capital Asset Pricing
Model-type representative investor. Similar evidence has been provided for index optites (

2003 Garleanu, Pederson and Poteshn2909 and corporate bonds and default swapsil{in-
Dufresne, Goldstein and Martir2001, Berndtet al, 2004. Adrian, Etula and Muir(2011)

3. The same distinction exists between our paperRmdova and Rigobo(2008, who study a model with log-
utility agents facing exogenous portfolio constraints and use the model to explore some regularities in exchange rates
and international financial crises. Like us, their model shows how contagion and amplification can arise endogenously.
While their application to international financial crises differs from our model, at a deeper level the models are related.

4. Our model is also related to the asset pricing literature with heterogenous ageribuifseg 1989 Wang
1996 Longstaff and Wang20089.

5. Other important asset markets, such as the equity or housing market, were relatively unaffected by the turmoil.
The dichotomous behaviour of asset markets suggests that the problem was hedge fund capital specifically and not
capital more generally.
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738 REVIEW OF ECONOMIC STUDIES

offer empirical evidence that a single factor constructed from the leverage of the intermediary
sector can successfully price the size, book-to-market, as well as momentum and industry stock
portfolios. These studies reiterate the relevance of intermediation capital for asset prices.

This paper is laid out as follows. Sectiéhdescribes the model and derives the capital
constraint based on agency considerations. Se@&idescribes the intermediation market and
agent’s decisions. Sectighsolves for asset prices in closed form and studies the implications
of intermediation capital on asset pricing. Sectiodiscusses the contracting issues that arise in
our model in further detail. Sectidhexplains the parameter choices in our numerical examples,
and Sectiory concludes. We place most proofs in the Appendix that follows.

2. THE MODEL
2.1. Agents and assets

We consider an infinite-horizon continuous-time economy with a single perishable consumption
good, along the lines dfucas(1978. We use the consumption good as the numeraire. There
are two assets, a riskless bond in zero net supply and a risky asset that pays a risky dividend. We
normalize the supply of the risky asset to be one unit.
The risky asset pays a dividend B per unit of time, whergD;: 0 <t < oo} follows a
geometric Brownian motion,
dD .
Ft =gdt+o0dZ given Dy, 1)
t
whereg > 0 ands > 0 are constants. Throughout this pagér} = {Z;: 0 <t < oo} is a stan-
dard Brownian motion on a complete probability sp&e F, P) with an augmented filtration
{Fi: 0 <t < oo} generated by the Brownian moti¢# }.
We denote the progressively measurable procgdde <t < oo} and{r;: 0 <t < oo} as
the risky asset price and interest rate processes to be determined in equilibrium. We write the
total return on the risky asset as
Didt+dR
th=T=ﬂR,tdt+UR,tdZt, (2)
whereury is the risky asset’s expected return angl; is the volatility. The risky asset’s risk
premiumzr is
TRt = URt —It.

There are two classes of agents in the economy, households and specialists. Without loss
of generality, we set the measure of each agent class to be one. We are interested in studying
an intermediation relationship between households and specialists. To this end, we assume that
the risky asset pay-off comprises a set of complex investment strategiesortgage-backed
securities investments) that the specialist has a comparative advantage in managing and therefore
intermediates the households’ investments in the risky asset.

As in the literature on limited market participationg.Mankiw and Zeldes1991 Allen and
Gale 1994 Basak and Cuogd 998 Vissing-Jorgenser2002, we make the extreme assumption
that the household cannot directly invest in the risky asset and can directly invest only in the
bond market. We motivate this assumption by appealing to “informational” transaction costs
that households face in order to invest directly in the risky asset market.

We depart from the limited participation literature by allowing specialists to invest in the
risky asset on behalf of the households. However, there is a moral hazard problem that affects
this intermediation relationship. Households write an optimally chosen financial contract with
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FIGURE 1
The economy

the specialist to alleviate the moral hazard problem. Figymovides a graphical representation
of our economy.

Both specialists and households are infinitely lived and have log preferences ovér date
consumption. Denote (c{‘) as the specialist’'s (household’s) consumption rate. The specialist

maximizes -~
E[/ e‘ptlnctdt]
0

E [/ e"in c{‘dt],
0

where the positive constanisand p" are the specialist’s and household’s time-discount rates,
respectively. Throughout, we use the superscript “h” to indicate households. Noie tiney
differ from p"; this flexibility is useful when specifying the boundary condition for the economy.

while the household maximizes

2.2. Intermediaries and intermediation contract

At everyt, households invest in intermediaries that are run by specialists. The intermediation
relation isshort termi.e. only lasts fromt to t 4+ dt; att + dt the relationship is broken. As we
describe below, there is a moral hazard problem that affects this intermediation relationship that
necessitates writing a financial contract. At titman intermediary is formed between specialist
and household, with a financial contract that dictates how much funds each party contributes to
the intermediary and how much each party is paid as a function of realized returd atGiven
the contract, at date the specialists trade in a Walrasian stock and bond market on behalf of the
intermediaries.

The short-term intermediation relationship in this model is analogous to the contracting prob-
lem in a one-period principal-agent problesrg.Holmstrom and Tirol€1997). One can imag-
ine a discrete-time economy where dividend shocks are realized aveagd each intermedia-
tion relationship lasts for an interval dft. In this case, the specialist makes a trading decision
at datet resulting in one observable intermediary return at the end of the contracting pegiod (
att 4+ At). Our continuous-time model can be thought of as a limiting case of this discrete-time
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economy when we tak&t — dt, and this is the underlying information structure that we impose
throughout this paper.

For ease of exposition, here we describe the intermediation relationship as between a repre-
sentative specialist and a representative household; S@aliescribes the competitive structure
of intermediation market in detail. Consider a specialist with we¥lthand a household with
wealthVVth. In equilibrium, these wealth levels evolve endogenously. The specialist contributes
Ti € [0, W;] into the intermediary. We focus on the case in which any remaining specialist wealth
W, — Ty earns the riskless interest raterpf The household contributég e [0, W] into the
intermediary and invests the rest in the bond at rat&Ve refer toTtI =T +Tth as the total
capital of the intermediary.

The intermediary is run by the specialist. We formalize the moral hazard problem by as-
suming that the specialist makes @) unobserved due-diligence decision of “working” or
“shirking”, i.e. st € {0, 1}, wheres = 0 (5 = 1) indicates working (shirking); and (2n un-
observed portfolio choice decisiarf Et', whereé’t' is the intermediary’s dollar exposure in the
risky asset. If the specialist shirks & 1), the (dollar) return delivered by the intermediary falls
by X;dt, but the specialist gets a private pecuniary benefit (in terms of the consumption good)
of Bidt, whereX; > B; > 0. Throughout, we will assume tha; is sufficiently large that it is
always optimal for households to implement working (for a sufficient condition, see the proof of
Lemmal in AppendixA.5).

We think of shirking on the due-diligence decision as executing trades in an inefficient man-
ner/-8 In our modelling of moral hazard, we also assume that the specialist’s portfolio choice is
unobservable. We make this assumption primarily because it seems in harmony with the house-
hold limited participation assumption. Households who lack the knowledge to directly invest
in the risky asset market are also unlikely to understand how specialists actually choose the
intermediaries’ portfolid,

The intermediary’s total dollar return, as a function of the specialist’s due-diligence decision
s and the risky asset positid, is

T dR (s, &) = & AR —ridt) + T/ redt — X, (3)

6. This restriction is similar to, but weaker than, the usual one of no private savings by the agent. In our context,
we assume that the households cannot observe the intermediaries portfolio but can observe any private savings of the
specialist in a risk-free asset. We can imagine that observing a risk-free investment is “easy”, while observing a complex
intermediary portfolio is difficult. It is also worth noting that the assumption can be relaxed further: our analysis goes
through as long as the specialist cannot short the risky asset through his personal account. Seel®finatere
details.

7. If one specialist shirks and his portfolio return falls Kydt, the other investors in the risky asset collec-
tively gain Xtdt. Since each specialist is infinitesimal, the other specialists’ gain is infinitesimal. Shirking only leads to
transfers and not a change in the aggregate endowment.

8. A related formulation of the moral hazard problem is in terms of diversion of returns by the agent, as in
DeMarzo and Fishma(2007), Biais et al. (2007, andDeMarzo and Sannikof2006. For example, we can consider a
model where by diverting dt from the intermediary’s return, the specialist gﬁ)ﬁsrﬁ Ldt in his personal account, where

L>0 andH%m = % Diversion in this case is the same as the shirking of our formulation. One caveat in interpreting
the moral hazard problem of our model in terms of diversion is that in our model, the specialist will typically short the
bond in the Walrasian bond market. If shorting the bond is interpreted as borrowing, then diversion may also affect the
specialist’s ability to short the bond. To reconcile this with our formulation, we could assume that the short position
in the bond is collateralized by the holdings of the risky asset, in which case borrowing is not subject to the diversion
friction.

9. Itis worth noting at this stage that the key feature of the moral hazard problem for our results is the unobserved
due-diligence decision rather than the unobserved portfolio choice. See Seédtfonfurther discussion of this point.
In AppendixA.7, we solve the model for the case where the portfolio choice is observable and show that the results are
substantively similar to the case of unobservable portfolio choice.
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whered R, is the return on the risky asset in equati@h (Note that wherg! > T/, the interme-
diary is shorting the bond (or borrowing) in the Walrasian bond market.

At the end of the intermediation relationshig- dt, the intermediary’s return in equatio8)(
realizes. The contract specifies how the specialist and the household share this return. We focus
on the class of affine contractse. linear-share/fixed-fee contracts. Denote fyye [0, 1] the
share of returns that goes to the specialist and-bydthe share to the household. The specialist
may also be paid a fee d¢¢;dt to manage the intermediary. We return to the discussion of the
contracting spaces(g.we have assumed no benchmarking and affine contracts) and the relation
to the dynamic contracting literature in Sectian

In sum, at timet, the household offers a contrdét = (T;, T{", S, Kt) € [0, W] x [0, W] x
[0,1] x R to the specialist. Given the specialist’s decisi6hands, the dynamic budget con-
straints for both specialist and household are

dW = A TVdR (&, ) + (W — T)redt+ Kidt — e dt + Brsdt,
__ . 4)
dW' = 1- )T/ dR (&, 5) + W' = TMredt — Kidt — cldt.

2.3. Dynamic budget constraint and risk exposure

For the next two sections, let us assume that a contract is written to implement warking,
& = 0 (in Section2.4, we will consider the specialist's incentive-compatibility constraint in
detail). Using equation3) with s = 0 and equation4), we have

dW = A& AR —redt) + (B T + W — Toredt + Kedt — cdt,
[ AW = (1— )& AR —ridt) + (1 — B T + W = Tf)redt — Kedt — fdt.
For any given(f;, T, Tth), we can define an appropridtg:
Ki= (BT — Tore + Ky,
so that these budget constraints become

[d\N[ = ﬁtgtl (d R —rtdt)+ Kidt +Wiridt — c:dt,

h | h h (5)
dV\4 =(1-p)é& (dR —rdt) — tht+Wt rtdt—ct dt.

That is, without loss of generality, we restrict attention to contracts that only specify a pair
Iy = (B, Ky).

Reducing the problem in this way highlights the nature of the gains from intermediation in
our economy. The specialist offers the household exposure to the excess return on the risky asset,
which the household cannot directly achieve due to limited market participation. This is the first
term in the household’s budget constraiing.((1 — f;)&!). Note that contract termg; affect
both the household’s risk exposure and the specialist’s risk exp@sdireThe second term in
the budget constraint is the transfer between the household and the specialist; in $agton
will come to interpret this transfer as a price that the household pays to the specialist for the
intermediation service. The third term is the risk-free interest that the specialist (and household)
earns on his wealth, and the fourth term is consumption expense.

2.4. Incentive compatibility and intermediary’s maximum exposure supply

The agents will take as given the future equilibrium investment opportunity set as well as the
future equilibrium contracts from competitive intermediation markets. Therefore, the analysis of
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the intermediation stage game relies on some regularity properties of the agents’ continuation
value J(W;) and Jh(V\/th) (for the specialist and the household, respectively) as functions of
their wealth level3? Throughout, we will assume that both agents’ continuation value functions
are strictly increasing, strictly concave, and twice differentiable in their wealth, and to facilitate
analysis, we may impose some additional regularity conditions in the following lemmas. We will
verify later in Section8.2and3.3that these regularity conditions indeed hold in equilibrium.

We analyse how the intermediation contratt = (f;, Kt) is optimally chosen given the
two moral hazard problems: (1) the specialist ma&esinobserved due-diligence decision of
“shirking” or “working” and (2) the specialist makes anobserved portfolio choice decision
The following lemma analyses the first moral hazard problem regarding the specialist’s due-
diligence effort.

Lemma 1. To induce workings= 0 from the specialist, we must hage> %.11

Proof. When the specialist makes a shirking decisiors,o {0, 1}, equation 4) implies
that the specialist’s budget dynamics is

dW = ATV dR(E) + (W — Toridt + Kedt — cdt+ 5 (B — Sy Xp)dt.

Here, in addition to the return from standard consumption—investment activities and intermedia-
tion transfers, there are two terms affected by the specialist’s shirking decision. If the specialist
shirkss = 1, he bearg; X;dt of loss given the sharing rulg but enjoysB;dt in his personal
account. Since the specialist’s continuation value is strictly increasing in his wealth, he will work
if and only if g > . |

. For simplicity, throughout the paper, we assume that the %ti& Him <1, wherem > 0
is a constant. Therefore, we have
1
> — . 6

- (6)
We call equation®) the incentive-compatibility constraint. Intuitively, the specialist needs to
have sufficient “skin in the game” to provide incentives.

The second moral hazard problem of unobservable portfolio choice provides us with the

following convenient result. With a slight abuse of notation, given any feasible conikast
(b, Kt), letus denoté,‘t' as the intermediary’s optimal risk exposure (chosen by the specialist).
Then we have the following lemma.

Lemma 2. Take the equilibrium contradd; = (57, K{"). Suppose that under this contract the
specialist optimally choosﬁ, giving him effective risk exposure,@p‘st' = & in equation B).
Assume that the exposure choleis differentiable in his wealth WThen

1. Altering the sharing rule t@{ # ;" induces the specialist to choose intermediary exposure
&= % leaving the specialist’s effective exposgjeunchanged.

2. For anilﬂt, it is never profitable for households to raise K K;* to induce the specialist
to make an exposure choice that is more beneficial to the households.

10. These value functions also depend on the aggregate state which all individuals will take as given. It will turn
out that the aggregate state can be summarized by the wealth distribution between specialist and households and the
dividend, D¢.

11. Once we solve for the equilibrium, in Appendi5, we give sufficient conditions that guarantee that it is
never optimal to implement shirking in equilibrium.
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See AppendiA.1 for a formal proof. The lemma implies that the optimal choice of contract
I1; and the specialist’'s optimal exposure choffecan be treated separately. This result sim-
plifies the analysis of our model. The proof is as follows. Firsfiifs changed, the specialist
adjusts the portfolio choicét' within the intermediary so that his net expos;{f{é‘t' remains the
same. Second, while the transtéf can potentially affect the specialist’s risk exposure choice
indirectly through changing his wealth, we show in the proof that any potential benefits will
outweigh the costs. The reason is that the utility benefit of changinand in turn inducing a
different specialist risk exposure choice is of or¢er)?, while the cost is of ordedt.

While the lemma implies that the portfolio exposure for the specialist does not depend on
the contract terms, it does not imply the same for the household. Fof:atlye household’s
exposure to the risky asset is

— Bt
B &

Note that£]" depends orf:, in contrast ta. We can view 24 &' here as the intermediary’s
supply of risk exposure to the household. The intermediation contract cavargontrol the
risk exposure that the specialist supplies to the household. Sgttilmgone provides zero risk
exposure and decreasifigincreases the risk exposure supply.

The incentive-compatibility constrain6) places a limit on how lows; can fall. Combin-
ing both equationsg) and (7) together, we see that the maximum risk exposure supply to the
households is achieved when settfigo the minimum value o%:

= 1-p)El = (7)

_ 1—
1 ﬂt gt* S 1+m

h
t 1+m

& =méer. (8)

Because of the underlying friction of limited market participation, the households gain exposure
to the risky asset through intermediaries. However, due to agency considerations, the risk expo-
sure of households, who are considered as “outsiders” in the intermediary, must be capped by
the maximum exposuna times that of the specialists’, or “insiders”, risk exposure. The inverse
of m measures the severity of agency problems.

Note tha\‘f,‘th + & is, in equilibrium, the aggregate risk this economy. Thus, equaBpoan

also be thought of as risk-sharing constraint between the two classes of agents in our economy.

This constraint drives the asset pricing implications of our model.

3. INTERMEDIATION EQUILIBRIUM

This section describes the intermediation market equilibrium. We model the intermediation mar-
ket to operate in a Walrasian fashion. We show tiais a price that equilibrates the demand

for risk exposure by households and the supply of risk exposure from specialists. We also show
how the price affects the contract tefinand hence the exposure supply from specialists.

3.1. Competitive intermediation market

We model the competitive intermediation market as follows. At tirrgpecialists offer interme-
diation contractgp;, K¢)s to the households, then the households can accept the offer or opt out
of the intermediation market and manage their own wealth. In addition, any number of house-
holds are free to form coalitions with some specialistst Atdt, the relationship is broken and

the intermediation market repeats itself.
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Definition1. In the intermediation market at timespecialists make offer@;, Kt) to house-
holds and households can accept/reject the offers. A contract equilibrium in the intermediation
market at daté¢ satisfies the following two conditions:

1. pt is incentive compatible for each specialist in light of equatién (
2. There is no coalition of households and specialists with some other contracts such that in
that coalition households are strictly better off while specialists are weakly better off.

Denote bySth* the household’s risk exposure obtained in the intermediation market equilib-
rium and by(g;", K{) the resulting equilibrium contract. Condition (2) in Definititmives the
following lemma, which ensures that we only need to consider symmetric equilibria.

Lemma 3. Suppose that at the beginning of time t, specialists (or households) are symmetric.
Then the resulting equilibria in the intermediation market is symmetric, i.e. every specialist
receives fee K and every household obtains an expostfteand pays a total fee of K

The proof of Lemma, which is in AppendiXA.2, borrows from the core’séqual-treatmerit
property in the equivalence between tdwee andWalrasian equilibrium(seeMas-Colell, Whin-
ston and Greerl995 Chapter 18, Section 18.B). Here is a sketch of the argument. Suppose that
the equilibrium is asymmetric. We choose the household who is doing the werse¢eiving
the lowest utility) and match him with the specialist who is doing the warstreceiving the
lowest fee), then this household—specialist pair can do strictly better. The only equilibrium in
which such a deviating coalition does not exist is the symmetric equilibrium.

3.2. Household’s exposure demand and consumption policy

The next lemma shows that in the competitive intermediation market, households who obtain
risk exposure from the specialists behave as price takers who purchase risk exposure at a unit
pricek;.

Lemma 4. Given&™ and K in any symmetric equilibrium at date t, definesk K /& In

this competitive intermediation market, households are price takers and face a per-unit-exposure
price of k. This implies that in order to obtain an exposuref@f(which might be different from

&™), a household has to pay;k= k& to the specialist.

Proof. Given&™ andK{" in any symmetric equilibrium, suppose that a measuretwfuse-
holds consider reducing their per-household exposurerejative to the equilibrium levef{™.
To do so, they reduce the measure of specialists in the coalltu%iﬁ—bye form a coalition with
a measure ofl — g”—ﬁ specialists. This saves total fees—é@ﬂL K¢ = nekt, for each household, it

reduces his fees, per umitby k;. A similar argument |mp1|es that the households can raise their
exposure at a price ¢&. ||

With this lemma in hand, the household’s consumption—portfolio problem is relatively stan-
dard. Facing the competitive intermediation market with exposure kyitiee household solves

max E [/OO e""In Cthdt:| 9)
0

{cP.eM

st dW'=ENdR —rdt) — ke &Mt + Wrdt — cldt.
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Proposition 1. The household’s optimal consumption rule is

Cth* — phW[h (10)
and the optimal risk exposure is ‘
% TRt — Kt
&= ——W". (11)
OR,t

Under these optimal policies, the household’s valléwi; Y;") takes the form/;lﬁ log(W) +
Y;", where Y' depends only on aggregate states.

See AppendiA.3 for the proof. For the household, his consumption rule remains the same
as the standard log investor, which is proportional to his wealth. Because the household pays an
extra fee per unit of exposure to the risky asset, the effective excess return delivered by the risky
asset drops tar: — ki, thereby affecting his demand for risk exposﬁﬂé(kt). In particular,
given the household wealth,”, the demancfth* (ki) is linearly decreasing in the exposure price
ki. Finally, the form of the household’s value function (with respect to his wealth) verifies the
regularity conditions that we have assumed.

3.3. Specialist's consumption—portfolio policy and exposure supply

The exposure pric& regulates the demand for intermediation from households. We next de-
scribe howk; affects the supply of intermediation by specialists.

Any individual specialist supplies an exposurelgfﬁé‘t*. Given the per-unit-exposure price
of k¢, the specialist receives intermediation fees of

Kedt =k (1_ﬂt gt*) dt. (12)
Bt

Note that the terms of the contragk, enters here as does the optimal expogijrén his own
portfolio choice.
We write down the specialist’s problem as follows:

max E[/ et Inctdt] (13)
0

{ct.& i)

1—
st dW =& (dR —rdt)+  max (ﬂﬂt)ktgt*dt+vvtrtdt—ctdt. (14)

1
pre| o] t

The specialist chooses his consumption catlis exposuré; to the risky asset, and the contract
term ; to maximize lifetime utility.

There is one non-standard part in this otherwise standard consumption—portfolio problem in
equation 13). The specialist choosgk to maximize the intermediation fees he receives

1-—
Kidt= max kt( ﬁt)é‘{‘dt. (15)
pe[dma] N A

The only control in this maximization problem f&. In particular, whileg* affects the interme-
diation fees in equatioriLp), it is not one of the control variablgs:, &, £t} that the specialist
can choose in solving equatioh3d). The reason goes back to the unobservability of the inter-
mediary’s portfolio choice and Lemma In a rational expectations equilibrium, households
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expectspecialists to choos&" and pay the specialists based on the expected exposure. While
this expectatiorf;" coincides with the actual optimal exposure policy that solves the specialist's
problem in equation13), the specialist solves his problem taking the household’s expectation
as given. Solving equatiori), we immediately have

Bi = Tom if kk > 0, otherwises; € [1+m’ 1] if ke =0. (16)

The optimal contract terri;” depends only on the equilibrium fég
We now state the main result of this section.

Proposition 2. The specialist solves

)
max E [/ e ’tIn ctdt] (17)
(e, &) 0
st dW =& (dR —ridt) + g Wedt + Wiredt — ¢ dt, (18)

where q is defined as (notg; is defined in equatioriE)),

1-p¢ TR
qtz( ft)ktT’t. (19)
ﬁt UR,'[

The specialist’'s optimal consumption rule is
¢ = pW. (20)

The optimal risk exposure is .
& = W (21)

ORt

Under these optimal policies, the specialist's valu@\g; Y;) takes the forme log(W) + Vi,
where Y depends only on aggregate states, which verifies the regularity conditions that we
assume in the previous analysis.

See AppendixA.4 for the proof. There is a circular aspect to this proposition and proof.
First, because the fees can be written as proportional to wealth, the solution to the special-
ist's consumption—portfolio problem is as stated. Second, given the form of the consumption—
portfolio solution, the fees are indeed proportional to wealth. Proving the first part is as follows.
Observe that the optimal consumption and portfolio policies are identical to the one taken by log
investors. We can rewrite the budget equation in equati8hgs

dW = & (d Rdt —ridt) + Wi (ry + qr)dt — ¢ dt.

The per-unit-of-wealth-feey;, which does not depend on the controlsand&;, increases the
effective return on the specialist’s wealth by Then the simple consumption rule, equation
(20), follows from the fact that the log investor’'s consumption rule is independent of the return
process. Because the extra fee from the intermediation service does not alter the specialist’s risk-
return trade-off when choosing the portfolio share between risky asset and riskless;bwas!,

no impact on his portfolio choice. As a result, we get the usual mean—variance portfolio choice,
equation 21), for the log investor.
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Unconstrained Region Constrained Region
s 3
price k, price k&,
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bxposure T =
Exposure sug
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[7&3 *A}}Wk
- 3 ?
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a%.r !
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FIGURE 2
Unconstrained and constrained equilibria in the economy. The left panel depicts the unconstrained regidh when
m\/\{h; in that region, the exposure prike= 0 and the maximum exposure supplf;* exceed the households’ exposure
demand. The right panel depicts the constrained region Witer m\/\{h; in that region, the exposure pridg > 0
equates the households’ exposure demand with the maximum exposurers§gply

The fact that fees are proportional to the specialist’'s wealth is important for this result because
if fees were, say, equal to sorke that are independent of the specialist’s wealth, then the fees
would be viewed as the specialist’s “labour income” and the optimal consumption and portfolio
policies would depend on the present value of the future fees.

To prove that fees take the forgaW;, we use the fact that optimal exposure choice is linear
in wealth. Recall that the optimal risk exposure chdgés not observable. However, specialist
wealth is observable. Thus, the households expect that specialists with higher wealth will choose
a proportionately highef;* and pay fees to that specialist accordintfiyfhat is, we can write
the fees in equatiorl@) to take the fornK; = q; W, whereqg; can be interpreted as the per-unit-
of-specialist-wealth fee.

We summarize this section by characterizing the specialists’ exposure supply schedule. In
light of equation 16), the exposure supply schedule is step function (see FR)ure

1-f¢ g .
ﬁtﬂ‘ € [0, m&;], foranyf; € [1+m,1] if ki =0,

mé&; with g = if ke > 0,

- l+m

where & = ”Rtvvt as given in Propositior2. In other words, the specialist will supply the

maximum exposurmSt to the market if the exposure price is positive, while he is indifferent
to the choice of; (therefore%gt ) whenk; = 0.

4. MARKET EQUILIBRIUM
This section derives the equilibrium in the intermediation market as well as the risky asset and
bond markets.

12. In Sectiorb.4, when we consider the case with observable portfolio choice, the specialist earns a fee that is
linear in the exposure supply.
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4.1. Definition of equilibrium

Definition2. An equilibrium for the economy is a set of progressively measurable price pro-
cesses$P;}, {r¢}, and{k;}, households’ decisior{sth*, é’th*}, and specialists’ decisions;, &, i}
such that

1. Given the price processes, decisions solve equat®(l (3).
2. The intermediation market reaches equilibrium defined in Definitjavith risk exposure
clearing condition,

1 _ *
g = Plee
t
3. The stock market clears:
gt * + gt* - Pt .
4. The goods market clears:
o+ =

4.2. Unconstrained and constrained regions

The next proposition follows from the results in Secti@i®and3.3.

Proposition 3. At any date t, the economy is in one of two equilibria:
1. The intermediation unconstrained equilibrium occurs when
mItwg = mey > €™ (k = 0),
O'Rt

which occurs when m\- Wh In this case the incentive-compatibility constraint of ev-

ery specialist is slaclg] = ﬁﬁ > ——. Both the exposure pricg land per-unit-of-

l+m
specialist-wealth feeycpre zero.
2. Otherwise, the economy is in the intermediation constrained equilibrium. There exists a
strictly positive exposure price kuch that
Mt = mep = M (k = 0),
URt

which occurs when m\iw W In this case, the incentive-compatibility constraint is bind-

ing for all specialists;f; = 1+m The per-unit-of-specialist-wealth feeq Bt mlq > 0.

Proof. The only thing we need to prove is that wh&g > m\/\{h W < mV\{h), the
unconstrained (constrained) equilibrium occurs. To show this, noterifat> Eth(kt =0)is
equivalent tomW > W becauset; = Z5LW in equation 21) and&l'(k = 0) = %W{‘ in
equation (1). || " "

As shown in the left panel of Figur® the unconstrained equilibriumor unconstrained re-
gion, corresponds to the situation where the specialist’s W&‘&It(in turn & = 5L V\/t) is rel-

atively high. As a result, the per-unit-exposure ptigés zero, and the |ncent|ve compat|b|I|ty
constraint 6) is slack so that the maximum possible supply of risk exposure exceeds that de-
manded by the households. The abundance of intermediation supply then results in the free
intermediation service.
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On the other hand, if the specialists’ wealth is relatively low so that™ (k; = 0) exceeds
the aggregated maximum exposuné&;* provided by the specialists, we are at ttenstrained
equilibrium, or constrained regiorithe right panel in Figur®). In this case, the pricl rises
to curb the demand from the householdscall £™ (k) = ™24~ tV\/th in equation (1)), and

R

in equilibrium, specialists earn a positive rdamE* = W, for their scarce intermediation
service.

Proposition3 also tells us that the only factor that determines whether the economy is con-
strained is the wealth distribution between the specialists and the householdsrrche'nV\/t ,
we are in the constrained region. There, both agents optimally hold the same pdi&blas

a fract|on of their wealth, and the risk exposure allocation is proportional to the wealth ra-
tio W; : This proportional risk sharing is also reflected by the equilibrium-sharing rule
b= ﬁﬁ The economy achieves the first-best risk exposure allocation that would arise in a

heterogeneous agents-economy without frictions.

On the other hand, if the specialists have relatively low wealth sokfat mW, the first-
best risk-sharing rulg\; : V\/th will violate the key agency friction in equatioB)( In equilibrium,
equation 8) is binding and the resulting exposure allocatigh: ¢ =1 : m is greater than
the wealth distribution rati®\; : W. The risk exposure aIIocatlon is then tilted towards the
specialist who has relatively low wealth, and as we will show in Seetidthis disproportional
risk allocation drives the pricing implications in the constrained region.

Proposition3 characterizes the intermediation market equilibrium as a function of the equi-
librium asset pricing moments. We will determine the asset market equilibrium in Sdction

4.3. Equity implementation

The somewhat abstra¢py, ki) contract can be implemented and interpreted readily in terms
of equity contributions by households and specialists. The incentive constraint requiring that
sth <mé&; (see equatiorfl)) can then be interpreted as an equity capital constraint. In this section,
we describe the model in terms of such contracts. Doing so makes it clear that the &pstkact
maps into the contracts we observe in practice. It also helps build intuition for the asset pricing
results that follow in the paper. This section does not state any “new” contracting results; the core
results describing the intermediation market and contracts are as stated in the previous sections.
We merely reinterpret the results of the previous section.

The equity implementation of the intermediation contract is as follows:

1. A specialist contributes all his wealitt into an intermediary, and household(s) contribute
Tth < VVth.13

13. Note that on point (1), the specialist is indifferent between contributing and not contributing all of his wealth
to the intermediary. We can also consider implementations in which the specialist contributes a fraet{onl] of
his wealth to the intermediary and the household’s contribution satisfies the capital corTéfrginhy W;. Because the
specialist can only invest in the riskless asset outside the intermediary, the undoing activity implies that such outside
investment cannot affect each party’s ultimate exposure to the risky asset. As a result, our asset pricing results remains
the same under this alternative implementation.

The above argument relies on the restriction that the specialist can only invest in the riskless asset outside the
intermediary. This restriction can be relaxed further. Any positive exposure to the risky asset in his personal account
reduces the risk exposure delivered by the intermediary. Since the fee the specialist receives from delivering exposure to
the household is non-negative, the specialist will never purchase the risky asset through his personal account. Therefore,
the core restriction that the paper needs to impose is that the specialist cannot short the risky asset in his personal
account. This restriction is consistent with the notion that given moral hazard issues, the specialist must be disallowed
from “hedging” the risk in his contract pay-off.
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2. Both parties purchase equity shares in the intermediary. The specialist\—/@‘%epﬁfrac—
t
h
tion of the equity of intermediary, while the households O\ﬁﬁﬁ
3. Equity contributions must satisfy the equity capital constraint

Tth <mW.

4. The specialist makes a portfolio choice to invest fractipof the total funds of\; + Tth
in the risky asset.

5. Households pay the specialist an intermediation fe& qfer dollar of capital they con-
tribute to the intermediary. The total transfer paid by the householHs is ftTth. Spe-
cialists receive a fee ahf; per dollar of capital they contribute to the intermediary, for a
total fee ofK; = mf;W;. Note thatf; is non-zero only in the constrained region.

This implementation preserves the key features of the intermediation contract. First, both
household and specialist hold equity claims in the intermediary. The pay-off on these claims is
linear in the intermediary’s return, which in turn is linear in the intermediary’s portfolio choice.
Thus, the implementation gives each party exposure to the risky asset. We can map the portfolio
choiceat and capital contributions to the risk exposures of the previous sections as

W

g=oaW+T"H and f=——,
t = ot (W +Tp) B Wt T

so the household’s exposurexsT, th and specialist's exposureds\W;. The specialist will choose
ot to seta; W; equal toEﬁ, and the household can vary the contribufl'dho purchase the desired
risk exposuregf! = ot T

Second, the primitive incentive constraint is

&< mey.
We can rewrite this constraint as
h_ h .
& =at Ty <matW = mé&,

which is the equity capital constraint thﬁ? <mW.

Last, households pay a fee-per-unit of risk exposure since they pay a fegef unit of
capital invested with the intermediary. Because specialists recedalars of capital per dollar
of their own wealth in the constrained region, they receive a fee proportional to their wealth.
Thus, the fees are exactly as the intermediation contract dictates, with the relation

fi = ﬁ,
m
which also holds in the unconstrained regionfas- g; = 0.

The constrained and unconstrained regions are translated as follows. In the unconstrained
region withmw > Wth, the capital constraint is slack. The households invest their entire wealth
in the intermediary so tha" = W}, and the intermediation feg = 0. Whenm\W < W), the
capital constraint is binding, and the economy is in the constrained region. The intermediation
fee f; > 0, and the households only invéF;*E =mW in the intermediary.

4.4. Asset prices

We look for a stationary Markov equilibrium where the state variable§\&eD;), whereW; is
the specialists’ aggregate wealth. As the dividend process is the fundamental driving force in the
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economy,D; must be one of the state variables. Whether the capital constraint binds or not de-
pends on the relative wealth of households and specialists. Therefore, the distribution of wealth
between households and specialists matters as well. Given some freedom in choosing how to
define the wealth distribution state variable, we use the specialist's w&alih emphasize the
effects of intermediary capital.

The intrinsic scale invariance (the log preferences and the log-normal dividend process) in
our model allows us to simplify the model with respect to the varidbjeDefine the scaled
specialist's wealth as; = W;/D;. We will derive functions for the equilibrium price/dividend
ratio Pt/ Dy, the risk premiunxzr 1, the interest rate, and the intermediation fde as functions
of w; only.

4.4.1. Risky asset price and capital constraint. Log preferences allow us to derive the
equilibrium risky asset pric®; in closed form. Recall the specialist’s optimization problem:

o0
max E[/ e_/’tlnctdt]
{ct,& pr} 0

1-p

t

sit. dW =& (dR —ridt)4+  max (

) ktgt*dt+VVt|’tdt—Ctdt;
pre] pim]

and the household’s optimization problem:

* _n
max E [/ e’ 'In c{‘dt]
e Lo
h_ ch h h h
st dW = ENdR —ridt) — kMt + Whrydt — chdt.

As we have derived, the optimal consumption rules for specialist and household (see equations
(20) and (LQ)) are
¢ =pW and o =,p"W

Because debt is in zero net supply, the aggregated wealth has to equal the market value of the
risky asset
W+ W, = P

Invoking the goods market-clearing conditigh+- ¢ = D¢, we solve for the equilibrium price
of the risky asset
P Dt P
t——h+(1——h)Wt. (22)
p p
When the specialist wealt\; goes to zero, the asset prigg approache®;/p". Loosely
speaking, this is the asset price for an economy only consisting of households. At the other limit,
as the households wealth goes to zém {Mf approaches$), the asset price approachBs/p.
We assume throughout thalt > p. Then the asset price is lowest when households make up
all the economy and increases linearly from there with the specialist we#ltithis is a simple
way of capturing a low “liquidation value” of the asset, which becomes relevant when specialist
wealth falls and there is disintermediatith’®

14. Liquidation is an off-equilibrium thought experiment since in our model asset prices adjust so that the asset is
never liquidated by the specialist.

15. There are in other ways of introducing the liquidation effectitnand Krishnamurthy2010, we consider
a model where the specialist is more risk averse than the household. In that model, as the specialist loses wealth and
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Now from Propositior8, we can determine the critical levef so that the capital constraint
starts to bindi.e. wheremW = V\/th = P, —W,;. Simple calculation yields that
1
= m.
The next proposition summarizes our result.

c

(23)

Proposition 4. The equilibrium price/dividend ratio is

P 1
R_1 (12,
Dt p" ph

Whenw; > w€, the economy is unconstrained, and wh&n< w°, the economy is constrained.

4.4.2. Specialist's exposure and portfolio share. From Proposition3, in the uncon-
strained region, both household and specialist share the economy-wide risk in proportion to
their wealth levels. This immediately implies that the specialist’s risk exposure is his wealth
W = W{%‘W‘ﬁ P;. In the constrained region, the specialist hoﬁ% of aggregate risk, which

1

implies that his risk exposure & =

P:. We have the following result.

Proposition 5. In the unconstrained regiogy* = W;. In the constrained regiorg;* = ﬁ Px.
To better connect to the asset pricing literature, let us rewrite the specialist’s exposure as a
portfolio share. The specialist’s portfolio sharein the equity implementation isW; = &;".

Proposition 6. In the unconstrained regiom; = 1. In the constrained region,

_& _ 14+ ("—puw

TW @mypte o

at

In Figure3, we plot the specialist’s portfolio sharg in the risky asset against the scaled
specialist's wealtho;. The specialist’s portfolio holding in the risky asset rises above 100%
once the economy is in the constrained region and rises even higher when the specialist’ wealth
falls further. As a result, the risk exposure allocation, which departs from the first-best one, is
tilted towards the specialist who has relatively low wealth. Since in our model the specialist, not
the household, is in charge of the intermediary’s investment decisions, asset prices have to adjust
to make the higher risk share optimal.

becomes more constrained, the high risk aversion of the specialist causes the equilibrium risk premium to rise sufficiently
fast that the asset price falls. In the present model, if we set the discount rates equal to each other, although the risk
premium does rise as the specialist loses wealth, the interest rate also falls, and with log utility, these two effects offset
each other. To solve the model for the case of differential (in particular non-log) utility, we have to rely on numerical
methods inHe and Krishnamurthy2010. Another way to introduce liquidation is to model a second-best buyer for

the risky asset. For example, suppose households can directly own the asset, but in doing so, receive a lower dividend
than specialists. Then, if the intermediation constraint binds sufficiently, the households will bypass the specialists to
directly purchase the asset. This modelling sets a lower bound at which the asset is liquidated to the households. Models
such aKiyotaki and Mooreg(1997) andKyle and Xiong(2001) have this feature. Following this approach in our setting
necessitates having to model bankruptcy and, in particular, the specialist’s trading decisions after bankruptcy. We do not
take this approach because it is sufficiently more complicated than the simple discount rate approach and it is unclear if
the added complexity will yield more in terms of the substance of our analysis.
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FIGURE 3
The specialist’s portfolio share; in the risky asset is graphed against the specialist wealtbr m = 4 and 6. The
constrained (unconstrained) region is on the left (right) of the threshtl®ther parameters age= 1-84%,0 = 12%,
p = 1%, andp" = 1.67% (see Tabla)

Two effects onm: constraint effect and sensitivity effect. Figure3illustrates the compar-
ative static results for the casesrot= 4 andm = 6. There are two effects of the intermediation
multiplier m. The first is a “constraint effect”. The intermediation multipleicaptures the max-
imum amount of households’ (outside) capital that can be raised per specialist’s (insider’s) capi-
tal, thus giving an inverse measure of the severity of agency problems in our model. Decreasing
m exacerbates the agency problem and thereby tightens the capital constraint for a given wealth
distribution. From equatior2@), it is immediate to see that®(m = 4) is higher thano®(m = 6),
and therefore, the unconstrained region (where< w®) is smaller whenm = 4. Also, in
Figure 3, we observe that for a given value of, the lower them, the higher the specialist’s
holdingat in the risky asset.

There is a second, more subtle, “sensitivity effect’nafwhen we consider the economic
impact of a marginal change in the specialist’s wealth. This sensitivity effect is rooted in the
nature of the capital constraint. When in the constrained region, a $1 drop in the specialist's
capital reduces the households’ equity participation in the intermediaryrbyA$higher m
makes the economy more sensitive to the changes in the underlying state and therefore magnifies
capital shocks.

As a reflection of the sensitivity effeat; rises faster in the constrained region in the= 6
case than for then = 4 case in Figur@. It is easier to analytically show this point. We calculate
the derivative of portfolio share; with respect tow; using equationZ4) and evaluate this
derivative (in its absolute value) across the same leve} of

‘% 11 [m@4mp" = ("= p))?
dwt|  (@+m)phw? (1+m)ph '

Differentiating this expression with respectrtp we find that

[ dat | _ p"A+mPaf = (A—p/p"))
dwt (1+m)2 ’

dm
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which is positive for all relevant parameters (recall that> 1 andp" > p). In other words,
whenm is higher, a change in specialist wealth leads to a larger change While we do not
go through the computations in the next sections, this sensitivity effect arises in most of the asset
pricing measures that we consider.

The two effects ofn shed light on crises episodes and financial development. If we consider
that a developed economy like the U.S. has institutions with higterthen our model predicts
that these institutions on average have more outside financing and less binding financing con-
straints. Moreover, in the developed economies, crises episodes are unusual (constraint effect),
but on incidence, are often dramatic (sensitivity effect).

4.4.3. Risky asset volatility. We may write the equilibrium evolution of the specialist’s
wealthW; as q

dv = pwtdt+owdZ, (25)
Wi

where the driftuw + and the volatilityow + are to be determined in equilibrium. By matching the
diffusion term in equation?b) with the specialist’s budget equatiohd, it is straightforward to
see that

ow W = & oRyt. (26)

The dollar volatility of the specialist’s wealth is equal to the volatility of the risky asset return
modulated by the risk exposure held by the specialist.
Given equationZ?), the diffusion term on the risky asset price is

D D
ortP =\oI(dR) =0 — + (1— ﬁh) Weow, =0 — + (1— ﬁh) Elort,
p p p p

which implies that
o Dt
Rt = -
PP = (p" = p)&;
Substituting in forg;" from Propositiorb, we have the following proposition.

o 27)

Proposition 7. In the unconstrained regiowr t = . In the constrained region, we have

B ((1+m)ph>< 1 )
R 1 J\ 1+ G =pw )

As Figure4 shows, in the unconstrained region, the volatility of the risky asset is constant
and equal to dividend volatility . The volatility rises in the constrained region as the constraint
tightens {.e. wy falls). In fact, in the constrained regiofy; = Him P;, and equationd7) implies
that

ORt =
- ARYD -

Therefore, the volatilityyr ¢ increases because the price/dividend r&ioD; falls. The latter
condition is consistent with the fire-sale discount of the intermediated assets (see comments in
footnotel5).

The model can help explain the rise in volatility that accompanies periods of financial tur-
moil where intermediary capital is low. It can also help explain the rise in the VIX index during
these periods and why the VIX has come to be called a “fear” index. We will next show that
the periods of low intermediary capital also lead to high expected returns. Taking these results
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FIGURE 4
The risky asset volatilityyr ¢ is graphed against the scaled specialist weaittfor m = 4 and 6. The constrained
(unconstrained) region is on the left (right) of the threshofd Other parameters age= 1.84%,0 = 12%, p = 1%,
andph =1.67% (see Tablé)

together, we provide one possible explanation for recent empirical observations relating the VIX
index and risk premia on intermediated assBtsmdarenkq2004 documents that the VIX in-
dex helps explain the returns to many different types of hedge flBatsdtet al. (2004 note
that the VIX index is highly correlated with the risk premia embedded in default swaps. In
both cases, the assets involved are specialized and intermediated assets that match those of our
model.

We also derive the specialist's wealth volatilityy ¢, which is useful in later discussions. We
can derive this either using equatid6) or more directly by noting thatyw + = atort. That s,
the volatility of specialist wealth is the volatility of risky asset retusik () modulated by the
specialist’s equilibrium portfolio share in the risky assa) (

Proposition 8. In the unconstrained regiomw,t = ¢. In the constrained region,

g

oWt = 0HORE = ———F——.
wi (Mph + p)

4.4.4. Risk premium. The key observation regarding our model is that the specialist is
in charge of the investment decisions into the risky asset. Asset prices then have to be such that
it is optimal for specialists to buy the market-clearing amount of risk exposure.
We can solve out for the risk premium in two ways. We know that
gt* = EW[

2
ORt

Using the market-clearing exposure stated in Proposgiand the result ozfré’t in Proposition
7, we can derive the risk premium.
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Alternatively, and more directly, standard asset pricing arguments imply: thai= ata% t
We have just derived the equilibrium portfolio shaseas well as the risky asset volatility. As a
result, we have the following proposition.

Proposition 9. In the unconstrained regiomr t = 2. In the constrained region, we have

(5) (o) ()
TR\ P = pywd ) \mpP+)2)

The risk premium on the risky asset rises through the constrained region, as shown in
Figure5. The higher risk premium is necessary to induce the specialists, who have low wealth
and therefore low risk capacity, to buy the exposure. It is easy to show that this pattern also
prevails for the Sharpe ratio.

An interesting point of comparison for our results is to the literature on state-dependent risk
premia, notablyCampbell and Cochrar{@999 andBarberis, Huang and Sant(001). In these
models, as in ours, the risk premium is increasing in the adversity of the state. In Campbell and
Cochrane, the state dependence arises because marginal utility is dependent on the agent’s con-
sumption relative to his habit stock. In Barberis, Huang, and Santos, the state dependence comes
about because risk aversion is modelled directly as a function of the previous period’s gains and
losses. Relative to these two models, we work with a standard Constant Relative Risk Aversion
utility function but generate state dependence endogenously as a function of the frictions in the
economy.

Our model is closer in spirit to heterogeneous agent models where losses shift wealth be-
tween less and more risk-averse agents thereby changing the risk aversion of the representative
investor.Kyle and Xiong(2001) andLongstaff and Wang2008 are examples of this work. In
Kyle and Xiong(2001), the two agents are a log investor and a long-term investor. Although
their paper is not explicit in modelling the preferences and portfolio choice problem of the

Risk Premium
0.7 ; , . .
0.6 | —_—m=4
..... m=6
0.5 |
0.4 | |
0.3 Wi(m=)=9.07 W (M=4)=13.02 |
0.2 -‘.‘ |
0.1r |
0 L T : 1 ,
0 5 10 15 20 55

Scaled Specialist's Wealth w

FIGURES
Risk premiumz R ¢ is graphed against the scaled specialist weajtfor m = 4 and 6. The constrained (unconstrained)
region is on the left (right) of the threshoioP. Other parameters age= 1.84%,c = 12%, p = 1%, andp" = 1.67%
(see Tabldl)
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long-term investor, since his demand function is different than the log investor, implicitly his
choices must reflect different preferences.

In theoretical terms, our model also works through shifts in wealth between household and
specialist. However, both agents in our model share the same utility function, so the action is
rather through the capital constraint and its effect on market participation. We elaborate on this
point next.

4.4.5. Agency and risk aversion. A principal theoretical contribution of our paper rel-
ative to prior work is that we show how variation in the risk aversion embodied in the pricing
kernel can be explained by agency problems, rather than to particular aspects of household pref-
erences. In particular, the risk premium in Propositis a function ofm in the constrained
region. We can rewrite the risk premium in Propositibas

- _(0_2)( 1 )((mph+p)+(p“—p))
REZ e ) \ T 0P = o) (Mph+ )2 ‘

The last term in parentheses dependsoasm decreases.g. the agency friction tightens), the
risk premium rises. The effect is only present in the constrained region since the risk premium
is constant in the unconstrained region .

We can investigate this comparative static exercise further in our model. It is plausible that
moral hazard problems themselves vary so that there are tgngeduring a financial crisis, in
whichmiis particularly low6 We now consider a variation of our model in whictis stochastic:

dm m

o omd Z",

whereon, is a positive constant anfZ{"} is another Brownian process independent of}.
Here,d Z" captures the shocks to agency frictions, and a negative shagk & 0) lowersmy
and therefore leads to more severe agency problems. We Zgllithe moral hazard factor in
this economy.

We show that in AppendiA.6 that the equilibrium policy and pricing expressions for the
economy with a stochastio are the same as those that we have derived for the case of a constant
m, with the only adjustment of replacing with m;. The key to this result is the assumption
of log preferences. With log preferences, the price/dividend ratio is not a function(sée
equation 22)). As a result, the shocld Z{" does not affect the return dynamics of the asset.
Moreover, given the log preferences, agents choose their optimal consumption and portfolio
policies myopically. In particular, the possibility that equilibrium prices or policies in the future
may depend on the future dynamicsmf does not affect equilibrium choices today. Hence, the
problem reduces to a static problem given today’s value;of

With these points in mind, consider the behaviour of the risk premium in response to the
agency shockd Z". In the unconstrained region, the risk premium is constagit,= o 2, which
is independent afy, and thereforel Z". In the constrained region, the risk premium is (replacing

m by my)
( 2)( 1 )(( t : . h ))
Rt wt 1+(ph—p)wt (mtph—i-p)2 '

16. Variation inm may be because moral hazard is more severe during crises or begatss#f depends on
monitoring by large investors as iolmstrom and Tirolg¢1997).
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Risk premium loading on the agency factor dZ:"
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FIGURE 6
The loading of risk premiunrg ; on the agency factad Z[" is graphed against the scaled specialist wealthwvhen
mt = 4, for the case op = ph = 1.67% andp = 10%, p" = 1.67%. The constrained (unconstrained) region is on the
left (right) of the thresholdv®. Other parameters age= 1-84%,s = 12%, andsm = 10%

We use Ito’s lemma to differentiate this expression. For the special case thaf', the depen-
dence on the moral hazard factor is transpatént:

2

d d( o ) o d 7 dm + dt terms
TRt = = — W ————— .
wi(Me +1)p w2(my+1)p wt(Me+1)%p

This result shows that a positive shockdoy (or the moral hazard factatZ™) reducestr;,
while a negative shock increases . That is, shocks tan; mimic shocks to the “risk aversion”
of the financial intermediary.

Interestingly, the impact of the moral hazard shock increases with the tightness of the capital
constraint. Figuré illustrates this effect, graphing the loading of the risk premium on the moral
hazard factod Z". The loading is negative because an increase in moral hazard corresponds to
a decrease im;. We draw the graph both for the= p" case as well as for the usual > p
case. Intuitively, the root of the capital constraint is the agency friction. As a result, when the
economy is more constrained, it is also more sensitive to the alleviation or worsening of the
agency friction.

For the rest of the paper, for simplicity, we return to the case of a constaht the ap-
pendix, we provide expressions for all of our asset pricing results for both the constand
the stochastien.

4.4.6. Exposure price and intermediation fee. We now calculate the equilibrium expo-
sure pricek;. As noted earlier, the fee is zero in the unconstrained region. For the constrained
region, equating the exposure demand) vith exposure supply1) and using\Nth =P —-W,

17. The expression in the text omits terms of the ordedbfFurther, in AppendixA.6, we also show that
Cov(dwt,dmt) =0.
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we have
TRt —Kt . p TRt
EM (k) = — 5 W'=m—W = mé&;
ORt ORt

W —mw P — (1+ M)W,
I

t Wth Rt P —W Rt (28)
And, we have
TRt
G = TmK =kt - Moy,
ORt

which says that the equilibrium fee per unit of specialist’s capigdli$ the exposure price
(k) multiplied by the total exposure (that households gain through intermediaries) per unit of
specialist’s capitalrtie). Rewriting in terms of primitives, we have the following theorem.

Proposition 10. Inthe unconstrained region, the exposure prige-lg; = 0. In the constrained
region, the exposure price is

1-(p+mpMw o2 ((1+m)ph)( 1 )
kt= >0

1-pwr  we(mph+p) \ mp4p J\ 1+ (p"—p)uw
and
TRt mo 2 1—(p+mph)u)t 1 2
O = —5-Mmk = o~ —) >o.
TRt (p+mp") 1-pwy wt

In Figure7, the exposure pricl and the per-unit-of-wealth feg display a similar pattern
as the risk premium in Figurg. This is intuitive: the higher risk premium in the constrained
region implies a higher household demand for investment in intermediaries to gain access to the

Exposure Price kt Per-Unit-of-Specialist-Wealth Fee q,
1 15
0.8 —m=4 m=4
------- m=6
s =B
10+
0.6
wW(m=6)=0.07 _: w(m=6)=9.07 w'{m:=4)=13.02
0.4 i wi(in=4)=13.02 : :
: i 5¢f
"-...,__ : . 0 Ry ¥ H N -~
0 5 10 15 20 25 0 5 10 15 20 25
Scaled Specialist's Wealth w Scaled Specialist's Wealth w
FIGURE7

Exposure pricé (the left panel) and per-unit-of-specialist-wealth égéthe right panel) are graphed against the scaled
specialist wealthoy for m = 4 and 6. The constrained (unconstrained) region is on the left (right) of the thrashold
Other parameters age= 1.84%,0 = 12%, p = 1%, andph =1.67% (see Tabl&)
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risky asset. Because the supply is fixedn#}*, the equilibrium exposure price rises to clear the
intermediation market.

The rising fee on the specialists’ wealth is a reflection of the scarcity of the specialists’
capitall® This underscores one of the key points of our model: intermediation capital becomes
increasingly valuable in a crisis when the intermediary sector suffers more losses. The following
example illustrates this point.

Example: lending spreads and market liquidity

During periods of financial turmoil in the intermediary sector, the terms of credit for new
loans get worse; se@ilchrist and Zakrajsek2010 for empirical evidence. That is, lending
spreads rise, even on relatively safe borrowers. Our model sheds light on this phenomenon. We
now interpret the intermediary as not just a purchaser of secondary market assets but also a
lender in the primary markee(g.commercial banks). Suppose that a borrower (infinitesimal)
asks the intermediary for a loan at datt be repaid at date+ dt, with zero default risk. We
denote the interest rate on this loarfaand ask whaft; lenders will require.

Suppose that making the loan uses up capital. That is to say, if a specialist makes a loan of size
J, he has less wealtW\§ — §) available for coinvestment with the household in the intermediary.
In particular, if in the constrained region, the lender is able to attractess funds from the
householdd?

If mW > V\/th, intermediation capital is not scarce and tfius= r;. However, if interme-
diation capital is scarce, then using intermediation capital on the loan reduces the size of the
intermediary. A lender could have used tha the intermediary to purchase the riskless bond
yielding ry and received a fee from householdsgpd. Since both investments are similarly
riskless, we must have that

Tt =re+0.

Therefore, the lending spre@d—r; rises once we fall into the constrained region.

In this example, even a no-default-risk borrower is charged the extra sprgad bk reason
is that the specialist intermediary is marginal in pricing the loan to the new borrower, so that
the opportunity cost of specialist capital is reflected in the lending spread. If we had assumed
that households could also have made such a loan, then we will fing; teat;. Of course a
business loan, which requires expertise and knowledge of borrowers, is the prime example of an
intermediated investmen?.

18. The higher intermediation transfer from households to specialists is the logical result of our model of scarce
supply of intermediation. However, it seems counterfactual that specialists can demand a higher fee from their investors
during a crisis period in which agency concerns may be widespread. One resolution of this anomalous result is to assume
that households, lacking the knowledge of the risky asset market, are also not aware of time variation in the risk premium
on the risky asset. For example, one can explore a model in which households hold static beliefs over the mean—variance
ratio of the pay-offs delivered by intermediaries. This model may deliver the result that fees are state independent,
thereby resolving the counterfactual result on fees. We do not pursue this extension here.

19. To develop this example in terms of the primitive incentive constraint, we need to assume that households only
observe the specialist's wealth net of the loan and do not observe the actual loan. Also, households’ beliefs are that
every specialist will contribute his entire wealth into the intermediary when the delegation fee is positive, a belief that
is consistent with the current equilibrium. In this case, observing wealttk of 6 leads households to believe that the
risk exposure delivered by that specialist is reduced proportionately, which in turn tightens the intermediation capacity
constraint.

20. The results illustrated in this example are also present in the modéblafistrom and Tirol€1997), although
the connection to secondary market activity is not apparent in their model.
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4.4.7. Interest rate and flight to quality. We can derive the equilibrium interest rate
from the household’s Euler equation, which is

redt = pdt + Ey [di ] —Var [%} .
d d

The equilibrium condition gives us

dg™ _ d(e"W) _ d(P —Wh)
o oW R—W -

Recall that the specialist’s budget equation is
dW /W, = at (AR —redt) 4-redt — pdt 4 qedt.

Using the expressions fok, ort, andag: that have been derived previously, we have the follow-
ing proposition.

Proposition 11. In the unconstrained region, the interest rate is

re=p"+9+p(p—pMHwi—o?

In the constrained region, the interest rate is

[P (A+m) (3 = p) —m?p") + (mp")?]
(1—pwt)(p +mph)2

re=p"+g+p(p—pMuwi—o

In the unconstrained region, the interest rate is decreasing in the scaled specialist’s wealth
wt. This just reflects the divergence in both parties’ discount rates (recalpthap"). In the
limiting case wher&\, = Bt the economy only consists of specialists. Then consistent with the
familiar result of an economy with specialists as representative log investors, the interest rate
converges tp + g — o 2. For a smallet;, where households play a larger part of the economy,
the bond’s return also reflects the households’ discounfjtand the equilibrium interest rate
is higher.

In the constrained region, the pattern is reversed: the smaller the specialist's wealth, the
lower the interest rate. This is because the capital constraint brings about two effects that rein-
force each other. First, when the capital constraint is binding, the result in Prop&itigaties
that the specialists bear disproportionately greater risk in this economy: the specialist's wealth
volatility increases dramatically and more so when the specialist's wealth further shrinks. As a
result, the volatility of the specialist's consumption growth rises, and the precautionary savings
effect increases his demand for the riskless bond. Second, as specialist wealth falls, households
withdraw equity from intermediaries and channel these funds into the riskless bond. The extra
demand for bonds from both specialist and households lowers the equilibrium interest rate.

The pattern of decreasing interest rate presented in Fjigeonsistent with a “flight to
quality”. Households withdraw funds from intermediaries and increase their investment in bonds
in response to negative price shocks. This disintermediation leaves the intermediaries more vul-
nerable to the fundamental asset shocks.

4.4.8. llliquidity and correlation.  In the capital constrained region, an individual spe-
cialist who may want to sell some risky asset faces buyers with reduced capital. Additionally,
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FIGURE 8
Interest rate; is graphed against the scaled specialist waajtfor m= 4 and 6. The constrained (unconstrained) region
is on the left (right) of the threshold®. Other parameters age= 1.84%, 0 = 12%, p = 1%, andph = 1.67% (see
Tablel)

since households reduce their (indirect) participation in the risky asset market, the set of buyers
of the risky asset effectively shrinks in the constrained region. In this sense, the market for the
risky asset “dries up”. On the other hand, if a specialist wished to sell some bonds, then the
potential buyers include both specialists as well as households. Thus, the bond is more liquid
than the risky asset.

There are further connections we can draw between low intermediary capital and aggregate
illiquidity periods. As we have already seen, a negative shock in the constrained region leads
to a rise in risk premia, volatility, and fall in interest rate. In this subsection, we show that our
model also generates increasing comovement of assets that many papers have documented as
an empirical regularity during periods of low aggregate liquidity (#eg,Chordia, Roll and
Subrahmanya2000. We illustrate this point through two examples.

Example 1: orthogonal dividend process
We introduce a second asset held by the intermediéti€his asset is a noisy version of the
market asset. The asset is in infinitesimal supply so that the endowment process and the equilib-
rium wealth process for specialists are unchanged. In particular, we assume that the dividend on
this second asset is
dbe _ gdt+odZ +6d2; = dD L a2,
D'[ Dt

Here,{Z;} is the common factor modelled earlier afik} is a second Brownian motion, or-
thogonal to{ Z;}, which captures the asset’s idiosyncratic variation. Put differently, this second
asset is a noisy version of the market asset.

21. If the asset was traded by both households and specialists, then its introduction will have an effect on equilib-
rium since the market is incomplete. However, introducing an intermediated asset will not alter the equilibrium.

€202 Jaquisoa( /0 uo Jasn obeoiy) Jo AusisAiun Aq LE9EESL/SEL/Z/6./81018/pniSal/wod dnosolwapese//:sdny woJj papeojumoq



HE & KRISHNAMURTHY A MODEL OF CAPITAL AND CRISES 763

Correlation
0.74 T ‘ T -

0.735

—_—m=4 o
——m=6

0.73

0.725}

0.72

0.715 -

\-
\v

™, w%{zs):g.or w( m=4)=13.02

",

0711 N | .

0.705f -

0'?0 5 10 15 20 25

Scaled Specialist's Wealth w

FIGURE9
The correlation between the market return and the return on an individual asse:l,Rgod:Rt), is graphed against the
scaled specialist wealth for m = 4 and 6. The constrained (unconstrained) region is on the left (right) of the threshold
w®. Other parameters age= 1-84%,0 = 12%,p = 1%,ph =1.67% (see Tabl&), ands = 12%

We can show that the price of this second asgét is

=05, =01 (1 5)
B = Dt = By | =+ (1= 2 ) e |. (29)
t tDt tph ph t

Consider the correlation betwed® and the returnf R, on the second asset:
1
V1+G/or1)?

In the unconstrained region, sineg is a constant, the correlation is constant. But, in the
constrained region, agz t rises, the common component of returns on the two assets becomes
magnified, causing the assets to become more correlated. We graph this state-dependent corre-
lation in Figure9, where we simply také =o.

corf(dR, dR) =

Example 2: liquidation-sensitive asset

The preceding example illustrates how the risk price of a common dividend rises during
crises periods and causes increased comovement in asset prices. Another mechanism for co-
movement that is often emphasized by observers centres on forced liquidations by constrained
intermediaries. The following example illustrates this case.

22. Giventhe guessed form in equati@s), [i)i = Dﬂt, which implies thal‘%>t = dﬁﬂ + % = dﬁﬂ +6dZt.
t t/Dt

ThereforedR; = % + dﬁp‘ =dR +6dZ;. Then we can verify that it satisfies the specialist's Euler equation

det det . dct
qtdt—pdt-HEt[ Cf‘ ]—}—Vart[ c? ]+Et[th]:C0w|: C? ,th].
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We model a liquidation-sensitive asset as an asset with a dividend that drops (discontinu-
ously) from unity to an exogenously specified fire-sale value, which we normalize to zero, when
economy-wide intermediary capital falls beneath a thresidldVhen intermediary capital is
sufficiently low, therefore, forced liquidation becomes more likely. This lowers the liquidation-
sensitive asset’s price. As we have shown, low intermediary capital also pushes down the value
of the market asset. Thus, at a low enough intermediary wealth, the returns on the market asset
and liguidation-sensitive asset move together.

Normalize the initial date as time 0 with the state g@ify, Do = 1). Consider an (infinites-
imal) asset that pays ot at the maturity datd, where the dividend is state-contingeing,

X1 = X(Wr, D1). We are interested in how the economy-wide shocks drive the asset price,
when the asset is subject to forced liquidation. We assume that the dividémg, D) is
received only if the economy-wide intermediary capit4l at the maturity date is above a min-
imum threshold\:

1 ifWr > W,

X(Wr, D7) = .
0 otherwise.

This asset reflects an investment-grade corporate bond or a mortgage-backed security that is
at low risk during normal times. However, during a period of low intermediation capital, the
asset value is determined by an exogenous fire-sale value, which we have normalized to be zero.
Denote the time-0 price of this liquidation-sensitive asseQaéW, D) = Qo(Wp, 1), which

is simply the time-0 present value ¥f(Wr, D7) under the pricing kernel in this economy. We
focus on the constrained region to illustrate the interesting dynamics in this example and perform
the computations numerically.

Covariance Cov(dQ, (W, 1).dR)
0.025 T T T

0.02

0.015

0.01

0.005

-0.005 I | ! ! . .
4
Specialist's Wealth W0

FIGURE 10
The instantaneous covariance between the returns of intermediated market asset and the liquidation-sensitive asset,
i.e. cov(d R, d Qg(Wp, 1)). The x-horizontal is the time-0 specialist's wealih= Wy, as we normalizedg = 1. We
takem = 4, so the capital constraint binds @f = 13. The liquidation threshold i&/ = 3.57. Other parameters are
g=184%,6 =12, p = 1%, andp" = 1.67% (see Tabld)
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The value of this liquidation-sensitive zero-coupon b@g(Wp, 1) varies with the state of
the economy. Interestingly, the sign of the correlation switches depending on the state. Consider
a negative shock to this economy causing intermediary capitab fall. A lower W, leads to
a lower interest rate in the constrained region, which in turn leads to a higher bond price. This
interest rate effecgenerates a negative correlation between the returns of our (intermediated)
market risky asset and the liquidation-sensitive asset.

When the intermediary capitdl is sufficiently low,i.e. in the vicinity of the liquidation
boundaryW, an oppositdiquidation effectkicks in. Under this effect, a negative shock makes
forced liquidation more likely, and the price of the liquidation-sensitive asset falls. As a result,
there is positive correlation between the market return and the asset return.

Figure 10 graphs the instantaneous covariance betwk®p(Wp, 1) and the market return
dR. When the scaled specialist’s wealth is high, the correlation is negative, although close to
zero for the parameters in our example. The covariance becomes more negatystainks
due to the interest rate effect. Finally, whéf falls aroundW (which is 3-57 in our example),
the liquidation effect dominates, and the liquidation-sensitive asset comoves with the intermedi-
ated market asset.

5. DISCUSSION OF INTERMEDIATION CONTRACT
In this section, we discuss in further detail the contracting issues that arise in our model.
5.1. Discussion of incentive constraint

We think of the incentive constraint that emerges from the model as similar to the explicit and
implicit incentives across many modes of intermediation. For example, a hedge fund manager
is typically paid 20% of the return on his fund. We may think of this 20% as corresponding to
the minimum fractiong that has to be paid to the hedge fund manager for incentive provision
purposes. Likewise, many investment and commercial banks have traders on performance-based
bonus schemes. Mutual funds receive more flows if they generate high refmrtsiér 1995,

and the salaries of the managers of these funds rise with the fees on these flows. Thus, there is a
relation between the pay-offs to the manager and the returns on the mutual fund. Finally, while
these examples all have the agent exposed to returns on the upside, it is also true that agents who
generate poor returns are fired or demoted.

The key feature of the model, which we think is robustly reflected across many modes of
intermediation in the world, is the feedback between losses suffered by an intermediary (drop in
W;) and exit by the investors of that intermediary. Our model captures this feature through the
capital constraint, when it is binding.

5.2. Benchmarking

A substantive restriction that we impose on the contracting space is to not consider benchmark-
ing contracts. In our model, the specialist is compensated/punished based only on his own per-
formance; we do not consider contracts where one specialist's performance is benchmarked to
the aggregate risky asset return and/or the performance of another specialist. If we allow for such
contracts, then the principal can perfectly detect shirking by the agent. As such, the principal can
overcome the moral hazard problem at no cost.

The issue of benchmarking is a thorny one for macroeconomic models of credit market fric-
tions22 From a theoretical standpoint, the literature has offered some avenues to explicitly deal

23. For example, the analysis of the modeHmfimstrom and Tirolg1997) turns on comparative statics of inter-
mediaries’ total capital to shed light on a credit crunch. However, if we interpret these changes in intermediary capital
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with the benchmarking issue. We think the most promising for our model is based on the limited-
commitment models 0&.g.Kehoe and Levin€l993 and the diversion models a&f,g.DeMarzo
and Fishmar{2007). For example, consider a model in which the agent (specialist) can divert
some investment returns at a cost into his personal account. Moreover, as in Kehoe and Levine,
even though such diversion is observable, there are no courts that can punish detectable diver-
sion. In this case, one can imagine that the principal will commit to a contract whereby the agent
is paid a share of the investment return if the agent does not divert. The share is chosen to be large
enough so as to eliminate the incentive to divert. In this formulation, even if all agents generate
high returnsice. a good aggregate shock), a given agent still needs to be bribed with a share of
his (higher aggregate) returns to prevent diversion. Thus, the agent receives payments that vary
with the aggregate state. The reason this modelling can work is that in Kehoe and Levine, the
incentive constraint isx post

Is it easy to accommodate this change within our model? The answer is yes for the equity
contract of the model. The harder issue is the debt contract. In our model, shorting théé&ond (
borrowing) is not affected by agency issues. This assumption is consistent with our effort moral
hazard formulation and allows our analysis to focus on the effect of constraining a single equity
margin. With the possibility of diversion, presumably debt borrowings will also be constrained
(see footnotd). Thus, we would have to study a model with constraints on both equity and debt.
While such a model seems both theoretically and empirically interesting to study, we leave this
task for future work.

5.3. Long-term contracts

For tractability reasons, in this paper we focus on short-term contracts. There has been much
recent interest in dynamic models of long-term financial contractsPDeMarzo and Fishman
(2007, Biais et al. (2007, andDeMarzo and Sanniko{2006. In these models, the principal
commits to a compensation rule as a function of the agent’s performance history. In our model,
no party can commit beyond the short-term intermediation relationsftig-[dt].

On the one hand, it will be interesting to develop models that marry the dynamic financial
contracting models with the dynamic asset pricing models. We are unaware of papers in the
literature that accomplish this. On the other hand, if the main advantage of long-term contract-
ing is to generate history dependence, then it is worth noting that in our model the special-
ist's compensation—and in turn the aggregate state—is history dependent despite the short-term
nature of the intermediation relationship. History dependence arises in our model because we
embed the short-term contracting problem into a dynamic model.

In particular, in our model, after the intermediary sector suffers a series of losses, the special-
ists’ wealth drops faster than that of the househéfdas a result, the agency frictions become
more severe, which is reflected in a more distorted risk allocation towards the intermediary sector
with scarce capital. This is akin to the resulDeMarzo and Fishmaf2007), Biaiset al.(2007),

as the result of exogenous aggregate shocks, then in a full-blown dynamic model, presumably agents will write contracts
that anticipate these shocks. In general, such contracts will condition out the aggregate shobkisliseeurthy
2003. Of course, in practice, we think that the Holmstrom-Tirole comparative static based on intermediation capital
is still interesting; these aggregate shocks apparently do affect intermediation capacity. Our model allows us to see the
various asset pricing effects of this “comparative static” within a dynamic model. Thus, we view our model as the logical
dynamic extension of the Holmstrom-Tirole analysis.

24. This occurs when the economy starts from the constrained region where the specialists own a leveraged
position in the risky asset. If the economy starts from the unconstrained region, beﬁ‘ausp, households con-
sume more relative to the specialists, and as a result, the economy eventually reaches the constrained region. In
He and Krishnamurth{2010, we introduce leverage in the unconstrained region so that both regions are transient.
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andDeMarzo and Sanniko{2006, where a sequence of bad performance shocks increases the
likelihood of inefficient termination/liquidation. The underlying connection is that in both mod-
els, after a sequence of bad shocks, the agent’s inside stake within the relationship (whether it is
short-term or long-term) falls, leading to more severe agency frictions.

5.4. Observability of specialist portfolio

We assume that the specialist’s portfolio choice is unobservable. We make this assumption
primarily because it seems in harmony with the household limited-participation assumption.
Households who lack the knowledge to directly invest in the risky asset market are also unlikely
to understand how specialists actually choose the intermediaries’ portfolio.

On the other hand, making the portfolio choice observable will not substantively affect any of
our results. The AppendiX.7 formally solves the case where the portfolio choice is observable,
but the due-diligence effort problem remains. Relative to the case of unobservable portfolio
choice, the main difference is that now the household pays intermediation fees to the specialist
that depend on the actual risk exposure delivered to the household. In other words, when the
portfolio choice is observable, from the specialist’s point of view the total intermediation fee is
no longer a function of his wealth; rather, it becomes a direct function of the exposure supply to
the household®

The region of interest is the constrained region, where in our current model the household
achieves a lower-than-first-best exposure to the risky asset. In this region, the sharjfigsule
still binding at the consta% to respect the incentive-compatibility constraint, regardless of
whether the portfolio choice is observable or not. Therefore, in light of equatrad (), in
equilibrium, we still have

& =mé&.

We know from equation](l) that the households olemafiﬂk is decreasing it . In our current
model where the portfolio choice is unobservable, the exposure sogjlys independent df;

(see equation1)). Now in the case of observable portfolio choice, the exposure supfiiyis
increasing irk; (see equationA.10) in AppendixA.7). Intuitively, with a positive risk exposure
pricek;, specialists are induced to supply more exposure to households. Because the supply is
not infinitely elastic, the core feature of inefficient risk allocation is preserved in the observable
portfolio choice case: the risk-sharing allocation tilts towards more risk on the specialist, ex-
actly as the unobservable portfolio choice case (see Propo6itioSection4.4). The lower the
specialist's wealth (or intermediary capital, the tighter is the intermediation constraint, and
therefore, the more inefficient the risk allocation in this economy. Again, to induce the specialist
to hold the equilibrium risky asset position, the risk premium rises accordingly. Therefore, the
link between the extent of the capital constraint and the higher risk premium is preserved in the
observable portfolio choice case.

5.5. Non-linear contracts

We have restricted attention to affine contra@g K) in solving for an intermediation con-
tract. It is worth asking how our results will be altered if we considered non-linear contracts

25. In the main model with unobservable portfolio choice, it is the specialist's observable wealth that determines
the actual risk exposure supply in the constrained region. As a result, even though the household purchases risk exposure
from the intermediary, the total fee is a function of specialist’s wealth. Any specialist can potentially promise to deliver
a higher-than-equilibrium level of risk exposure to households in an attempt to earn greater total intermediation fees.
However, because the investment position is unobservable, this promise is not credible.
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such as option-like contracts. If we allow for non-linear contracts, the household will have a
lever to affect the specialist’s risk-taking incentives, which in turn gives the household some
ability to affect the specialist's portfolio choice. Specifically, consider a general compensation
rule F(O)dt+ F(T{d R (&})), where the variable paf(-) is smooth (at zero) with its argu-
ment as the intermediary’s retuTﬁd Rt(Et') in equation B) with s = 0. Ito’s rule implies a total
compensation as
/ 155 e, Pt 0

F(O0)dt+ FOT, dR (&) + >
Comparing this contract to the affine contract that we have stu#i€d) andF,(0) correspond
to the fixed transfeK; and the sharing rulg, respectively. The third term is new. By specifying
a convexFy(-) such as an option contract, the specialist receives a fee that is increasgihg in
and therefore is willing to take more risk exposure than the case of affine contracts. That is,
the household can s&{’(0) > 0 as a lever to induce the specialist to take a more preferable
risk exposure. Nevertheless, because this added lever is still weaker than allowing the household
to fully observe and choose the specialist’'s portfolio and because the full observability of the
specialist’s portfolio choice does not substantively affect our results, allowing for non-linear
contracts will also not substantively affect our results.

(E)?0fat.

6. PARAMETER CHOICES

Tablel lists the parameter choices that we use in this paper. We choose parameters so that the
intermediaries of the model resemble a hedge fund. Of course, our parameterization should be
viewed not as a precise calibration but rather as a plausible representation of a hedge fund crisis
scenario.

The multiplierm parameterizes the intermediation constraint in our model. We noterthat
measures the share of returns that specialists receive in order to satisfy the incentive compati-
bility constraints. Hedge fund contracts typically pay the manager 20% of the fund’s return in
excess of a benchmarkng and Hsieh2006. A value ofm = 4 implies that the specialist’'s
inside stake is 5 = 20%. We also present an= 6 case to provide a sense as to the sensitivity
of the results to the choice af.

We ideally will choose the risky asset growth rateand volatility o to reflect the typical
asset class held by hedge funds. Hedge funds usually invest in a variety of complex investment
strategies each with their own cash flow characteristics. Because it is hard to precisely match the
returns on hedge fund strategies—they are complicated and different across each fund—we opt
for a simple but probably incorrect calibration gfando. We use the aggregate stock market
and setr = 12% andg = 1-84% in this paper.

Finally, we setp and " to match a riskless interest rate in the unconstrained region around
1%. The ratio ofp to ph measures the ratio of the lowest value Bf/ D; (whenW; = 0,
which also can be interpreted as the risky asset's fire-sale value) to the highest vBju®of

TABLE 1

Parametes
Panel A:Intermediation
m Intermediation multiplier 46
Panel B: Cash flows armteferences
g Dividend growth 184%
o Dividend volatility 12%
ph Time discount rate of household -67%
p Time discount rate of specialist 1%
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(when Wth = 0). We set this ratio to be 60% to be loosely consistent with the Warren Buf-
fett/AlIG/Goldman Sachs bid for the Long-term Capital Management (LTCM) portfolio in fall
of 199826

7. CONCLUSION

We have presented a model to study the effects of capital constraints in the intermediary sector
on asset prices. Capital effects arise because (1) households lack the knowledge to participate
in the risky asset and (2) intermediary capital determines the endogenous amount of exposure
that households can achieve to the risky asset. The model builds on an explicit microeconomic
foundation for intermediation. The model is also cast within a dynamic economy in which one
can articulate the dynamic effects of capital constraints on asset prices. We show that the model
can help to explain the behaviour of asset markets during aggregate liquidity events.

There are a number of interesting directions to take this research. First, the model we have
presented has a degenerate steady-state distribution, which means that we cannot meaningfully
simulate the model. For typical parameter values, the specialist will eventually end up with all
the wealth. This aspect of the model is well known and arises in many two-agent models (see
Dumas 1989 for further discussion)He and Krishnamurthy2010 analyse a closely related
model, which has a non-degenerate steady-state distribution. That model is sufficiently complex
that it does not allow for the simple closed-form solutions of this paper. There, we solve the
model numerically and simulate to compute a number of asset pricing moments.

A second avenue of research is to expand the number of traded assets. Currently, the only
non-intermediated asset in the model is the riskless bond. However, in practice, even unsophis-
ticated households have the knowledge to invest in many risky assets directly or to invest in low
intermediation-intensive assets such as an S&P 500 index fund. It will be interesting to introduce
a second asset in positive supply in which households can directly invest and study the differ-
ential asset pricing effects across these different asset classes. This exercise seems particularly
relevant in light of the evidence in the fall of 1998 that it was primarily the asset classes invested
in by hedge funds that were affected during the crises. Likewise, in the current credit crisis,
intermediated debt markets were heavily affected since August 2007, while the S&P500 was
not affected until September 2008. These observations suggest a richer channel running from
intermediated markets to non-intermediated markets. We intend to investigate these issues more
fully in future work.

APPENDIX A

A.1. Proof of Lemma&

For simplicity, we omit time subscript undé, g, andK in this proof. With a slight abuse of notation, denote by
&' (£Y) the intermediary’s optimal position (chosen by the specialist) in the risky asset given a céhteatg, K)
(I1" = (§', K)).
First, we fixK = K’ at the equilibrium level. Then it is obvious to see that the specialist will set
E* E*
== and &"==
B B

under these two contracts so that his effective risk expaStiee ﬁé" = 5'/5’ remains the same.

26. The Warren Buffett/AIG/Goldman Sachs bid was reported to be $4 billion for a 90% equity stake, suggesting a
liguidation value of $444 billion for LTCM’s assets. LTCM was said to have lost close to $3 billion of capital at the time
of this bid, suggesting that LTCM lost 40% of its value to arrive at the liquidation price-@#3llion. Our calculation
here is clearly rough.
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Next we argue that, for ang [ﬁ’ 1], it never pays to induce the specialist to choose a different portfolio by
raising the transfeK above the equilibrium level (lowering will lose the specialist to other households.) Giving the
specialist a larger transfé (¢) = K + ¢ reduces the household’s value at the orde.ﬂ\mvvth)sdt. Next, consider the
benefit to the household from the induced change in the specialist’s desired exposure. Fix future equilibrium policies.
RaisingK by ¢ at timet raises the specialist's wealth byt. According to the assumption that the specialist’s optimal
risk exposure is differentiable in his wealth, there exists some smooth funidtitimat the specialist will raise the
exposureE™ to

E*() = HW +edt) =E* + H (W)edt,
which is higher thar€* in an order ofdt. Because the household’s value derived from his risk expa@iee JE*
is at most in the order odt (in fact the gain is[J}}, - 7R (£ + 2(“I")ZJRtJ\*,‘VW]dt) the total contlnuatlon value

increment by having"(e) = JE*(e) relative to£* is bounded by the order @fit)2. Therefore, it is not profitable
to affect the exposure through the trandferFinally, note that although we restrict our attention to trangfeds in our
contracting space, this argument also goes through if transfers are allowed to be in the @¢br. of||

A.2. Proof of Lemma

For simplicity, we omit time subscript undér, g, andK in this proof. We borrow from theores “equal-treatment”
property in the study of the equivalence between the core and Walrasian equilibriuidgse@olell, Whinston and
Green 1995 Chapter 18, Section 18.B). Suppose that the equilibrium is asymmetric, and we have a continuum of
(ENGi), K (i) (note thateh = 122 £* so essentially we have a continuum of different contrgéts), K (i))), wherei
is the identity of the household—spemallst pair. Choose the household who is doing the worst by getting some exposure
&M and paying a fe&’ (see the definition in Step 3 below) and match him with the specialist who is doing the worst,
i.e.receiving the lowest fe&” = min; K (i). We want to show that this household—specialist pair can do strictly better
by matching and forming an intermediation relationship.

Define the average allocatiggh, K) as

?hz/sh(i)di and KE/K(i)di.
There are three observations.
1. (Sh K) is feasible. Becauséh(l) == ﬂ(')g* where€* is constant for all specialists, adi) < 1+m for all

i’s, we candefinef < 1+m such that

1-F _ [1-50),
7=/ 56

This impliesthatﬁ is achieved when setting the sharing ruldoegs.
2. The specialist is obviously weakly better sificeK > minK (i).
3. We want to show that the household is weakly better off. The household’s value can be written as

UNEN), K (1)) = Exlinc) + e~ "t ahewft ] (A1)
as a function otf,’h(i), K(i)), where
W g = @+red) W — cfldt+ENi)(d R —redt) — K ()dt,

and.]h( rdt) is the household’s continuation value as a function of wealthtadit. The household who is
doing the worst has a value
U" = minu ).
|

By expandindJ"(£", K in equation A.1) and isolating terms affected lgg", K), we see that maximizing the
household’s value is equivalent to maximizing

1
[(shwR —rO) I W) ~ K+ S (€N ¢ JGVW(Wt'“)] ,

where J (V\/th) and JWW(Wth) are the first- and second-order derivatives Jﬁ() respectively. Since
JWW(VVt ) < 0, this term is globally concave |(£h K) and strictly concave i€, Therefore, the average
allocation yields a higher-than-average value

uh(ﬁ,mz/uh(i)di.

But becaus&” = min;UN(i) < [UN(i)di, we have the desired resuf (€M, K) > U".
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Finally, note that if(é‘h(i), K(i))’s are not identical across individual pairs, then at least one of the inequalities
established above is strict. Therefof&?, K) blocks the original asymmetric coalition. |

A.3. Proof of Propositionl

s

The proof is similar to the proof of Propositi@ with 6; = F;,;_tkt andfi =r¢. ||

A.4. Proof of Propositior2

We use the martingale method @bx and Huang1989 to derive the optimal consumption—portfolio choices. The
specialist budget equation evolves according to

dW = & (DR —rdt) + gt Wedt + Wiredt — crdt

=& (dR +qedt— (rt +qp)dt) + (rt + ) Wedt — cedt. (A.2)
We can redefine the return processes as
dRi=dR+q = (uRr ¢ +a)dt+ordZt = igdt+ordZ and ft =ri+q

and write _
dW = & (dRy —Trdt) + Tt Wedt — ¢ dt.
Define the effective Sharpe ratio as

~ nrt—-Tt =w
6 = KRt _ Rt

ORLt oRt
and the relevant deflator is defined as

N t t 1t
Gt =exp[—/ ?sds—/ Osd Z —7/ @ds} >0,
Jo Jo 2Jo

with d& = —¢ (ftdt+6;d Z;). Then the dynamic problem in equaticiv) is simplified to the following static problem:

OO0
maxE [/ e Pt Inctdt]
Ct 0

w/\
st. Wo>E |:/ ftCtdt] .
0

Clearly, the budget constraint should bind in optimal solution./Lieé the LaGrange multiplier. Then the solution is

— =, (A.3)

1 00 _ 1 00 @—pS e—rt
\Nt:rE[/ éCSdS]:rE[/ ds]: -,
& ' ¢ & ! t A Aétp

combining with equationA.3), we have

; _ 1
with 1 = o Because

o = pW. (A4)

Standard verification argument implies that the above First-order condition is sufficient for optimality. For the optimal

portfolio choice, note that the deflated wealth process

R 00 . 00 g—pS et
Wtft=Et|:/t fscsds}=1Et[/t - ds]=7p

is deterministic, which implies that under the optimal portfolio strategy the local diffusion tek&fhas to be zero.
Focusing on diffusion terms, we hadé\ = £for 1dZ; anddét = —&6id Z;. Therefore, the local diffusion terms of
W&t must satisfy

dW - & + W - d&

= GEfort —W&b)dZ =0,

€202 Jaquisoa( /0 uo Jasn obeoiy) Jo AusisAiun Aq LE9EESL/SEL/Z/6./81018/pniSal/wod dnosolwapese//:sdny woJj papeojumoq



772 REVIEW OF ECONOMIC STUDIES

which implies thairecallf; = %)

b TRt
‘9t*=VVt7=VVtT’- (A.5)
OR,t ORIt
The following value function approach shows that the specialist’s continuation value is log in his own wealth. This
verifies the regularity conditions that we used in proving Lemmas 1, 2, and 3. Guess the specialist’s value function as

1
JWE, Y (wt)) =Y (wr) + P InW,

whereY is a function of the aggregate state = %{, whereW,; is the aggregate specialists’ wealth. The specialist's

Hamilton-Jacobi-Bellman (HJB) equation is

1 Inc + ey, i+
p(Y(wt)+fant) = max 1
’ CCE | (Er(ure —Tt) + (@ +TOWE —c0) Jw (W) + 5E20  Iww(Wh)

Inct +py,t+ A6
o (St(uR,t—ft)+(Qt+rt)Wt—Ct)pﬁ—%gtzﬂé,tﬁ ’ (A.8)
where 1
vt =Y @pn+5Y (woog and oy =Y (w)ow,t. (A7)
The first-order conditions for policigsy, £} yields
¢ =pW and & = @Wt,
IRt

same as what we derived under the Cox—Huang approach. Plugging the above two results into éqéatamilécting
terms, and combining with equatioA.7), we can characteriZé(wt) (although this characterization is unnecessary for
our main analysisj’ |

A.5. Sufficient conditions for suboptimality of implementing shirking

We give sufficient conditions under which implementing shirking is suboptimal. We take the result in L2asgiven,
especially the agents’ continuation value along the equilibrium path.

Consider any contra¢p{, K{). Suppose that the household implements shirking 1. The household’s dynamic
budget equation when implementigg= 1 is

dW‘h’st:l = (1 B)E (AR —ridt) — K{dt+ Wredt — cdt — (1 g) X dt,

1

whereg{ < .

while when implementing: =0, itis
dW[h’StiO = (1— )& (R —redt) — Kedt+ W'redt — cdt.

Clearly, the household faces the trade-off that (1) he gains by getting a greater risk exposure b)b’{seitﬂéﬁ, but
(2) he suffers a deterministic costeK{ — (1— {) Xt + Kt.

27. Using the dynamics of aggregate specialists’ wekthone can derivel (wt) = d(%) = pyp tdt+oy 1d Zt,
2
T . . . . .
whereu, t = wt (% +Gt+rt—p+ol—g-— ;[TR::D‘), ando, t = wt (ZTR:I —g). This implies thatY () satisfies the

Rt ) ) . .
following second-order ordinary differential equation:

1 11 /7ri)\?
Y’(wt)ﬂw,t+§Y”(wt)a£,t =pY(wt)—|np+; |:2(UR,t) +at+rt—p |-
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Let us first bound the household’s gain due to a greater risk exposure. The HIB equation for household is (similar
to equation A.6))

1
ph (Yth + ﬁ |n\Mh)

1
= ax [mcp + piyh g+ EL (R =re =) + oW —cf) 3 W) + 5 (€120 J\*,‘VW(VVB] .
Ciet

To compare the equilibrium flow benefit of risk exposure when implementing working and shirking, we isolate the

terms with&D'. When working is implemented, we s&f* = ”i‘z_kt W and substitute formulas fro@r,{,(vvth) and
Rt
J\']VW(VVth) from the proof of Proposition 2, which gives the flow benefit of

1 (#R,t -t —kt)2
2p ORLt ’
When shirking is implemented, the upper bound flow benefit under the optimal risk expo%rr@ﬁi%’;:—n)z. There-

fore, the incremental benefit due to a greater risk exposure is bounded by (using the reﬁ,lp; &f, andzR ¢ in
Sectiond.4) '

1 (ﬂR,t—rt)z_(ﬂR,t—rt—kt)z 1 k@rri—k) 0% (A= (p+mpMuw)d—pwt +mp")
2p ORt OR,t 2p ”I%t 2pwt2 (MmN +p)2(1— pwr)? ’

’ (A.8)
Now, we study the cost side. When implementing shirking, the specialist understands that shirking brings a total of
Bt — A{ Xt benefit (loss if negative) to his own account. Since the specialist's receives a faeimfequilibrium by
taking other contracts that implemespt= 0, the household has to pay at le#gt= K¢ — Bt + { Xt to the specialist.
Therefore, the total incremental loss (we assumeXpat (1+ m)B; throughout) is

m

= (Kt = B+ S X0) = (1= )Xt + Kt = By = Xt = om

Xt. (A.9)
Therefore, as long aﬂ‘—m Xt dominates the increment benefit in equatidng) (which depends on our primitive pa-
rameters and the endogenous aggregate stgtémplementing shirking is never optimal.||

A.6. Proof of stochastic min Sectior4.4.5

With stochastion as%—":‘ =omd Z{", we have the same pricing function

1
i:*I,]'F(l—ih)wtv
Dt »p p
with wt = W;/Dt. The reason is that we derive this price/dividend ratio only based on log preferences and market-

clearing conditions, and it is independent of agency frictions (check the argument in SedtinNote that since the
price/dividend ratio does not depend mi, the asset return does not directly dependi @' shocksi.e.

_dH-i—Dtdt

dR P

= uRtdt+ordZs.
Given this result, we show that the equilibrium under stochastiis the equilibrium solved in the baseline model, with
the only adjustment of replacimg with m¢

Because the asset return does not depertiZfly, the specialist's budget equation is the same as before:

dW /Wt =ridt+atzr tdt+ator 1d Zt — pdt4-qedt,

which implies thatlwt = d(%) is uncorrelated wittd Z" locally. The standard optimal portfolio decision requires that

at = ”?" , which holds under the proposed equilibrium. For interest rate, we derive the equilibrium interestnate

IRt
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Uncon. Region Con. Rgon
& W ﬁ P
IR 7 P ( (;T;?‘%h )
TR o? wt (mf;hﬂ)) ((;T;?‘tﬁh) (1+(Ph1—ﬂ)mt )
K 0 1-(p+mipMwe  (A4mp)p"o?

(1=pwt) A+(pN—p)wt) wi(mepM+p)2

P [n ((1+mt)(ﬁ —,))_mlzph)Jr(mtph)z]
(1—/)11)t)(/)+mt/,h)2

re PN +g—02+p(p — pMuwr PN +g+p(p—pMwt —o

the household’s Euler equation:

redt =phdt+Et [di* :| — Var [di :|
d d

= phdt-l—Et [7d(Pt _VVt)j| — Var [7(1(& _VVt)j| .

PL— Wt PL— W
Because bothiW andd R do not involved Z{" shocks, the same calculation applies. Finally, we check equilibrium
fees. Recall that we determine fees by using the intermediation clearing condition:

h
TRt —kt TRt W' — me W Pe — (1+mp)Wh
€th*(kt)=72 V\/thzl'T‘It—2 We =& = ke = t n TRt = W TRt
Rt Rt W t — VWt

which gives the formula in the table.

A.7. Observable portfolio choice

Suppose that the portfolio choice is observable. The competitive intermediation market—where the households are
purchasing risk exposure from specialists—is identical to a standard goods market analysis. The household pays the
specialist based on the exposure that the specialist delivers. Importantly, this implies that the total fee is then linear in
the exposure supply so thet = ktEth, wherek; is the price per-unit of exposure that the household receives. This is in
contrast to our current case where the specialist's exposure is not directly observable and the households have to infer
the exposure supply from the specialist's wealth.

In this case, the specialist understands that his choice of risk expfsudidiversm&; units of exposure to the
household, which brings a total fee mifi¢ £ dt (this also applies to the unconstrained region where 0). Therefore,
the specialist’s budget equation is (for a comparison, check equa@pn (

dW = & (d R —redt) + mk Erdt + Wiredt — cedt,

where the second termk £t dt captures the total intermediation fee. Clearly, this quantity-based transfer will affect the
specialist's optimal portfolio choic&;*. Now the specialist's HIB equation is (wheéfeis a function of aggregate sates
and prices),

1 1 15,5, 1
Yt+fInWt):max Inct + + (&Rt + Mk & +rtWe —Ct)—— — 5 & 01— |»
p( p o &t vt Rt pWe 27 TRE 2
so we have = pW; and
m
& = MWL (A.10)

Rt
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In fact, equationA.10) is the only change in the unobservable portfolio choice (ﬁamall that in the observable case,

& = @\M is independent dft ). The decision rule for the household is still the same as in the case with unobservable
IRt

portfolio choicejie. ¢™ = pW andgl* = ”’i’%ktwth.

Rt
The key moral hazard agency friction still applies in this case, which implies that
T <méf. (A.11)

In other words, in order for the specialist to not shirk, he has to bear at Df the risk of the intermediary.

We can provide explicit solutions in this case. In the unconstrained region, whether the portfolio choice is observable
or not makes no differencé& = 0, and we still have the first-best risk sharing as in the unobservable case. Consider the
constrained region. We repeat the steps of Seetidin the paper. Risky asset price is the same:

(- 5)
P=—t+(1-2 )w.
ph ph

The specialist's exposu’, portfolio positionat, andor ; remain the same. It is because in the main text we have just
used the market-clearing condition and capital constraint to derive these four objects, and the issue of observability is
irrelevant.

On the other hand, since the observability does affect the specialist’s portfolio decision, the equilibrium risk pre-
mium changes accordingly. Now we have

—ki m
g = L{’tz t W =me = mL{t: k W
IRt IRt
Using & + £ = P, we can obtain
Pt — (1+m)W,
= DO (12)

=T
P — Wt -+ m2Wt

Pt — Wi +m2W a? (1+m)ph ( 1 )
T = .
REZ @rmP =W wemoP o)\ moh 5 J\ T4 P = pyux

and

This differs from the result in the unobservable c&® by a factor of

Pt—Wi+m?We  Pt/Dt — wt +mw;

A+m (P —W)  @+m)(R/Dt —wp)

implying that observability does ease the constraint. However, Wters 0, this factorw - L there-
plying Y : ' ' arm@E-w)  Trm’

forewr is still in the order ofw%. This implies that the key asset pricing implication, which comes from the distortion
in risk sharing, remains the same in the observable case. We then can sdvéésed on equatiorA(12), which is
also in the order oﬁ—t as in the unobservable case. Finally, we can solve for interegtragein Sectior#.4.7.
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