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1 Introduction

It is widely agreed that high financial leverage, namely high ratios of assets to
underlying capital, was a critical factor in generating and magnifying the recent
global financial crisis. In addition, the recent financial crisis has also highlighted the
critical role of unconventional monetary policies, interpreted as ‘expanding central
bank credit intermediation to offset a disruption of private financial intermediation’
(Gertler and Kardi, 2010). The role of financial leveraging in propagating business
cycle shocks is discussed intensively in the literature.1 On the other hand, relatively
few papers explore the factors that cause excessive leveraging and the resulting
financial crises.2

In the context of asset pricing literature, Aiyagari and Gertler (1999, hereafter
AG) constructs a very simple framework for analyzing the relationship between the
high financial leverage and the volatility of equity prices. In AG, there are households
and financial intermediaries. The households receive the disutility from the trading
equity shares. Intermediaries can borrow from the households in order to invest
equity shares. That is, the intermediaries can take short positions. However, the
leverage constraints limit the use of leverage. When the leverage constraints bind,
the intermediaries have to unload the shares to the households. If it is very costly for
the household to quickly absorb shares, the price must drop sharply. Although it is
very intuitive, the main shortcoming of their model is that financial intermediaries
have no incentive to maintain a leveraged position over time.

In this paper, we extend the model of AG to understand why financial inter-
mediaries continue to make leveraged investments despite the risk of having to do
distress selling later. Then, we conduct numerical exercises to examine the effects
of a type of unconventional monetary policy on the consumption and wealth dis-
tributions of households. In particular, we focus on the credit-easing (hereafter,
CE) policy, which involves the central bank buying risky assets such as equities and
selling risk-free bonds.

We introduce leverage-constrained financial intermediaries, incomplete markets,
and financial frictions into a three-period pure exchange economy with ex ante homo-
geneous risk-averse households. Because of uninsured idiosyncratic income shocks
and market incompleteness, there is ex post heterogeneity in households’ consump-
tion and wealth distributions. As is well known, market incompleteness implies the
existence of arbitrage opportunities.3 To pursue arbitrage profits, the intermediaries
finance positions in risky securities by borrowing from households. When shocks
push asset prices to a level low enough to constrain leverage, the intermediaries are
forced to liquidate assets. This drives asset prices below what they would have been
in a frictionless market. We analytically derive the conditions under which the in-
termediaries raise their leverage positions ex ante and are forced to liquidate assets
to satisfy their leveraged constraints ex post. We also numerically demonstrate that
such price falls actually emerge in a competitive equilibrium.

Our model allows us to analyze how CE policy affects the asset prices and welfare
of ex ante identical, but ex post heterogeneous, households. Because CE policy
raises the prices of risky assets but lowers the prices of risk-free bonds, effects of CE

1For example, Gertler and Kardi (2011) and Kiyotaki and Moore (2011) explore the role of uncon-
ventional monetary policy. Gertler, Gilchrist, and Natalucci (2007), Mendoza (2008), and Devereux and
Yetman (2011) explore such policies in the international context.

2Lorenzoni (2007) develops a three-period model where a simple externality gives rise to excess credit
and the ensuing fire sales. Kato and Tsuruga (2011) extends the model of Diamond and Rajan (2009)
to understand the interaction between financial intermediaries’ leverage and the probability of a bank
run.

3See Duffie (2001) and Cochrane (2005).
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policy on household’s welfare vary due to the portfolio positions. In other words,
CE policy may have substantial distributional effects. In fact, we demonstrate that
CE policy generates conflicts of interest between high- and low-income households,
although it may raise average welfare. Because it mitigates falls in equity prices
during recessions, CE policy improves the welfare of low-income households, who
have to sell shares to raise their current consumption. However, it may lower the
welfare of high-income households, who want to buy shares to raise their future
consumption.

2 Model

There are three periods: t = 0, 1 and 2; three types of agents: households, financial
intermediaries, and a government; and two types of assets: risky equities and risk-
free bonds. Households are risk averse, receive endowments in each period, and
trade assets. We assume that agents cannot trade state-contingent securities. In
other words, asset markets are incomplete. Thus, households are ex ante identical
but ex post heterogeneous because of uninsured idiosyncratic shocks to endowments.

While the household may hold risky shares directly in its portfolio, it cannot
trade them cost free. The financial intermediaries that are owned by the households
and valued in a competitive market have comparative advantage in pursuing arbi-
trage profits. They can exchange shares and risk-free bonds free of charges. They
finance their positions in shares using the capital provided by intermediaries and by
borrowing from households. This borrowing takes the form of short-term risk-free
bonds, which the households can trade cost free. In other words, the intermediaries
take the leveraged investment. There are two important frictions. First, leverage
constraints limit the use of leverage to some multiple of their capital. Second, the
only way the intermediaries can build their capital is by retaining earnings from
trading profits. We assume that directly issuing new equity is prohibitively expen-
sive. These assumptions, originally constructed by AG, generate a potential link
between the value of the intermediaries’ existing capital and their gross holding of
risky assets.

2.1 Households

Aggregate states, j, realize a normal state, n, with probability of 1− φ, but a bad
state, b, with probability of φ. In state j = b, there are aggregate and idiosyncratic
shocks to endowments. In particular, idiosyncratic states i realize a high-endowment
state, h, with probability of 1 − ψ, but a low-endowment state, l, with probability
of ψ. Suppose that households cannot trade securities contingent on idiosyncratic
states in period t = 0 and borrow in period t = 1.

We assume that there are no idiosyncratic shocks in state j = n. In this economy,
there is a single Lucas tree, which produces dividends, dt, in each period. For
analytical purpose, households cannot trade the Lucas tree cost free in period 1,
while they can in period 0.

Let {c0, c
j
ti}, {e0, e

j
ti}, {s0, s

j
ti}, and {f0, f

j
ti} be the households’ consumption,

endowments, shares of the Lucas tree, and holdings of riskless bonds in periods 0
and t = 1, 2 and states j = {n, b} and i = {h, l}. Let {p0, p

j
1} and {q0, q

j
1} be prices

of the Lucas tree and the riskless bonds. {d0, d
j
t} denote the dividends received from

the Lucas tree, {D0, D
j
t} denote the dividends received from the intermediaries, and

{T0, T j
t } denote lump-sum taxes.

Households receive utility from consumption and disutility in the form of costs
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of buying or selling shares. Households maximize the following expected utility:

u(c0) + βE0

{
u(cj

1i)− ã
(sj

2i − s1)2

2
+ βu(cj

2i)
}

, (1)

subject to the following budget and borrowing constraints:

c0 + p0s1 + q0f1 + T0 = (p0 + d0)s0 + f0 + D0 + e0, (2)
cj
1i + pj

1s
j
2i + qj

1f
j
2i + T j

1 = (pj
1 + dj

1)s1 + f1 + Dj
1 + ej

1, (3)

cj
2i + T j

2 = dj
2s

j
2i + f j

2i + Dj
2 + ej

2i, (4)

f j
2i ≥ f̄ . (5)

Periodic utility is the power function u(c) = c1−γ−1
1−γ . Equation (5) is borrowing

constraints. For simplicity, we assume eb
1h > eb

1l, eb
2h < eb

1h, and eb
2l > eb

1l so that
households with binding borrowing constraints are type l.

Note that in equation (1), the disutility of effort arising from transactions in
shares is quadratic in size of households’ equity trades.4 In this paper, we assume
that the parameter ã = a+ when households buy shares, while ã = a+ when the
households sell shares, ã = a−. That is, we assume that the adjustment costs can
be asymmetric. In section 3.2, we demonstrate that the asymmetry generates an
important arbitrage opportunity in this three-period framework.

2.2 The Financial Intermediaries

Because the financial intermediaries are owned by the households, the financial inter-
mediaries’ objective is to maximize the expected discounted value of dividend pay-
outs to households. While the intermediaries may exchange securities cost free, there
are some restriction on their ability to construct portfolios. Let M j

t be the stochastic
discount factors (hereafter, SDF) of the intermediaries and {s∗0, s∗jti , f∗0 , f∗jti } be the
intermediaries’ respective holdings of shares and risk-free bonds in periods 0 and
t = 1, 2 and states j = {n, b}.

The market value of the intermediaries in period 0 is:

D0 + E0

{
M j

1

(
Dj

1 + M j
2Dj

2

)}
,

where the dividend payouts at t, Dj
t , are the difference between the net assets the

intermediaries have at the beginning of period t and the net assets they have at the
end of t. The budget constraints are:

D0 = (p0 + d0)s∗0 + f∗0 − p0s
∗
1 − q0f

∗
1 , (6)

Dj
1 = (pj

1 + dj
1)s

∗j
1 + f∗j1 − pj

1s
∗j
2 − qj

1f
∗j
2 , (7)

Dj
2 = dj

2s
∗j
2 + f∗j2 . (8)

That is, using the beginning of period capital, (pt + dt)s∗t + f∗t , the intermediaries
choose their financial positions, s∗t+1 and f∗t+1. The residuals, Dt, are dividend

4The quadratic adjustment costs are originally introduced by AG. “Think of the household as having a
fixed amount of time to either trade securities or enjoy leisure (e.g., watch football or play with children).
Since the household is not a specialist, large transactions absorb a large amount of time (due to, say,
double checking, rearranging funds, etc.). With diminishing marginal utility of leisure this could lead to
convex costs of trading, which may be approximated by a quadratic loss function.” (AG p. 9)

4



payouts to the households. The leverage constraints are as follows:

1
κ

{
(p0 + d0)s∗0 + f∗0 −D0

} ≥ p0s
∗
1, (9)

1
κ

{
(pj

1 + dj
1)s

∗j
1 + f∗j1 −Dj

1

} ≥ pj
1s
∗j
2 . (10)

The leverage constraints imply that the intermediaries can purchases the equity
shares to the amount of 1

κ times their own capital, (pt + dt)s∗t + f∗t −Dt, where κ ∈
{0, 1}. In addition, because directly issuing new equity is prohibitively expensive,
dividend payouts cannot be negative:

D0 ≥ 0, Dj
1 ≥ 0, and Dj

2 ≥ 0. (11)

We call inequalities (11) dividend constraints.

2.3 The Government

The government levies lump-sum taxes on households and conducts CE policy in
short-term risk-free bonds and shares, subject to the following budget constraints:

T0 + fg
0 + (p0 + d0)s

g
0 ≥ p0s

g
1 + q0f

g
1 ,

T1 + fg
1 + (pj

1 + dj
1)s

g
1 ≥ pj

1s
gj
2 + q1f

gj
2 ,

T2 + fg
2 + dj

2s
gj
2 ≥ 0,

where {f b
0 , fgj

t } and {sg
0, s

gj
t } denote government’s beginning-of-period holdings of

risk-free bonds and shares in periods 0 and t = 1, 2 and states j = {n, b}. Risk-free
bonds that the government issues are no different from those issued by intermedi-
aries. We assume there is no government consumption or spending.

2.4 Market-clearing Conditions

The total number of shares is normalized to unity. There are no external bonds.
Therefore, market-clearing conditions for goods, shares, and risk-free bonds are as
follows:

c0 = e0 + d0 = y0 and (1− ψ)cj
th + ψcj

tl = (1− ψ)ej
th + ψej

tl + dj
t = yj

t ,

s0 + s∗0 + sg
0 = 1, and (1− ψ)sj

th + ψsj
tl + s∗jt + sgj

t = 1,

f0 + f∗0 + fg
0 = 0, and (1− ψ)f j

th + ψf j
tl + f∗jt + fgj

t = 0,

for t = 1, 2 and j = {n, b}. {y0, y
j
t } denote aggregate endowments.

3 Equilibrium

3.1 Households

While households are subject to borrowing constraints, they do not face any costs
of adjusting holdings of risk-free bonds. The unconstrained households’ intertem-
poral marginal rates of substitution (hereafter, IMRS) determine risk-free prices in
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a standard fashion:

q0 = (1− φ)βn
1 + φβb

1, (12)
qn
1 = βn

2 , (13)

qb
1 = β

u′(cb
2i)

u′(cb
1i)

+
ξi

βφu′(cb
1i)

, (14)

where βn
1 ≡ β

u′(cn
1 )

u′(c0)
, βn

2 ≡ β
u′(cn

2 )
u′(cn

1 ) , βb
1 ≡ β

(1−ψ)u′(cb
1h)+ψu′(cb

1l)
u′(c0)

, and ξ denote the
Lagrangian multipliers of borrowing constraints, which take the value 0 if constraints
do not bind. Note that because our assumption ensures that households with high
income have no incentive for borrowing, equation (14) implies that the IMRS of
high-income households, who have the strongest willingness to save, determines the
risk-free prices in state j = b.

Using first-order conditions with respect to shares, we can derive the following
conditions:

p0 = (1− φ)βn
1

{
dn
1 + βn

2 dn
2

}
+ φβb

1

{
db
1 + β̂b

2d
b
2

}
, (15)

sn
2 − s1 =

{βn
2 dn

2

pn
1

− 1
}pn

1u′(cn
1 )

ã
, (16)

sb
2i − s1 =

{
β

u′(cb
2i)

u′(cb
1i)

db
2

pb
1

− 1
}pb

1u
′(cb

1i)
ã

, (17)

where

β̂b
2 ≡ β

(1− ψ)u′(cb
2h) + ψu′(cb

2l)
(1− ψ)u′(cb

1h) + ψu′(cb
1l)

.

In period 1, the high-income households, i = h, buy shares, while the low-
income households, i = l, would like to sell their shares in order to raise their
consumption. Thus, the adjustment cost parameters are ã = a+ for the high-income
households and are assigned ã = a−. From market-clearing condition and the first
order conditions, (17), for the high and low endowment households, the following
conditions imply that the sum of the high and low endowment households’ equity
shares transactions is zero:

pj
1 = p̄j

1 ≡ βj
2d

j
2,

where

βb
2 ≡ β

(1− ψ)a−u′(cb
2h) + ψa+u′(cb

2l)
(1− ψ)a−u′(cb

1h) + ψa+u′(cb
1b)

.

The following definitions imply that the net of households and government transac-
tions equal zero:

pn
1 = p̃n

1 ≡ βn
2 dn

2 +
ãgn

u′(cn
1 )

, (18)

pb
1 = p̃b

1 ≡ βb
2d

b
2 +

gb

α1
, (19)

where α1 ≡ (1−ψ)a−u′(cb
1h)+ψa+u′(cb

1l)
a+a−

and gj ≡ sjg
2 − sjg

1 . In this paper, we denote
the above equity prices as the fundamental equity prices.

3.2 The Financial Intermediaries

Financial intermediaries maximize their market value subject to budget constraints,
dividend constraints, and leverage constraints. Introducing the budget constraints
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(6), (7), and (8) into the leverage constraints, (9) and (10), and the dividend con-
straints, (11), we can derive the following constraints:

f∗1 ≥ −(1− κ)
p0

q0
s∗1, (20)

f∗1 ≤ −p0

q0
s∗1 +

(p0 + d0)s∗0 + f∗0
q0

, (21)

f∗j2 ≥ −(1− κ)
pj
1

qj
1

s∗2, (22)

f∗j2 ≤ −pj
1

qj
1

s∗j2 +
(pj

1 + dj
1)s

∗
1 + f∗1

qj
1

, (23)

f∗j2 ≥ −dj
2s

j
2. (24)

Because of dj
2 ≥ pj

1

qj
1
≥ (1− κ)pj

1

qj
1
, dividend constraints in period 2 never bind. Thus,

we can ignore the dividend constraints in period 2 (24).

SDF and arbitrage opportunities The intermediaries employ households’
IMRS as the SDF, M j

t for t = 1, 2, and j = {n, b}. In particular, Mn
t = βn

t and
M b

1 = βb
1. On the other hand, because M b

2 can take the value of βb
2, β̂b

2, or qb
1, the

SDF in period 2 and state b are not uniquely determined. Therefore, there are some
arbitrage opportunities for the intermediaries.

qb
1 is the price of the risk-free bonds in period 1 and state b. On the other

hand, βd
2 is the fundamental price–dividend ratio of shares in period 1 and state b.

Because the risk-free prices are determined by the highest IMRS, the fundamental
price–dividend ratio of shares is relatively cheaper than the price of the risk-free
bonds in period t = 1 and state j = b; that is, qb

1 = β
u′(cb

2h)

u′(cb
1h)

> βb
2. This implies

that selling the risk-free bonds and buying shares make arbitrage profits without
any costs. This is ‘the interassets arbitrage.’

The period 0 fundamental values of dividends in period 2 are βb
1β̂

b
2. On the other

hand, the period 0 value of the fundamental price–dividend ratio in period 1 and
state b is βb

1β
b
2. β̂b

2 is the IMRS between periods 1 and 2 of the ex ante homogeneous
households. βb

2 is the price of the equities that equalize the households’ supply
and demand for shares. Symmetric adjustment cost, a+ = a−, implies β̂b

2 = βb
2.

However, if a− > a+, βb
2 > β̂b

2. Because high-income households are those who have
high IMRS and strong incentives to save and can buy shares with relatively cheaper
adjustment costs in period 1, the fundamental prices of shares are relatively higher
in period 1 than in period 0. Therefore, buying stocks in period 0 and selling in
period 1 creates arbitrage profits. This is ‘the intertemporal arbitrage.’

Determinations of {s∗j2 , f∗j2 }
Lemma 1 In state n, pn

1 = qn
1 dn

2 implies that both dividend and leverage constraints
are slack while pn

1 < qn
1 dn

2 implies that both constraints are binding. On the other
hand, in state b, both constraints are always binding.

Proof. See Appendix.
Figure 1 displays the relationship among the constraints, (22), (23), and (24). In
state b, because of the interasset arbitrage opportunities, intermediaries gain prof-
its from their long position in shares and their short position in risk-free bonds.
Therefore, the intermediaries borrow from the households and invest equity shares
as possible as they can. As a results, the intermediary choose the portfolio where
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both the dividend and leveraged constraints bind. This is the point of intersection
of ”Dividend constraints in period 1” and ”Leverage constraints” in Figure 1.

Determinations of {s∗1, f∗1 } We call (20) and (21) the period 0 leverage con-
straint and the period 0 dividend constraint. Both constraints define the portfolio
that the intermediaries can choose in period 0.

If leverage constraints do not bind under p̃j
1 in period 1 and state j, the inter-

mediaries need not change their portfolio: s∗j2 = s∗1 and f∗j2 = −(1 − κ)dj
2s
∗
1. The

following inequality holds:

(p̃j
1 + dj

1)s
∗
1 + f∗1 − κp̃j

1s
∗
1 ≥ 0,

⇐⇒ f∗1 ≥ −{
dj
1 + (1− κ)p̃j

1

}
s∗1. (25)

On the other hand, if leverage constraints are binding under p̃j
1, the following in-

equality holds:

f∗1 < −{
dj
1 + (1− κ)p̃j

1

}
s∗1.

In this case, intermediaries have to sell their equities in order to satisfy their leverage
constraints in period 1 and state j. If the intermediaries choose a portfolio such
that (26) holds in period 0, they have to deleverage in period 1 and state b. We call
inequality (25) the period 1 leverage constraints.

Assumption 1 To ensure that the leverage constraints can bind in state b, we
assume the following inequality:

(1− κ)
p0

q0
≥ {db

1 + (1− κ)p̃b
1}. (26)

Lemma 2 If inequality (26) holds, the leverage constraints bind only in state b. If
inequality (26) does not hold, the leverage constraints bind only in state n.

Proof. See Appendix.
Figure 2 displays the above constraints.

Lemma 3 The intermediary have no incentive to pay dividends to households in
period 0.

Proof. See Appendix.
From Lemma 1, the intermediaries raise their capital in order to gain arbitrage

profits in period 1 and state b. Thus, the intermediaries have no willingness to pay
dividends in period 0. The lemma 3 indicates that the optimal portfolio exists in
the ”Dividend constraints in period 0” in the Figure 2.

We can derive the following proposition.

Proposition 1 Individual optimality of full leveraged investment in period 0. Lever-
aged investment raises financial intermediaries’ market value, if and only if the fol-
lowing conditions hold:

∆B(db
1 + pb

1)− (db
1 + β̂b

2d
b
2)

p0
>

∆B − 1
q0

, (27)

where ∆B denotes the market value of leveraged investment in period 1:

∆B ≡ M b
2

[ 1
κ

db
2

pb
1

− (
1
κ
− 1)

1
qb
1

]
.
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Proof. See Appendix.
Because intermediaries gain arbitrage profits through taking short positions in

risk-free bonds and long positions in shares in period 1 and state b, they seek to
raise their own capital in period 0. However, there are two ways of raising interme-
diaries’ capital in period 0: holding risk-free bonds or shares. The right-hand side
of inequality (27) shows the returns on leveraged investments in period 1 financed
by the risk-free bonds in period 0. The left-hand side shows the returns on those fi-
nanced by shares in period 0. If the left-hand side is higher than the right-hand side,
intermediaries prefer investing in shares in period 0. Because of the intertemporal
arbitrage opportunities, βb

2 > β̂b
2, investing in equities in period 0 is more profitable

than holding risk-free bonds.

Sources of arbitrage opportunities We now consider the roles of asset
trading constraints in generating arbitrage opportunities. First of all, if markets
are complete and state contingent securities are traded, the IMRS are equalized
among households in all periods. Thus, there are no arbitrage opportunities. This
implies that market incompleteness is crucial in generating arbitrage opportunities.
Second, if there are no borrowing constraints and adjustment costs, consumption
growth is equalized between periods 1 and 2, but not in periods 0 and 1 due to
market incompleteness. In this case, there are no arbitrage opportunities because
of u′(c2h)

u′(c1h) = u(c2l)
u′(c1l)

and βb
2 = qb

1, βb
2 = β̂b

2. Therefore, borrowing constraints and
adjustment costs also play an important role in generating arbitrage opportunities.
Finally, what is the role of heterogeneity in transaction costs? Homogeneous trans-
action costs imply that the SDF that prices the shares in period 1 is βb

2 = β̂b
2. That

is, the intertemporal arbitrage opportunity does not exist, while interasset arbitrage
exists.

3.3 Credit-easing Policy

We consider the policy whereby the government or the central bank buys risky assets
and sells short-term risk-free bonds in period 1. This is the so-called ‘credit-easing’
policy, which aims to normalize the dysfunctional markets. We model CE policy
with the following government budget constraints:

0 = pb
1s

gb
2 + qb

1f
gb
2 , T bg

2 + f bg
2 + db

2s
bg
2 = 0.

As described by the above equations, the central bank or the government issues the
risk-free bonds, which are no different from those that the intermediaries issue, and
purchases equities in period 1. In period 2, the government transfers the profits to
the households. That is, a government engages in arbitrage trading through open
market operations between risky and safe assets in period 1 and transfers the profits
to the households in period 2.

3.4 Equilibrium

Equity prices If the leverage constraints in period 1 do not bind, the equity
price equals its fundamental value, p̃b

1. On the other hand, if the period 1 leverage
constraint binds, the intermediaries have to unload the shares to the households.
If it is very costly for the household to quickly absorb shares, the price must drop
sharply. As explained in AG, in such a deleveraging process, the market-clearing
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equity prices are determined as follows:5

pj
1 =

1
2

[
p̃b
1 +

1− κ

κ

s∗1
α1

+
{(

p̃b
1 +

1− κ

κ

s∗1
α1

)2

+ 4
db
1s
∗
1 + f∗1
α1

} 1
2
]
, (28)

where p̃b
1 ≥ pb

1. If the following inequality holds, there exists unique equilibrium
equity prices:

f∗1 ≥
s∗21

α1
− (p̃b

1 + db
1)s

∗
1.

The financial intermediaries’ portfolio Using inequality (27) and the equi-
librium equity prices (28), we can determine the equilibrium portfolio of the inter-
mediaries. If inequality (27) evaluated at the fundamental price, pb

1 = p̃b
1, does not

hold, the leveraged investment lowers the market value of the intermediaries. Then,
intermediaries do not hold shares.

On the other hand, if inequality (27) evaluated at the fundamental price, pb
1 = p̃b

1,
holds, the intermediaries prefer leveraged investments. If both the period 1 leverage
constraint and the period 0 dividend constraint bind, the intermediaries’ portfolio
can be written as:

s∗bN
1 ≡ (p0 + d0)s∗0 + f∗0

p0 − q0{db
1 + (1− κ)p̃b

1}
,

f∗bN
1 ≡ −

{
db
1 + (1− κ)p̃b

1

}{
(p0 + d0)s∗0 + f∗0

}

p0 − q0{db
1 + (1− κ)p̃b

1}
.

{s∗bN
1 , f∗bN

1 } is the point of intersection of “Dividend constraint in period0” and
”Leverage constraints in period 1 (j = b)” in Figure 2. If both the period 0 leverage
and dividend constraints bind, the intermediaries’ portfolio can be written as:

s∗bB
1 ≡ 1

κ

(p0 + d0)s∗0 + f∗0
p0

,

f∗bB
1 ≡ −1− κ

κ

(p0 + d0)s∗0 + f∗0
q0

.

{s∗bB
1 , f∗bB

1 } is the point of intersection of “Dividend constraint in period0” and
”Leverage constraints in period 0” in Figure 2. An equilibrium portfolio, {s∗1, f∗1 },
exists in the region of s∗1 ∈ [s∗bN

1 , s∗bB
1 ] and f∗1 ∈ [f∗bN

1 , f∗bB
1 ].

If conditions (27) and (28) evaluated at {s∗bB
1 , f∗bB

1 } hold, the full leverage
portfolio is the equilibrium portfolio. If conditions (27) and (28) evaluated at
{s∗bB

1 , f∗bB
1 } do not hold, a portfolio and an equity price determined by (28) that

equalize inequality (27) are the equilibrium portfolio and equity price.

Definition of competitive equilibrium Competitive equilibrium is defined
as the set of consumption allocation, {c0, c

j
ti}, the portfolio of households, the finan-

cial intermediaries, and the government, {s0, s
j
ti, s

∗
0, s

∗j
t , sg

0, s
gj
t }, {f0, f

j
ti, f

∗
0 , f∗jt , fg

0 , fgj
t },

and the prices of assets {p0, p
j
t} and {q0, q

j
t }, for t = 1, 2, i = {h, l}, and j = {n, b},

that satisfy the first-order conditions of households, solve the intermediaries’ opti-
mization problem, and are consistent with the market-clearing conditions.

5Details are described in the Appendix.
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4 Computations

We now conduct numerical computations. Our simulation explores whether an equi-
librium with binding leverage constraints exists and how CE policy affects house-
holds’ consumption and wealth distribution. Our goal is not to try to match data,
but to provide qualitative implications of the model.

4.1 Computational Algorithm

In state n, consumption equals endowments, cn
1 = yn

1 and cn
2 = yn

2 . On the other
hand, in state b, consumption is heterogeneous. We define consumption shares
as follows: θ1 ≡ (1−ψ)cb

1h

yb
1

and θ2 ≡ (1−ψ)cb
2h

yb
2

. Consumption can be written as

cth = θt
yb

t

1−ψ . Using consumption shares, we can compute equilibrium as follows:

1. Given the subjective time discount factor, β, the coefficient of relative risk
aversion, γ, and endowments, {e0, d0, e

j
t,i, d

j
t} for t = 1, 2, j = n, b, and i = h, l,

we estimate the consumption shares θ1 and θ2. Note that consumption shares
satisfy the goods market-clearing conditions.

2. Using estimated consumption shares and the households’ first-order conditions,
we compute SDFs and asset prices, {p0, p

n
1 , p̃b

1} and {q0, q
j
t }.

3. Using (27) and (28), we compute the optimal portfolio of intermediaries and
equilibrium equity prices, pb

1.

4. Using the households’ first-order conditions, we compute households’ holdings
of equities and risk-free bonds.

5. Check periods 1 and 2 budget constraints of households. If budget constraints
do not clear, go to step 1.

4.2 Calibration Parameters

Table 1 presents the basic calibration parameters. We specify the time discount
factor, β, 0.9, the degree of relative risk aversion, γ, 5.0, the probability of aggregate
bad state, φ, 0.5, and the low idiosyncratic state, ψ, 0.5. Labor endowments are 9.0,
but idiosyncratic shocks drive the endowment of period 1 to 0.675. Dividends from
Lucas trees are 1.0, but when bad states emerge, it becomes 0.01 in period 1, but it
recovers to 1.0 in period 2.

For computational tractability, we follow AG’s specification of the adjustment
cost of equity transactions: a+ = apb

1u
′(c1h), a− = apb

1u
′(c1l), and a = 1.0. In this

case, the SDF and equity prices can be written as βb
2 = (1−ψ)β u′(cb

2h)

u′(cb
1h)

+ψβ
u′(cb

2l)

u′(cb
1l)

and

pb
1 = κβb

2db
2+a(db

1s∗1+f∗1 )

(1−agb
1)κ−a(1−κ)s∗1

. In this case, βj
2dj

2
a(s∗1−g)+1 > −d∗1s∗1+f∗1

s∗1
ensures the uniqueness

of equilibrium equity prices.

4.3 Results

4.3.1 The Effects of Credit-easing Policy

Panels A and B of Figure 3 demonstrate how a CE policy affects high- and low-
income households and their average welfare level, as measured by certainty equiv-
alent consumption. In particular, Panel A plots percentage changes of the certainty
equivalent consumption level from the level where there is no government interven-
tion to the level where the government buys 20% of total shares. On the other
hand, Panel B plots the percentage declines in equity prices from the fundamental
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value. As Figure 3 shows, CE policies raise average- and low-income households’
welfare and mitigate price drops. However, those lower the welfare of high-income
households.

Tables 2, 3, 4, 5, and 6 show the details in portfolio transactions when the bad
state j = b occurs. Tables 2 and 3 describe the portfolio transaction behavior of
households and the intermediaries in the realization of state b, where κ = 0.75
and there are no government interventions. For example, the intermediaries buy
11.8% of shares and issue safe assets of 0.016, which are held as precautionary
savings by households. In period 1, when the bad state occurs, the equity prices
become 0.279 and the realized values of shares and dividends are 0.255. Low-income
households sell shares to the high-income households in order to raise their current
consumption, which amounts to 0.115 = 0.255 – 0.140. The sum of sales of shares
and the precautionary savings, 0.131 = 0.115 + 0.016, equals the difference between
income and consumption, 0.132 = 6.882 – 6.750. High-income households raise their
equity positions from 0.882 to 1.330.

On the other hand, Tables 4, 5, and 6 report the portfolio transactions when
the government purchases 20% of shares, that is, the case of CE policy. In this
case, the intermediaries buy 11.8% of equities and issue safe assets of 0.017, which
are held as precautionary savings by households. In period 1, when the bad state
occurs, the equity prices become 0.345 and the realized value of equity share and
dividends is 0.313. Due to the CE policy, the falls in equity prices in the bad state
are mitigated. Low-income households sell shares to the high-income households in
order to raise their consumption, which amounts to 0.168 = 0.313 – 0.145. The sum
of sales in shares and precautionary savings, 0.185 = 0.168 + 0.017, is equal to the
difference between the income and consumption, 0.186 = 6.936 – 6.750. High-income
households raise their equity positions from 0.882 to 0.987.

As described above, because the government buys shares and sells risk-free bonds,
CE policy raises the price of shares and lowers the price of risk-free bonds. In other
words, returns on shares, which have relatively high returns, decrease and returns
on risk-free bonds, which have relatively low returns, increase. The low-income
households favor CE policy because a rise in the price of shares at the beginning
of period 1 raises the insurance value of their shares. However, the high-income
households dislike the policy because CE policy worsens the yields on their leveraged
investment opportunities.

This result shows that CE policy generates conflicts of interest between high- and
low-income households, although it may raise average welfare. Because it mitigates
falls in equity prices during recessions, CE policy improves the welfare of low-income
households, who have to sell equities to raise their current consumption. However,
it may lower the welfare of high-income households, who want to buy equities to
raise their future consumption.

5 Conclusion

In this paper, we have extended the model constructed by AG into a three-period
general equilibrium model with incomplete markets and some financial frictions. Al-
though the financial intermediaries have no incentive to construct leverage positions
in equilibrium in the original AG framework, we demonstrate that the financial in-
termediaries have an incentive to maintain leverage positions under specific financial
constraints.

The main shortcoming of the model is that our assumptions about financial
constraints are exogenous. In particular, there is no consensus about the adjust-
ment cost and its asymmetry of households’ equity trading. However, in the infinite
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horizon environment, we may not need such asymmetric adjustment costs. The
asymmetry in adjustment costs is necessary for the intertemporal arbitrage oppor-
tunity but not for the interasset arbitrage. The interasset arbitrage may generate
intermediaries’ incentive to construct leverage positions in a stationary equilibrium
in the infinite horizon setups. Therefore, it seems worthwhile to extend the model
to the Bewly (1983), Hugget (1993), and Aiyagari (1994) type of infinite horizon
incomplete market economies.

References

[1] Aiyagari, S. R., “Uninsured Idiosyncratic Risk and Aggregate Saving,” 1994,
Quarterly Journal of Economics Vol. 109, No. 3, pp. 659-684.

[2] Aiyagari, S. R. and M. Gertler, ““Overreaction” of Asset Prices in General
Equilibrium,” 1999, Review of Economic Dynamics Vol. 121, No. 3, pp. 823-
866.

[3] Bewly, T. F., (1983) “A Difficulty with the Optimum Quantity of Money,”
Econometrica 51, 1485-1504.

[4] Cochrane, J. H., Asset Pricing Revised Edition, 2005, Princeton University
Press, Princeton, New Jersey, United States.

[5] Devereux, M. B., and J. Yetman, “Leverage Constraints and the International
Transmission of Shocks,” Journal of Money, Credit and Banking, Vol. 42, No. 1,
pp 71-105, 09.

[6] Diamond, D. W., and R. Rajan, “Liquidity Risk, Liquidity Creation, and Finan-
cial Fragility: A Theory of Banking,” Journal of Political Economy, Vol. 109,
No. 2, pp.287-327.

[7] Duffie, D., Dynamic Asset Pricing Theory Third Edition, 2001, Princeton Uni-
versity Press, Princeton, New Jersey, United States.

[8] Gertler, M., S. Gilchrist, and F. Natalucci, “External Constraints on Monetary
Policy and the Financial Accelerator,” 2007, Journal of Money, Credit, and
Banking, Vol. 39, No. 3, pp.295-330.

[9] Gertler, M. and P. Karadi, “A Model of Unconventional Monetary Policy,” 2011,
Journal of Monetary Economics Vol. 58, pp. 17-34.

[10] Huggett, M. (1993) “The Risk-Free Rate in Heterogeneous-Agent Incomplete-
Insurance Economies,” Journal of Economic Dynamics and Control 17, 953-969.

[11] Kato, R. and T. Tsuruga, “The Safer, the Riskier: A Model of Bank Leverage
and Financial Instability”, 2011, Discussion Paper No. E-10-014, Kyoto Univer-
sity.

[12] Kiyotaki, N. and J. Moore., “Liquidity, Business Cycles and Monetary Policy,”
2012, NBER working paper series 17943.

[13] Lorenzoni, G., “Inefficient Credit Booms,” 2008, Review of Economic Studies,
Vol. 75, No. 3, pp. 809-833.

[14] Mendoza, E. “Sudden Stops, Financial Crises, and Leverage,” 2010, American
Economic Review, Vol. 100, No. 5, pp. 1941-1966.

13



Appendix

Proof of Lemma 1

From the intermediaries’ optimization problem, we can derive the following first-
order conditions:

M j
1 (M j

2dj
2 − pj

1)− {λj
1 − µj

1(1− κ)}pj
1 = 0, (29)

M j
1 (M j

2 − qj
1)− (λj

1 − µj
1)q

j
1 = 0, (30)

−p0 + (1− φ)M b
1(dn

1 + pn
1 ) + φM b

1(db
1 + pb

1) = 0
{1 + λ0 − µ0(1− κ)}p0

= (1− φ)(λn
1 + M b

1)(dn
1 + pn

1 ) + φ(λb
1 + M b

1)(db
1 + pb

1), (31)
{1 + λ0 − µ0}q0 = (1− φ)(λn

1 + M b
1) + φ(λb

1 + M b
1), (32)

where λj
t denotes Lagrangian multipliers on the dividend constraints and µj

t denotes
multipliers on the leverage constraints. We can analyze s∗j2 and f∗j2 using first-
order conditions, (29) and (30), leverage constraints in period 1, (22), and dividend
constraints in period 1, (23).

In state n, because Mn
2 = qn

1 , equation (30) implies λn
1 = µn

1 and equation (30)
implies Mn

1 (Mn
2 dn

2 − pn
1 ) = {λn

1 − µn
1 (1− κ)}pn

1 > 0. Then, while pn
1 = qn

1 dn
2 implies

λn
1 = µn

1 = 0, pn
1 < qn

1 dn
2 implies λn

1 = µn
1 > 0. That is, if equity prices, pn

1 , are
lower than the level of the fundamental prices, qn

1 dn
2 , the intermediaries gain profits

from leverage trading. Then, both dividend and leverage constraints are binding.
In state b, the above arguments can be applied in the case of M b

2 = qb
1. However,

as discussed in AG and 3.4 in this paper, because pb
1 < qb

1d
b
2 in equilibrium, both

constraints are always binding. On the other hand, if M b
2 < qb

1, for example, M b
2 =

βb
2, (30) implies (µb

1−λb
1) = M b

1(qb
1−M b

2) > 0, that is, µb
1 > λb

1 and λb
1 = µb

1 = 0 are
not feasible. Then, if pb

1 = M b
2db

2, {λb
1 − µb

1(1− κ)}pb
1 = 0. In this case, λb

1 > 0 and
µb

1 > 0, that is, both constraints bind. Otherwise, if pb
1 < M b

2db
2, (λj

1−µj
1(1−κ)) > 0.

In this case, λb
1 > 0 and µb

1 > 0. That is, both dividend and leverage constraints are
binding.

From this discussion, in state n, pn
1 = qn

1 dn
2 implies that constraints are slack,

while pn
1 < qn

1 dn
2 implies that constraints are binding. On the other hand, in state

b, both constraints are always binding.

Proof of Lemma 2

Suppose that βb
2 ≡ β̂b

2 + δ (δ > 0). We can demonstrate that (1 − κ)p0
q0

> db
1 +

(1− κ)p̃b
1 ∩ (1− κ)p0

q0
> dn

1 + (1− κ)p̃n
1 contradicts. If both inequalities hold, the

following inequality has to hold: φβb
1(1 − κ)p0

q0
> φβb

1

{
db
1 + (1 − κ)(βb

2d
b
2 + g̃b)

} ∩
(1 − φ)βn

1 (1 − κ)p0
q0

> (1 − φ)βn
1

{
db
1 + (1 − κ)(βn

2 dn
2 + g̃n)

}
. However, sums of the

inequalities imply that 0 > (1 − φ)βn
1

(
κdn

1 + (1 − κ)g̃n
)

+ φβb
1

(
κdb

1 + (1 − κ)g̃b
)

+
(1 − κ)φβb

1δd
b
2. Because the right-hand side is positive, the above inequality is the

contradiction.
Note that if we do not assume inequality (26), (1−κ)p0

q0
< db

1 +(1−κ)p̃b
1 ∩ (1−

κ)p0
q0

< dn
1 + (1− κ)p̃n

1 does not contradict.

Proof of Lemma 3

From Lemma 1 and Assumption 1, the leverage constraints cannot bind in state n,
pn
1 = βn

2 dn
2 , λn

1 = µn
1 = 0, λb

1 > 0, and µb
1 > 0. Equation (32) can be reformulated as
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q0(λ0 − µ0) = φλb
1 > 0. Because µ0 ≥ 0, λ0 > 0, the dividend constraint is always

binding in period 0.

Proof of Proposition 1

The period 0 objective function of the intermediaries is written as follows:

V̂ ∗
0b ≡ (p0 + d0)s∗0 + f∗0 − p0s

∗
1 − q0f

∗
1

+(1− φ)βn
1

{
(dn

1 + βn
2 dn

2 )s∗1 + f∗1
}

+φβb
1M

b
2

{db
2

pb
1

− (1− κ)
1
qb
1

} 1
κ

{
(pb

1 + db
1)s

∗
1 + f∗1

}
.

Suppose that Lemma 3 holds. If so, the period 0 dividend constraints bind. We
examine whether the intermediaries should raise their leveraged positions or not.
Using:

∂V̂ ∗
0,b

∂f∗1
= φβb

1

[
M b

2

{ 1
κ

db
2

pb
1

−
( 1

κ
− 1

) 1
qb
1

}
− 1

]
,

∂V̂ ∗
0,b

∂s∗1
= φβb

1

[M b
2

κ

{ 1
βb

2

− (1− κ)
1
qb
1

}
(db

1 + pb
1)− (db

1 + β̂b
2d

b
2)

]
,

∂V̂ ∗
0,b

∂s∗1
− p0

q0

∂V̂ ∗
0,b

∂f∗1
= φβb

1

[
M b

2

{ 1
κ

db
2

pb
1

−
( 1

κ
− 1

) 1
qb
1

}(
db
1 + pb

1 −
p0

q0

)− (
db
1 + βb

2d
b
2 −

p0

q0

)]
.

After some manipulations, we acquire equation (27).

If ∂V̂ ∗0,b

∂s∗1
− p0

q0

∂V̂ ∗0,b

∂f∗1
> 0, the intermediaries raise their leverage positions even

though they have to deleverage ex post.

Determination of Equity Prices under the Binding Leverage
Constraints

Following AG, we explain the determination of equity prices under leverage binding.
If leverage constraints are binding under the fundamental equity price, p̃1, equation
(10) implies that equity prices, pj

1, and the equity share of the intermediaries, s∗j2 ,
are determined by the following equation:

s∗j,D2 =
1

κpj
i

{
(pj

1 + dj
1)s

∗
1 + f∗1

}
. (33)

This is the equity demand function of the financial intermediaries. This can be
written as pj

1 = −dj
1s∗1+f∗1

s∗1−κs∗j
2

. Note that dj
1s
∗
1 + f1 < 0. For the leverage constraint to

bind, the intermediaries must be unable to cover their debt obligation simply with
dividend earnings. Thus, s∗j2 varies positively with pj

1. In addition, the intermedi-
aries reduce their shares, s∗j2 ≤ s∗11 , while pj

1 = p̃j
1 and s∗j2 = s∗11 hold in the case

where the leverage constraint does not bind.
From households’ first-order conditions, (16) and (17), and the market-clearing

conditions, the equity supply function of the intermediaries can be written as follows:

s∗j,S2 = s∗1 − gj −
(
α2d

b
2 − α1p

b
1

)
, (34)
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where α2 ≡ β
(1−ψ)a−u′(cb

2h)+ψa+u′(cb
2l)

a+a−
, gj ≡ (sgj

2 − sg
1). This can be written as

pb
1 = s∗b,S

2
α1

+ p̃b
1 − s∗1

α1
. Equity supply curves are upward sloping and take the value

of s∗j2 = s∗1 when pj
1 = p̃j

1.
If inequality p̃b

1 − s∗1
α1

> −d∗1s∗1+f∗1
s∗1

holds, equilibrium equity prices exist uniquely
(see Figure 3). Equilibrium equity prices are given by:

pj
1 =

1
2

[
p̃b
1 +

1− κ

κ

s∗1
α1

+
{(

p̃b
1 +

1− κ

κ

s∗1
α1

)2

+ 4
db
1s
∗
1 + f∗1
α1

} 1
2
]
. (35)
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Table 1: The basic calibration parameters

time discount factor β 0.9 endowments e0 9.00 dividends d0 1.00
relative risk aversion γ 5.0 en

1 9.00 dn
1 1.00

equity adjustment cost a 1.0 en
2 9.00 dn

2 1.00

aggregate prob. φ 0.5 ebh
1 9.00 db

1 0.01

idiosyncratic prob. ψ 0.5 ebh
2 9.00 db

2 1.00

leverage ratio κ 0.75 ebl
1 6.75

ebl
2 9.00

Table 2: Portfolio transaction behavior in the realization of state j = b; (κ=0.75, no
government intervention)

et (pt + dt)st ft Dt ct st+1 ptst+1 ft+1 qtft+1 Tt

high income household
time 0 9.000 2.175 0.000 0.000 10.000 0.882 1.137 0.016 0.038 0.000
time 1 9.000 0.255 0.016 0.000 8.888 1.330 0.372 0.029 0.012 0.000
time 2 9.000 1.330 0.029 0.070 10.429

low income household
time 0 9.000 2.175 0.000 0.000 10.000 0.882 1.137 0.016 0.038 0.000
time 1 6.750 0.255 0.016 0.000 6.882 0.501 0.140 0.000 0.000 0.000
time 2 9.000 0.501 0.000 0.070 9.571 0.000

Note: et denotes endowments, (pt + dt)st denotes realized tree value, ft denote safe assets receipt, Dt

denotes the intermediaries’ dividend payments, ct denotes consumption, ptst+1 denotes invested trees

value, ft+1 denotes invested safe asset, qtft+1 denotes invested safe asset values, and Tt denotes Tax

payments.

Table 3: The intermediaries portfolio transaction behavior in the realization of state
j = b; (κ=0.75, no government intervention)

Dt (pt + dt)s
∗
t f∗t s∗t+1 pts

∗
t+1 f∗t+1 qtf

∗
t+1 pt qt

time 0 0.000 0.114 0.000 0.118 0.153 -0.016 -0.038 1.290 2.313
time 1 0.000 0.034 -0.016 0.085 0.024 -0.015 -0.006 0.279 0.405
time 2 0.070 0.085 -0.015

Note: Dt denotes the intermediaries’ dividend payments, (pt + dt)s
∗
t denotes realized tree value, f∗t

denote safe assets receipt, s∗t denotes invested trees, pts
∗
t+1 denotes invested trees value, f∗t+1 denotes

invested safe asset, and qtf
∗
t+1 denotes invested safe asset values.
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Table 4: Household portfolio transaction behavior in the realization of state j = b;
(κ=0.75, sgb

2 = 0.2)

et (pt + dt)st ft Dt ct st+1 ptst+1 ft+1 qtft+1 Tt

high income household
time 0 9.000 2.178 0.000 0.000 10.000 0.882 1.140 0.017 0.038 0.000
time 1 9.000 0.313 0.017 0.000 8.834 0.987 0.341 0.406 0.155 0.000
time 2 9.000 0.987 0.406 0.075 10.487 -0.019

low income household
time 0 9.000 2.178 0.000 0.000 10.000 0.882 1.140 0.017 0.038 0.000
time 1 6.750 0.313 0.017 0.000 6.936 0.419 0.145 0.000 0.000 0.000
time 2 9.000 0.419 0.000 0.075 9.513 -0.019

Note: et denotes endowments, (pt + dt)st denotes realized tree value, ft denote safe assets receipt, Dt

denotes the intermediaries’ dividend payments, ct denotes consumption, ptst+1 denotes invested trees

value, ft+1 denotes invested safe asset, qtft+1 denotes invested safe asset values, and Tt denotes Tax

payments.

Table 5: The intermediaries portfolio transaction behavior in the realization of state
j = b; (κ=0.75, sgb

2 = 0.2)

Dt (pt + dt)s
∗
t f∗t s∗t+1 pts

∗
t+1 f∗t+1 qtf

∗
t+1 pt qt

time 0 0.000 0.115 0.000 0.118 0.153 -0.017 -0.038 1.293 2.270
time 1 0.000 0.042 -0.017 0.097 0.034 -0.022 -0.008 0.345 0.382
time 2 0.075 0.097 -0.022

Note: Dt denotes the intermediaries’ dividend payments, (pt + dt)s
∗
t denotes realized tree value, f∗t

denote safe assets receipt, s∗t denotes invested trees, pts
∗
t+1 denotes invested trees value, f∗t+1 denotes

invested safe asset, and qtf
∗
t+1 denotes invested safe asset values.

Table 6: The government portfolio transaction behavior in the realization of state j = b;
(κ=0.75, sgb

2 = 0.2)

Tt (pt + dt)s
g
t fg

t sg
t+1 pts

g
t+1 fg

t+1 qtf
g
t+1

time 1 0.000 0.000 0.000 0.200 0.069 -0.181 -0.069
time 2 -0.019 0.200 -0.181

Note: Dt denotes the intermediaries’ dividend payments, (pt+dt)s
i
t denotes realized tree value, f i

t denote

safe assets receipt, si
t denotes invested trees, pts

i
t+1 denotes invested trees value, f i

t+1 denotes invested

safe asset, and qtf
i
t+1 denotes invested safe asset values.
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Figure 1: Feasible Portfolio Region in Period 1

f∗j2

s∗j2

Dividend constraints in period 1

f∗j2 = −p
j
1

qj1
s∗j2 +

(pj1+dj1)s∗j1 +f∗j1

qb1

Leverage constraints

f∗j2 = −(1 − κ)
pj1
qj1
s∗j2

Dividen constraints in period 2
f∗j2 = −dj2s∗j2

Figure 2: Determination of Equilibrium Equity Prices in Period 1

Leverage constraint in
period 1 (j = b)
f∗1 = −

{
db1 + (1− κ)p̃b1

}
s∗1

Leverage constraint in
period 0
f∗1 = −(1− κ)p0

q0
s∗1

Leverage constraint in
period 1 (j = n)
f∗1 = −

{
dn1 + (1− κ)p̃n1

}
s∗1

s∗1

f∗1

Dividend constraint in period0

f∗1 = −p0

q0
s∗1 +

(p0+d0)s∗0+f∗0
q0

19



Figure 3: The Effects of Credit-easing Policy on the Welfare (Measured by the Certainty Equiv-
alent Consumption) and Equity Price (%)
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Figure 4: Feasible Portfolio and Leverage Biding Portfolio in Period 0
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