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Abstract

We develop a macroeconomic model in which the balance sheet/liquidity
condition of financial institutions plays an important role in the determi-
nation of asset prices and economic activity. The financial intermediaries
in our model are required to make investment commitments before a com-
plete resolution of idiosyncratic funding risk that can be addressed only
by costly refinancing, forcing them to behave in a risk-averse manner. The
model shows that the balance sheet condition of intermediaries can drive
asset values away from their fundamentals, causing aggregate investment
and output to respond to shocks to intermediaries. We use this model to
evaluate several public policies designed to address balance sheet prob-
lems at financial institutions. With regard to short-run policies, we find
that capital injections conditioned upon voluntary recapitalization can be
a more effective tool than direct lending/asset purchases. With regard
to long-run policies, we demonstrate that higher capital requirements can
have sizable short-run effects on economic activity if not implemented
carefully, and that a long transition period helps avoid such effects.

1 Introduction

To understand the links between financial intermediation and the real economy
and to assess related public policies, it is essential to have a model that cap-
tures key aspects of the dynamic frictions that cause (at least short-run) devia-
tions from the Modigliani-Miller theorem and hence make the capital structure
of the banking sector important for credit provision. These links are thin to
non-existent within the workhorse framework for macroeconomic analysis, al-
though research has begun (for instance, Adrian and Shin (2010), Brunnermeier
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and Pedersen (2009), Gertler and Kiyotaki (2010) and He and Krishnamurthy
(2008)). Moreover, banking, finance, and macroeconomics are typically not in-
tegrated in the models used in policy circles (e.g., the discussion in Boivin et al.
(2010)).

Our goal in this paper is twofold: First, we develop a dynamic model in
which the balance sheet/liquidity condition of financial institutions plays an
important role in the determination of asset prices and economic activity. Sec-
ond, using this model, we evaluate the macroeconomic effects of short-term
credit policies aimed at stabilizing the balance sheet /liquidity condition of trou-
bled financial institutions, and assess the long-term and transitional effects of
implementing higher capital standards. These policies are stylized examples of
the types considered in recent discussions.

The financial intermediaries in our model are required to make investment
commitments before a complete resolution of idiosyncratic funding risk that can
be addressed only by costly refinancing (of the type emphasized by, for exam-
ple, Myers and Majluf (1984) and Bolton and Freixas (2000)). The commitment
structure causes financial intermediaries to behave in a risk-averse manner. The
resulting caution against taking a large unhedged position given short-run fund-
ing uncertainty creates an intermediary specific pricing kernel that can deviate
from the stochastic discount factor of a representative household even when the
intermediary is fully owned by the household, pushing equilibrium asset returns
away from their counterpart in the absence of such intermediation friction, caus-
ing aggregate investment and output to respond to shocks to intermediaries.

Our framework yields a highly tractable quantitative framework with which
we can assess implications for asset markets and real economic activity. We
first show that our model has plausible long-run properties. Shifts in the mix
of debt and equity in the capital structure of financial intermediaries are essen-
tially neutral in the long run, as, for example, a shift toward “more expensive”
equity is offset by a decline in the borrowing rate (echoing the reasoning in Ad-
mati et al. (2010) and Hanson et al. (2011)). In addition, our framework is a
business-cycle model that generalizes the LAPM (Liquidity-Based Asset Pricing
Model) of Holmstrém and Tirole (2001), and, as a result, implies a substantial
equity premium. The magnitude of this premium can explain almost a half of
the measured equity premiums under our baseline calibration, suggesting that
incorporation of frictions such as those we consider has important implications
beyond our specific focus on the links between the level of capitalization at
intermediaries, lending and lending spreads, and real activity.>

In an earlier analysis we illustrated how this model provides realistic re-

!For a discussion of capital requirements, see BIS (2010a) and BIS (2010b). For a recent
summary of the Troubled Asset Relief Program (TARP), which included measures to stabilize
the balance sheet position of financial intermediaries, see CBO (2011).

2The intermediary specific pricing kernel in our framework provides a structural justifi-
cation of the time-varying discount factor of Jermann and Quadrini (2009), who derive a
superficially-similar pricing kernel from a reduced-form quadratic adjustment cost for div-
idends. Other work developing intermediary-specific discount factors includes He and Kr-
ishnamurthy (2008), who derive their intermediary-specific pricing kernel by assuming risk
aversion for financial intermediaries.



sponses of macroeconomic variables to financial shocks (Kiley and Sim (2011)),
and herein we use the model to assess the efficacy of public policies designed to
address balance sheet problems at financial institutions. We consider two types
of stabilization policy: direct lending/asset purchase by a public authority and
a capital injection conditioned on voluntary recapitalization. Our results indi-
cate that the capital injection policy can be much more powerful than the direct
lending/asset purchase policy in stabilizing output fluctuations. In our baseline
simulation, the former turns out to be 6 times more effective than the latter in
terms of output stabilization effects from interventions of the same size.

The key mechanism behind this difference is that an asset purchase policy
suffers from a classic case of crowding out: while aggregate investment is lifted
by the increase in government demand, higher government holdings lowers the
supply available for private investment. This decrease in supply for private
investment boosts asset prices, which causes private demand to decline along
the downward sloping demand curve. Overall, the improvement in liquidity
conditions and the business environment boosts aggregate demand, but this
boost is not enough to overcome the crowding out effect and the size of the
stimulative effect dies out rather quickly. In contrast, the capital injection policy
increases private demand for capital assets by improving the capital position
directly, which boosts the risk appetite for risky assets.?

Finally, we use our model to analyze the transition costs associated with
a substantial increase in the minimum capital ratio for banking institutions, a
subject that has been the focus of recent debate, as discussed by Admati et al.
(2010) and Hanson et al. (2011), but for which a general-equilibrium quanti-
tative assessment has been wanting. Our model fills this gap in quantitative
assessments. Though we find the capital structure of the financial sector to be
neutral in the long run, shifts in capital requirments can have sizable short-run
effects because of the financial frictions facing intermediaries.

Holding the asset side of the balance sheet constant, raising the regulatory
capital ratio increases the probability of costly equity finance since the cash
inflow from borrowing has to be reduced to comply with the higher capital
constraint. To avoid a stiff rise in the required return on capital, the interme-
diaries choose to cut back on the asset side of their balance sheet (lending).
However, this is costly because the bank earns strictly positive intermediation
margins owing to the low cost of funds associated with deposits. Thus, a tran-
sition to a higher minimum capital ratio leads financial institutions to balance
the marginal cost of issuing equity (reducing dividends) with the marginal cost
of cutting back on lending, bringing about a mix of some degree of financial
dis-intermediation and bank recapitalization in conjunction with rising lending
spreads. As a consequence, the higher capital requirements can have sizable
short-run effects on economic activity if not implemented carefully, and a long
transition period helps avoid such effects.

3He and Krishnamurthy (2008) also suggest that capital injections are more effective than
asset purchases, but their focus is on the asset market recovery. Our framework provides
a more comprehensive assessment of impacts of the stabilization policies on employment,
investment and output in a production-based business-cycle framework.



2 Model

The model consists of a representative household, a continuum of financial in-
termediaries, a continuum of competitive final-goods producers, a continuum
of competitive investment-goods producers, and a government. The model ex-
tends that of Kiley and Sim (2011) through inclusion of a government sector.
The following assumptions are central: First, the complexity of the financial
markets create prohibitively large transaction costs for households. For this
reason, households participate in the financial markets only through financial
intermediaries, either in the form of deposits, or in the form of ownership of
the intermediaries. Second, households value liquidity services from deposits
at financial intermediaries, which implies that households accept returns on
intermediary deposits below the risk free rate, creating a strictly positive in-
termediation margin. Third, the financial intermediaries face capital (margin)
constraint in their capital structure choice. The constraint creates an environ-
ment where financial intermediaries may not be able to fully arbitrage away
all profit opportunities because of the constraint on leverage, and thus leaves a
room for policy intervention. We start with the financial intermediaries.

2.1 Financial Intermediaries
2.1.1 Return Structure

A financial intermediary ¢ € [0, 1] purchases capital asset K7 (i) at a market
price ;. The intermediary rents out this capital to final-goods firms for net
rental incomes defined as

Rtlj-l = R{j—lUt]il(i) - E(U£1(i))Pt+1

where Rﬁl is the nominal rental rate per utilization unit of capital asset
(KB, ()UE (i), UL, (i) is the utilization rate, (UL, (i)) is the real cost of
utilization and P;iq is the price level of the final goods. Equivalently, the
rental income can be thought of as dividends from the final goods firms. In
this case, Kﬁ_l(i) should be interpreted as the number of shares. The total re-
turn from the investment is composed of rents/dividends (R} K£ (i)) and the
capital gains associated with the changes in the price of capital assets/shares
(1 = 6)Qu41 KL 1(i)/Q:) where § is the depreciation rate of capital.! The su-
perscripts B associated with K;;1 and U4 indicates that the capital stock is
owned by a financial intermediary; as discussed below, we also allow the gov-
ernment to own capital assets, denoted by Kﬁ_l. The capital market clearing
condition then requires

0=KZ, + /Kﬁ_l(i)di — K4y for all t. (1)

4In broad terms, the return structure of our intermediaries share aspects of those analyzed
by Gertler and Kiyotaki (2010).



To model the balance sheet/liquidity risk that financial intermediaries face,
we assume that the rate of return from investment is subject to a multiplicative
idiosyncratic shock such that the total rate of return can be decomposed into
two components, idiosyncratic and aggregate,

Rfﬂ(i) = 6t+1(i)Rf+1 (2
RE +(1-0)Qia

Q¢
where €,41(i) is the idiosyncratic component of the return and R, is the

aggregate component. We assume that the idiosyncratic shock follows an iid
lognormal distribution, loge;(i) ~ N(—0.502,02).5

= e+1(7)

2.1.2 Capital (Margin) Constraint

To finance the investment described above, the intermediaries mix debt (de-
posits) and equity. In doing so, they face a capital (margin) constraint, which
requires that every dollar of investment asset should be backed by at least my
cents of capital. Denoting the amount of borrowed funds by B;1 (%), the capital
constraint can be stated as
Bi11(17)
KEm =™ )
A constraint such as the above can arise in various contexts. In Kiley and
Sim (2011), we show how such a constraint can be derived from a Value-at-Risk
(VaR) constraint such as in Brunnermeier and Pedersen (2009) and Adrian and
Shin (2008). In particular, we show that the constraint can arise as a limit
point of VaR constraint, where financial intermediaries are never allowed to
default, i.e., the intermediaries are always required to raise enough amount of
equity capital to stay afloat, a point originally made by Adrian and Shin (2008).°
Because our goal is to show the implications of such constraint in an environment
where the recapitalization of an intermediary is costly owing to equity market
frictions, we avoid the complications associated with endogenously motivating
the capital constraint.

5 Janicki and Prescott (2006) show that a lognormal distribution is a good approximation
of the size distribution of the banks in U.S. In Kiley and Sim (2011), we consider a time-
varying uncertainty process, where the parameter o follows a Markov process, and explore the
implication of an increase in uncertainty for the cost of capital and economic activity.

6Such a constraint also can exist as a consequence of imperfect contract enforceability as in
Gertler and Kiyotaki (2010). As will be made clear below, the risk-neutrality of intermediary,
the linearity of investment technology and the linearity of equity floating cost imply that the
intermediary problem is linearly homogeneous such that the intermediary value function can
be expressed as Vi = v¢Qr—1 K¢ —s¢ By as in Gertler and Kiyotaki (2010) despite the difference
in capital structure choices of the two approaches . It is then straightforward to derive the
capital constraint by requiring that the value of firm should be greater than a lower bound for
the firm value, V;. One structural interpretation of the lower bound could be that of Gertler
and Kiyotaki (2010): assuming that &, portion of balance sheet asset is divertable, one could
derive the constraint from an incentive compatibility, i.e., v:Q¢—1 K¢ — 4Bt > £,Q¢—1K¢. In
this case, the minimum capital ratio can be seen as m¢ = 1 — (v¢ — &;)/st-



In equilibrium, the capital constraint is always binding for two reasons: First,
as mentioned before, the household is willing to pay a liquidity premium for its
deposits since the intermediary deposits create non-pecuniary returns for the
household. Second, even without the liquidity premium, financial intermedi-
aries prefer to issue debt rather than to issue equity owing to the dilution cost
associated with equity issuance, which will be explained shortly. As a conse-
quence, the financial intermediaries follow a “pecking order” in their capital
structure choice.

2.1.3 Modeling Liquidity Risk

The primary function of financial intermediary is the transformation of short-
term liquid assets into long-term illiquid capital assets. Such a transformation
exposes the financial intermediaries to liquidity risk. To model this liquidity
risk, we adopt the following timing convention for a given period of time ¢:

1. At the beginning of each period, the aggregate component of returns (RI")
becomes known.

2. After observing the aggregate shocks, the intermediary makes investment
(Q:Kf (1)) and borrowing (By11(i)) decisions.

3. After the investment/borrowing decisions are made, the level of the idio-
syncratic shock (€:(7)) becomes known to the intermediary and dividend
o . N>
payout /equity issuance decisions (Dy(i) = 0) are made.

The timing convention implies that the financial intermediaries have to make
investment commitments before they know their (random) realization of inter-
nal funds. It also implies that the revenue shock becomes known only after the
borrowing markets for intermediaries are closed. While this precise timing is
somewhat arbitrary, it captures important features of reality. In particular, the
timing convention represents parsimoniously short-run funding risks. For exam-
ple, financial intermediaries always face uncertainty about the balance between
their short-run loanable funds and/or the cost of such funds in retail/wholesale
borrowing markets and the use of outstanding loan commitments; alternatively,
realized income can fall short of the funding needs associated with their pre-
commitments due to credit losses or fluctuations in asset values. Under such
conditions and when outside equity is more expensive than borrowing, funding
uncertainty can make the intermediaries adopt a precautionary stance in making
investment /deposit decisions even when all intermediaries are risk-neutral.”

TA similar timing convention has been used by Wen (2009) in the context of buffer stock
saving of risk-averse households and by Gertler and Kiyotaki (2010) in the context of interbank
market borrowing decision of risk neutral banks. Note that interbank borrowing, a possibility
from which we abstract, does not ameliorate the potential funding distortions under realistic
assumptions. In particular, borrowing more through the interbank market to cope with cash
flow shortfalls simply worsens any funding shortfall because it increases leverage. An efficient
secondary market for balance sheet assets could help in this situation. However, it is natural
to assume that the same information problem that makes equity finance costly also makes



2.1.4 Costly Recapitalization

To capture the role of financial market frictions for the intermediaries, we adopt
a costly equity finance framework. Owing to the information asymmetry be-
tween the intermediaries and the potential owners, equity issuance involves a
dilution effect, a phenomenon that a dollar amount of equity issuance reduces
the value of existing shares more than a dollar. We operationalize this effect by
assuming that the actual cash flow related with equity is given by a function
p(D¢(7)) defined as,

. Dy(i) if D,(i) >0
o) = {0 Wb it D20

= Dy(i) — @ min{D,(i),0}.

In words, when the intermediary pays out a positive amount of dividends, the
cash outflow associated with equity is simply given by the dividends payout,
D,(i). However when the intermediary issues new equities (D;(7) < 0), the cash
inflow associated with the notional value —D;(4) is reduced to —(1 — @)D ().
Following Bolton and Freixas (2000), we call the foregone cash flow —@D; ()
dilution cost.®

In each period, financial intermediaries face the following flow of funds con-
straint,

0 = ()R Q1KP (i) + By (i) (4)
Cash Inflow
= [RPBi(i) + QiK1 (i) + o(Di(0)))-

Cash Outflow

The cash inflow is composed of revenue from last period’s investment (lend-
ing) € (i)RFQ;—1 K (i) and new borrowing from the household B;y1(i). The
cash outflow consists of repayment to the household for last period’s borrow-
ing RP B, (i), where RP is the borrowing rate of the intermediary, and new
investment QK[ (7). The last item in (4) can be cash inflow or cash outflow
depending on the sign of D;(7). When it is negative, the actual cash inflow

interbank transfer of balance sheet assets difficult (as was apparent in the financial crisis of
2008, where secondary markets for bank loans became severely distressed).

81n reality, the cost of issuing equity could stem from many sources. For example, outsiders
who invest in new shares of the intermediary may not be able to distinguish a negative income
shock from diversion or inefficiency of management. In such an environment, outsiders need
to investigate the balance sheet of the intermediary before they invest to verify that the
intermediary complies with the rule of truthful reporting. Furthermore, as shown by Ross
(1977) and Myers and Majluf (1984), outsiders, not knowing the true investment opportunities
of the intermediary, require initial discounts to protect themselves from “lemons”. This type
of friction is evident in market data, where, for example, equity issuance costs take the form
of underwriting fees for investment banks and initial discounts of seasoned equity offerings
(SEOs).



is reduced by a constant factor, .° By rearranging the terms and using the
definition of capital, the flow of funds constraint can be interpreted as the law
of motion for equity capital, i.e.,

Ey(i) = Ne(i) + = @(Di(2))
—— ——
Net-Worth Cash Flow for Equity

where the net-worth of the intermediary is given by

Nt(i) Et(i)RthfthB(i) - RFBt(i)

Ei (i) + [ ()R —1)Qi 1 KE (i) — (RP — 1) By (4).

2.1.5 Value Maximization Problem

To define the optimization problem of an intermediary under the specific timing
convention discussed above, it is useful to introduce an expectation operator
that accounts for idiosyncratic uncertainty, Ei(-) = E(-|s{!). The conditioning
set of the operator includes all aggregate information up to time ¢ (denoted by
s{') except the current realization of the idiosyncratic shock €;(7). We can then
formally state the value maximization problem of the intermediary as follows.

The intermediary optimizes over QK2 (i) , Bsy1(i) and D,(i) to maximize

V) = max Y 5B | FEDL0)] (5)

+ iﬁHEt { %:us(i) [(1 —mg)Qs K2 (i) — Bfﬂ(i)} }
+ iﬁ”Et {JA{'Ei [As(i)[es(i)Rf Qo1 KB (i) + By (4)

CRPBL() - Q.KP. (i) sa(Dsu))]] }

where A; is the marginal utility of the representative household, p1, () and A;(%)
are the Lagrangian multipliers associated with the capital constraint and the
flow of funds constraint, respectively.

Note that the intermediary is risk-neutral and discounts the future dividends
by the marginal utility of representative household, the owner of the institution.

9Gomes (2001) points out that the per unit cost of equity issuance is either constant or
declining, exhibiting an increasing returns to scale. An alternative approach considered in
Jermann and Quadrini (2009) assumes a quadratic adjustment cost in dividend payouts/equity
issuance. Such an assumption is motivated by empirical evidence that dividend payouts
are smooth. In contrast to dividend payouts, equity financing and/or share repurchases are
better described as lumpy, discrete event. In reality, modeling the mix of smooth dividend
streams and lumpy equity issuance/share repurchases jointly would require considering a very
complicated corporate financing problem, which lies well outside our interest in focusing on
key factors driving the links between bank capitalization and real economic activity.



Also note that the flow of funds constraint and its shadow value A4(4) are within
the expectation operator Ei(-)—under our timing assumption, the intermediary
has to decide how much to borrow and invest before it comes to know the value
of idiosyncratic shock €,4(). This implies that the intermediary does not know
its own shadow value of internal funds until the idiosyncratic cash flow shock
becomes known and the intermediary needs to form an expectation based on
aggregate conditions. We can summarize the efficiency conditions of the problem
as follows,

e FOC for Qth+1(7;) :

Eihe(@)] = p(0)(1—me) (6)

+ 98 [ M D G O]
e FOC for Bys (i) -
iG] = o)+ 08 [ D0l )
« FOC for Dy(i) :
L= M) (D1f0) ®)

where II;11 = Piy1/P;. On the right side of the FOCs for investment and bor-
rowing, all macroeconomic variables at ¢ + 1 are taken out of the expectation
operator B, (+), since the conditioning set of Ef, ,(-) includes those variables
at time ¢+ 1. In contrast, the FOC for dividends is not integrated over the idio-
syncratic uncertainty. This is because the dividends/equity financing decisions
are made after the realization of the shock.

To see that the capital constraint binds in the steady state, consider the
version of (7) that arises in the absence of aggregate uncertainty, i.e., when
Av = Ay, By (0)] = Biyy [Aer1 (9)], and Teyq =1,

[ B
L EDG
Since the idiosyncratic uncertainty does not disappear in the steady state, the
shadow value of the flow of funds constraint is still integrated over idiosyncratic
uncertainty. Binding capital constraint, i.e., > 0 requires SR < 1. As shown
below, this is indeed the case owing to the liquidity premium households place
on deposits.!® By multiplying 1 — m; to both sides of (7) and subtracting the

10There are other ways to ensure a binding capital constraint. For example, one can assume
that the intermediary is impatient or subject to a constant death probability. Second, one
can introduce a tax shield.



resulting expression from (6), we can merge the two FOCs into

0y (V] Aty ; oy Bt
mBL N (1)] = BBy TtEt+1[)\t+1(Z)6t+l(Z)]Ht+1 9)
A : Rf
— BE, { Zl (1- mt)EiHP\tH(i)]H:j

This is the version of the efficiency condition that will be used extensively in
our analysis that follows. To operationalize (9) for a sharper characterization
of the equilibrium, we need to show how the intermediaries in the model form
expectations regarding their liquidity condition, which is summarized by two
measures, B[\ (7)] and B[\ (i)e()].

2.1.6 Intermediary Asset Pricing

Our model has a symmetric equilibrium for three reasons: financial interme-
diaries are risk-neutral; the first moment of the idiosyncratic shock is time-
invariant; and finally, the intermediaries decide how much to invest and to
borrow before the realization of their idiosyncratic shocks. In this symmetric
equilibrium: all financial intermediaries choose the same level of investment and
borrowing, i.e., K2 (i) = K£,(j) and By11(i) = By41(j) for all i and j € [0,1].
This greatly facilitates aggregation. However, dividends/equity issuance deci-
sions are conditioned upon the realization of the idiosyncratic shock. The same
thing can be said about the shadow value of the flow of funds constraint, which
is the summary measure of the liquidity condition of a particular intermediary.

After imposing the binding capital constraint and the symmetric equilibrium
condition, we can express the flow of funds constraint as

Dt(Z) — (Tp . mln{Dt(z), O} = Gt(i)RtFQt—thB
- R?(l - mt—l)Qt—lKF - ththIil.

At the time of dividend payout/equity issuance decision, all other quantities of
the above expression are predetermined. Since the LHS is strictly increasing in
D, (i) everywhere, we can find a unique level of the revenue shock that satisfies
the flow of funds constraint with D;(i) = 0. If we let D;(7) = 0 and solve for ¢,
we obtain an equity financing threshold,
* RtB 1 QtKEFl
= ) T R o K

If e:(i) > ef, paying out a strictly positive amount of dividends is optimal
while it is optimal to issue equities (D;() < 0), incurring the dilution cost of
@ if (i) < €. This and (8) imply that the shadow value of internal funds of
the intermediaries depends on the realization of the idiosyncratic shock in the
following way:

1 if €:(7) > €F
1-9)>1 ife@i)<e

w =150 ={ (10

10



The discussion above regarding the equity finance threshold can be used to
transform the efficiency condition (9) into a form that is more convenient for a
quantitative analysis of the model, which requires us to evaluate two measures
of liquidity condition: E:[\;(i)] and Ei[A\;(i)e;(7)]. To that end, let s.(i) be a
standardization of €;(i) defined as

5¢(1) = o (log €, (i) + 0.502). (11)

Since s¢(7) is a monotonic transformation of € (7) and follows a standard normal
distribution, we can integrate the shadow value over the idiosyncratic uncer-
tainty as follows

Ei\()] = /> * 1~dF(e)+/< * ﬁ CdF(e) (12)
- 1_q>(s:)+f(_52 _1+1f,q>(s;)>1

(12) implies that the intermediary’s ex ante valuation of a sure dollar is al-
ways greater than a dollar as long as the probability of costly recapitalization
is strictly positive. What is uncertain here is not the dollar, but its valua-
tion. While the realized shadow value takes only two values: it is either 1 or
1/(1 — @), the expected shadow value is time varying as aggregate conditions
change. It is this expected value that matters for the commitment decisions for
investment /borrowing. The more likely is costly equity financing, the higher
the expected shadow value of internal funds.

To evaluate Ei[\;(i)e; ()], the following properties of lognormal distribution

is useful,'!
oo

/ ef(e)de=[1— ®(s; — U)}/ ef(e)de,

e>ef 0

where f(-) is the pdf of the lognormal distribution conditioned upon the para-
meter o and s; is defined as (11). Using properties of the lognormal distribution
and noting that j;)oo ef(e|lot)de = 1 for all bounded positive parameter o, one
can easily see that

€t

Bt [ A (d)er (1)) :/ €idF (e) +/ a4 (13)
€r>€r e<er T "2
_ * (b(s: B U) - 9_0 *
=1—-®(sf —0o)+ = f1+1_@<1>(st o) >1

where ®(s} —0) comes from the truncated lognormal distribution.!? (13) implies

11Gee Johnson et al. (1994).
12The following property of lognormal distribution is used to derive the expression in the
main text (see Johnson et al. (1994) ):

/6262‘ ef(elo)de = [1 — (s — 0)]/0 ef(e|lo)de,

where f(-|o¢) is the pdf of the lognormal distribution conditioned upon the parameter o and
s7 is defined as (11).

11



that the intermediary’s ex ante valuation of a random variable, whose mean is
equal to a dollar, is always greater than a dollar. In contrast to the case of
E; [\ (7)], what is uncertain is both the cash-flow and its valuation, which makes
B\ = 1+—2—a(s -
tAe(d)e(d)] = +179_0 (st —0)

< 100 = i)

as long as o0 > 0, reflecting a negative covariance between the shadow value
and the idiosyncratic shock in (10). This negative covariance is intuitive — firms
with a large positive idiosyncratic shock do not need costly equity financing,
and hence have a lower shadow value of internal funds, than do firms with a
large negative idiosyncratic shock.

In summary, the caution created by the commitment structure imposed on
the investment technology amid unresolved idiosyncratic funding risk manifests
itself in the conservative ex ante valuation of random and non-random cash flow.
This sets a higher bar for the required return on investment as will be shown
below.

Using (12) and (13), we can eliminate all expressions involving the expec-
tation operator Ei(-) in (9). To that end, it is convenient to rewrite the FOC
as

Avr B M (9)] |:Ei+1[)‘t+1(i)6t+l(i)] Riyy (1= my) Rfﬂ] } _

e = P { Ay Ei[A()] Eipi e (@] e

Il 44

Let n = o/(1—). After dividing the expression through by m; and substituting
(12) and (13) in the above, we can derive the intermediary asset pricing formula,

1 [ RE RE
1=FE MB - t+1 —(1— t+1 14
t{ tt+1 lmt <Ht+1 ( mt) T ( )

where the intermediary’s pricing kernel is given by

1+77<I>(sf+1)] _ A [1—&-77(1)(5;;1)}
14+ n®(s;) Ay | T4+n®(s7)

B H
Mt,t+1 = Mt,t+1 [
and the risk adjusted return is given as

1+ 77‘1)(5:4-1 - U)
L+n®(s;41)

Rf,, =R{, { ] <R[,

The above asset pricing formula looks different from a textbook version
mainly for two reasons. First, the formula is a levered asset pricing formula.
Unlike in the textbook version which assumes away leverage choice, the returns
are levered up to the inverse of capital ratio. To see this point, assume m; = 1.
One can then see that the second term vanish and the formula looks closer to
the conventional one, i.e., 1 = B¢ [Mp, | - f{ﬂ_l/f[tﬂ].
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Second, the intermediary specific pricing kernel is a filtered version of the
representative household’s pricing kernel, where the filter is the ratio of the
shadow value of internal funds today vs. tomorrow. The filter could poten-
tially weaken the role of the representative household as a marginal investor
even though all financial intermediaries are owned by the households. Suppose
that in the beginning of current period, a bad news about aggregate returns
arrives. This, holding other things constant, increases the probability of costly
recapitalization ®(s;) since even a normal range of idiosyncratic return may not
be enough to meet the funding needs associated with today’s investment. If the
aggregate shock is strong enough, the ratio of shadow values tomorrow vs. to-
day substantially declines, making overall required return on capital (1 /MtBt +1)
rise, which suppresses today’s investment.

Finally, we note that, when @ = 0, the asset pricing formula collapses to

1 [(RE RE
1=B<ME | — (=2 —(1- trl
t{ tt+1 [mt (Ht+1 ( mt)Ht+1

and idiosyncratic uncertainty plays no role in the determination of asset price.
Any arbitrarily large amount of uncertainty simply does not matter for real allo-
cations. In this sense, costly equity finance is the key friction in our framework.
The form of the intermediary asset pricing formula is superficially similar
to Jermann and Quadrini (2009), who derive a similar pricing kernel from a
reduced-form convex adjustment cost of dividend; however, our approach derives
from a specific set of structural frictions. It is also superficially similar to the
intermediary asset pricing formula of He and Krishnamurthy (2008); however,
they derive their intermediary-specific pricing kernel from the assumption of risk
averse intermediaries. The link to the LAPM (Liquidity-Based Asset Pricing
Model) of Holmstrém and Tirole (2001) is more direct: In our case, the liquidity
premium arises from costly recapitalization of financial intermediaries, while
the premium exists for non-financial corporations with potential investment
opportunity or working capital needs in Holmstrom and Tirole (2001).

2.1.7 Illiquidity of Balance Sheet Assets and Adjustment Cost

In our timing convention, we assume that there exist factors that make the in-
traperiod adjustment of balance sheet assets difficult, requiring the commitment
of participants. In reality, there are also reasons why interperiod as well as in-
traperiod adjustments of loan portfolio can be costly. As pointed out by many,
for instance, Diamond and Rajan (2000), financial assets of intermediaries are
inherently illiquid: First, a substantial knowledge about the characteristics of
borrowers is an indispensable prerequisite for successful selections of new bor-
rowers and churning out inefficient existing borrowers. Second, a substantial
part of balance sheet assets is composed of items that are not easily marketable
since the intermediaries cannot commit themselves to work for the second buy-
ers after the sale of such financial assets. Such an illiquidity of balance sheet
assets may be the fundamental force behind the slow dynamics often found in
balance sheet data.
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To capture this aspect in a parsimonious way, we assume that there exists
a constant return-to-scale convex adjustment cost associated with changing the
nominal stock of financial assets of the intermediaries:

Qi Kit1
Qi1 K,

With the adjustment friction in balance sheet, it is straightforward to show that
the intermediary asset pricing formula is modified into
} (15)

1 ( RE, RB
1:1@t{1\4ﬁ+1 [( L (1 —my) t“)
_ _ 2
v QiK1 ) B 7 (Qt+1Kt+2)
O (&t g g dpp, | (Eetee ) g b
my (Qt—th ‘ { B 9y, QiK1

my \ g Iy yq
Though not explicit in (15), the flow of funds constraint and the equity finance
threshold need to be modified accordingly as well.
These dynamic costs of adjusting the balance sheet of financial intermediaries
are not important for the qualitative predictions of the model, but will help
match the dynamics of adjustment apparent in the data.

_ 2
YQt—1K+, Qe K y1) = % ( - 1) Qi1Ky, 720

2.2 Government

Before we describe the other parts of private sector, we discuss the government
sector. This makes it easier to explain the household’s problem. Because we
are only interested in credit policies, our model’s government is solely focused
on such activities. We consider two types of such credit policy: (i) direct lend-
ing/asset purchase policy (ii) capital injection policy. To make the presentation
as transparent as possible, we consider one policy at a time.

2.2.1 Direct Lending/Asset Purchase Policy

We first consider a policy under which the government purchases and holds a
certain fraction of capital assets for a certain period of time. The policy is mo-
tivated by the recognition of the key problem that the financial intermediaries
do not have deep pockets under the capital constraint and the costly recapital-
ization. As a result, at a time when the prices of capital assets are unusually
low, the intermediaries cannot sufficiently exploit opportunities for investment
that are profitable absent financial frictions, thus intensifying the depth and
prolonging the duration of downturns (due to an inability to arbitrage inef-
ficient intermediation wedges, reminiscent of the limits of arbitrage noted by
Shleifer and Vishny (1997)). If a third party which does not suffer from the
deep pocket problem, say, the government, can intervene and purchase some
fraction of capital assets, the undesirable downward spiral between the asset
prices and aggregate investment can be mitigated.
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Let StG K and StB K denote the shares of capital assets owned by the govern-
ment and by the intermediaries, respectively. Using these notations, the market
clearing condition for capital assets (1) can be expressed as

| = §OK 4 §PK.

We assume that the government does not consider a short-sale policy — e.g., gov-
ernment investment is always greater than or equal to zero, restricting the space
of S%5 t0[0,1]. We also assume that the government maintains a balanced
budget and imposes a lump sum tax to meet the balanced budget constraint,

T, = QS K1 — RESP R K, (16)

Regarding the budget constraint, three things are important: First, in our analy-
sis, all capital assets are homogeneous by construction. As a result, the issue of
potential inefficiency of the government in selecting investment projects is not
addressed. Second, the policy can generate profits through the dividends and
capital gains channel. Third, the tax policy turns into a transfer policy as the
government starts implementing an exit strategy that runs down its investment
(S <S¢,

We assume the following AR(1) process with a serially correlated shock term
for the law of motion of the government share K,

GK G, K G, K

St+1 = PgSt + Uy (17)
GK GK , GK

Uy = Pyl T

The process is effectively an AR(2) process with AR(1) and AR(2) coefficients
given by p, + p,, and —p,p,,, respectively. We choose this process to replicate a
hump-shaped policy intervention in a parsimonious way: a gradual phase-in and
a gradual run-off. Note that the government asset position has a zero steady
state and, as mentioned above, we only consider positive values for StG K (which
places restrictions on the parameters in 17 and the sequence of innovations

G.K
).

2.2.2 Capital Injection Policy

The key friction in our model is the funding risk facing the financial intermedi-
aries because raising outside equity is costly owing to the information problem
in equity market. We also have shown that such cost at the aggregate level,
denoted by =, is given by

1
0

Now consider a policy under which the government purchases the shares of
the financial intermediaries at market prices and refunds the cost of equity
issuance only to the institutions that are raising equities and are owned by
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the government. Let S& (i) denote the share of an intermediary owned by the
government. With this policy, the market clearing condition of a particular
share is given by

1= 5¢(0) + 5S¢ (3),
where S# (i) is the share owned by the households.!® Under the proposed policy,
the cost of raising equity is reduced to

1 1
=, —/ @min{Dt(i),O}di—&—/ @min{D,(i),0}SC., (i)di
0 0

—/0 @min{D;(i)[1 — S, (i)],0}di

Assuming that the government purchases pro rata shares, i.e., Stcil(i) = Stcj_l,
the cost can be simplified as

1
== (1 sfil)/ P min{D,(i),0}di = p(1 — S&,)D;
0
where )
Df_ = / Hlln{Df(’L), O}d’L = / Dt(St)dq)(St)
0 s¢<sj

Note that the policy can be seen as equivalent to a subsidy that is proportional
to the amount of equity issuance with the subsidy rate given by the govern-
ment share. Note the role of min operator in this expression: the financial
intermediary is eligible for the subsidy if and only if it is raising outside equity
voluntarily.

We assume that the policy is funded by a lump sum tax T; (transfer when
negative) of households. Let P (i) and P, (i) denote the ex-dividend value
of equity at time ¢ and time ¢ value of existing shares outstanding at time
t — 1, respectively. Assuming a balanced budget in each period, the government
budget constraint is given by

1
T, = / 1(Dy(i) < 0)PE(1)SE di
0

- [ A1) < O fmax(D1(0). 0 + P, ()5

To simplify the budget constraint into a form more convenient for a quan-
titative analysis, first note that the ex-dividend value of equity P;(i) is the
same for all intermediaries owing to the assumption of iid idiosyncratic shock,
ie, P(i) = P? = fol P2 (i)di. To see this point more formally, let vZ (i) =
V,B(i)/A¢, the value of an intermediary in real dollar units. The recursive nature
of (5) implies that the following Bellman equation holds,

v (i) = do(i) + B[ M1 Bi g o (D))

13We do not consider a short sale policy of the government. Hence, 0 < S&(i) < 1.
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where d;(i) = Dy(i)/P;. Let vP = Ei[oB( fo vP (i)di, the aggregate value
of all intermediaries at time ¢. This is also the expected value of an individual
intermediary before the realization of the idiosyncratic shock. The ex-dividend
value of equity at time ¢, P (i) is given by PE[M/ - vf,] and hence is the
same for all intermediaries. Hence, the first term on the RHS of the budget
constraint is equivalent to

PSSE, / (Dy(i) < 0)di = D(s})PSSE.,.

Also note that by the assumption of iid idiosyncratic shock and the law of large
number, we have

1
/0 1(Dy1 (i) < O)[max{Dy (i), 0} + PS ,,(i)]di

= 0(simn) [ Imax{Du).0} + P2 )i

In words, the partial sums of the dividends and current values of existing shares
of the intermediaries that issued new shares at time ¢ — 1 are the same as the
total sums multiplied by the measure of such intermediaries.

We can then simplify the budget constraint as

T = @(st)PtSSﬁl - ‘I)(Stfl)(DtJr + PtsLl,t)StG

where )
D = / max{ D, (i), 0}di — / Di(51)dD(s,).
0 st >8]
and P 1t = [ P2 1,£(1)di. As mentioned above, the government purchases

only the shares of the institutions that are issuing new equities, which explains
the presence of ®(s;) in the first term of the budget constraint. Under the
assumption of no persistence in the first moment of the idiosyncratic shock
and by the law of large numbers, the government portfolio held in time ¢t — 1
shares all the properties of the aggregates at time ¢. This explains why we can
simply multiply ®(s;—1) to the second term without having to keep track of the
identities (or the distribution) of the intermediaries that issued new shares at
time ¢t — 1.

The last two remarks for the direct lending/asset purchase policy can be
applied here as well: the government can earn profits during the implementation
of the policy and the tax policy turns into a transfer policy once the exit strategy
(S€ 1 < S%) kicks in. For a straightforward comparison of this policy with
direct 1end1ng/ asset purchase policy, we specify exactly the same process as in
the latter case,

St = py S g ? (18)
G,S G,S
Uy puut 1 + €’
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Again, to ensure that such policy does not affect the long run equilibrium of
the economy, we set the steady state of the government share equal to zero. We
then perform the same perfect foresight deterministic simulation to ensure that
S& does not go outside the proper range, [0, 1].

2.3 Household

The representative household consumes the final-goods and earns market wages
by supplying labor inputs for the production of final goods. We assume that the
household lacks necessary skills to directly manage investment projects. For this
reason, the household invests its saving through financial intermediaries. The
household can either invest in the shares of the intermediaries or make deposits
to the intermediaries.

2.3.1 Budget Constraint

Under the assumptions made above, the budget constraint of the representative
household can be expressed as

1
0 = WthJrRtBBtfPtthth/ PP(i)SE (i)di (19)
0
1
B+ [ lmax{Di(0),0) + P, ()SH (i)
0

where B, = [ B,(i)di, W; is a nominal wage rate, H; is labor hours, T} is the
lump sum tax and S (i) is the number of shares owned by the households
outstanding at time ¢.

Consider an accounting identity that relates the ex-dividend value of equity
at time ¢ (P (7)) to the time ¢ value of existing share outstanding at time ¢ — 1:

Pts(i) = Ptsfl,t(i) + Xt(i)

where X(7) is the value of new shares. The dilution effect discussed in the
intermediary problem implies that the value of new shares, absent any public
intervention, is given by the amount of negative dividends reduced by a dilution
factor @,

Xy(i) = ~(1 - @) min{Dy(i), 0}.

The value of new shares under the capital injection policy is modified into
X4(i) = —(1 — @) min{Dy(4),0} — @min{D(),0}S< ,

As a result, holding the value of outstanding share at time ¢t — 1 (Ptélu(i))
constant, the capital injection policy increases the ex-dividend value of equity
at time t exactly by —@min{D,(i),0}S , i.e.,

PP(i) = P2y () = [1 = (1 = S¢,)@] min{ Dy (i), 0}. (20)
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Substituting the accounting identity (20) in (19), one can see that the budget
constraint is equivalent to

0 = W,H,+RPB; — By, — PC; — T, — /1 PP (i)SH , (i)di (21)
0
T / [masx{Dy(i),0} + [1 — (1 — &)@ min{D, (i), 0} + PS (0)]S} (i)di

2.3.2 Preferences

For the preferences of the representative household, we adopt the most standard
specifications for quantitative analyses in the literature. One such specification
can be found in Smets and Wouters (2007). More specifically, we adopt an
internal habit in consumption and a labor disutility separable from the utility
of consumption. To model the value households place on their deposits, we
adopt the deposit-in-the utility specification originating from Sidrauski (1967),
which captures the non-pecuniary benefits provided by financial institutions.'
Formally, the preferences are given by

w(Cy, Ci—1,Biy1/ P, Hy) = log(Cy — aCy—y) (22)
S 144 /Bt+1(i) .
71+¢(Ht) + flog b di) .

The household problem is straightforward: the household chooses {C;, Hy,
Byy1(i), Si(i)} to maximize its value,

oo
‘/tH = maXZﬁ37tEtu(C& Cs_1, Bs+1/Ps; Hs)

s=t

subject to the budget constraint (21). For later purpose, let A; denote the
Lagrangian multiplier associated with the budget constraint (21).

2.3.3 Pricing Financial Intermediaries

We now show how the representative household prices the debts and equities of
the financial intermediaries. The FOCs for consumption, deposits and shares
are given by

e FOC for C; :
1 a
ANh=—————FE |——"— 23
YT C —aCy PE, [Ct-H —act} (23)
e FOC for Byy1(1) :
6/A

A1 RE ]

+5Et[ A, Ty (24)

SN Gy

14Recent application also can be found in Van den Heuvel (2008).
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e FOC for S (i) :

PtS(’Z:) = ﬁEt {/\[t{?E;J’_l [HlaX{DtJ,_l (Z), O} (25)

T (1 58.)¢] min{Desa (3),0 + Ptim)]}

The FOC for consumption is standard. The FOC for intermediary debt
is different from a standard asset pricing formula because of the non-pecuniary
benefit of deposit. This creates a liquidity premium that the household is willing
to fore-go in making deposits at a rate lower than risk-free rate. Formally, the
liquidity premium can be defined as

A (Rt+1 RtBJrl)] __ A
Ay By 1(i)/ P —

where R;;1 is a risk-free rate that satisfies the fictitious asset pricing equation,
1 = BBe[(At+1/A+)(Rey1/Mt41)]. In the non-stochastic steady state, we have
1 =R and

My I

BE, {

0/
B/P
which implies that ZR? < 1 with the inequality strict if # > 0. This proves the

statement that the capital constraint binds for the intermediaries in the steady
state.

1— BRE,

2.3.4 Cost of Capital

From a theoretical perspective, the relevant cost of capital for a financial inter-
mediary is a marginal cost (or a weighted average of marginal costs), as can be
seen directly by rewriting (9) as

Be{ M/ By [Megr (e ()] R )

MB of Investment

o i _RP
=m0+ (1= B M B DOl o)

MC of Investment

The above equates the marginal benefit (LHS) and the marginal cost (RHS)
of investment. Evidently it is an weighted average of two components, the one
associated with the marginal cost of raising capital and the one associated with
marginal borrowing cost.

If the marginal cost of capital is constant, the distinction between marginal
and average costs of capital is meaningless unless there is a fixed cost compo-
nent, which is absent in our environment. One might be tempted to take this
conclusion given that the per-unit cost of issuing equity is constant and the
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retail borrowing market is competitive. However, the marginal cost of capital
is increasing in the size of the balance sheet. To see this point, remember that
the equity financing threshold is given by

* RtB 1 QtKEFl

A DY
The threshold is increasing in the size of balance sheet, QthH: the greater the
size of the balance sheet, the more likely to face the recapitalization problem.
Also remember that the expected shadow value is increasing in the threshold,
Ei[\(i)] = 1+ n®[(loge; + 0.502)/0]. We can then consider a thought exper-
iment in which the size of the balance sheet is permanently increased, boost-
ing QthH today and QHleﬁz tomorrow in the same proportion. Holding
the asset return and borrowing rate constant, this increases the equity finance
threshold €; and the probability of costly recapitalization today, and causes the
marginal cost of capital to rise, implying a convex cost of capital.

While the marginal cost is the theoretically valid concept for capital bud-
geting, often policy debates have centered around a slightly different concept of
cost of capital: the weighted average cost of capital (WACC). This concept has
played a significant role in assessments of the economic impact of changes in
regulatory regime for capital standards, under the (potentially naive) view that
equity is more costly than debt. For example, some assessments of the economic
impact of shifts in required capital starts with an estimate of the effect on the
weighted average cost of capital for financial institutions (see for instance BIS
(2010a) and BIS (2010b)). The advantage of such a concept is its observability.
In this subsection, we show how such an observable measure of cost of capital
can be constructed.

The weighted average cost of capital RK/H is defined as the weighted sum of
returns on equity and debt, i.e.,

Ee R = miBe Ry, + (1—my) RE, . (27)

Hence, the key issue in constructing the cost of capital is how to measure the
return on equity, especially when the issuer faces costly equity financing friction.
The household FOC for share can be used for this purpose. To that end, first
remember that P (i) = P for all 4, and trivially, Bl ,[P2,(i)] = P2 . Not-

ing that B ,[max{D;11(i),0}] = D/, Ei, [min{D;11(i),0}] = —D,;, and
Dyy1 = D/, — Dy, we can rewrite the asset pricing formula (25) as
Air | Dy + PS5y - ¢ \Pin
1 = pPE 1-5
BB, { A, Ps +&( ra) Ps
= 5Et[M£+1 : Rtsﬂ] (28)

The first component of return on equity is conventional: the return on equity
is the sum of dividend/price ratio and the capital gain. The second component
is the direct result of costly equity financing assumption we adopt. From the
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formula (28), one can easily see how the costly equity finance increases the cost
of equity. One can also see how the capital injection policy directly lowers the
cost of equity, and hence, the weighted cost of capital.

2.4 Technology

To save space, our description of the rest of the model economy will be brief.
Our goal in this analysis is to investigate the role of funding-market frictions fac-
ing financial intermediaries and to consider the effects of unconventional public
policies designed to address balance-sheet strains at financial institutions in an
environment where other policy tools (such as traditional monetary policy) are
not available. For this reason, we take the model as close as possible to a real
business cycle benchmark. While we keep distinctions between nominal and real
variables in our notation (thereby allowing easy integration of monetary policy
questions at a later stage), price adjustment is frictionless in this analysis.

2.4.1 Final Goods

A continuum of competitive firms produce final goods using capital and labor
in a constant return-to-scale (CRS) Cobb-Douglas technology. They solve the
following static profit maximization problem,

o ommax o ARZ(K()UG) T H () = WeHL(5) = B (Ko(5) U (7))}
(1)U (3),H (5)

where Z; is an aggregate technology shock. Since the scale of the problem is
indeterminate, one could assume a representative firm instead of a continuum.
2.4.2 Investment

A continuum of competitive firms produce investment goods by combining an
input of final goods and a CRS adjustment technology. Following Christiano
et al. (2003) and Smets and Wouters (2007), we specify a convex investment
adjustment cost and model the investment problem as follows,

X (L) Y
Lo+ 3 (750 ) I“(’“)] }

Again, the problem is scale-free and can be thought of as the one of a represen-
tative firm instead of a continuum.

ad A
vi= E =55 2 Q. I.(k) — P,
;= max t;ﬂ 2 {Q s(k) — P.

2.4.3 Goods Market Clearing Condition

The goods market clearing condition of the model economy is given by

_ 2 _ 2
X (1 — 11 T QiK1 Qi—1K;

Y, =C; + 1 2 — ) I - =—I1;-1) ———. 29

t ¢+ t+2< A ) t1+2<Qt1Kt t I, (29)
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Note the absence of financial flows related with equity issuance costs and gov-
ernment subsidy for equity issuance. This is due to our assumption that the
dilution cost of equity issuance takes the form of discount sale, rather than an
efficiency loss for the economy (see the appendix in the working paper version
for a detailed derivation for the goods market clearing condition).

3 Long Run Effects of Capital Constraint

In this section, we use some comparative statics and simulation exercises to
analyze the effects of capital market frictions such as capital constraint and
costly equity finance on the equilibrium returns and capital accumulation in the
long run. In particular, considering the ongoing debate on the long-run effects
of regulation on capital standards, we pay a special attention to the long-run
effects of alternative levels of capital constraints.

3.1 Equilibrium Return Premium

In this subsection, we show how the changes in model parameters related with
the degree of funding-market frictions affect the return premium and capital
accumulation. To that end, we start with the steady-state version of the invest-
ment Euler equation of the model. In the steady state, the FOC for investment,
equation (14), takes the form of

(30)

m/B+ (1 —m)RE = {H"‘MS_U)] -RF.

14+ n® (s%)

To interpret the economic contents of the expression, it is useful to note that
the stock market return of intermediary (28) is equalized to 1/ in the steady
state if and only if n = /(1 — @) = 0 since, with no aggregate uncertainty and
@ =0, R® =vB/(mf . vB) = 1/3. Therefore, one can think of the left side of
(30) as the frictionless weighted average cost of capital.!® Let us denote this by
R™*. We can then see immediately

RW* _ [1 +nd (s* — U)] _ E [\ (1) e(d)] (31)

RF 14+ n® (s%) EiA(GE)]

From a mechanical standpoint, the inequality is due to the monotonicity of the
standard normal distribution. From an economic standpoint, however, the in-
equality is the result of the negative correlation between the shadow value of
internal funds and the idiosyncratic profitability shock, which would not exist
if the funding market were frictionless ( = 0). Facing costly recapitalization
risk, the intermediaries adopt a cautionary stance before they enter commit-
ments, reducing the investment level ex ante. As a result, given the diminishing
marginal productivity of capital, the return on assets R = X 41 — § cannot

15Note that in the frictionless economy, the marginal cost and the average cost of capital
identical since the shadow value of internal funds is always equal to one.
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come down to the level of the frictionless cost of capital despite the competitive
structure and free entry in the financial industry. Obviously this is the direct
result of the costly equity financing assumption. We call the bracketed term the
intermediation wedge.

The intermediation wedge plays an important role in the determination of
excess returns of the risky asset. To see this, we can rewrite (30) as

e .

Two things stand out from this expression. First, in our model economy, an eq-
uity premium can exist in a non-stochastic steady state. The premium arises not
because of the covariance of asset return and the pricing kernel of the represen-
tative household, but because of the frictions in funding markets for the financial
intermediaries. In essence, the premium is closer to the liquidity premium in
the LAPM (Holmstrom and Tirole (2001)) since it is the short-run funding risk
associated with idiosyncratic return uncertainty that generates such a wedge.

Second, in the special case of # = 0 (no deposits in the utility), R"* = 1/3
since R® = R. In this extreme case, the risk premium is entirely determined by
the intermediation wedge and is always strictly positive as long as idiosyncratic
uncertainty exists. It is possible, though not plausible in a realistic calibration,
that the premium can be negative. This happens when R"* is too low relative
to risk free rate R. For instance, if the non-pecuniary benefit of deposit is
pathologically large, it is possible that the household is willing to make deposit
at a negative net interest rate, i.e., R® < 1. In this case, the product of R"W*
and the inverse of the intermediation wedge can be smaller than the rate of
time preference, implying a negative premium. The same situation can also
happen when the idiosyncratic uncertainty is sufficiently low. In this case, the
intermediation wedge is close to 1 and the right side of (32) can be negative
since R"* < 1/3. However, as will be shown below, such extreme cases do not
happen with realistic calibrations.

An empirically relevant question is if the model can generate a sizable equity
premium with a realistic calibration through the liquidity channel. Two crucial
parameters are the dilution cost parameter @, also known as floatation cost, and
the amount of idiosyncratic uncertainty o. Figure 1 depicts the relationship
between the idiosyncratic uncertainty and the equity premium for a range of
parameter values for equity issuance cost. Evident are the positive relationship
between the uncertainty and the return premium on one hand, and the positive
relationship between the equity issuance cost and the return premium on the
other hand.

These are not surprising given the theoretical structure we adopt. What is
interesting is the magnitude of return premium created by the capital market
frictions. There exists a wide range of the dilution cost parameter in the litera-
ture. For instance, Gomes (2001) reports 0.08 of per-unit equity issuance cost.
Recently Hennessy and Whited (2007), using simulated methods of moments,
provides the structural estimates of issuance cost function; their estimates of the
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total cost, including fixed and variable costs, is somewhat higher than reported
by Gomes (2001). Cooley and Quadrini (2001) use 0.30 for their analysis, which
we take for our baseline case. While this calibration is on the high end, this level
of dilution cost is appropriate for the analysis of the effects of liquidity policies
designed to cope with crisis situation; moreover, the empirical analysis in Kiley
and Sim (2011) suggests this value helps fit the data on macroeconomic/financial
interactions along some dimensions (see below). For the variance of idiosyncratic
shocks, or riskiness measure, of the financial intermediaries, we choose o = 0.10
in annual frequency for our baseline calibration.

Figure 1 shows that the model generates a sizable range of return premium
at plausible levels of uncertainty as long as the dilution cost is greater 0.15. At
our baseline calibration, the model creates a return premium of about 300 basis
points. When the dilution cost is 0.20, the model generates a 200 basis points
premium. Given our conservative calibration of the uncertainty level, one can
see that the model can explain a substantial part of the equity premium through
the capital market frictions facing financial intermediaries.

3.2 Near Long Run Neutrality of Capital Constraint

In policy circles, it is often emphasized that a higher minimum capital ratio
may increase the weighted average cost of capital for financial intermediaries
in the long run. This is because the minimum capital regulation changes the
mix of debt and equity so as to make financial institutions more reliant on
the costly equity funding (e.g., BIS (2010a) and BIS (2010b)). However, such
a conclusion does not consider potential general equilibrium effects. With a
higher level of capital, financial intermediaries issue less amount of debts (or
deposits) for a given level of lending. For this to happen in general equilibrium,
the representative household should be discouraged from holding intermediary
deposits, which occurs through a lower return on such deposits and hence a lower
borrowing rate for the intermediaries. This counteracts the partial equilibrium
tendency of the effective cost of capital for the intermediaries to rise from greater
reliance on equity.'®

To analyze the general equilibrium effects in detail, we need to show how
the deposit rate and return on assets are jointly determined in equilibrium.
To that end, we derive a relationship between the deposit rate and return on
asset that clears the goods market. We then combine this condition with the
financial market equilibrium condition given by (30) to find the set of rates of
returns that support equilibrium in both markets. By using the two FOCs of
the household for consumption and deposits, one can derive a linear relationship

16The general equilibrium effect in this analysis is reminiscent of, but economically quite
different from, the mechanism underlying the celebrated Miller-Modigliani theorem, where a
shift in the mix of debt and equity changes the risk associated with each type of liability. The
intermediary deposits are default risk-free in our analysis.
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between consumption and deposit,
(1-aB)(1— BRP),
(1-a)d

(1—af)(1 - BRE)1 —m)
(1-a)d

k

where the second equality is from the binding capital constraint. Here we use
lower case letters for real quantities in the long run. From the rental market
equilibrium condition, we have

RE —(1-9)

l1—«

Yy _
k

Substituting the two expressions in the resource constraint y/k = ¢/k + ¢, one
can derive a linear relationship that R¥ and R® have to jointly satisfy,

RF—(1-9) (1-af)(1-BR%)1—m)

e a5 +3. (33)

We can then numerically solve the non-linear simultaneous equations system of
(30) and (33) to determine RF and R5.

Figure 2 shows the determination of two steady states, one with m = 0.10
and the other with m = 0.25. The red solid line shows the linear relation-
ship between R and RP that satisfy (33) (the real side of equilibrium) when
m = 0.10.'7 The blue solid line presents the locus of Rf and RP that satisfy
the financial side of equilibrium, i.e., (30) when m = 0.10. Evident is that the
locus has a steep upward slope: when the borrowing rate for the financial in-
termediaries go up, the return on asset also has to go up to create an enough
incentive for the intermediaries to invest. Point A is the intersection of the two
loci, displaying the initial long run equilibrium when m = 0.10.

In the figure, we perform a thought experiment in which the minimum capital
ratio is raised up to 0.25 and show how a new long-run equilibrium is deter-
mined. When the capital ratio goes up, the financial locus shifts downward
with a steeper slope between the borrowing rate and the asset return (the blue
dotted line): with a much higher minimum capital ratio, the weighted average
cost of capital goes up since the new regulation forces the financial intermedi-
aries to change a substantial portion of funding source from relatively cheap
debts/deposits to more expensive equity. As a result, the investment in capital
assets declines and the asset return goes up. The economy moves to point B.
However, B cannot be an equilibrium because the real side of the equilibrium
also changes. A new equilibrium requires the intermediaries to reduce the bor-
rowing level substantially. The only way for the economy to achieve this is to
discourage the households to hold intermediary debt/deposits: the borrowing

17The loci in the picture show the values of RE that satisfy the equilibrium conditions
for 3,000 points RF between 1.040 and 1.065. We solve for these values using a nonlinear
numerical root finder.
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rate for intermediaries (e.g., the deposit rate in our simple model) has to go
down. The locus RF and RP that satisfy the real side of equilibrium shifts
down to a new one (the red dotted line) and the new equilibrium is found at
point C.

Whether the return on asset is higher or lower than the initial value depends
on how sensitive this downward shift is. It turns out that the capital constraint
in our model economy is near neutral: the shift in the red line almost perfectly
offsets the movement in the blue line. For instance when the economy moves
from m = 0.10 to m = 0.25, the equilibrium asset returns drops less than 0.2
bps at an annual rate.

This thought experiment shows how the capital constraint is nearly neutral
for real outcomes in the long run; this echoes the conventional wisdom, due
to "Modigliani-Miller" type effects, in related academic research (e.g. Admati
et al. (2010) and Hanson et al. (2011)). The near-neutrality of capital constraint,
however, does not mean that a transition from one equilibrium to another will
be costless. The short-run transitional dynamics is a totally different issue, to
which we turn later in our analysis.

4 Policy Experiments

In this section, we consider the effects of various government policies to improve
financial stability. We start by assigning parameter values. We then consider
the efficacy of unconventional short-term credit policies designed to cope with
extraordinary and exigent circumstances. We close the section by analyzing the
transitional dynamics of the economy moving from one steady state to another
under the proposed higher capital standards.

4.1 Calibration

There are three parameters that govern key aspects of the model’s predictions
for the macroeconomic effects of credit policies: the cost of equity issuance @,
the standard deviation of return on asset o, and the weight on the deposit in
the utility 8. We try to adopt reasonable values for the first two parameters
by tying there values to data from financial markets. As we mentioned earlier,
we chose @ = 0.30, following Cooley and Quadrini (2001) to replicate the harsh
financing environment seen during the recent financial turmoil; this value also
helps fit the data on macro-financial interactions, as shown below. Regarding
the volatility, we set ¢ = 0.10 (in annual frequency) to match the standard
deviation of return on asset (profits/total asset) of U.S. banking sector reported
in Demirguc et al. (2003). With regard to the weight of deposits in the utility
function (), we choose its value to match (roughly) the net interest margin
of financial intermediaries, R¥ — RP. Saunders and Schumacher (2000) and
Demirguc et al. (2003) provide an international comparison of such margins,
which range from a low of 160 bps (Swiss) to a high of 500 bps (Spain and
U.S.) on average during the period of 1988-1995. Conditioned upon @ = 0.30
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and ¢ = 0.10, setting § = 0.07 roughly matches the interest rate margin in
the data. Note that the interest rate margin is a sum of two components,
RF — RB = RP — R+ R — RP. With # = 0.07, about half of the margin is
explained by a return premium over risk free rate R¥ — R and the rest of the
margin is explained by the liquidity premium R — R? in our framework.

With regard to other parameters, we choose the investment and balance sheet
adjustment cost parameters and the parameter governing habit persistence so as
to deliver hump-shaped impulses response function to typical shocks. To deliver
such slow dynamics for intermediaries’ balance sheet, we specify a small loan
adjustment cost by setting 4 equal to 1. This choice, together with the choice of
investment adjustment cost parameter, helps us match the persistent response
of lending. For the investment adjustment cost parameter, we set ¥ = 0.5, a
moderate value similar to those reported in macroeconomic analyses (of other
issues). We calibrate the habit persistence parameter as a = 0.75, a value in
the typical range.

For the parameters that can be considered traditional, we make standard
choices whenever possible. The risk free rate in the steady state is set at R =
1/8 = 1.01 in quarterly frequency. The depreciation rate ¢ is set equal to
0.025. We assume a relatively elastic labor supply by setting the inverse of
Frisch elasticity parameter 1) equal to 0.1 and we choose the weight of the labor
disutility as ( = 1. We set @ = 0.60, a fairly standard setting.

As we have mentioned previously, this calibration helps fit the data on
macroeconomic/financial interactions. Specifically, Kiley and Sim (2011) show
that this model (without the government sector developed in this research) can
match the impulse responses of GDP, investment, and credit spreads following
a shift in the level of uncertainty facing the financial sector. For convenience,
we reproduce these results in figure 3, which shows the impulse response to an
uncertainty shock identified via a structural vector autoregression (along with
68-percent confidence intervals) and the model predictions (the dotted lines).!®
Uncertainty increases by 10 percent (panel (a)).!?. The borrowing spread rises
notably (e.g., by about 20 basis points), indicating spillovers to financial condi-
tions more generally (panel (b)); Lending (panel (c)) jumps down. This shock
has important macroeconomic effects: Hours, real investment, and real GDP
decline notably (by about 1/3 percent, 1 1/4 percent, and 1/3 percent, re-
spectively). Given this fit to the data, the model is capable of quantitatively
addressing the policy issues we consider.

4.2 Short-Run Stabilization Policies

We now evaluate the efficacy of the policies introduced above. To compare the
two policies in an almost identical environment, we use the same parameteri-

18Kiley and Sim (2011) report more details and robustness checks.
19To model time-varying uncertainty, we assume the following process:

logo: = (1 —p,)loga + p,logos_1 +ur, ue ~ iid N(0,%?). (34)
We set p, = 0.85; Kiley and Sim (2011) present more details
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zation, p, = 0.85 and p, = 0.5. With this setting, a one time shock ( or

etG ’S) generates a peak in the government’s asset market share after 3 quarters.
Thereafter, the government share undergoes a very slow run-off. We set the sizes
of initial shocks so that the outlays equal about 2 percent of output, roughly
matching 1 3/4 percent share of GDP that was devoted to bank recapitalization
under the Troubled Asset Relief Program (TARP).

Figure 4 presents the economic effects of the two policies. The blue solid
line shows the case of direct lending/asset purchase policy and black solid-
dotted line the case of capital injection. In panel (a), one can see that the
two policy experiments are calibrated such that the sizes of government balance
sheet relative to aggregate output in the two cases are roughly the same: In
both cases, the government balance sheet immediately jumps up to 2 percent
level in the first period, and continues to rise to reach the peak point of 2 3/4
percent in the third quarter. The government share starts running off very
slowly thereafter and eventually reaches its steady state level, zero.

Panel (b) shows the implied (period-by-period) outlays for each policy. In
both cases, the maximum outlay of about 2 percent of output is reached in
the first period. While the government shares of assets continue to go up after
the first intervention period, a large chunk of public resources is required only
for the first period since the resources are being used to buy a stock of capital
assets or intermediary shares. In fact, outlays drop significantly right after the
first period, and only the first four periods are associated with positive outlays.
Starting from the fifth period, both policies generate a substantial amount of
net profits and allow the government to disburse large amounts of money to
the households as transfer. The potential payback to the households may be
underestimated in our exercises because we perform the experiments around the
steady state while such policies are likely to be implemented during crises when
prices of asset are unusually low, which may not be well captured by a local
approximation.2’

In panel (c), one can see that the prices of capital assets immediately jump
with the policies in both cases, although the peak size and the duration of price
boost is slightly greater for capital injection policy. Given our choice for a
relatively small adjustment friction in investment, the magnitude of asset prices
responses are not big. Nevertheless, such an increase in the asset prices improves
overall balance sheet conditions of the intermediaries in both cases. One can
read this from the drop in the shadow value of internal funds, panel (d).

However, panel (d) reveals a very different picture about the efficacy of the
two policies in generating desired stabilization effect: The drop in the shadow
value, which is the best summary measure of the liquidity /balance sheet condi-
tions in our framework, is almost five times greater for capital injection policy,
suggesting that the capital injection policy may be much more powerful than the
direct lending/asset purchase policy in handling liquidity/balance sheet crisis.

20The fact that the initial outlays of such policies overstate the long-run budget costs be-
cause of subsequent revenues from the purchased assets has been discussed in related policy
discussions, e.g., CBO (2011).
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Panel (e) and (f) confirm this: In terms of peak response, the capital injection
policy induces 5 to 6 times greater impacts on aggregate investment and output.
What explains this difference?

Panel (g) provides the answer: In contrast to capital injection policy, the
direct lending/asset purchase policy suffers from a classic case of ‘crowding out’
effect. To understand this point, it is useful to realize that the two policies
act on asset markets differently. When the direct lending/asset purchase policy
is executed, holding the market prices of assets constant, the policy shifts the
supply of capital for private sector to the left, reducing the supply from Ky,
to (1 — Stsjr?)KtH. As a consequence, asset prices go up while the private de-
mand for assets decreases along the downward demand curve. While overall
improvement in liquidity condition and business environment helps the demand
recover, this is not enough to overcome the initial crowding out effect, as con-
firmed by the large decline in private lending (investment) shown in panel (g).
This explains why the size of the stimulative effect dies out so quickly.

The capital injection policy works in a different way. It improves the lig-
uidity /balance sheet conditions of the intermediaries, which increases the risk
appetite for capital assets as suggested by the massive drop in the shadow value
in panel (d), making both the prices and the quantities of asset expand in the
same direction. Roughly speaking, the vertical distance between the responses
of private lending in panel (g) explains a large chunk of the difference in the
efficacy of two policies.

More fundamentally, by tying the cash injection to the amount of equity
financing, the policy makes the firms reveal their liquidity conditions and al-
lows the public resources to be directed to the right place — directly at the
location where the problem originates. In contrast, the direct asset purchase
policy strengthens the balance sheets condition of all intermediaries, not only
the cash strapped institutions, and cannot prevent the ones with large amount
of surplus cash flow from paying out the extra profits as dividends (and perhaps
bonuses in reality).?! Note that while the sizes of dividend payouts are similar
in both cases, the payouts in the case of asset purchase policy are less warranted
from the perspective of a policy maker given the lackluster fundamental of the
economy (see panel (h)). It is also notable that the asset purchase policy is less
successful in reducing the amount of costly equity finance (hence less depen-
dence on retained earning) because it is less effective in improving internal cash
flow of intermediaries.

4.3 Transitional Dynamics to Higher Levels of Capitaliza-
tion

The current policy proposal from the Basel 3 process envisions a roughly 5 per-
centage point increase in the required ratio of common equity to risk-weighted

2IThis last aspect was not highlighted by Gertler and Kiyotaki (2010) because the in-
termediaries in their framework never pay out dividends (their problem is a terminal value
maximization).
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assets (from 2 percent to 7 percent) or in the ratio of tier 1 capital to risk-
weighted assets (from 4 to 8 percent). In the data, overall capital ratios have
substantially exceeded these minima, both because regulators have defined well
capitalized as some notable margin above the minimum and because market
pressures have led financial institutions to maintain capital buffers. Consistent
with various policy analyses, we assume that the increase in the regulatory min-
imum is passed through to overall capital ratios and consider an increase in the
overall ratio of capital to assets from 10 percent to 15 percent.

We design two transition arrangements to compare two cases, fast vs slow
transitions: one in which the capital ratio is raised by 5 percentage points
approximately in 8 quarters and the other in which the capital ratio is raised
by the same amount, but in 32 quarters. To achieve the transitional paths for
the minimum capital ratio, we assume the following data generating process for
the minimum capital ratio,

logm; = logmy—1 + 0y,

5t = PUt—1 + Uy

By setting an appropriate value p, one can control how fast the capital ratio
reaches a new long run value. In the case of fast transition, we set p = 0.5 while
we p = 0.85 for the case of slow transition.

Figure 5 displays the two transitional paths for selected endogenous variables
under the baseline calibration. Panel (a) shows the two transition arrangements
for the permanent increase in regulatory capital ratio. In both cases, financial
intermediaries face significant capital shortfalls, creating funding pressure, which
leads to significantly higher costs of capital for the intermediaries as shown in
panel (b). However, the slower transition is associated with a disproportionately
milder rise in the cost of capital, roughly only 1/4 of increase in the cost of capital
as compared with the case in the fast transition. As a consequence, the spillover
effect on the general lending terms in other financial markets, shown in panel
(c), is much more mitigated: while the fast transition result in a maximum 300
bps increase in credit spreads, the credit spreads in the case of slow transition
are maximized at around 20 bps.

In panel (d), one can see why the slower transition is associated with smaller
financial costs. The picture displays how much of the required increase in capi-
tal at each point in time is obtained by the costly equity issuance. In the faster
transition case, the intermediaries have to tap equity market more intensively as
the funding needs far outstrip the available cashflows. Panel (f) highlights the
same point from a different angle: the faster transition is associated with much
more aggressive contraction in lending. As both equity finance and decreasing
lending are costly to the banks, intermediaries balance the two margins. The
much higher funding costs, the loss of profitable lending opportunities, and fur-
ther deterioration in cash flow owing to the ensuing overall economic downturn
result in a massive drop in the price of intermediary shares in panel (e). In
contrast, the slower transition allows the banks to earn their way out by relying
more on the accumulation of retained earnings, allowing them to avoid the much
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more costly financing options and hence limiting the harmful effects on credit
provision. Finally, as predicted by the effects on the credit spreads and lending,
panel (e)~(i) show that the faster implementation takes a much greater toll on
economic activity: the declines in hours, lending, investment and output are
about 2 to 3 times greater for the case of faster transition.

5 Conclusion

In this research, we consider a tractable macroeconomic model in which real in-
vestment is intermediated through institutions that commit financial resources
amid idiosyncratic funding risk under a binding capital constraint. We show
that the share of equity in the financing base of intermediaries is neutral in
the long run, but not in the short run, and that financial frictions facing in-
termediaries imply a sizable equity premium for the aggregate economy. We
then consider credit policies designed to address liquidity /balance sheet prob-
lems at intermediaries and show that a capital injection policy conditioned on
voluntary recapitalization is relatively efficient because it does not suffer from a
“crowding out” effect on private investment. With regard to long-run policies,
we demonstrate that a transition to higher capital requirements can have sizable
short-run effects on economic activity if not implemented carefully, and that a
long transition period helps avoid such effects.
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Figure 1: Uncertainty, Cost of Equity Issuance and Return Premium
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Figure 2: Long-run Neutrality of Capital Constraint: m = 0.10 vs m = 0.25.
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Figure 3: Impact of Intermediation Shock in Model and Data (from identified
VAR, see Kiley and Sim (2011)).
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Figure 4: Efficacy of Policy Intervention: Asset Purchase (blue solid) vs Capital
Injection (black dash-dot).
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Figure 5: Transitional Dynamics of Capital Standards: Fast (blue solid) vs Slow
(black dash-dot) Transition Arrangement.
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