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Abstract

According to the theory of incomplete contracts, given nonverifiable entrepre-
neurial project choices together with divergent objectives between an entrepreneur
and its outside financier, the entrepreneur can credibly pledge only part of its project
outcome for external funding. Meanwhile, entrepreneurial net worth must be put
as down payment to ameliorate agency costs.

In a real dynamic general equilibrium model with heterogeneous agents and non-
verifiable project choices, endogenous agency costs significantly change the business-
cycle pattern in the sense that the model can replicate an important empirical fact,
the amplified hump-shaped output behavior. Furthermore, variable asset prices can
affect entrepreneurial net worth and then subsequently change the dynamic features

of aggregate output along business cycles.
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1 Introduction

1.1 Current Literature

The balance sheet condition of indebted firms as well as indebted households is important
for the macroeconomic activity. A large body of literature derives credit constraints
from information frictions at different stages of financial contracting. The borrower has
information advantages on his project outcome or his own choices of project as well as
effort, in comparison with the outside financier. As those costs incurred could be so high
that it might be economically inefficient for the lender to collect such information in all
states, she would like to induce the borrower to tell the truth or choose good projects or
exert, efforts by providing him with a reasonable share of the cake. Given nonverifiable
actions and divergent objectives of contracting parties, the project value is below the
first-best level] if each agent just maximizes its own objective. As the borrower can
credibly pledge only part of the project outcome for external funding, his net worth must
be put as down payment to ameliorate agency costs. Our paper is related with three
lines of research that incorporate moral hazards incurred at different stages of financial
contracting into the dynamic general equilibrium (hereafter, DGE) framework and study
the macroeconomic consequences of agency costs.

By bringing the problem of costly state verification a la [Townsend (1979)) into a real
business cycle framework with overlapping generations, |Bernanke and Gertler| (1989) show
qualitatively that borrowers’ net worth plays an essential role in the optimal financial con-
tracting under asymmetric information. The aggregate effects of shocks to borrowers’ net
worth can amplify and persist. Carlstrom and Fuerst| (1997, 1998]) embed this mecha-
nism in a tractable real DGE framework for the quantitative analysis of the effects of
agency costs on business-cycle dynamics. Their models replicate the empirical fact of
hump-shaped output behavior as documented in |Cogley and Nason| (1993), because
households postpone their investment several periods after the shock when agency costs
are at their lowest. Bernanke, Gertler, and Gilchrist| (1999) further bring in money and
price stickiness and show how credit market frictions may influence the transmission of
monetary policy in this financial accelerator model.

Another line of research is initiated by |Kiyotaki and Moore| (1997) and Kiyotaki| (1998]),

IThe difference in the project value between the cases with and without information frictions is

normally called “agency costs”.



who derive simple collateral constraints from the theory of inalienable human capital a la
Hart and Moore| (1994)). A positive productivity shock improves the borrower’s revenue
and then net worth, which enables these more productive agents to increase leveraged
investment in durable assets. Given fixed stock, the excess asset demand of entrepreneurs
pushes up asset prices. It further improves the borrower’s net worth contemporaneously
and the enhanced credit boom helps allocate asset towards those more productive
borrowers. They show how the interaction of asset prices and credit limits becomes a
powerful transmission mechanism by which the output effects of shocks persist, amplify,
and spill over to other sectors. By introducing the standard cash-in-advance constraint,
Cordoba and Ripoll (2004) reveal the role of collateral constraints in transforming small
monetary shocks into large persistent output fluctuations. Following the modeling strat-
egy of Bernanke, Gertler, and Gilchrist (1999), Vlieghe (2004) puts collateral constraint
in a standard new Keynesian sticky price monetary framework. As some of output vari-
ability is due to credit frictions, it may not be optimal for monetary policy to try and
achieve the flexible-price level of output.

A third line of research assumes that hidden actions of the entrepreneur, e.g., his
nonverifiable choices of the project or the effort level, can affect project outcomes. Be
specific, if he chooses a bad project or shirk, the success probability of the project will
be low but the entrepreneur can have high private benefits. As shown in |Holmstrom
and Tirole| (1997 1998), the lender has to leave the borrower a reasonable share of the
cake in order to induce him to choose the project with high success probability or exert
efforts to raise the success probability of the same project. As a result, the borrower
cannot credibly pledge all of the project outcome for external funding. By extending the
two-period model of Holmstrom and Tirole (1997) to the infinite time horizon and adding
durable asset of fixed total supply, |Chen (2001) brings banks into the simple borrower-
lender relationship and explains why banking crises often coincide with depression in the
asset markets. Aikman and Paustian (2005) incorporate the bank model of (Chen| (2001))
in a standard dynamic new Keynesian framework and show optimal monetary policy in
the environment with credit frictions. After assuming liquidity problem of Holmstrom and
Tirole| (1998)) in capital production, Katol (forthcoming)) shows the depressed hump-shaped
output behavior similar as in |Carlstrom and Fuerst| (1997) and pro-cyclical corporate

demand for liquidity.



1.2 Structure

This paper brings together first two lines of research in a fundamentally modified model of
Chen (2001) and makes three contributions to the literature. First, we provide a real DGE
model with heterogeneous agents in which credit constraints are derived from nonverifi-
ability of entrepreneurial project choice, as in [Holmstrom and Tirole| (1997) and (Chen
(2001)). In contrast to depressed hump-shaped output behavior generated by Carlstrom
and Fuerst| (1997) and Kato (forthcoming), our model produces amplified hump-shaped
output behavior due to capital reallocation among agents with different productivity.

In order to show that asset prices can have amplifying effects on aggregate activi-
ties, many models, including Kiyotaki and Moore| (1997), |[Kiyotaki (1998), Chen| (2001),
Vlieghe (2004), and |Aikman and Paustian| (2005)), stress the demand effect on asset prices
by assuming fixed asset supply for analytical convenience. The common results are that
the rise in asset prices in booms significantly improves the net worth of credit constrained
agents and reduces agency costs. As a result, aggregate output responds more strongly
than in the first-best case. In contrast, we assume that depreciable capital can be repro-
duced and its upward sloping supply curve are modeled by introducing ad hoc adjustment
costs, see Faial (2004). As the second contribution, we show that, in addition to amplify-
ing effects, variable asset prices greatly change the dynamic features of output behavior.
That is, aggregate output reaches its peak earlier, if capital adjustment is more costly so
that asset prices respond more strongly to any excess demand. However, this result de-
pends crucially on the specific assumption of capital price formation. By combining Kato
(forthcoming) with the current model, |Zhang (2005b) introduces variable asset price by
assuming nonverifiability of project choice in capital adjustment process instead of ad hoc
adjustment costs. The model with dual limited pledgeabilities generates more delayed
and amplified output responses to a productivity shock. In this sense, the modeling strat-
egy on capital price formulation does matter for the understanding of macroeconomic
fluctuations.

As the third contribution, this paper makes many fundamental improvements over
its predecessors, |Chen| (2001) and |Aikman and Paustian (2005). The contracts in their
models are neither debt contracts nor inherently consistent. In order to consist with the
standard features of debt contracts and the risk aversion of some agents, we change the
unit of account in the loan contracts and assume that the capital stock is fully destroyed

in a failed project and. Section |3| discusses these issues in detail.



The internal mechanism is briefly shown as follows. The risky projects of entrepre-
neurs are expected to be more productive than those safe projects of households, but
their project choices are nonverifiable. Entrepreneurial net worth has to be provided as
down payment in order to guarantee the lender’s interests. Due to credit frictions, a frac-
tion of capital is allocated inefficiently to those less productive agents, i.e., households.
If there is an exogenous positive shock on aggregate productivity (hereafter, TFP), the
rise in the entrepreneur’s revenue improves his net worth, which reduces agency costs for
loans. Entrepreneurs can increase their capital holding by leveraged investment. How-
ever, it still takes time for entrepreneurs to gradually accumulate net worth before they
can fully explore the profitability of their projects. In addition to the TFP shock, the
tilting of capital allocation towards more productive agents also have amplifying effects
on aggregate output. The speed of capital reallocation actually determines the shape of
output dynamics. As a result, aggregate output reaches the peak in a delayed fashion due
to endogenous agency costs and gradually-built entrepreneurial net worth. In order to
illustrate the internal mechanism more explicitly, we shut off asset prices by assuming no
capital adjustment costs. The one-to-one transformation of consumption goods to capital
goods guarantees constant asset prices over time.

In order to study how asset prices can affect the dynamic features of output behavior,
we model the upward sloping capital supply curve by introducing ad hoc adjustment
costs. A positive TFP shock raises entrepreneurial revenue and spurs their investment.
Although the excess demand raises asset prices, the entrepreneurial user cost of capital
goods actually falls thanks to leveraged investment. In the meantime, the rise in asset
prices improves the contemporaneous entrepreneurial net worth. These two effects jointly
result in more capital reallocation towards entrepreneurs with higher productivity in the
shock period and hence aggregate output reaches its peak relatively earlier than in the
case without adjustment costs. In this sense, asset prices not only amplify the effects of
exogenous shocks on aggregate output but also change the its dynamic features.

The paper is organized as follows. Section [2] starts with an overview of the model
economy. Credit constraints are derived from nonverifiability of entrepreneurial project
choice. Agents’ optimization and relevant market clearing conditions jointly describe the
competitive equilibrium in our model economy. Section [3| revisits some essential contrac-
tual issues and lays out the benchmark model without moral hazard. After calibration,
Section 4| simulates the responses of the model economy with respect to TFP shocks under

different scenarios. Section [5| concludes by collecting major findings.



2 The Model

2.1 Overview

Consider a discrete-time closed real economy with a continuum of heterogeneous agents of
unit mass, entrepreneurs and households. The population of entrepreneurs is n. Although
agents have a common discount factor, households are risk averse and infinitely lived, while
entrepreneurs are risk neutral and each has a constant probability 7 of surviving to the
next period. At the end of each period, new entrepreneurs of mass 7(1 — ) are born and
replace those dying, which keeps the population of entrepreneurs constantE].

There are three goods: a capital good, an intermediate good, and a consumption good.
The intermediate good is produced from the households’ safe projects as well as from the
entrepreneurs’ risky projects by using capital as the sole input. A continuum of com-
petitive firms have the constant-return-to-scale technology to produce the consumption
good by employing the intermediate good and the household labor. Capital depreciates
at the rate 0 and can be reproduced from the consumption good. The moral hazard
arises only in the entrepreneurial project choice. The consumption good is chosen as the
numeraire. There are four factor prices in the economy, the price of capital ¢;, the price
of the intermediate good vy, the wage rate w; and the deposit rate r; for households.

The time sequence of events is as follows. At the beginning of period ¢, intermediate
goods are generated from the projects installed at the end of period ¢ — 1. After the real-
ization of aggregate TFP shocks on the consumption good production, competitive firms
purchase intermediate goods at the price v; and employ households labor at the wage rate
w; to produce consumption goods. Those entrepreneurs with successful projects repay
the predetermined debt amount; as there is no output and capital is assumed fully de-
stroyed in a failed project, those unlucky entrepreneurs are simply released from their debt

obligationg’] After receiving the signal of exiting the economy, the entrepreneurs of mass

2Because of agency costs, the entrepreneur prefer to accumulate net worth and postpone consumption
until no external funding is needed. |Carlstrom and Fuerst| (1996) and [Bernanke, Gertler, and Gilchrist
(1999) handle this problem by imposing a constant death probability, where dying means liquidating
the net worth, consuming the proceeds, and exiting the economy. As an alternative, |Carlstrom and
Fuerst| (1997, 11998)), Kiyotaki and Moore| (1997) and |[Kato| (forthcoming) assume that the infinitely-lived
entrepreneurs have a higher discount rate than households. [Carlstrom and Fuerst| (2001f) explore the

difference in macroeconomic implications of two assumptions.
3Ex post verification of project outcomes incurs no costs and so does debt enforcement as long as

there is positive outcomes.



1 — 7 consume all wealth and are replaced by newcomers of the same mass. Competitive
capital producing firms, owned by households, transform consumption goods to capital
and sell at the prevailing price ¢;. Any profit incurred is lump-sum transferred to house-
holds. Each of the surviving entrepreneurs and newcomers receives a tiny endowment]]
e and decide how much to consume, invest, and borrow. As the expected rate of return
of entrepreneurial net worth always exceeds the entrepreneurial rate of time preference,
risk-neutral entrepreneurs prefer to borrow to the limit, invest all net worth in the project,
and postpone consumption until they receive the signal of exiting the economy. In the
meantime, households make decisions on consumption, leisure, investment, and deposits

at the financial intermediary.

2.2 Limited Pledgeability and one-period loan contracts

Entrepreneurs can invest capital in one of two risky projects at the end of period ¢. At
the beginning of period t + 1, both projects, “Good” and “Bad”, can yield R units of
intermediate goods per unit of capital invested if succeed, and zero if fail. Two projects
differ in the probability of success and private benefits for the entrepreneur’}, as shown in

the following table,

Project Good Bad

Probability of Success  pg DB
Private Benefits ba bp

where 0 < pp < pg < 1 and bg > bg > 0 imply that project “Bad” is riskier but yields
more private benefits for entrepreneurs than project “Good”. The capital in a failed
project is fully destroyed.

Entrepreneur ¢ use his net worth n;; and bank loans z;; to purchase capital kf,t and

4The entrepreneurs must provide positive net worth as down payment of loans.
°Tt is a simplified version of the Principal-Agent setting in [Holmstrom and Tirole (1997). In order to

model the divergent objectives between entrepreneurs and outside financiers, the negative relationship
between private benefits for the entrepreneur and the project success probability are commonly assumed
in the incomplete-contract literature. Private benefits may refer to any noneconomic as well as economic
benefits of running a project, e.g., ego, career concerns, large offices or luxury cars. See Hart| (1995) and
Tirole| (1999)) for relevant discussions. An alternative way is to assume that the entrepreneur’s effort is

costly to herself but can raise the success probability of a project.



invest in one of two projectsﬂ. Entrepreneurial project choice is nonverifiable but irre-
versible. Expected productivity of project “Good” is higher than that of household’s
home technology and only project “Good” is socially preferable, where r, is the gross rate
of deposit and E; is the expectation operator based on information available at period ¢,

pcEi[Rueir + (1 — 0)qesa] + be G >0> pE[Rui1 + (1 —0)qia] + b
—
Tt (7

—qt

The bank provides loan z;; to entrepreneur ¢ at the end of period ¢ against the promise
of repaying Rfkit at period t 4 1 if the project succeeds. If the project fails, zero project
outcome and fully destroyed capital imply zero return for both parties. In order to induce

the entrepreneur to choose project “Good”, the bank must provide enough incentives,
(e = pB) E[Rogak§, + (1= 8)qraikf, — RIkS ] > (b — ba)kS,

which is simplified as

Ab
R} = Ey[Rupyr + (1 — 8)qe] — A (2.1)

where Ap = pg — pp > 0 and Ab = bg — bg > 0. The expected return per unit of capital
invested in a successful project is Ei[Rviy1 + (1 — 0)ge41]. According to Equation , the
entrepreneur can credibly pledge only RY per unit of capital invested to the outside lender,
which is independent of his net worth or asset holding. Any promise more than R? is not
trustworthy because the entrepreneur will deliberately choose project “Bad”.

Competitive banks act here as a simple device to pool the idiosyncratic risk of entre-
preneurial projects and we assume no moral hazards in banking sectorﬂ The bank can
perfectly diversify her loan portfolioﬂ so that her ex post collected repayment coincides
with the expectation, which guarantees a sure rate of return for her risk-averse depositors,
r.. The bank’s expected break-even condition actually generates the credit constraint for
entrepreneur ¢,

bi.e
thi,t = pGRt ki,t'

The bank charges a bankruptcy premium ;Tlc over the deposit rate 7;.
The credit constraint takes a similar form as the collateral constraint in |Kiyotaki and
Moore (1997)). In their model, borrower’s inalienable human capital is unique and essential

for the project output. After the financial contracting, he can always threaten to withdraw

SEntrepreneurs are heterogenous and indexed by i € [0, 1].
In fact, one can assume that the risk-averse household can also perfectly diversify her direct lending

to entrepreneurs so that banks are not even needed.
8Chen| (2001) studies bank capital by making an extreme assumption on the bank’s portfolio.



his human capital so as to renegotiate the debt repayment down to the collateral value.
In this sense, any promised repayment exceeding the collateral value is not enforceableﬂ.
In contrast, we assume the irreversible project choice and costless debt enforcement as
well as costless verification of the ex post project outcome. The underlying moral hazard
problem arises only from the nonverifiable project choice.

Were the project choice perfectly verifiable, the entrepreneur would be able to pledge
all of the project outcome Fi[(1 — 0)g;+1 + Rviiq] for 100% external funding so that no
down payment is needed. As a result, capital would be all allocated to the entrepreneurs
of higher productivity and our model collapses to the standard RBC model. See Section

for detailed discussion on the first-best economy.

2.3 Efficiency Conditions
2.3.1 Households

The problem of risk-averse households is quite conventiona]ﬂ. Each period, a household
is endowed with a unit of labor. The household sells her output of intermediate goods
G(kP ) from the safe home project with capital k! | invested at the end of last period,
supplies labor [ to the production of consumption goods, receives lump-sum profits from
capital production sector II;, invests capital k" in the home project, deposits d; at the
bank for a secured rate of return r;, and consumes c!'. The household maximizes the
expected utility with respect to consumption and leisure,

- (C?-y )1_0 X(l - l?+ )Hw
max F s s + 5
ehdi} t;ﬁ { l—o L+

where 0 < 8 < 1 denotes the discount factor, subject to her period-by-period budget

constraint,
thf +dy + C? = UtG(k?—ﬁ +(1- 5)%]5?—1 + wtlf +radiy + 10

The household’s optimization over {c?, I k! d;} gives the equilibrium conditions,

wy = x(1=1)"(ct)” (2.2)
N\’

pri=E; (;—Zl) (2.3)

rqr = Fy [(1 —0)Gr1 + Ut+1G,(k?)] (2.4)

9 An unsatisfying feature of their model is the extremely high leverage ratio.
10 A5 households are homogenous, we use lower-case letters to denote relevant quantities of a represen-

tative household.
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2.3.2 Entrepreneurs

Risk-neutral entrepreneur ¢ maximizes the expected utility with respect to consumption
c; and private benefits

T
Ey Z B° [Cit-i-s + Bkit—i-s—l}

s=0
where T is the stochastic time of death and B € {bg,bg} is private benefit per unit of

capital invested, subject to his period-by-period budget constraints and credit constraints,
thie,t — Zit = -/\[z',t - Cf’t
TiZi¢ = pGRi’kit

where N;; denotes the post-repayment wealth of entrepreneur i. N;; = [(1—0)g + Ry —
RY)_\]kS,_, if the project succeeds and N, = 0 if fails. Due to the linear form of the project
technology and private benefits as well as the entrepreneur’s linear preference, the capital
investment of surviving entrepreneurial ¢ is linearly related with his post-repayment wealth
plus the endowment N ;+e. It facilitates aggregation among heterogeneous entrepreneurs
and only the first moment of the distribution of entrepreneurial net worth has effects on
aggregate economy. The heterogeneity in entrepreneurial net worth does not matter.

As the expected rate of return of entrepreneurial net worth exceeds their rate of time
preference, they always borrow to the limit with accumulated wealth and postpone con-
sumption to the period of death. We use lower-case letters without index i to denote per
capita quantities of heterogeneous entrepreneurs. Aggregate consumption and net worth
for investment as well as credit constraints and budget constraints of the entrepreneurial

sector are respectively,
¢ = (1 —m)pg[Rvy + (1 — 6)qr — R?—l]kf—l
ne = mpa[Roy + (1= 6)q — Ry, Jk{_, +e
Tz = PGR%S
th’f — =Ny

Furthermore, we define

. C]tkf,t Tqt
Qt f— P == h
thi,t —Zit  Tiqe — paly
g Gt Pl a
Kt = qt kf,t t T Q,
7. — BrcEl(1 = 0)as1 + Ruen — RIKS,  Bpo Ad
L= Nt pe Ap

11



as the entreprencurial leverage ratio, the entrepreneurial user cost of capital, and the
discounted expected gross rate of return of entrepreneurial net worth by leveraged in-
vestment (entrepreneurial profitability) respectively, which are all independent of entre-
preneur’s identity. Given the calibration of relevant parameters in Subsection [4.1] the

entrepreneurial profitability significantly exceeds the cost of external funds, ¥, > (r;.

2.3.3 Production of Consumption Goods and Capital Goods

A continuum of perfectly competitive firms have a constant-return-to-scale technology of

producing consumption goods,

Y = A ML (2.9)
log Ay = plog A; 1 + €& (2.10)

where M; and L; = (1 — )l denote aggregate input of intermediate goods and house-
holds labor respectively, while an exogenous productivity €; has persistent effects on TFP
A; whose steady state value is normalized at unity. Without moral hazards, aggregate
production of consumption goods always takes place at the efficient level and both factors

are priced at their marginal products,
UtMt = Oé}/;g (211)

w, (1 =)l = (1 - a)Y; (2.12)

Capital depreciates at the rate ¢ and can be reproduced from consumption goods by

a continuum of competitive firms owned by households,

I, — (1 — pe)nke_, 5 1°

Ky—Ji=1;— — J, 2.13
t— =L —¢ 7, 1—5| 7 ( )
Ky = nky + (1= n)ky (2.14)
Jo= (1= 0)(penki_y + (1 —n)ki'4) (2.15)

where K, denotes aggregate capital stock at the end of period ¢, J; denotes aggregate
stock of the remaining capital after the production of intermediate good at the beginning
of period t, and I; denotes aggregate input of consumption goods. Similar as in [Faia
(2004), ¢ [% — % i J; specifies capital adjustment costs. Free from moral
hazard problems, these firms maximize the profit with respect to I,

I, = ¢;( K, — -1
%?f( t Qt(t Jt) t

12



and in equilibrium,

121_2¢ It_(l_pG)nktefl_ 0 '
qt Ji 1-9

(2.16)

Any profit is transferred to households in a lump-sum form'l]

2.4 Market Equilibrium

Market clearing conditions for intermediate goods, consumption goods, capital goods,

labor, and credit market are respectively,

M; = (1 - n)G(kf,l) + npa Rk;_, (2-17)

Yi4+e=(1—n)+nc + 1, (2.18)
I, — (1 — pa)nke. 5 1?

Ky =1 — o |2 JfG)"“—l_(s J, (2.19)

Ly = (1 =n)if (2.20)

nz = (1—mn)d (2.21)

Definition 2.1. Competitive equilibrium is a set of allocations {k¢, k', K, I, Jy, 2, I,

M, Yy, et e, ne} together with a set of prices {vs, g, wy, 7¢, RY} and the exogenous process

{ A} satisfying equations (2.1)-(2.18)).

3 Loan Contracts Revisited and the Benchmark Case

With respect to the contractual setting, our model differs fundamentally from |Chen! (2001))
and |Aikman and Paustian (2005) in the following three aspects.

First, Chen| (2001)) and |Aikman and Paustian| (2005)) assume fixed capital stock and
no depreciation. The contract between a bank and an entrepreneur is specified as follows.
The entrepreneur must deliver a predetermined share of the project outcome to the bank
in the form of intermediate goods and keep for himself the rest of the project outcome
as well as capital if the project succeeds; if fails, the project yields nothing and the bank
just captures the entrepreneur’s capital and hands over to the household. If we calibrate
their models so that the entrepreneurial leverage ratio is at the reasonable level, e.g., 2
as in Bernanke, Gertler, and Gilchrist| (1999), the ex post price of capital in the non-

stochastic steady state is so high that the liquidation value of capital in a failed project

1Tn the case of no adjustment costs ¢ = 0, the price of capital is constant at unity and there is no

profit; while in the case of costly adjustment ¢ > 0, the price of capital is variable over time.

13



even exceeds debt obligations. In other words, according to their contractual setting,
a bank actually gets more from a failed project than from a successful project, which
seems rather weird and is lack of sound arguments. According to the standard debt
contract, an entrepreneur with the failed project could repay the predetermined debt by
just liquidating the remaining physical assets and retain anything left, while the lender
should not get more than predetermined debt amount from liquidation. Dominated by
a standard debt contract, the contract in their models might not exist in equilibrium.
In contrast, as capital in a failed project is assumed fully destroyed in our model, the
entrepreneur just declares bankruptcy and is released from debt obligations.

Second, the contract in their models specifies the share of the project outcome in terms
of the intermediate good for motivating entrepreneurs and banks to behave in a desirable
way. In fact, the entrepreneur can not only pledge his expected project outcome but also
his capital stock for external funding. In contrast, we specify loan repayment in terms
of the consumption good. According to our calibration, the entrepreneurial share of the
project outcome is in fact negative, R — RTb < 0 in the non-stochastic steady state. As
both entrepreneurs and households care only about consumption, it is the total pledgeable
value in terms of the consumption good that matters.

Third, according to the contractual setting in |(Chen! (2001) and |Aikman and Paustian
(2005), banks and entrepreneurs are provided with some shares of the project outcome in
terms of the intermediate good as incentives. As a result, households get the rest of the
project outcome as the deposit return. In the stochastic setting, variable prices of capital
and intermediate goods make the ex post deposit return in terms of the consumption
good differ from the expected return in the deposit period. It does not matter in the
economy with all risk-neutral agents, e.g., in Chen (2001), but does matter in the economy
with some risk-averse agents, e.g., households in |[Aikman and Paustian| (2005). As risk-
averse households only care about consumption goods, the deposit contract written in the
consumption good must dominate that written in the intermediate good.

According to the loan contract in our model, banks provide loans of z;;—; at the end

of period ¢ — 1 to entrepreneur ¢ for capital investment kf, ;. If his project succeeds, he

Tt—1
pa

repays the bank the predetermined debt amount zig—1 = Ry_,k§,_, after selling his
output of intermediate goods at the beginning of period ¢. His post-repayment wealth
is Nig = [Ruy + (1 — 0)q — RY_,]k¢,_,. If his project fails, he gets nothing Nj; = 0.
At the aggregate level, the banks with perfectly diversified portfolio get total repayment

from entrepreneurs npgR? k¢ | with certainty, which guarantees the predetermined rate

14



of deposit return for risk-averse households,

(1 = n)rerdiy = nre1ze-1 = pe Ry k-
Consider the per capita post-repayment entrepreneurial wealth,

Ny =pe[(1—0)g + Rukf | — 11211

= pel(1 = 8)q + Roy — R ]ky
Ab
=pelo— + (1 =) (@ — Er1qe) + R(ve — Ey—qvy) ki

Variable prices of capital goods and intermediate goods imply that ¢, # E; 1¢; and
vy # Fy_jv; in the stochastic environment. In fact, the post-repayment wealth of risk-
neutral entrepreneurs acts as a buffer to insure banks and then their risk-averse depositors
against any aggregate shocks through loan contracts written in terms of the consumption
good™

Consider the first-best economy without moral hazards, where the entrepreneurial
project choice is perfectly verifiable at the date of contracting. As the entrepreneur can
now credibly pledge all project outcome for external funding, he does not have to provide
any down-payment. In equilibrium, all entrepreneurs invest in project “Good” and get
100% external funding. Furthermore, as the expected productivity of project “Good”
exceeds that of household home project, capital is fully allocated to entrepreneurs and
there is no heterogeneity in investment among them, kf, = ki = % By fully pledging
the project outcome and the remaining capital stock each period, the entrepreneur just
consumes his endowment each period and enjoys private benefits from running project
“Good”, bgk;. However, the contractual relationships among agents in the first-best
economy is substantially different from those in our model economy with moral hazard.
If an entrepreneur had pledged all project outcome to acquire external funding via the
loan contract R? | = E;_1[(1 — 0)g; + Ruvy] for leveraged investment in project “Good” at
period t — 1, his post-repayment wealth at period ¢ could be negative in the stochastic
framework even if his project succeeds, N; = [(1 — 0) (¢ — t—1.4) + R(vy — vg_14)]kf_;. As
entrepreneurs even with successful projects would be unable to repay the predetermined
debt amount in those states with negative shocks, equity contracts replace debt contracts

in financing the entrepreneurs’ projects. Be specific, the household invest d;_; in banks

12The study on business cycles normally assumes that aggregate shocks are relative small so that the
economy always fluctuates around its non-stochastic steady state. In our model, the stochastic shocks

are always so small that the entrepreneurs with successful projects can still repay even in the worst case.
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at the end of period ¢ — 1 for an contingent rate of return r; instead of the predetermined

rate of return r;_; after the project outcomes are realized at the beginning of period t.

(1_7])dt—1 :

Actually, banks provide (1 —n)d;_; to entrepreneur who invests capital kf_; = T, n

project “Good”. In return, banks have the right of collecting all of the project outcome
as well as the remaining capital if the project succeeds but zero if fails. After collecting
from entrepreneurs at the beginning of period ¢, banks transfer nps[(1 — §)¢: + Ruglki_,

to households. The ex post rate of return for the household’s financial investment is

_ npel(l = 8)q + Rudki_y  pgl(1 —6)q + Ruy]

(1 - n)dtfl di—1

Here, risk-neutral entrepreneurs are unable to provide insurance for risk-averse households

Tt

against aggregate risks via standard debt contracts any more. In fact, the first-best
economy is quite similar as a standard RBC model economy with some minor difference.

The following equation system governs market equilibrium in the first-best economy,

BEri = Ey (%) (3.1)
G = Et% (3.2)
Ti+1
wy = x(1 = 17)%(ct)” (3.3)
R = (1—6)¢ + Ry, (3.4)
rize-1 = paRVkS (3.5)
M; = paRnk;_, (3.6)
Yy = A M1 = n)lp] e (3.7)
My = oYy (3.8)
w1 =n)lf] = (1 - )Y, (3.9)
(L= + 1 =Y, (3.10)
K, = k! (3.11)
Jpy = (1= 8)panki_, (3.12)
Ki—Ji=1—¢ [[’f - —ch)nkf_l - - f 5] : J; (3.13)
é —1-2¢ Vt £ JfG)nk” -3 i 5] (3.14)
log A; = plog Ai_1 + & (3.15)
uky = z (3.16)
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4 Dynamic Analysis

4.1 Calibration

Let us start from households. The home production function takes the linear form3]

1 nks
Gk == (1 L) Ky 4.1
)= (1 5 ) 28
and the marginal productivity is G’(kl) = % (1 + %’f) The quarterly discount factor

G = 0.99 corresponds to an annual rate of interest of 4%; households labor supply in the

steady state L = % requires xy = 2.9; following |Carlstrom and Fuerst| (1997, [1998) and
Kato (forthcoming)), we set o = 1 and ¢ = 0.

The share of intermediate goods in consumption good production « is set at 0.36, and
p is chosen at 0.95 as in (Carlstrom and Fuerst| (1997 |1998) and Bernanke, Gertler, and
Gilchrist| (1999). Capital depreciates at a quarterly rate of 6 = 2.5%. As in |Carlstrom
and Fuerst, (1997)), the quarterly rate of business failure at 1% implies pg = 0.99.

The proportion of entrepreneurs in the whole population is 7 = 0.5. Aggregate capital
stock K = 1.4 and the price of capital goods ¢ = 1 in the non-stochastic steady state.
The values of {m = 0.6, R = 5.3, i—;’) = 0.83} are jointly chosen to satisfy the following
conditions in the non-stochastic steady state. Entrepreneurs’ aggregate capital holding
accounts for half of total stock; the entrepreneurial leverage ratio 2 = 2, as in |Bernanke,
Gertler, and Gilchrist| (1999)); entrepreneurial pledgeability is (1_;)%% = 38%.

4.2 Simulation Results

We log-linearize the equation system governing the market equilibrium around its non-
stochastic steady state and employ the solution method provided by |Schmitt-Grohe and
Uribe (2004). Assuming no adjustment costs, subsubsection compares the im-
pulse responses of our moral hazard model economy with those of the first-best economy
and shows how gradually-built entrepreneurial net worth and capital reallocation among
households and entrepreneurs can explain the amplified hump-shaped output behavior

after a productivity shock. Under various degrees of adjustment costs, Subsubsection

13This function form implies that there is production externality from the entrepreneurs. The higher
the proportion of entrepreneurs’ aggregate capital holding is, the household’s marginal productivity will

be higher, too.
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compares the impulse responses of two model economies and analyzes how variable

asset prices can affect the dynamic features of aggregate output.

4.2.1 Constant Asset Prices: No Capital Adjustment Costs ¢ =0

The impulse responses of the moral hazard economy (MH) and the first-best economy
(RBC) with respect to an exogenous TFP shock are shown in Figure [1}

As mentioned in Section [3], the first-best economy can be essentially described as a
standard RBC model. When an exogenous productivity shock hits the economy, house-
holds prefer to smooth consumption by accumulating capital. As there is no adjustment
costs, capital is one-to-one transformed from consumption goods so that asset prices are
constant at unity. As quite standard in RBC model, aggregate output reaches its peak at
the shock period and converges to its steady state level monotonically.

While, our moral hazard model replicates an empirical business cycle fact, the hump-
shaped output behavior. The mechanism is as follows. At the shock period ¢, the ex-
ogenous rise in TFP of consumption goods production increases aggregate demand for
intermediate goods. Given the fixed aggregate supply due to predetermined investment,
k¢, and k' |, the price of intermediate goods rises to clear the market (v; > FE;_jv;),
which improves the post-repayment wealth of entrepreneur ¢ with a successful project,

given constant asset prices ¢, = E;_1q; = 1,

Ab . Ab
./\/;775 = A_p + R(Ut — Et—lvt) ki,t—l > A_pki’t_ll (42)

Per capita entrepreneurial net wealth for investment N; = wN; + e improves, too. By
leveraged investment, entrepreneurs have lower user cost per unit of capital invested than
households, p; = ¢ — 2—;; =1- pi’:—?lg < 1. In the shock period, the entrepreneurial user
cost falls because the rise in entrepreneurial pledgeability R? exceeds that in the loan rate
ry. The fall in user costs together with the improvement in entrepreneurial net worth
enables them to increase the capital holding. The boom in the credit demand pushes up
loan rate. In the meantime, banks raise deposit rate and attract more deposits to such
an extent that the capital holding of households even falls.

The initial rise in entrepreneurial profitability W; implies that entrepreneurial net
worth can yield higher expected return in the next period than that in the steady state.
The fact that the entrepreneurial profitability stays above its steady state level in the

following four periods encourage entrepreneurs to invest more capital. As the entrepre-

neurial user cost is below its steady state level until the fourth period after the shock, it
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Figure 1: Moral Hazard Model vs. RBC Model: Constant Asset Prices ¢ =0
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is relatively cheap for entrepreneurs to invest capital goods in the project. As a result,
aggregate capital holding of entrepreneurs grows gradually to reach its peak in the fourth
period after the shock. Afterwards, the user cost rises above the steady state level, which
depresses aggregate entrepreneurial investment.

In Carlstrom and Fuerst| (1997) and Kato, (forthcoming)), moral hazard arises in the
intraperiod loan for capital production. As capital is an input for aggregate production,
the delayed capital production due to moral hazard results in the hump-shaped output be-
havior but at a depressed magnitude relative to that in a RBC mode]@. In contrast, there
are two forces driving aggregate output in our model: the exogenous shock with persistent
effects on TFP and capital reallocation among agents with heterogeneous productivity.
Capital is allocated relatively more to entrepreneurs, as their net worth improves gradu-
ally. Although TFP in the third period after the shock is lower than that in the initial
shock period, aggregate output reaches its peak, because the contribution of the rise in
aggregate entrepreneurial capital holding to consumption goods production overcompen-
sates the effects of the gradual fall in TFP. In this sense, our model generates the amplified

hump-shaped output behavior via an extra channel of capital reallocation.

4.2.2 Variable Asset Prices: Costly Capital Adjustment ¢ > 0

A large body of literature initiated by Kiyotaki and Moore| (1997) shows that a rise in
asset prices can improve the net worth of those credit-constrained firms and then enables
them to make more leveraged investment. By assuming fixed supply of durable assets,
these models over-stress the responses of asset prices with respect to the change in asset
demand. Meanwhile, these models do not generate the hump-shaped output behavior.

In the previous experiment, we shut off the effects of asset price on model dynamics by
assuming that depreciable capital can be reproduced one-to-one from consumption goods.
We now analyze the impulse responses of the model economy under different degrees of
adjustment costs and show how variable asset prices can influence the dynamic features
of aggregate output. Given the degree of adjustment costs ¢ = 1, Figure [2| compares the
impulse responses of our moral hazard economy and the first-best economy.

In the shock period, the post-repayment wealth of entrepreneurs per capita is

Ab
N =pc Ap + (1 =0)(qe — Erm1q) + R(vy — Ey_qyvy) | ki) (4.3)

14 That is, the maximum response of output is less than that in the standard RBC model.
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Figure 2: Moral Hazard Model vs. RBC Model: Costly Asset Adjustment ¢ = 1
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As mentioned above, a positive shock on TFP increases aggregate demand for the in-
termediate good, which pushes up its price above the expectation, (v; > E;_jv;). The
excessive demand of entrepreneurs for capital pushes up its price due to costly adjustment
(¢ > Fi—1q;), which further improves entrepreneurial net worth, i.e., the collateral effect
as stressed by [Kiyotaki and Moore| (1997).

As long as entrepreneurial profitability stays above its steady state level, entrepreneurs
prefer to invest more capital in their projects in order to take advantage of higher expected
return of net worth. Compared with the case of constant asset prices, the improvement
in entrepreneurial net worth due to the additional effects of asset prices is much larger
in the shock period so that more loans are granted for entrepreneurs. The dramatic fall
in the profitability of net worth in the following period implies that the profitability has
been significantly explored in the initial period. In this sense, the soaring asset prices in
the shock period actually change entrepreneurs’ investment pattern and consequently the
dynamic pattern of aggregate output via the mechanism of capital reallocation mentioned
before. That is, aggregate output reaches its peak in the second period after the shock,
earlier than in the case of constant asset prices.

For a better understanding of this mechanism, Figure |3| shows the impulse responses
of two economies in the case of ¢ = 10, where capital supply is more inelastic than in the
case of ¢ = 1. Asset price rises so high at the shock period that entrepreneurial net worth
improves greatly. The significant improvement in entrepreneurial net worth enables them
to increase capital holding to such an extent that the price of the intermediate good in
the following period is depressed due to the huge rise in its supply. The entrepreneurial
profitability peaks in the shock period and falls below the steady state thereafter, which
implies that the profitability is fully explored in the shock period. As a result, the capital
holding of entrepreneurs peaks in the shock period and aggregate output just one period

after the shock. Our results hold under various calibrations of structure parameters.

5 Conclusion

We provide a real DGE model with heterogenous agents in which nonverifiability of en-
trepreneurial project choice justifies credit constraints. We bring together two strands of
literature concerning credit market imperfections.

In the literature explaining the hump-shaped output dynamics, e.g., |Carlstrom and

Fuerst| (1997) and [Kato (forthcoming)), credit frictions arise in the capital production.
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It takes time for those credit-constrained agents, who produce depreciable capital, to
gradually accumulate net worth and ameliorate agency costs for leveraged investment.
As capital, an input for aggregate production, is then produced in the delayed fashion,
the responses of aggregate output to a persistent TFP shock has a depressed hump-shaped
form. In our moral hazard model without capital adjustment costs, aggregate output is
here driven both by TFP and by capital reallocation among agents with heterogenous
productivity. In fact, the gradually-built net worth of those credit-constrained agents has
the effects on the process of capital reallocation and explains the amplified hump-shaped
output behavior here.

In the literature on the role of asset prices in amplifying the effects of a small shock,
e.g., [Kiyotaki and Moore| (1997) and Chen| (2001), aggregate stock of durable assets is
assumed to be fixed for analytical convenience. The amplifying effects of asset price on the
transmission mechanism in a credit-constrained economy is well explored, while the role of
asset prices in changing the dynamic pattern of output behavior has not yet been studied.
We choose costly capital adjustment as a vehicle to model the upward-sloping capital
supply curve. Asset prices have now strong effects on the net worth of credit-constrained
agents. Given an exogenous positive TFP shock, the rise in asset prices improves the net
worth of those constrained agents in addition to the positive revenue effect. It takes less
time for them to invest at the maximum. As a result, aggregate output dynamics are less
delayed.

Following the modeling strategy of |(Carlstrom and Fuerst| (1997)), Kato| (forthcoming)
derives credit constraints for those capital producing agents from nonverifiability of project
choice, too. |Zhang (2005b]) combines Kato| (forthcoming) with the moral hazard model
here and study the interactions between intertemporal and the intratemporal loan con-
tracts financing the production of intermediate goods and capital goods respectively. The
model with dual limited pledgeabilities and variable asset prices actually generates even
more delayed hump-shaped output behavior. In this sense, one cannot give a clear-cut
answer to whether variable asset prices can speed up or delay the responses of aggregate
output in our framework with limited pledgeability. It depends substantially on the spe-
cific mechanisms of capital supply. If one models asset price by just assuming fixed asset

supply, he might miss the whole view of what asset prices can do.
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