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1 Introduction

Because they are based on long-term growth models, modern equilibrium
theories of business cycle fluctuations ususally assume perfectly competi-
tive goods, labour and financial markets. Especially with respect to finan-
cial markets, for which it has been shown that a direct relationship be-
tween financial development and economic growth does exist (see King &
Levine (1993) and Rajan & Zingales (1998)), this assumption might be too
restrictive. The well-established co-movements of monetary and real ag-
gregates suggest that also at the business cycle frequency financin frictions
are important determinants of economic behaviour After all, the hypothesis
that changing conditions in financial markets are an important driving force
of fluctuations in real economic variables has a long history in macroeco-
nomic theory (see Keynes (1936)). At the same time, a large microeconomic
literature has developed explanations for the existence of market imperfec-
tions in financial markets based on informational or contractual problems
(see Hart (1995) for an excellent survey) and a large empirical literature
documents evidence that some firms and households face systematic prob-
lems in accessing the credit market (see Hubbard (1997) and Browning &
Lusardi (1996) for recent surveys). We believe that there is broad consen-
sus among economists concerning these questions and there is a broad re-
search programme which studies the effects of incorporating financial market
imperfections into stochastic dynamic macroeconomic models. This paper
contributes to this research programme.

In particular, we show that relaxing the assumption of perfect finan-
cial markets affects the stability properties of the dynamic equilibrium.
Benhabib & Farmer (1996) have shown that if the economy is character-
ized by local indeterminacy expectational errors provide a source of shocks
which might lead to macroeconomic fluctuations Contrary to other models in
the indeterminacy literature which rely on self-fulfilling expectations about
future consumption, fluctuations here originate from self-fulfilling expecta-
tions about the future price of capital. This behavior emerges even if the
aggregate technology exhibits constant returns to scale and the mechanism
can briefly be described as follows. If agents expect a high price of capital
to prevail in the next period they increase their investment expenditures
today. With constant returns to scale and imperfect financial markets this
investment increase triggers two effects: agents consume less and monitoring
costs associated with investment increase. Indeterminacy can arise only if
together with consumption also employment decreases which dampens the
increase in the capital stock. After the initial shock, the price of capital
returns quickly to its steady-state level, which ultimately leads the system
back to the steady state. Due to the persistently positive effects on entre-
preneur’s net worth which mitigates the financing problems, investment and



the capital stock remain high for many periods and also the changes in con-
sumption and employment are quite persistent. The model therefore also
provides a propagation mechanism that is absent from business cycle models
which rely on technology shocks. There is one important short-coming of
the model which it shares with other constant returns to scale models with
indeterminate equilibrium. Due to the resource constraint, consumption
and investment tend to move in opposite directions in the short-run. Intro-
ducing financial market imperfections does not solve this problem. Other
features like increasing returns to scale or production complimentarities in
a multi-sector model are needed to overcome this difficulty.

An indispensable assumption in macroeconomic models with imperfect
financial markets is the heterogeneity of agents. Usually, only a fraction of
the agents (borrowers or entrepreneurs) has access to the stochastic capital
production technology. Further, there must be some underlying contracting
problem, which prevents the lenders and borrowers from writing a first-best
contract. Because of this imperfection, agents will condition their contracts
on other variables than the ex-post outcome of capital production like col-
lateral or entrepreneurial wealth. To generate asymmetry among entrepre-
neurs, they must differ in these conditioning variables. Aggregate shocks to
the economy may then affect the path of the economy by changing the terms
of the financial contract. For example, in the OLG-model of Bernanke &
Gertler (1989) the change in savings of young entrepreneurs induced by the
change in productivity, raises the volume of collateral available and hence
reduces the extent of the agency problem in lending. The decrease in the
external finance premium associated with the reduction in agency costs en-
ables more entrepreneurs to undertake investment projects and hence leads
to a higher capital stock in the next period. Since the capital stock is higher
next period, than would be the case without the initial productivity shock,
production and savings is higher also next period and the positive effects of
the productivity shock persist.

The literature related to this paper is enormous and we therefore men-
tion only those papers that are closely related to this study. Carlstrom
& Fuerst (1997) focus on the output dynamics and reproduce the hump-
shaped impulse-response function of output that can be found in U.S. data
using serially correlated productivity shocks as the source of fluctuations
and financial market imperfections as an additional propagation mechanism.
Their result is driven by the initially muted response of net worth result-
ing from temporarily higher productivity. The slow response of net worth
leads to an increase in agency costs along with the increase in investment,
partly choking off the increase in investment by raising the price of capi-
tal. Only after three periods, net worth peaks and the price of capital falls
back to its initial level. Bernanke, Gertler & Gilchrist (1998) build a quite



complex model which is designed to demonstrate the explanatory power of
“New Keynesian”-theories of the business cycle. In addition to introducing
financial market imperfections, they also include price stickiness, imperfect
competition, fiscal policy and a lagged investment response in their business
cycle model. In judging the quality of their model Bernanke, Gertler &
Gilchrist (1998) place most emphasis on the model’s response to monetary
policy shocks and find that it performs well given the standards of RBC-
modelling. They also address the concern that only a fraction of firms which
are also usually small can convincingly be regarded as credit-constrained by
explicitly introducing another type of firm that does not face any credit-
market imperfections. Their simulations show that also in this case the
balance-sheet channel can be quite powerful, since spillovers between these
two types of firms arise.

2 The Model Setup

The model® assumes the existence of a continuum of two types of infinitely-
lived agents, referred to as workers and entrepreneurs, and only entrepre-
neurs are assumed to have access to the capital-production technology. In
addition, the model assumes the existence of a competitive sector of finan-
cial intermediaries that operate without cost and diversify the risk associ-
ated with any individual debt contract in such a way, that workers obtain
a certain rate of return on their savings. Let me begin with describing the
economic problem of workers. 2

2.1 Workers

The fraction of workers in the population is (1 — 1), they are assumed to be
risk-averse and maximize

Ep li BU (ct,1 — ht)]
t=0

with respect to ¢; and h; and subject to their budget constraint. Here FE;
denotes the conditional expectation at time ¢ 3 € (0,1) is the discount rate
of workers, ¢; is consumption, h; is the amount of hours worked and the
time endowment is normalized to 1. The budget constraint is

ct = Wihi + Riky — Qi(key1 — (1 — 0) k)

!The basic setup used here is taken from Carlstrom & Fuerst (1997).
?Lowercase letters denote individual quantities and uppercase letters denote aggregate
quantities, while greek letters denote parameters.



where wy, r; and k; are the wage rate, the return to capital and the capital
stock, respectively. § is the depreciation rate and @; denotes the price of
capital goods in terms of consumption goods. The optimal choices of workers
are described by the labour supply curve

—Un(t)/Uc (t) = Wi (1)

and the consumption Euler equation
QU(t) = BEA{U(t + 1) [Qe41(1 — 0) + Ry11]} (2)

In each period, aggregate output of the consumption good in this econ-
omy, denoted by Y%, is produced competitively with a constant returns to
scale technology using aggregate capital K; (which in slight abuse of nota-
tional conventions includes both the capital of workers and that of entre-
preneurs), aggregate labour and aggregate entrepreneurial skills, which are
denoted by HE;.

Y, = F(K, H;, HE;)

The price of the consumption good is normalized to 1 and competitive factor
markets ensure that the three factors of production receive their respective
marginal products: Ry = Fi(t), Wy = Fa(t), Xy = F3(t). X; represents
the wage rate for entrepreneurial skills. The assumption of entrepreneurial
labour income is necessary in order to ensure positive net wealth of entrepre-
neurs in each period, which is required in order for the financial contracting
problem described below to be well defined.

2.2 The debt contract

Before describing the behavior of entrepreneurs, we will now turn to the
derivation of the optimal debt contract. Debt is welfare-improving in this
economy, because only entrepreneurs can produce the capital good, but may
not have enough current wealth to purchase the optimal quantity of factor
inputs. The presence of asymmetric information is the reason why access to
the financial market is restricted for entrepreneurs. As mentioned before, we
assume the existence of financial intermediaries, which collect the savings of
workers and then lend to many entrepreneurs simultaneously. In this way
the financial intermediaries are able to diversify away the risks associated
with any individual debt contract and guarantee a certain rate of return
to the workers®. The most important restriction that is used in order to
simplify the implementation of the contracting problem into the dynamic
general equilibrium model is that only intraperiod contracts are feasible and

3In fact, because we assume that there is free-entry into lending and the loans are
intraperiod loans the rate of return will be exactly 0.



that there is no stochastic monitoring. Also there will be no possibility of
tracking the behavior of entrepreneurs over time.

The optimal debt contract will be written between the financial interme-
diary and the entrepreneurs. Both parties are risk-neutral and entrepreneurs
have positive net wealth n (in this part we drop the time indices, since there
are no dynamic considerations). The capital production technology oper-
ated by each entrepreneur is linear and allows them to convert 1 consumption
good into w units of capital. w is an idiosyncratic random variable with non-
negative support, a mean of 1, some density function ¢ and a cumulative
distribution function ®. It is assumed to be i.i.d. across time and across
entrepreneurs. The contracting problem arises, because only the entrepre-
neur operating the technology can observe the realization of w costlessly.
Other agents must pay some monitoring cost wpi, which is proportional to
the size of the project 4, in order to learn this value. This asymmetry of
information creates a moral hazard problem, because entrepreneurs have an
incentive to report a low value of w. By the revelation principle however,
the optimal contract will be structured such that the entrepreneurs always
truthfully report w.

In the absence of the possibility of stochastic monitoring and with all
economic rents flowing to the entrepreneur (that means free entry into lend-
ing,), the optimal contract maximizes the expected return to investing of
entrepreneurs subject to the participation constraints of entrepreneurs and
the no-profit-condition for financial intermediaries. More specifically, the
objective function to be maximized looks like this:

0 U:wz’¢(w)dw_(1_q>(w)) (1++) (i—n)]

where the expected return is measured in terms of consumption goods, r¥ is
the interest rate specified by the optimal contract and (i — n) is the amount
borrowed by the individual entrepreneur. Because of truthful reporting,
monitoring and default will occur exactly when the entrepreneur is unable
to repay the debt, i.e. if

" (1—rk2(i—n) 5

Effectively, the optimal contract specifies a pair of decision variables
(i,w), where @ is the cutoff level of the reported idiosyncratic shock below
which monitoring (and default) will occur. The price of capital @ and the
net wealth of entrepreneurs n are taken as parameters and determine the
specific values of (i,w) for each contract.



Substituting the definition of @ into the objective function above yields
0| [Twv - (1-2@)e] = Qif(@)
w

where f(@) = [[2°w¢ (w) dw — (1 — @ (@)) @] can be interpreted as the frac-
tion of expected net capital output received by the entrepreneur. Since the
loans are intraperiod loans, the maximization is subject to the intermediaries

and the entrepreneurs not receiving a negative return in expectation,

0
= Qig(w) = (i—n)

0 [/wmqs(w)dw_@(@)m+(1_q>(@)) (1++) (i—n)]

and

Qif(w) =n

Analogously to f(w), g(w) = [fow wi¢ (w) dw — @ (w) pi + (1 — @ (@)) w}
can be interpreted as the fraction of expected net capital output received by
the financial intermediaries and adding the two terms yields

@) +9(@) =1-2 (@) p

which shows that a fraction ® (@) u of the produced capital is destroyed by
monitoring and the remaining capital is divided between the entrepreneurs
and the financial intermediaries. The relevant first-order conditions pinning
down the optimal values of @ and ¢ in each period as functions of () and n
are

i, [ f @)
ofi-2@uro@n|fd]} -1 )
) n
T1-Qe@) W
In the following, it will be important to note that the optimal cutoff
level @ is the same for all the entrepreneurs, regardless of their current net
worth and only depends on the price of capital Q). This is due to the linear
technology of entrepreneurs, which equalizes their marginal productivity
regardless of the size of operations and the sources of finance.

2.3 Entrepreneurs

Entrepreneurs are assumed to be risk-neutral and to discount the future
more heavily than workers do. This assumption is contrary to the “received
wisdom” that entrepreneurs are more patient than other people and there-
fore willing to accumulate more capital. In the presence of financial market



imperfections this statement must be qualified. Since with imperfect finan-
cial markets there is a positive wedge between the expected rates of return
of lenders and entrepreneurs, entrepreneurs do not save because they are
more patient, but rather because they can get a higher return. In fact, what
is needed in order to prevent them from saving too heavily in initial periods
and become completely self-financing, is that entrepreneurs are less patient
than other agents. This is precisely what is assumed here and we chose
the spread between the discount rates of entrepreneurs and workers such
that it neutralizes the expected internal rate of return in the steady-state.
Specifically, entrepreneurs maximize

Ey [Z(ﬁv)tcet]

t=0

where ce; denotes consumption by entrepreneurs at time and v € (0,1) is
the additional rate of discounting and defined by

1
rYiTEo

where r7° denotes the expected internal rate of return in steady state to be
defined below. Entrepreneurs supply inelastically one unit of entrepreneurial
skills and accumulate their own capital holdings, denoted by z; at time t.
Their budget constraint is

E
Cet = Ty — 2t41Q¢

where n; is the individual entrepreneur’s net wealth and ¥ the individual
expected rate of return on internal funds in the production of new capital
goods at time t. From the optimal contracting problem above, this expected
internal rate of return is
Quirf (Wt
7"5 = —( ) =Qt

T

f(wy)
1- th(@t):| > 1

Because this expected internal rate of return is greater than 1, the risk-
neutral entrepreneurs will always pour their entire net worth into the loan
contract to be negotiated. Net worth at time t in terms of the consumption
goods is given by the sum of entrepreneurial wages, rental income from the
capital stock and the value of the depreciated capital stock

ng = Xt + RtZt + QtZt(l — (5) (5)

If optimal entrepreneurial consumption is always positive, the optimal con-
sumption decisions are captured by the following Euler equation

B f(@e41)
Qt = ﬂ’yEt {[Qt—l—l(l — 5) + Rt—H] -Qt—l—l 1_— Qt+1g(@t+1):| } (6)

7



It should be noted that, because of the linearity of utility, no individual vari-
ables appear in this equation (if we recall that the optimal cutoff level w only
depends on the price of capital @) and hence the dispersion in entrepreneur-
ial net worth that is caused by the idiosyncratic productivity shocks does
not matter for the entrepreneur’s consumption-saving decisions. All solvent
entrepreneurs will consume according to this Euler equation and those that
had to declare bankruptcy at date t loose all their wealth, consume zero
consumption goods in period t, and have to start from scratch in the next
period. The linearity of utility in consumption makes entrepreneurs indif-
ferent to these risks. In the definition of equilibrium below, we will further
use the aggregated budget constraint of entrepreneurs, which is given by

n TE — ce
Zi = n(niry” — ceq) )

Q1
(e + 21+ i s -

2.4 Equilibrium

The model is closed by the market clearing conditions for the four markets
in the economy, the two labour markets, the consumption good market and
the capital market, respectively

H =(1-n)h
HE =1
(L —n)er +neer +nie = Yy (8)
Kiyi=01-0)Ki+ I 9)

where I; stands for aggregate realized investment and is equal to total pro-
duction of new capital goods net of monitoring costs

Ty = nig(1 — @ (&) p)

A recursive competitive equilibrium in this economy is defined by deci-
sion rules for Cy11, Qt+1, Kiv1, Zty1, CEy, Hy, It, Ny, 0y, which are stationary
functions of the state variables (Cy, K, Qt, Z;) and satisfy equations (1)-(9).



~Un(t)/Uc (t) =W, (1)

QuUc(t) = BEA{Uc(t +1) [Qup1(1 — 6) + R} (2)
1
Q= (3)
1@ @) p+ 6 @) i | H2]
Ny
"= TGy @
Ny = nXi + Zy [F1(Ky, Hy,m) + Qi(1 — 9)] (5)

Qt = ,8’7Et {[Qt—i—l(l — 6) + Rt—H] 'Qt+1 |:1 _ C'];Efigz;t+l):| } (6)

. f((f)t) CEt
Zit1 = Ny [1 — th(@t)] ) (7)
Ci+CE+1Li =Y, (8)
Kip1=(1-0)Ki + It [1 — @ (1) (9)

3 Detecting indeterminate equilibria

As mentioned before, the purpose of this paper is to examine the robustness
of the property of determinacy of equilibrium in SDGE-models with imper-
fect financial markets. From the example of Carlstrom & Fuerst (1997), we
know that at least for one specific set of calibrated parameters the present
model possesses a determinate equilibrium. The question, we are asking
in this section is how robust this property of determinate equilibrium is to
changes in the calibration. In other words, we want to see whether there
are other plausible calibrations of the same model, for which the model pos-
sesses an indeterminate equilibrium. Before going on to do that, we briefly
want to review the requirements for and the interpretation of indeterminacy
and the main empirical problems these models face?.

4 An excellent survey on this has recently been published by Benhabib & Farmer (1999).



Put simply, the property of indeterminacy means that the model pos-
sesses infinitely many equilibrium paths arbitrarily close to each other. This
implies that a problem of equilibrium selection arises. Technically, indeter-
minacy of equilibrium corresponds to ,excess stability” of the underlying
system of difference (or differential) equations. In determinate models, the
number of stable roots equals the number of predetermined variables (vari-
ables whose next period value is completely determined by the current state
variables). If this is the case, there are exactly enough initial conditions to
pin down a unique equilibrium path (the saddle path). In models with in-
determinate equilibrium, the number of stable roots of the system is larger
than the number of predetermined variables. It follows that one or more
initial conditions are missing and many equilibrium paths (i.e. sequences of
the state variables which satisfy the system of difference equations derived
from the equilibrium conditions) exist. In the business cycle literature this
property is exploited by letting expectational errors generate fluctuations of
real variables in the model. Since these fluctuations are driven by expec-
tational errors, they do not have a relation to economic fundamentals and
generally produce non-pareto-optimal allocations if agents are risk-averse.
The possibility of indeterminate equilibrium has been known at least since
Blanchard & Kahn (1980) but only recently some economists have taken
this possibility seriously and showed that for perfectly plausible parameter
values SDGE-models of the business cycle may display indeterminacy (see
Benhabib & Farmer (1996), Schmitt-Grohe (2000)).

The methodology used in the business cycle literature is by now very
well-known. One first solves for the steady-state of the underlying growth
model and then log-linearizes the equilibrium conditions around the steady-
state. In the present case, we get a 9 dimensional system of linear equations,
which can be reduced to a 4-dimensional system of difference equations ° of
the form

Cia Ci

g | K | o g B (10)
Qi1 o
Zt+1 Zy

where J is a (4x4) matrix and &, = 2= and denotes the percentage devia-

tion of z from its steady-state value z°.As state variables we have chosen the
aggregate consumption of worker households C}, the capital stock of worker
households K;, the price of capital Q) and the capital stock of the entrepre-
neurs Z;. The local stability properties of the model can by determined by
examining the eigenvalues of the matrix J characterizing this system and
in this model, indeterminacy occurs if there are more than two eigenvalues
inside the unit circle, since there are two predetermined variables, K; and

®The log-linearized version of the equations can be found in the appendix.

10



Z:. The expectations operator on the LHS is very important, because only
in the case of determinate equilibrium these expectations are uniquely de-
termined by the initial conditions on the predetermined variables. With an
indeterminate equilibrium, we must write the resulting system as

C?t-&-l C:;'t E(Cii1) — Cria

K Ky 0

A = J. « — . N 11
Qi1 Qt Ei(Qt+1) — Qi1 (11)
Zi1 Zy 0

so that expectational errors can affect the actual values of the free vari-
ables. To simulate the model, the matrix J is diagonalized and the effect of
the unstable roots of J on the system is excluded. As a consequence of ex-
cluding these variables the expectational shocks to the free variables become
functions of fundamental innovations or are required to be zero (if there are
no fundamental innovations in the system, as is the case in 11. If there are
not enough unstable roots, we cannot exclude enough variables and the ex-
pectational errors cannot be restricted to zero or functions of fundamental
innovations. Expectational errors then lead to fluctuations in real variables.

In this model, the dimension of J is relatively large and the entries of
J are each complex functions of the underlying parameters and functions.
Therefore we cannot analytically determine the conditions under which inde-
terminacy arises. Rather we have to analyze numerically the set of plausible
calibrations to determine whether and under which conditions the model’s
equilibrium is indeterminate. The calibration procedure in total requires the
choice of 3 functional forms and 6 parameters. The functional forms need to
be chosen for the production function of consumption goods F (K, H, HE),
the distribution of the idiosyncratic productivity shock to the capital pro-
duction technology ®(w) and the utility function of the representative worker
household U (¢, 1 — ht). The parameters to be calibrated are the share of
entrepreneurs in the population 7, the shares of capital and entrepreneurial
skills in the production of the consumption good « and I', the fraction of
capital goods destroyed by declaring bankruptcy u , the discount rates of
worker and entrepreneur households § and (7, and finally the depreciation
rate of capital 4.

A plausible choice of the technology parameters requires them to be
in line with empirical estimates of corresponding measures. Therefore, we
do not assume strong externalities in the production function, but instead
assume a Cobb-Douglas production function with constant returns to scale,
setting the share of capital to @ = 0.36. This choice is standard in the
macro literature, but most models with perfect financial markets, require

11



some degree of increasing returns to obtain an indeterminate equilibrium.
Since the assumption that entrepreneurial skills are used in the production
of the consumption good is made only to make the asymmetric information
problem well-defined, we set the elasticity parameter to be very small I' =
0.0001 , which yields a production function for consumption goods of the
form

Y, = K936 706399 p 0.0001

The model is calibrated with a horizon of one quarter for each period
and so we choose the depreciation rate to equal § = 0.02. The fraction of
entrepreneurs in the population is set to n = 0.1 (close to the share reported
by Gentry & Hubbard (2000)) and the fraction of capital goods destroyed
during monitoring is set to . = 0.25. This seems to be a reasonable value,
given that liquidation is costly. The distribution of the idiosyncratic pro-
ductivity shock is assumed to be log-normal, with cumulative distribution
function ®(w) = % (1 + Erf [%), which only depends on the parame-
ter ¢ since the mean of the distribution must be 1. Following Carlstrom &
Fuerst (1997), we choose to set the standard-deviation o of the distribution
to o = 0.2 , in order to arrive at an empirically plausible bankruptcy rate
of 1%, which is given by ®(w®) in the model. In the sensitivity analysis, it
turned out that altering the choice of any of these parameters except I', does
not significantly change the results of the simulation. The structure of the
resulting system of difference equations is stable with respect to small vari-
ations in these parameters. Increasing the weight of entrepreneurial skills
in the production of the consumption good I' leads to strong interactions
between worker’s consumption and labour supply choices and the net worth
of entrepreneurs, potentially yielding unstable or indeterminate equilibria.
With the small value of I' chosen here, no such problems arise however.

What remains to be chosen at this point is the utility function of the
representative household and the discount rates of the agents. Since the
time horizon of the period is one quarter, we set 8 = 0.99, to arrive at
a real interest rate of approximately 4% per year. The discount rate of
entrepreneurs is then given by the requirement that the spread exactly offsets
the higher internal rate of return on entrepreneurial capital, which implies
a value of 0.947 for v. We allow for a lot of flexibility in the calibration of
the utility function of the representative worker household. Without giving
a justification, Carlstrom & Fuerst (1997) choose a utility function that
is additively separable in consumption and labour, with the coefficient of
relative risk aversions set to 1 and the utility function linear in labour with
a steady state labour supply of 1/3 of the time endowment. We retain their
choice of h° = 0.33 as the steady-state labour supply, but allow for the full
class of preferences concave in ¢; and 1 — hy.

Rather than restricting the utility function to some specific functional

12



form, we use a set of parameters to identify properties of utility. After log-
linearization, the only parameters of the utility function, which appear in
the equilibrium conditions are the “second-order” elasticities of the function,
evaluated at the steady-state. Since local determinacy of equilibrium can be
verified also by checking the linearized version of the equilibrium conditions,
we can conveniently work with these four parameters, which are defined as

_ c°® o o _ 1—h° o o
€cc = T (o, 1-R0) Uee(c®, 1= h°) €= U(;(Co,l—hO)UCh(c , 1 —h°)
(e} 1 o

€he = T ) Une(¢s 1 = 1°) - enn = gr =y Unn(e®, 1 = 1°)

where U, denotes the partial derivative of U (.) with respect to ¢ and U},
denotes the partial derivative of U (.) with respect to 1 — h. There is an
important restriction on the “second-order” cross-elasticities and the “first-
order” elasticities, which is derived from the symmetry of the Hessian of
U(.). It is given by €., = %Ehc and can be expressed as €., = Mehe
by using the optimal labour supply condition. In order to make sure that
the resulting equilibrium is a utility maximum, the instantaneous utility
function must also be concave. The concavity conditions require €., < 0,
enn < 0 and €ppece > €cpepe (see Hintermaier (2003)). Obeying all of these
restrictions, three parameter of the utility function remain to be chosen.
These are the elasticity of marginal utility from consumption with respect
to changes in consumption €., the elasticity of marginal utility from leisure
with respect to changes in leisure € and one of the the cross elasticities
€cn- The concavity condition links these three parameters and the resulting

inequality must be fulfilled.

We investigate the stability of the saddle-path equilibrium by calculating
the eigenvalues of J for 100.000 random draws from the parameter space
Q = {€cc, €chy €nn} with the restrictions €. € ]—100,0] and e, ]—100,100[
and e, < Q—Qib& The upper bound of the first interval is given by the
restriction that e.. < 0 from the concavity condition and the lower bound
represents a relatively arbitrarily chosen extreme value (for separable utility
functions, —€.. equals the coefficient of risk aversion). The bounds of the
second interval are chosen to be 100 for reasons of symmetry and compu-
tational efficiency. The restriction on €y, is sufficient to ensure concavity,
since the right hand side of the relevant inequality is always negative. The
result of our computations are conveniently summarized in Figure 1.

The graph shows the location of parameter combinations yielding an
indeterminate equilibrium of the economy in the 3-dimensional parameter
space described above. The concavity restriction is not depicted in the
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Figure 1: Parameter space with indeterminacy region

graph, but the points all lie close to its surface. The fact that parameter
combinations are close to the surface implied by the concavity restriction
implies that the utility function cannot be too concave in order for the equi-
librium of the economy to be indeterminate. Another structural feature
of the indeterminate equilibria is that the first eigenvalue of J is always
unstable. Hence, it is not the consumption shock that drives the fluctua-
tions of the economy, but rather the shock to the expected price of capital
Et(QtH) — Qt+1. This is in contrast to other models of indeterminate equi-
librium, which have relied on shocks to expected consumption instead.

That the slopes of labour supply curves play an important role for the
stability properties of the equilibrium in dynamic general equilibrium mod-
els is well known (see Benhabib & Farmer (1999)). We now illustrate the
properties of the labour market needed to obtain an indeterminate equilib-
rium in order to understand better what is required from the utility function
to generate indeterminacy. We have computed the implied coefficients for
the Frisch labour supply curve

w = const + ahﬁ + a>\5\

€c

where ay, = €, — é‘;’w and o) = Z’:s — 1. Figure 2 shows the combinations
of Frisch labour supply curve coefficients computed from the parameter sets
generating indeterminacy. The Frisch labour supply curve is derived by
holding constant the marginal utility of consumption and as one can see
both coefficients must be negative and smaller than 1 in absolute size. This
means that the labour supply curve must be downward-sloping, but very flat

and stable with respect to changes in the marginal utility of wealth. Small

14



changes in the real wage have a strong effect on hours worked and hence

aj

-4

-4

Figure 2: Frisch labour supply curve coefficients

output will be volatile in response to changes in the capital stock.

Another way to study the mechanism that gives rise to indeterminacy
is to look at the impulse response functions. Below we plot the impulse
response function for total consumption (C), total capital (K), the price of
capital (Q), the monitoring threshold (w), entrepreneur’s capital stock (Z),
entrepreneur’s net worth (N), total investment spending (I) and total output
(Y) in response to a positive 1% shock to the expected price of capital.
All 9 graphs have the same format with the vertical axis measuring the
percentage deviation from the steady state and the horizontal axis measuring

the number of quarters passed after the initial shock.
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Figure 8: Impulse response functions

Response of C

Response of H

0

5

10

15

Response of I

20

25

10

15 20 25 30 35
Response of K

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.006

0.005

0.004

0.003

0.002

0.001

15




Response of N Response of Q

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Response of w Response of Y

0.0l

-0.01

-0.02

-0.03

0.02 -0.04

0.03

0.025

0.02

0.015

0.005

If the agents expect a higher price of capital in the future they invest
more and consume less. While the rise in the capital stock is contained by
an increase in monitoring costs, employment falls with consumption, and
as a result of this, also output falls, but by not as much as consumption.
The price of capital increases because of the higher demand, which raises
the future net worth of entrepreneurs. In the following periods investment
remains high because of the persistent net worth increase but the price of
capital quickly falls back to its initial level. This reduces entrepreneurial net
worth, and despite the adjustment of the threshold level of monitoring, as
investment slowly decreases also the rise in the capital stock is slowing. The
capital stock peaks after about 16 quarters and for some time consumption,
hours, and output actually rise above their steady-state values pulling the
total capital stock towards its steady-state value over the long term.

4 Conclusion

This paper has shown that the property of determinate equilibrium in SDGE-
models with imperfect financial markets is not robust to changes in the cal-
ibration of the utility function of the representative worker (lender) house-
hold. If the equilibrium is indeterminate, expectational errors of agents in
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forecasting the future price of capital (an important determinant of their
investment and saving behavior) can induce fluctuations in real variables
like output, consumption and hours. In this way, we might be able to ratio-
nalize the Keynesian proposition that swings in the mood of investors are
important causes of the business cycle. The expectational errors appealed
to in this model are somewhat different from the ones appealed to in other
indeterminacy models of the business cycle. While the previous literature
has relied on errors of agents in forecasting their own future consumption,
this paper relies on errors in forecasting the economy wide price of capital,
a mechanism which appears to be more plausible.
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5 Appendix

The log-linearized system

(_ecc + Ehc) ét = (_a - - €ch T 6hh) I:It + aKt (1*)

6ccC’t — 6chI:—rt + Qt — 6ccCA’H»l = (2*)

_  RP(1-a-T) R R (-1+aq) - Q°(1-6) 4
“mrea s Mt R n T T R e

o(FW)P(w®)?  f(w)¢ (w°)
~ Mw —P(w° - w®
O, = (0w S 51 » (3
Q
PR Q°g(w°) A  N°Qw°(1 — pg(w®) — B(w°)). «
Li=Ni+ 1= Qog(wo)Qt+ 7o @ (49)

(nX°(-1+a+T)—R°(1—a-T)2°)H; + (—nX°a — R°(-1+a)Z°)K; + N°N; =

(5%)
=Q(1-9)2°Qi+ (N° —nX")Z
A QO (1 - 5) 1 A _ *
MR R P L o
_ RP(1l-a-T) R(-1+a) - Wf (W) wQ°¢ (w°) | .
= Ro n QO (1 — 5) Ht+1 + R T+ QO (1 — 6) Kt-‘rl + ( f(wo) + 1 — Qog(wo))wt+1
CEO N QOZO N _ *
QoZo + CE° C’E’t4»620Zo + CE° Zt+1 - (7 )
R CEO Qog<w0> N wo‘fl(wo) wOQOg/<wO> .
Ny + (QOZO B T 1o Qog(wo))Qt + ( o 1o QOg(wo))“’t
(1—a-T) B +ak = S0+ S2 0B+ 2], (8%)
1-=0), 1. - jpwow) . «
— 5 Kt—i—gKt_‘_l _It+—1—ﬂq)(wo)wt (9 )
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