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ABSTRACT. We estimate a dynamic general equilibrium model that features het-
erogenous agents, incomplete risk sharing, and collateralized debts. We obtain three
empirical findings. First, the average rate of return on each asset in excess of the av-
erage loan rate, called the “excess return”, is quantitatively important on first order.
Second, the collateral constraint, through the asset-price channel, plays a critical role
in amplifying and propagating aggregate fluctuations. Third, shocks to the house-
hold’s patience factor and housing demand are important in generating hump-shaped
impulse responses through distributional effects of net worths between the household

and the entrepreneur.

I. INTRODUCTION

This paper presents an empirical study of asset-price channels through which the
borrowing constraint amplifies aggregate fluctuations. These channels are characterized
by the excess returns of assets over the loan rate. We evaluate the empirical importance
of the first-order excess returns. We show how the borrowing constraint and excess
returns propagate various shocks through endogenous responses of asset prices.

Following Kiyotaki and Moore (1997), Bernanke, Gertler, and Gilchrist (1999), Ia-
coviello (2005), and Christiano, Motto, and Rostagno (2008), we study an economy
that consists of two types of agents: households and entrepreneurs. The representative
household consumes a homogeneous good, land services (housing), and leisure and sup-
plies labor and loanable funds in competitive markets. The representative entrepreneur
consumes and produces the homogeneous good. Production of the good requires labor,
capital, and land (commercial structures). To finance consumption, production, and
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capital accumulation, the entrepreneur borrows loanable funds from households subject
to a collateral constraint. The borrowing limit is determined by the present value of
commercial structures and the accumulated capital stock. Land and capital are used
both as collateral and as production inputs.’

Our key findings are as follows. First, our model generates a steady-state excess
return on assets over the loan rate because the household is more patient than the
entrepreneur so that the credit constraint is binding; with the binding constraint, bor-
rowers assign a positive value to the existing loans, giving rise to the excess return.
In this sense, the steady-state excess return measures the tightness of the collateral
constraint. With our estimated magnitude of the excess return (about 5% per an-
num), we find important interactions between the asset prices and the borrowing limit
and such interactions generate a multiplier effect that amplify and propagate several
important business cycle shocks. Since the excess return arises from the household’s
patience factor, we provide a micro foundation for the patience factor. We show that
our benchmark model is equivalent to one with heterogeneous households who face
idiosyncratic income shocks that are persistent and uninsurable and thus have a pre-
cautionary saving incentive.

Second, our estimate indicates that the borrowing capacity is constrained by one
third of the value of the entrepreneur’s assets. Such a borrowing limit plays a critical
role in two aspects. On one hand, a permanent increase in the borrowing limit raises
the steady-state level of output, investment, and asset prices; it generates distributional
effects that raises the household’s consumption relative to the entrepreneur’s. On the
other hand, it amplifies the dynamic responses of aggregate consumption, investment,
and output to various shocks. Raising the borrowing limit increases the entrepreneur’s
debt burden and thus the leverage ratio in the long run, which in turn amplifies the
short-run dynamic responses of housing prices and excess returns. These dynamic
interactions between collateral limits and asset prices are one of the key features of our
model that enable us to obtain the empirically important hump-shaped and persistent
responses of output, consumption, investment, and housing prices in response to various
shocks.

Third, a transitory increase in the borrowing constraint, modeled as a stationary
financial shock, raises the borrowing limit temporarily for any given asset value and
mgLsset in our model is a general proxy for any fixed-supply asset or an asset that grows at
a much slower rate than the capital. As Davis and Heathcote (2007) show, land grows at a very slow

rate and land prices are the main driving force of housing prices observed in the U.S. We therefore

interchange the terms “land” and “housing” in this paper as does Kocherlakota (2008).
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thus enables the entrepreneur to borrow more. Demand for land and investment both
rise, so do the prices of land and capital. The rise in asset prices further relaxes the
borrowing constraint and leads to more investment in land and capital. This transitory
change in the borrowing constraint leads to hump-shaped responses of consumption,
investment, and output and generates positive comovement between macroeconomic
variables. While our estimate suggests that this shock explains a small fraction of
output fluctuations, it is possible that our sample period is too short to reflect the full
magnitude of financial shocks in periods like the recent financial crisis.

Fourth, our empirical results show that there is a single shock driving most of the
fluctuations in each financial variable: for the price of capital, it is the shock to
investment-specific technology growth; for the land price, it is the housing demand
shock; for the excess return, it is also the housing demand shock. In contrast, no single
shock dominates in driving the fluctuations in aggregate quantities. The short-run
output fluctuations are mostly accounted for by four shocks: the patience shock, the
shock to neutral technology growth, the housing demand shock, and the labor supply
shock. The short-run investment fluctuations are driven mostly by the patience shock
and the housing demand shock, while long-run investment fluctuations are driven by
the shock to investment-specific technology growth. The consumption fluctuations are
primarily driven by the shock to labor supply and the shock to neutral technology
growth.

The idea that indebtedness and borrowing constraints play a critical role in am-
plifying business cycles can be traced back at least to Fisher (1933). Recent studies
emphasize the interactions between asset prices and the borrowing capacity in propa-
gating business cycle fluctuations and can be classified into two strands of literature.
One strand of literature builds on the pioneering work by Townsend (1979) and Gale
and Hellwig (1985) and focuses on the costly state verification problem caused by asym-
metric information between creditors and debtors. Examples includes Carlstrom and
Fuerst (1997), Bernanke, Gertler, and Gilchrist (1999), Cooley, Marimon, and Quadrini
(2004), Gertler, Gilchrist, and Natalucci (2007), and Christiano, Motto, and Rostagno
(2008). In this class of models, the loans are priced to take into account the default risk
and the debtors optimally choose the amount to borrow, taking the loan rate as given.
Thus, although there is a positive an external financing premium (i.e., the difference
between the loan rate and the risk-free interest rate) because of the cost of monitoring,
there is no steady-state excess return on assets over and above the loan rate because

no borrowers are constrained in equilibrium. The other strand of literature focuses
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on the costly contract enforcement problem (i.e., the problem of controlling over as-
sets). Examples include Kiyotaki and Moore (1997), Kiyotaki (1998), Krishnamurthy
(2003), Cordoba and Ripoll (2004), and Iacoviello (2005).2 In this class of models,
the borrowing capacity is constrained by the value of the collateral assets. In equilib-
rium, the borrowing constraint is binding and thus borrowers assign a positive value
to existing loans, giving rise to a steady-state excess return. The binding borrowing
constraints and the associated excess return help amplify business cycle shocks. But
how important such a propagation mechanism is remains an empirical question. Our
results suggest that the propagation mechanism through dynamic interactions between
asset prices and borrowing limits is quantitatively important.

In the rest of the paper, we present our economic model and its implications. In
Section IV, we provide intuition for how excess returns can be an important asset price
channel and explain its importance using a micro-founded analysis. In Section V, we

discuss our econometric methodology and our empirical results in detail.

II. THE MODEL

The economy is populated by two types of agents, households and entrepreneurs,
with a continuum of each type with measure one. There are four types of commodities:
labor, goods, land, and a risk-free bond. Goods production requires labor, capital, and
land as inputs. The output can be used for consumption (by both types of agents) and
capital investment (by the entrepreneurs). Each household has preferences over goods,

land services (i.e., housing), and leisure, while each entrepreneur consumes goods only.

I1.1. The representative household. The household’s preferences are represented

by the utility function

E Z B A, {log(Cht — Y Chi-1) + prlog Lps — 4 Npt }, (1)

t=0

where C}; denotes goods consumption, Lj;; denotes housing consumption, and Ny,
denotes labor hours. The parameter § € (0,1) is a subjective discount factor, the
parameter 7y, measures the degree of habit persistence, and the term E is an expecta-
tion operator. The terms A;, ¢, and 1, are preference shocks. We assume that the

intertemporal preference shock A; follows the stochastic process

At - At—l(l + Aat)a In )\at = (]- - pa) In j\a + Pa In )\a,t—l + Eats (2)

20Open economy extensions of this class of models include Aoki, Benigno, and Kiyotaki (2007) and

Mendoza (2008), among others.
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where A\, > 0 is a constant, p, € (—1, 1) is the persistence parameter, and &,; is an i.i.d.
white noise process with a zero mean and a finite variance o2. The housing preference

shock ¢, follows the stationary process

Ing=(1—p,)In@+p,Inpq1 +ep, (3)

where ¢ > 0 is a constant, p, € (—1,1) measures the persistence of the shock, and
€,t) 1s the white noise innovation with a zero mean and a finite variance JZ,. The labor

supply shock v, follows the stationary process

ey = (1= py) g + pyIneh 1 + ey, (4)

where ¢ > 0 is a constant, p, € (—1, 1) measures the persistence, and €y;) is the white
noise innovation with a zero mean and a finite variance ai.

Denote by ¢ the relative price of housing (in consumption units), R, the gross real
risk-free rate, and w; the real wage. Further, denote by .S; the household’s purchase in
period t of the risk-free bond that pays off one unit of consumption good in all states of
nature in period t+ 1. In period 0, the household begins with Ljq > 0 units of housing
and Sy > 0 units of the risk-free bond. The flow of funds constraint for the household

is given by
S
Cht + qu(Lnt — Lpg—1) + ﬁt < Wi Nyt + Si—1. (5)
¢

The household chooses Chi, Lpt, N, and Sy to maximize (1) subject to (5) and the
borrowing constraint S; > —S for some large number S.
Denote by pps the Lagrangian multiplier for the flow-of-funds constraint (5). The

first order conditions for the household’s optimizing problem are given by

1 B
= A —E 1+ A\ , 6
it "1 Ch — Chis "Chipr — WhCht< 1) (6)
A
Wy = _twta (7)
Hht
Hht+1 Acpy
a = PE Qee1 + , (8)
Hht P L
1 Hht+1
— — ([E, &2t 9
R, GE: Hht ( )

Equation (6) equates the marginal utility of income and of consumption; Equation (7)
equates the real wage and the marginal rate of substitution (MRS) between leisure and
income; Equation (8) equates the current relative price of land to the marginal benefit

of purchasing an extra unit of land, which consists of the current utility benefits (i.e.,
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the MRS between housing and consumption) and the land’s discounted future resale

value; and Equation (9) is the standard Euler equation for the risk-free bond.

I1.2. The representative entrepreneur. The entrepreneur has a utility function

E> " [log(Cer = YeCes1)] . (10)

t=0
where C; denotes the entrepreneur’s consumption and 7, is the habit persistence pa-
rameter.

The entrepreneur produces goods using capital, labor, and land as inputs. The

production function is given by
Yy = Zt[Lf,t—thl—_l(b]aNlt_a, (11)

where Y, denotes output of the goods, K;_1, N, and L. ;1 denote the inputs of capital,
labor, and land, and the parameters @ € (0,1) and ¢ € (0,1) measure the output
elasticities of these production factors. We assume that the total factor productivity
Z; is composed of a permanent component Z} and a transitory component v; such that

Zy = Zfv.;, where the permanent component Z! follows the stochastic process
ZP =270 Ay Imd=(1—p)Ind, +p.In), ;1 + e, (12)
and the transitory component follows the stochastic process
Inv,=p, Inv.; 1 +e,.. (13)

In these expressions, A, is mean growth rate of Z¥ and p, and p,. are the persistence
parameters. The innovations €,; and ¢,,; are i.i.d. white noise processes that are

mutually independent, each with a zero mean and a finite variance given by o2 and
2

vy

o, respectively.

The entrepreneur is endowed with Ky units of initial capital stock. Capital accumu-

O/ L -\°
1_§<Z_)\]>]It, (14)

where I, denotes investment, \; denotes the steady-state growth rate of investment,

lation follows the law of motion

Kt = (]_ - 6)Kt—1 +

and ) > 0 is the adjustment cost parameter.

The entrepreneur faces the flow of funds constraint

_ L B
@ﬁ%@ﬁuﬁwﬂmzmQHMﬂwa—é—m%+é,(m
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where B;_; is the amount of matured debt and B;/ R, is the value of new debt. Following
Greenwood, Hercowitz, and Krusell (1997), we interpret @), as the investment-specific
technological change. Specifically, we assume that @Q; = Q7vy, where the permanent

component QY follows the stochastic process
QF = QF Agt, Mg = (1—pg)InAg+pgIn Ay, 1 +eq, (16)
and the transitory component p; follows the stochastic process

Invy = py, Invg 1+ ey (17)

In these expressions, A, is mean growth rate of Q7 and p, and p,, are the persis-
tence parameters. The innovations ¢, and €, are i.i.d. white noise processes that
are mutually independent, each with a zero means and a finite variance given by 02
and afq, respectively. In the spirit of Kiyotaki and Moore (1997), we assume that
the entrepreneur can choose to default on the debt payment in each period. If the
entrepreneur fails to pay the debt, the creditor can seize the land and the accumulated
capital. Since it is costly to liquidate the seized land and capital stock, the creditor can
recoup up to a fraction ; of the total value of the seized assets. Thus, the amount of
debt that the entrepreneur can issue is bounded above by the maximum amount that
the creditor can recoup in the event that the debt cannot be repaid. Specifically, we
follow Kiyotaki and Moore (1997) and Aoki, Benigno, and Kiyotaki (2007) and assume

that the entrepreneur faces the collateral constraint
By < 0:Eque1 Ler + qrps1 K], (18)

where gy 41 is the shadow price of capital in consumption units and 6, € (0,1) is
fraction of total seized assets that the creditor can obtain in the event of liquidation.?
We allow 6; to be time-varying and interpret it as a liquidity shock that reflects the
uncertainty in the tightness of the credit market. We assume that the liquidity shock

0, follows the stochastic process
6, = (1—pg)Inf+ pyIn,_1 + g, (19)

where @ is the steady-state value of 6;, py € (0,1) is the persistence parameter, and g
is an i.i.d. white noise innovation with a zero mean and a finite variance o3.
The entrepreneur chooses C.y, Net, Iy, Loy, K, and By to maximize (10) subject to

(11)-(18). Denote by p; the Lagrangian multiplier for the flow-of-funds constraint (15),

3Since the price of new capital is 1/Qy, the Tobin’s q in this model is given by ¢ @y, which is the

ratio of the value of installed capital to the price of new capital.
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re the multiplier for the capital accumulation equation (14), and py the multiplier
for the borrowing constraint (18). With these notations, the shadow price of capital in

consumption units is given by

Mkt
" Het ( )
The first-order conditions for the entrepreneur’s optimizing problem are given by
1 Be
ot = —E , 21
fet Cet - fyeCe,t—l tCe,t—l—l - erCet ( )
wy = <1 — O{)}/t/Net, (22)
1 Q/ L o\ L <\ L
— = l——=(——A —Ql— =X | —
Q1 e 2 (]t—l 1> (It—l ') 1
I N\ (L)’
+B0B g (il - AI) (i) : (23)
et It It
o Y
qit = ﬂEtM {O‘(l - ¢) Ak + Qk,t+1(1 - 5)} + il etthk,t—i—ly (24)
Het K Het
o Y
Qe = ﬁEt” Jas [04¢ as +Q1,t+1] + @etEtQLt—Ha (25)
Met Let /"Let
1 Het+1 | Hbt
— = PE—+ . 26
Ry ' Het Het (26)

Equation (21) equates the marginal utility of income to the marginal utility of consump-
tion since consumption is the numeéraire; Equation (22) is the labor demand equation
which equates the real wage to the marginal product of labor; Equation (23) is the
investment Euler equation, which equates the cost of purchasing an additional unit
of investment good and the benefit of having an extra unit of new capital, where the
benefit includes the shadow value of the installed capital net of adjustment costs and
the present value of the saved future adjustment costs; Equation (24) is the capital Eu-
ler equation, which equates the shadow price of capital to the present value of future
marginal product of capital and the resale value of the un-depreciated capital, plus
the value of capital as a collateral asset for borrowing; Equation (25) is the land Euler
equation, which equates the price of the land to the present value of the future mar-
ginal product of land and the resale value, plus the value of land as a collateral asset
for borrowing; Equation (26) is the bond Euler equation for the entrepreneur, which
reveals that the borrowing constraint is binding (i.e., up; > 0) if and only if the interest

rate is lower than the entrepreneur’s intertemporal marginal rate of substitution.

I1.3. Market clearing conditions and equilibrium. In a competitive equilibrium,

the markets for goods, labor, land, and the risk-free bond all clear. Goods market
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clearing implies that
I
+ —
Q

where C; = Cp; + Cy; denotes aggregate consumption. Labor market clearing implies

Ct = K? (27)

that labor demand equals labor supply, that is,
Net = Nht = Nt' (28)

Land market clearing implies that

Lht + Let - L, (29)

where L is the fixed aggregate land endowment. Finally, bond market clearing implies
that

St == Bt' (30)

A competitive equilibrium consists of sequences of prices {w, qi, R: }52, and alloca-
tions {Che, Cet, It, Ny, Lt Let, St, By, Kt, Y 152, such that (i) taking the prices as given,
the allocations solve the optimizing problems for the household and the entrepreneur

and (ii) all markets clear.

II.4. Stationary equilibrium dynamics and steady state. We are interested in
studying the fluctuations around the balanced growth path. For this purpose, we
focus on a stationary equilibrium by appropriately transforming the growing variables.

Specifically, we make the following transformations of the variables

~ Y, ~ C ~ C, ~ I - K ~ B
tE—t7 Chtzi, CetE_ta ItE—t) tE—t7 tE—t7
I, I, I, QI QI I,
~ w 5 T - - - -
wy = —t7 Hnt = Hht t7 fet = petl's, [ = poels, G = %7 Grt = Qi@ (31)
I Ay I

where I'; = [Zthlfd))a]ﬁ. In Appendix B, we describe the stationary equilibrium
and derive the log-linearized equilibrium conditions around the steady state for solving
the model. To solve the log-linearized equilibrium system requires the input of several
key steady-state values. These include the shadow value of the loanable funds Z_Z’ the
ratio of commercial real-estate to aggregate output 'EY#, the ratio of residential land to
commercial real estate i—’;, the ratio of loanable funds to output g, the capital-output
ratio g, and the “big ratios” %, %, and é The model implies a set of restrictions
between these steady-state ratios and the parameters and we will use these restrictions
along with the first moments of selected time series in the data to sharpen our priors

and to help identify a subset of the parameters in our estimation.
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Denote by g, = Fl;i and gg = Q?il

1

the growth rates for the exogenous variables
I'y and @;. Denote by g, the steady state value of g, and A\, = gvjxq the steady-state
growth rate of capital stock. On the balanced growth path, investment grows at the

same rate as does capital, so we have A\ = A..

To get the steady-state value for g—”, we use the stationary bond Euler equations

e

(A4) for the household and (A10) (described in the Appendix) to obtain

R 9y e gy

Since A\, > 0, we have ji, > 0 and the borrowing constraint is binding in the steady-
state equilibrium.

To get the ratio of commercial real estate to output, we use the land Euler equation
(A9) for the entrepreneur, the definition of fi. in (A5), and the solution for % in (32).

In particular, we have

(lee o ﬁad)
Y/ B 1_6_ﬂ5\a§ (33>

To get the investment-output ratio, we first solve for the investment-capital ratio by

using the law of motion for capital stock in (A12) and then solve for the capital-output

ratio using the capital Euler equation (A8). Specifically, we have

I
S PR S T I
= = [1- Gl +1-8)] Pall—0) (35)

where we have used the steady-state condition that ¢, = 1, as implied by the investment
Euler equation (A7). The investment-output ratio is then given by
[ TK _Ba(l—¢)[\—(1-9)

Y KY M — BN +1 =)

(36)

Given the solution for the ratios % and g in (33) and (35), the binding borrowing

constraint (A16) implies that

_ 7
zﬁgy = +5\—~. (37)

\.) B
Sl (38)
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The aggregate resource constraint (A13) then implies that

C C. I
Y Y Y
To solve for %Z, we first use the household’s land Euler equation (i.e, the housing

demand equation) (A3) and the definition for the marginal utility (A1) to obtain

Ch 9v(1 = g,/R)(1 —m/R)’
where the steady-state risk-free rate is given by (32).
Taking the ratio between (40) and (33) results in the solution
Li _ @lgs—w)(1—5—8%B) C "

Le  Poaggy(1—g,/R)(1—m/R) Y

Finally, we can solve for the steady-state hours by combining the labor supply equa-
tion (A2) and the labor demand equation (A6) to get

V(gy — Tn) Gy

III. PARAMETER ESTIMATION

We fit our model to quarterly time series data. The data that we use include
the real land price, the inverse of quality-adjusted relative price of investment, real
per capita consumption, real per capita investment (in consumption units), real per
capita nonfinancial business debt, and per capita hours worked (as a fraction of total
time endowment). The sample period covers 1975:Q1 through 2008:Q4. The data on
investment-specific technology is needed to get the sizes of standard deviations of in-
vestment technology in line with those in Krusell, Ohanian, Rios-Rull, and Violante
(2000) and Fisher (2006); it helps assess how important investment-specific technology
shocks are relative to neutral technology shocks. We describe the details of these time

series in Appendix A.

ITI.1. Prior distributions. We estimate all the structural parameters subject to the
restriction that the model’s steady-state equilibrium under the estimated parameters
match the first moments of 8 variables in the U.S. data. Specifically, we restrict the
parameters such that the model implies that (1) the average labor income share is
about 70%; (2) the average business loan rate is about 4% per annual; (3) the capital-
output ratio is on average about 1.35 at the annual frequency, as in the data for the
sample period 1950-2007; (4) the investment-capital ratio is on average about 0.148 at
the annual frequency, as in the data for the sample period 1950-2007; (5) the average
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land-output ratio is about 0.65 at the annual frequency, as in the data for the period
1987-2007; (6) the average debt-output ratio is about 0.63 at the annual frequency,
as in the data for the sample period 1952:Q1-2008:Q2; (7) the average housing-output
ratio is about 1.1416 at the annual frequency, as in the data for the period 1950-
2007; and (8) the average market hours is about 20% of time endowment.* While
these restrictions make our estimation a more challenging task than an unconstrained
optimization procedure, it helps identify the model’s parameters.

This point is illustrated by Table 1. We assume agnostic prior distributions for the
first set of parameters summarized in the vector Wy = {v, 7., {2, j\q, G, Pi, 0i }, Where
p; and o; are the persistence parameters and the standard deviations of the 8 shocks.
The prior distributions for the second set of parameters summarized in the vector
Uy = {8, A, @, 0, 6,6}, and 0, however, are obtained from simulations based on the
prior distributions of the first set of parameters with the moment restrictions imposed.
As is evident in the Table 1, these moment restrictions help identify the second set
of structural parameters. In particular, the table shows that the restrictions from
the first moments impose very tight bounds on the probability intervals for the prior
distributions of the parameters such as «, ¢, 3, and .

The priors for the habit persistence parameters v, and . follow the Beta distribution
with the shape parameters given by @ = 1 and b = 2. Thus, we assign positive density
to v, = 7. = 0 and let the probability density decline linearly as the value of 7, (or )
increases from 0 to 1. With these shape parameters, the lower probability bound (5%)
for 7y, and 7, is 0.0256 and the upper probability bound (95%) is 0.7761. In other words,
with 90% probability, our priors for the habit persistence parameters lie in the interval
between 0.0256 and 0.7761. This interval covers most of the calibrated values for the

4Since we have a closed-economy model with no government spending, we measure private domestic
output by the sum of personal consumption expenditures and the gross private domestic investment,
both provided by the BEA through Haver Analytics. Capital stock corresponds to the net stocks of
private non-residential fixed assets and housing stock corresponds to the net stocks of private non-
corporate residential fixed assets, also provided by the BEA. Given our output series, we compute the
debt-output ratio by using the debt outstanding in the nonfinancial business sector taken from the
Flow of Funds table provided by the Federal Reserve Board of Governors. To compute the land-output
ratio, we use the time series of the nominal value of land input and the nominal value of output in

the private non-farm business sector for the period 1987-2007, both provided by the BLS.
"Even with some deep parameters well identified, the posterior density function is very non-Gaussian

and has many local peaks. We randomly simulate one million starting points and select the converged
result that gives the highest posterior density. Among these starting points, many converge to the

point that has the highest peak.
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habit persistence parameter used in the literature (for example, Boldrin, Christiano,
and Fisher (2001) and Christiano, Eichenbaum, and Evans (2005)). We assume that
the priors for the shock persistent parameters also follow the Beta distribution with
the same shape parameters a = 1 and b = 2, as shown in Table 2.

The priors for the investment adjustment cost parameter €2 follow the Gamma dis-
tribution with the shape parameter a = 1 and the “rate parameter” b = 0.5 so that
the probability density at {2 = 0 is positive and finite and we allow positive densities
for large values of €. As shown in Table 1, the 90% probability interval for the priors
of €2 covers values from 0.1 to 6, which includes most of the values estimated in the
DSGE literature (e.g., Christiano, Eichenbaum, and Evans (2005), Smets and Wouters
(2007), and Liu, Waggoner, and Zha (2009)).

The priors for the steady-state growth rate of the investment-specific technology and
for per capita output follow the Gamma distribution with the 90% probability interval
covering the range between 0.1 and 1.5, corresponding to annual growth rates between
0.4% and 6%. This wide range reflects our agnostic priors on these parameters.

The prior distributions for the second set of parameters in Wy are simulated. In
particular, given the prior distributions for the first set of parameters in ¥, we draw
the parameters in ¥; and compute the implied values of the parameters in Wy with the
first-moment restrictions imposed. Since the relation between the parameters in W,
and those in W, are highly nonlinear, the distributions for the simulated parameters
are unknown. Yet, we can obtain the 90% probability intervals, which are shown in
the lower panel of Table 1. Evidently, the restrictions from the data’s first moments
put very tight bounds on the prior distributions for these parameters.

Finally, as shown in Table 2, we assume that the standard deviations of the shocks
follow the Inverse Gamma distribution with the 5%-95% probability interval given by
[0.0005, 0.2]. We have examined the sensitivity of our estimates by extending the upper

bound of this interval to 5 and find that the results are not sensitive.

IT1.2. Posterior estimates. In the right columns of Tables 1 and 2, we report the
posterior-peak estimates of the parameters.

Our posterior estimates suggest that habit persistence is modestly important, with
the entrepreneur’s habit parameter slightly larger than the household’s (0.64 v. 0.40).
Our estimate of the investment-adjustment cost parameter is 0.29, much smaller than
those obtained in the literature (e.g., Christiano, Eichenbaum, and Evans (2005) obtain
an estimate of € at around 2.5 and Smets and Wouters (2007) report an estimate larger

than 5). Since land is fixed in supply and the land input is complementary to the capital
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input, the adjustment in investment is contained even with a small adjustment cost
parameter.

Our estimated growth rate of the investment-specific technology is higher than that
calibrated by Greenwood, Hercowitz, and Krusell (1997) (5% v. 3.2% per annum),
mainly because Greenwood, Hercowitz, and Krusell (1997) use a shorter sample that
stops at 1990 and the quality-adjusted relative price of equipment, software, and con-
sumer durables has declined substantially since the early 1990s. Our estimated growth
rate of output is about 2% per annum, which is similar to the average growth rate of
real per capita GDP in the U.S. for the postwar period.

The estimated value of the patience factor is 0.011, which, as we show below, is
large enough to help the model generate large and persistent fluctuations in aggregate
quantities and asset prices. The estimated average load-to-value ratio is § = 0.32. The
estimates of other parameters in the vector W, also seem plausible.

Table 2 shows the estimates of the shock persistence and standard deviations. The
patience shock, the housing demand shock, the labor supply shock, and the financial
shock are all persistent with AR(1) coefficients above 0.9. The estimates of the standard
deviations reveal that the patience shock is dominant in size (with a standard deviation
of 0.126), followed by the housing demand shock (with a standard deviation of 0.06).
The financial shock also has a fairly sizable standard deviation (0.013). Other shock

have relatively small standard deviations.

IV. UNDERSTANDING THE ASSET-PRICE CHANNELS OF THE MODEL

In this section, we provide intuition of how, unlike Bernanke, Gertler, and Gilchrist
(1999) and Christiano, Motto, and Rostagno (2008), a positive first-order excess return
exists in our model. We first point out that the excess return arises because the
household is more patient than the entrepreneur. We then present a micro foundation
that gives rise to the excess return. In particular, we establish that our benchmark
model with patient households is equivalent to a model with heterogeneous households
who face idiosyncratic income shocks that are persistent and uninsurable. Finally, we
use impulse responses to illustrate the importance of the first-order excess return in

propagating the shocks through the asset-price channels.

IV.1. First-order excess returns. We organize this subsection in two steps. First,
we show that even if the entrepreneur faces a borrowing constraint, the steady-state

return on a productive asset is g/, where 3 is the entrepreneur’s discount factor for
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the future consumption stream and g, is the steady-state gross growth rate of con-
sumption. We then show how the loan rate in steady state depends on the household’s
patience. Because the household’s patience parameter ), is tied to the entrepreneur’s
borrowing constraint, a positive excess return exists when the entrepreneur faces the
borrowing limit.

The entrepreneur has two types of assets: land and capital. Each asset can be
intuitively thought of as a tree bearing fruits and growing at a gross rate of g,. The
entrepreneur can trade a portion of the tree in the market and the return on this tree
depends on the price of a unit of tree as well as the marginal product (fruit) of the
remaining tree. In steady state, it should be g,/3. To see if this intuition works in
the model when the entrepreneur faces the borrowing constraint, we first derive the
expected return on each of these assets. We begin with the return on land.

Suppose the entrepreneur purchases one unit of land at the price ¢; in period t.
Since he can pledge a fraction 6#; of the present value of the land as collateral, the net

out-of-pocket payment (i.e., the down payment) for the land purchase is given by

w = qu — 0,5, QZ,t—i—l’ (43)
R,

where R; is the risk-free loan rate. The land is used for period-t 4+ 1 production and
yields ¢aY; 1/Le units of extra output. In addition, the entrepreneur can keep the
remaining value of the land in period t 4+ 1 after repaying the debt so that the total
payoff from the land is ¢paYii1/Let + qra+1 — 0:Eiqie41. The return on the land from
period ¢ to t 4+ 1 is thus given by

¢aYii1/Let + @1 — 0 Erqria

Ry = 44
41 qu — etthl}gl ( )

We can similarly derive the return on capital, which is given by
Riip1 = oY1/ Ky + g1 (1 —6) — QtEtQk,tﬁ-l. (45)

dk,t+1
Akt — etEt_Rt

Using the bond Euler equation (26) for the entrepreneur, we can rewrite the land

Euler equation (25) and the capital Euler equation (24) in terms of the asset returns.

In particular, the land and capital Euler equations can be rewritten as

1= ﬁEt”;t“Rj,m, je{lk}. (46)

et

In the steady-state equilibrium, consumption grows at the rate g). Thus, with log-
utility in our model, (46) implies that R; = g,/0.
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On the other hand, the loan rate R; is determined by the household’s intertemporal

Euler equation (9). It follows that in steady state, R = El where \, > 0 measures

the extent to which the household is more patient than the entrepreneur. Thus, the
steady state excess return, denoted by R = R; — R for j € {l, k}, is always positive.’
To see how a positive first-order excess return is related to the entrepreneur’s bor-
rowing limit, one should note from (32) that
Bha i
9y a Z

Thus, the borrowing constraint is binding (i.e., fi, > 0) if and only if the household is
more patient than the entrepreneur (i.e., A, > 0).

This result carries over to the dynamics of excess returns. Denote by Rf, ; =
R;i41 — Ry the excess return for asset j € {l,k}. By combining the bond Euler
equation (26) and the asset-pricing equation (46), we obtain

pE et pe PR e {1k} (47)
Fet Het

As in the standard asset-pricing model, the mean excess return depends on the asset’s

riskiness measured by the covariance between the return and the marginal utility. But
unlike the standard model, the excess return here in our model contains a first-order
term that is positive if and only if the borrowing constraint is binding (i.e., pp > 0).
The first-order excess return represents a key distinction between our model with
costly contract enforcement in the spirit of Kiyotaki and Moore (1997) and the model
with costly state verification studied by Bernanke, Gertler, and Gilchrist (1999) and em-
pirically evaluated by Christiano, Motto, and Rostagno (2008). In Bernanke, Gertler,
and Gilchrist (1999), the intermediary sets the loan rate to break even, taking into
account, of the default risk. The entrepreneurs optimize the loan amount, taking the
loan rate as given. In equilibrium, no entrepreneurs are borrowing-constrained and
there is no first-order excess return. In our model, however, the entrepreneur is always
constrained in the loan market because the household is more patient and their extra
savings lower the equilibrium loan rate. In the dynamic equilibrium with fluctuations
around the steady state, the entrepreneur’s consumption under the binding borrowing
constraint is lower than that in an otherwise identical economy without the borrowing
constraint. Thus, the entrepreneur’s marginal utility of consumption is higher and it

requires a positive excess return to convince the entrepreneur to invest in capital and
land.

6To a first-order approximation, the expected returns on land and on capital are the same.
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IV.2. Precautionary savings motive: A micro foundation for the patience
factor. A crucial assumption in our model is that the household is more patient than
the entrepreneurs, so that their saving depresses the loan rate and giving rise to a
binding borrowing constraint and a first-order excess return. We now argue that as-
sumption on the patience factor is not arbitrary or a mere convenient modeling device.
Being more patient is a rational choice by the households in an environment with per-
sistent and uninsurable idiosyncratic income shocks. We make this argument in the
context of the life-cycle model below.

Consider an economy in which there are two types of agents, households and en-
trepreneurs. For each type in period t, there are agents born in periods t — m for
m = 0,1,2,... + co. We use z;;_,(i) to denote the value of z in period ¢ of the i*"
agent who is born in period t — m. A living individual faces a constant death prob-
ability s in subsequent periods regardless of the age. By the law of large number, a
» fraction of each type of agents die in each period. We assume that a measure s of
each type of agents are born in each period. Upon death, the remaining net worth for
each type of agents is transferred and evenly distributed to the new born agents of the
same type.

In period t, a typical household 7 born in ¢ — m has the expected discounted utility”

E, Z BT {10g Cttrt—m (2) + ¢ log gh,h,tJrT,tfm (Z) - wtntJr‘r,tfm (Z)} ) (48)

7=0
where 3 = 3(1— ) and 3 is a discounting factor for each individual. The flow of funds
constraint of household 7 is

St,tfmfl<i>

Cea—m(2)+@[lht41,0—m(2) = Lhtt—m(7)]+ R
¢

< wiepp—m ()N 4—m (1) +St—1 t—m—1(1).
(49)
The household’s wage is w; and her effective labor supply e; ¢ (1)1 1—m (7). We assume

e +—m(1) is idiosyncratic and evolves according to

er14—m (1) = €tt—m(1)err1,t—m (1) (50)

where €441+, () is a random shock to the household’s labor income. This shock is
assumed to be independent across time and across households with Fe; i (i) = 1.
The time-varying distribution function Fj(¢) is the same for all agents in period t.
Furthermore, we assume that each newly born household is endowed with the same
initial conditions — that is, e;;—1 (i) = 1, s:4(2) = S,, and Uhis(i) = fjhﬂg.

"To make our derivation tractable, we assume that there is no habit. The conclusion, however,

does not depend on this assumption.
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With this setup, one can easily show that

Proposition 1. In this economy, the aggregate intertemporal Euler equation and the

aggregate household budget constraint are given by

1 Che
Y 14 Aaper), 51
R, B tCh,tJrl( + Aat+1) (51)
S, - ! . N
Chyt + @e[Lnge1 — Ling) + R T W Z(l —50) | ertm()nsm(i)di + S
t m=0 0
= w¢Nps + Si-1, (52)

1
Yerp1t41—m(d) "

1
1+ At = exp (5‘7?7&) ,

where 0%, = Var;(In(g,;_, (7)) denotes the cross-sectional dispersion of the idiosyncratic

where 1+ Ay 41 = Further, if £(i) follows the log-normal distribution,

then we have

income shocks.

We prove the proposition in the Appendix.

Proposition 1 reveals that Equations (51) and (52) are exactly the same as Equations
(9) (when v, = 0) and (5). Since Eies—m(i) = 1, we have E’m > 1 by Jensen’s
inequality and thus A\, > 0.

In period ¢, a typical entrepreneur j, who is born in period ¢ — m, has the expected

discounted utility
E> 87108 Cririm(j)- (53)
7=0

Notice that at the disaggregate level, both entrepreneurs and households are assumed
to have the same discounting factor.

Entrepreneurs have no labor endowment but have access to a constant-returns-to-
scale technology for producing consumption good from land, capital, and labor. Fol-
lowing Bernanke, Gertler, and Gilchrist (1999) and Christiano, Motto, and Rostagno
(2008), we assume that there is a common neutral technology shock and an i.i.d.
idiosyncratic shock to the production of an individual entrepreneur. With this as-
sumption, one can show that the intertemporal Euler equation in aggregation is the
same as Equation (26). Thus, even when an individual household and an individual
entrepreneur have the same discounting factor 3, the aggregate Euler equations imply
that the household acts as though she were more patient than the entrepreneur at the

aggregate level.
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IV.3. The importance of the credit constraint. To illustrate the quantitative im-
portance of the credit constraint, we plot the impulse responses of several key macroeco-
nomic variables in the benchmark model with estimated parameters and an alternative
model with otherwise identical parameter values except for a lower value of the average
patience factor (A\,). Since a smaller patience factor implies a lower excess return in
the steady state, the alternative economy represents one with a less severe credit con-
straint. The differences of the impulse responses in these two economies capture the
importance of the credit constraint. We focus on the patience shock and the housing
demand shock, which, as we will show in Section V, are both important sources of
macroeconomic fluctuations.

Figures 1 and 2 display the impulse responses of the aggregate quantities and asset
prices following the patience shock and the housing demand shock, respectively. In
each panel, we display the impulse response in the benchmark model with our esti-
mated parameters (the solid line) and the alternative model with a low steady-state
excess return and thus low levels of credit frictions (the dashed line). In particular, we
set the steady-state excess return to be 10% of that in the benchmark model while we
keep all other parameters at their estimated levels. The figures reveal that the credit
constraint is important for macroeconomic fluctuations. Through the asset-price chan-
nels, the credit constraint substantially magnifies the responses of output, investment,
and consumption of the two types of agents and makes these responses more persistent.

The land price and the capital price are also magnified by the credit constraint.

V. QUANTITATIVE RESULTS

In this section, we present and discuss our main quantitative results based on our

estimation of the model.

V.1. Variance decomposition. Tables 3 and 4 display the forecast variance decom-
positions for aggregate quantities and asset prices at various forecasting horizons. The
tables reveal that, at the business cycle frequency (between 8 and 32 quarters), fluctua-
tions in aggregate output are primarily driven by 4 shocks: the intertemporal preference
shock (“Patience”), the shock to the growth rate of neutral technology (“Ngrowth”), the
shock to the housing demand (“Housing”), and the shock to the labor supply (“Labor”).
Taken together, these shocks account for more than 90% of output fluctuations at these
forecasting horizons.

The patience shock accounts for about 10 — 20% of short-run output fluctuations

and its effect diminishes over time. It is tempting to interpret our patience shock as
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an intertemporal wedge that captures distortions in the consumption-savings decisions
in the sense of Chari, Kehoe, and McGrattan (2007). But we find this interpretation
oversimplifying. Unlike the representative agent model studied by Chari, Kehoe, and
McGrattan (2007), our model with heterogeneous agents contains a natural source of
intertemporal distortion that comes from the borrowing constraint and the first-order
excess returns on assets. Although the explicit intertemporal shock (i.e., the preference
shock) explains a modest fraction of output fluctuations, the intertemporal distortion
through the credit frictions can propagate and amplify several other important shocks
to generate business cycle fluctuations, as we discuss in the next section.

The shock to the housing demand accounts for about 25% of output fluctuations at
the business cycle frequency. This shock is important because, as shown in Table 4,
it accounts for about 90% of the land price fluctuations and, through the asset-price
channel that we discuss in the next section, fluctuations in the land price can lead to
important output fluctuations.

The labor supply shock accounts for about 20% of the output fluctuations. It cap-
tures the wedge between the household’s intra-temporal marginal rate of substitution
and the marginal product of labor (i.e., the “labor wedge”) emphasized by Chari, Ke-
hoe, and McGrattan (2007). The permanent shock to the neutral technology is the
most important driving force for output fluctuations in the medium and long run.
In contrast, transitory shocks to the neutral technology and the 2 biased technology
shocks do not seem to be important for output fluctuations. Finally, perhaps surpris-
ingly, the financial shock explains a very small fraction of output variances. In this
sense, exogenous shocks to the tightness of the borrowing constraint does not generate
large fluctuations, while the endogenous first-order excess returns are the main source
of amplification and propagation in the model.

Table 3 also shows that consumption fluctuations are mainly driven by the permanent
neutral technology shock and the labor supply shock while investment fluctuations are
driven by the housing demand shock and the patience shock in the short run and by
the permanent biased technology shock in the long run.

Table 4 shows that the capital price fluctuations are mainly driven by the permanent
biased technology shock while the land price fluctuations are predominantly driven by

the housing demand shock.

V.2. Historical decomposition. In this section, we present the historical decompo-
sition of several key variables to examine the sources of macroeconomic fluctuations in

our model.
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[-To be completed—]

VI. EXPANSION OF THE BORROWING CAPACITY: POLICY IMPLICATIONS

In our model, there is no market failure. The binding borrowing constraint is a con-
sequence of the relative patience of the households, not a manifestation of inefficiency.
So there is no room for welfare-improving policy intervention. But one can think of
the consequences of stabilizing policies in the framework. Here we focus on variations
in one particular dimension of the model that might capture the consequences of a
policy intervention that aims at expanding the borrowing capacity. In the context of
our model, we can think of the policy as one that raises the level of 6;, which can be a
permanent or a transitory change. We now examine the consequences of this type of
policy intervention on macroeconomic stability both in the short run and in the long

rumn.

VI.1. Permanent expansion of the borrowing capacity. We begin with the case
in which 0 is raised to a higher level, representing a permanent expansion of the bor-
rowing capacity. The rise in # enables the entrepreneurs to borrow more at any given
value of their assets and helps raise the steady-state level of output, as shown in Fig-
ure 3. As the value of § doubles (from 0.32 to 0.64), the level of output rises by about
2%. The increase in @ raises the loan demand and also the net worth of the household.
Thus, household consumption increases with #. Since the increase in leverage reduces
the net worth of the entrepreneur, entrepreneur consumption decreases with 6. Thus,
while the expansion of borrowing capacity raises steady state output, it does not lead
to a Pareto improvement in the long run.

In the short run, the permanent increase in the borrowing capacity can also affect the
magnitude and persistence of business cycle fluctuations. Figure 4 shows the impulse
responses of several key macroeconomic variables to the patience shock and compares
the responses in the benchmark economy with estimated parameters (the solid line)
and an alternative economy with a higher borrowing capacity (the dashed line). In
particular, the alternative economy has a # twice as large as that in the benchmark
economy. The figure reveals that the permanent expansion of the borrowing capacity
destabilizes the economy. The peak response of output to the patience shock rises from
0.0069 to 0.0112, an increase of about 60%. The responses of consumption, investment,

and asset prices are also substantially magnified and are more persistent.
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VI.2. Transitory expansion of the borrowing capacity. We now consider a tran-
sitory expansion of the borrowing capacity, that is, a temporary rise in 6, before revert-
ing to its original level. This is equivalent to a transitory financial shock in our model.
Since the average borrowing capacity remains the same, there is no long-run effect of
such transitory shocks. Figure 5 shows the impulse responses of the macroeconomic
variables to a one-standard-deviation financial shock. The figure reveals that the shock
raises output and investment, both rising persistently before reaching their peaks in
about 4 quarters. The shock raises the asset prices as well, with the responses of the
land price larger and more persistent than the capital price. The expansion in the
borrowing capacity has also important distributional effects on consumption. After a
slight initial dip below the steady state, household consumption rises persistently be-
fore reaching the peak 16 quarters after the impact period. In contrast, entrepreneur
consumption rises initially (with a slight hump) and the declines persistently. The
distributional effects are a consequence of the increased leverage. The entrepreneur
consumption rises initially because the expansion in the borrowing capacity enables
the entrepreneur to acquire more land, capital, and labor for production; the increased
demand for land and capital drives up the asset prices, so the entrepreneur’s net worth
goes up in the short run. In the long run, entrepreneur consumption falls because
the entrepreneur is more leveraged and the debt repayment reduces the entrepreneur’s
net worth. The rise in the household consumption reflects the wealth effect from the
increased household net worth.

To summarize, we find that a permanent expansion of the entrepreneur’s borrowing
capacity raises the steady-state level of output but destabilizes macroeconomic fluctu-
ations in the short run. A temporary expansion of the borrowing capacity generates
persistent increases in output, investment, and asset prices, while it also generates
distributional effects that favors the household at the expense of the entrepreneur’s

consumption.

VII. CONCLUSION

We have estimated a DSGE model with heterogeneous agents and collateral con-
straints. Our preliminary estimation suggests that the collateral constraint in the spirit
of Kiyotaki and Moore (1997) plays an important role in amplifying several sources of
business cycle shocks. As the household is more patient than the entrepreneur, the
collateral constraint is binding. The binding constraint gives rise to a first-order excess

return on assets, which is empirically important. With the binding collateral constraint,
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interactions between asset prices and the debts generate a multiplier effect that prop-
agates shocks. We show that the tightness of the collateral constraint depends on the
magnitude of the patience factor, which can arise from precautionary savings motive
in a model with heterogeneous households facing persistent and uninsurable income
risks.

Based on our estimated model, we have examined the macroeconomic and distribu-
tional consequences of changes in the steady-state loan-to-value ratio. We interpret
exogenous changes in the loan-to-value ratio as some forms of government intervention
that expands the borrowing capacity for entrepreneurs with given assets. We find that
a permanent expansion of the borrowing capacity raises the steady-state level of ag-
gregate output and increases the household consumption relative to the entrepreneur
consumption. The expansion of borrowing capacity also increases the sensitivity of
macroeconomic variables to several important business cycle shocks. This finding is
consistent with the empirical observation that financially more liberalized economies
on average have higher mean growth rates and also experience more volatile business
cycles (Ranciere, Tornell, and Westermann, 2008).

While this is still an incomplete and preliminary work, our results suggest that credit
frictions in the form of collateral constraints are potentially important for understand-
ing business cycles. Our findings lend support to the view expressed by Fisher (1933),
who argues that changes in the leverage position (i.e., indebtedness) is an important
source of business cycle fluctuations. In particular, our findings suggest that overly
indebtedness can be a destabilizing force. We do not provide a theory of why indi-
vidual entrepreneurs would want to incur excessive debts. Interestingly, Fisher (1933)
has articulated a plausible source of the overly indebtedness. In reality, he notes that
individuals borrow to invest in projects that they believe can yield adequate returns.
They base this belief on, for example, signals of high potential values of the project
such as new patents for innovations. These potentials do not always materialize and
in the event they do not, the indebted investor needs to de-leverage, which depresses
the asset value and triggers a multiplier effect that reduces aggregate activity. One
can imagine that such scenario described by Fisher (1933) can be incorporated in our
model as news shocks to productivity. Whether or not news shocks are important for
understanding macroeconomic fluctuations would be an empirical issue that can be

studied within our general framework.
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In this section, we describe the stationary equilibrium conditions and derive the

log-linearized conditions for solving the model.

B.1. Stationary equilibrium. The stationary equilibrium is the solution to the fol-

lowing system of equations:
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Ij — Lht + Let7 (A14)
5 - . T,, B
a; = Cu+ 1+ Gu(Let — Leyr) + Bioy Iil—ﬁ, (A15)
t t
_ T ) .
B, = 0,E, QZ,tJrlilLet"'Qk,tJrth Q . (A16)
Ft Qt+1

We solve these 16 equations for 16 variables summarized in the vector
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B.2. Log-linearized equilibrium system. Upon obtaining the steady-state equilib-
rium, we log-linearize the equilibrium conditions (A1)-(A16) around the steady state.

Define the constants Q, = (g, — 3(1 + X)) (g, — ) and Q. = (g, — B7e) (g, — Ve)-
The log-linearized equilibrium conditions are given by
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The terms §.¢, gq, and g, are given by
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Vg = Pquz,t—1+5uzta

)\qt = pq/\q,t—1+éqta

Vg = quVq,t—1+5uqt~

There preference shocks follow the processes

~ ~

/\at = pa/\a,t—l + éat7
Pt = PoPr-1+t Eyt,
1@: = pwlﬁt—l + Eyt-
The liquidity shock follows the process
ét = peét—l + Eot.-

We solve the 19 equations (A17)-(A35) for the 19 unknowns in the vector

(A44)

A A ~ - A A O 2 , A A A 2 s 2. A A A A !
Ty = [,Uht,wt,C]lt,Rt,,uet,#bt,Nt,[t,Yt,Cht,Cet,C_Ikt,Lht,Let,KuBtagvtagztagqt] .
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The state variables consist of the predetermined variables and the exogenous forcing

processes summarized in the vector
. . . . . St e . aoaa
St = [Ch,t—la Ce,t—la It—17 Le,t—l, Kt—l; Bt—l, /\zt7 Vi, )\qta He, )\ata Pt Q/Jt, et]

We use the gensys code to solve the model.
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TABLE 1. Prior Distributions and Posterior Modes of Structural Parameters

Prior Posterior

Parameter Distribution a b Low High Mode
Yh Beta(a,b) 1.00 2.00 0.0256 0.7761  0.400

Ve Beta(a,b) 1.00 2.00 0.0256 0.7761  0.643

Q Gamma(a,b) 1.00 0.50 0.1027 5.9940  0.2873
100(A\, — 1) Gamma(a,b) 1.86 3.01 0.100 1.500 1.250

100(g, — 1) Gamma(a,b) 1.86 3.01 0.100 1.500 0.500

16} Simulated 0.9800 0.9860  0.9843
Na Simulated 0.0051 0.0255  0.0109
% Simulated 0.0 0.0569  0.0318
« Simulated 0.3 0.3 0.3000
10) Simulated 0.1075 0.1085  0.1082
) Simulated 0.0134 0.0332  0.0201
0 Simulated 0.3142 0.3176  0.3171

28

Note: “Low” and “High” denote the bounds of the 5%-95% probability interval for the

prior distributions.
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TABLE 2. Prior Distributions and Posterior Modes of Shock Parameters

Prior Posterior

Parameter Distribution a b Low High Mode

Pa Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.9149
P Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.4286
Pu. Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.4389
Pq Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.7380
Pu, Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.6021
Py Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.9998
P Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.9842

Po Beta(a,b) 1.0000 2.0000 0.0256 0.7761  0.9814

o Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.1259
o, Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0003
o, Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0004
o8 Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0030
T, Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0035
0y Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0625
oy Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0070
o Inverse Gamma(a,b) 0.5943 0.0011 0.0005 0.2000  0.0129

Note: “Low” and “High” denote the bounds of the 5%-95% probability interval for the

prior distributions.
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TABLE 3. Forecast Error Variance Decomposition for Aggregate Quantities

Horizon Patience Ngrowth Nlevel Bgrowth Blevel Housing Labor  Financial
Output
4Q 22.3269 14.4750 7.0389 3.3182  0.5897 29.0590 20.8181 2.3741
8Q 19.2229  21.0221 3.7512 1.7742  0.2988 29.5674 21.9627 2.4007
16Q 13.5771  29.4414  2.3272 2.7363  0.1890 25.8225 23.9051 2.0014
32Q 8.7294  40.3615 1.5364 4.9189  0.1232 18.5813 24.3761 1.3732
Investment
4Q 40.2661  2.6957  4.8279 1.8303 1.9818 38.0776 7.2110  3.1096
8Q 35.3476  4.9471 2.8716 5.5500 1.1340 39.1008 7.8288  3.2201
16Q 27.2783  6.8208 2.1006 17.8547 0.9147 34.3479 7.9286  2.7544
32Q 22.8417  8.4017 1.7207 28.0810 0.7631 28.4345 7.4885 2.2688
Consumption
4Q 4.4949  47.9935 49197 0.2371 0.1738 0.1971  41.9595 0.0243
8Q 2.0440  52.0420 2.3753 1.0834  0.1094 2.4615 39.7125 0.1718
16Q) 3.4132 519448 1.2430 0.6390  0.0828 7.0669  35.0960 0.5143
32Q 29037  56.1710 0.6674 2.9272  0.0358 6.7266  30.0932 0.4752

Note: Columns 2 — 9 correspond to the shocks: the intertemporal preference shock

(Patience), the permanent shock to neutral technology (Ngrowth), the transitory

shock to neutral technology (Nlevel), the permanent shock to biased technology

(Bgrowth), the transitory shock to biased technology (Blevel), the housing demand

shock (Housing), the labor supply shock (Labor), and the financial shock (Financial).
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TABLE 4. Forecast Error Variance Decomposition for Asset Prices

31

Horizon Patience Ngrowth Nlevel Bgrowth Blevel Housing Labor Financial
Capital price
4Q 9.7650  0.3043 6.6364 73.2255 1.6753 6.5135  1.4690 0.4111
8Q 4.2220  0.1443 2.8773 88.2831 0.8367 2.8230  0.6347 0.1789
16Q 1.6622  0.0566 1.1261 95.3977 0.3292 1.1090  0.2487 0.0705
32Q) 0.7203  0.0245 0.4877 98.0059 0.1426 0.4807  0.1078 0.0306
Land price
4Q 5.8548  1.2335 0.3596 0.0070  0.0103 91.3092 1.2127 0.0129
8Q 4.7886  1.4929 0.1908 0.0334  0.0065 92.2562 1.2087 0.0228
16Q 3.5171 1.8523 0.1058 0.0250  0.0046 93.1698 1.2821 0.0433
32Q) 2.0720  2.3474  0.0593 0.1236  0.0024 94.0833 1.2691 0.0428
Excess Return
4Q 0.9805  0.0222 0.5362 0.1612  0.6567 92.0455 0.0884 5.5093
8Q 0.9251  0.1311 0.5283 0.5603  0.6914 91.9810 0.0952 5.0875
16Q 1.5853  0.3650  0.5748 2.0160  0.5937 90.2515 0.1892 4.4244
32Q) 1.8709  0.6008 0.6191 4.0389  0.4901 88.3429 0.2740 3.7634

Note: Columns 2 — 9 correspond to the shocks: the intertemporal preference shock

(Patience), the permanent shock to neutral technology (Ngrowth), the transitory

shock to neutral technology (Nlevel), the permanent shock to biased technology

(Bgrowth), the transitory shock to biased technology (Blevel), the housing demand

shock (Housing), the labor supply shock (Labor), and the financial shock (Financial).
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