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This paper studies land-price dynamics and macroeconomic fluctuations by introducing a
general household’s preference into Liu et al. (2013) that allows for the intertemporal and the
intratemporal elasticities of substitution (ES) to deviate from unity. When the intertemporal ES
is smaller than unity and also smaller than the intratemporal ES, in response to a positive
housing demand shock, we find that consumption increases and comoves with land prices and
business investment consistent with the estimated evidence from a BVAR model. Moreover,
the shares of investment, labor hours, and output explained by the housing demand shock are
different from those in Liu et al. (2013). We estimate alternative models to fit the time series
data and also estimate the values of the two ESs within the structural model. We find the result
in favor of the model with the household’s preference featuring a complementary relationship

across periods but a substitutable relationship within a period.
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1. Introduction

The financial crisis of 2007-2008 propelled the U.S. and world economies into the most
severe global recession since the Great Depression. Triggered by the sudden and severe slump
of the U.S. housing market, the financial crisis shrank asset values tied to U.S. real estate. This
came with a sharp decline in housing and land prices and a harsh collapse in business
investment, leaving a stark decrease in employment, output and consumption. The crisis has
sparked substantial interest in what drives housing prices and how they affect
macroeconomies.’ In a recent paper, Liu et al. (2013) introduced land as a collateral asset in
firms’ credit constraints, as in Kiyotaki and Moore (1997), and found that a positive shock to
housing demand can generate a mechanism that amplifies and propagates the shock through
the strong joint dynamics between land prices and business investment. In particular, their
estimation indicated that the housing demand shock alone accounts for about 90% of the
fluctuations in land prices, along with large fluctuations in investment, output, and labor hours.
The empirical macroeconomic literature has suggested that housing demand shocks are the
primary driving force for the fluctuation of the house price (Davis and Heathcote, 2007). Liu et
al. (2013)’s paper is valuable in identifying the interactions between the housing market and
the macroeconomy via the collateral and the land reallocation channels that improve policy
making. However, their theoretical impulse responses have a comovement puzzle: their
consumption decreases in response to a positive housing demand shock, which is inconsistent
with the evidence estimated from a Bayesian vector autoregression (BVAR) model. Their
estimates indicate that consumption increases and comoves with land prices, investment, and

hours following a positive shock to the land-price series (cf. Liu et al. 2013, Figure 2).

The comovement puzzle arises from the household’s utility in Liu et al. (2013), which is
log-separable in consumption and durable land services. As a result, the intertemporal
elasticity of substitution (hereafter, ES) of consumption bundles over time and the
intratemporal ES between consumption and land services in a period of time both are unity. As
Hall (1988) pointed out, intertemporal substitution in consumption is a central element of most

modern macroeconomic models. The quantitative importance of the effects of changes in

' See lacoviello and Neri (2010), Mian et al. (2013), Adelino et al. (2015), and Berger et al. (2018), among others.
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various policies depends on the magnitude of the intertemporal ES. Moreover, as Ogaki and
Reinhart (1998) put it, intratemporal substitution is vital when there are consumer durables.
The intratemporal substitution between nondurables and durables is important not only for
understanding the effects of the housing demand shock on business cycles but also for other

issues like asset pricing and asset risk premia.

In this paper, we introduce a general household’s utility into Liu et al. (2013) and
investigate, in response to a positive housing demand shock, whether the comovement puzzle
can be resolved and if the striking results of Liu et al. (2013) are modified. Specifically, the
household’s utility for consumption and land services is a constant-elasticity-of-substitution
(CES) function, as in Barsky et al. (2003, 2007), Monacelli (2009), and Chen and Liao (2014).
The utility has two parameters, representing the intertemporal ES and the intratemporal ES,
which reduces to Liu et al. (2013)’s utility if both ESs go to unity. We establish that the utility
can resolve the comovement puzzle if the intertemporal ES is less than unity and smaller than
the intratemporal ES. The reason goes as follows: following a positive housing demand shock
and thus, a land price increase, when the intertemporal ES is less than unity, agents are less
willing to substitute away from current toward future consumption. If the intertemporal ES is
smaller than the intratemporal ES, the land price increase causes land services to be substituted
away toward more current consumption. As a result, current consumption increases and

comoves with land prices and business investment, so the comovement puzzle is resolved.

An intertemporal ES less than unity and smaller than the intratemporal ES is consistent
with the existing estimates in the literature. Ogaki and Reinhart (1998) and Piazzesi et al.
(2007) estimated that the intertemporal ES is statistically and significantly less than unity and
the intratemporal ES is statistically and significantly larger than unity, while Yogo (2006), and
more recently Li et al. (2016), found that the intertemporal ES is statistically and significantly
smaller than unity and less than the intratemporal ES. Flavin and Nakagawa (2008) estimated
the intertemporal ES to be about a half, while Bajari et al. (2013) estimated the intratemporal
ES to be statistically and significantly larger than unity. These estimates indicate that the
intertemporal ES is smaller than unity, and the intratemporal ES is greater than the

intertemporal ES and may be larger than unity.

To estimate the model, we fit the log-linearized equilibrium system to the same data as in

Liu et al. (2013). We use the Bayesian method to estimate structural parameters and shock



EERTRTHE LT ANEE=H

parameters in the model. The estimated parameters of our model suggest that the estimation of
Liu et al. (2013) is in general robust. However, because of the joint effects of intertemporal and
intratemporal ESs deviating from unity, the impulse responses and the amplification effects on
key macroeconomic variables are different. Our study focuses on two baseline cases for the
intertemporal ES. One of the baselines sets the intertemporal ES at unity, as in Liu et al.
(2013), and the other sets the intertemporal ES at less than unity consistent with the existing
estimates. Under each of the two baselines, we study impulse responses under three values of
the intratemporal ES. One value is unity, as in Liu et al. (2013), one value is larger than the
baseline intertemporal ES at unity, and one value is smaller than the other baseline
intertemporal ES less than unity. The first two values of the intratemporal ES lie within the
range of the existing estimates, and the last value is used as a control group. Finally, other then
these parameter values set from the outside, we also estimate the values of the two ESs within

the structural model and let the data and the model decide what the estimates should be.

The impulse responses indicate that, as in Liu et al. (2013), a positive housing demand
shock leads to persistent increases not only in land prices but also in business investment, since
increases in land prices activate the financial multiplier that interacts land prices with business
investment in propagating the shock, and the housing demand shock alone accounts for the

lion’s share of the fluctuations in the land price.

There are three different results. First, consumption increases and comoves with land
prices and business investment if the intertemporal ES is less than unity and smaller than the
intratemporal ES. The reason is that, with the intertemporal ES being smaller than unity, the
intertemporal consumption smoothing effect is large, and, with the intertemporal ES being less
than the intratemporal ES, the intertemporal consumption smoothing effect dominates the
intratemporal consumption smoothing effect. As a result, a positive housing demand shock
raises land prices by more. A higher land price causes land services to be substituted away
toward current consumption, and thus consumption increases and comoves with land prices

and investment.

Next, in comparing the relative importance of the housing demand shock and other
structural shocks in driving the impulse responses, when intertemporal and intratemporal ESs
are different from unity, variance decompositions indicate that the fractions of the fluctuation

in macroeconomic variables accounted for by the housing demand shock are different from
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those in Liu et al. (2013).

Finally, we estimate alternative models to fit the data as in Liu et al. (2013) and estimate
the values of the two ESs within the structural model. We find the results in support of the
model with a household’s preference featuring a complementary relationship for consumption
bundles across periods and a substitutable relationship for consumption and land services

within a period.

Our finding that consumption increases and comoves with land prices is in line with the
result uncovered by Campbell and Cocco (2007), and more recently, by Kaplan et al (2020).
These papers used micro data and studied how house price fluctuations affected households’

consumption. They found that an increase in house prices increased consumer spending.

Our paper is related to Gong et al. (2017), which extended the household utility in Liu et
al. (2013) to a non-separable utility between consumption and labor, and a log utility of land
services. Gong et al. (2017) focused on comparing the two cases of the intertemporal ES that
are equal to or less than unity. There are two main differences. First, the model is different. As
in Liu et al. (2013), our utility has an infinite Frisch elasticity of labor supply (hereafter, ELS),
but Gong et al. (2017) has a finite Frisch ELS. Our household utility is non-separable in
consumption and land services with a general intratemporal ES, but consumption is separable
from land services in Gong et al. (2017). In particular, the values of the two ESs in our model
are estimated within the structural model, but the value of the intertemporal ES in Gong et al.
(2017) is set from the outside. Next, the impulse responses are different. In response to a
positive housing demand shock, our consumption increases and comoves with land prices and
investment, but in Gong et al. (2017), consumption decreases and does not comove with land
prices. Moreover, in the case when the intertemporal ES is less than unity, the fractions of the
fluctuations in land prices and key variables accounted for by the housing demand shock are
larger in our model but smaller in Gong et al. (2017) than those in Liu et al. (2013), wherein
the intertemporal ES is unity. Latter result emerges, since the finite Frisch ELS in Gong et al.
(2017) by itself leads to lower labor supply, investment and collateral capital, which lowers
borrowing. Thus, the degree to which the entrepreneur’s credit constraint is relaxed is lower

and a smaller dynamic financial multiplier emerges.

Our paper is related to papers by Barsky et al. (2003, 2007), Monacelli (2009), and Chen

and Liao (2014). Like our paper, these existing papers studied consumer nondurables and
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durables (or land services). The difference is that we analyze the impulse responses of the
housing demand shock, while these existing papers study the impulse responses of the

monetary policy shock.

Finally, our paper follows Liu et al. (2013) and sets up two types of agents, a patient
household and an impatient entrepreneur that uses land as a collateral for loans. There is a
strand of recent dynamic stochastic general equilibrium literature with two types of agents
where one of the types uses land as collateral for loans (Iacoviello, 2005; lacoviello and Neri,
2010; Justiniano et al., 2015; Favilukis et al., 2017). Our model is different from the literature,
as we have no impatient households and it is firms that are credit constrained. Our paper is also
broadly related to the papers that studied the amplification effect through the borrowing
constraint. On this, the seminal work is Kiyotaki and Moore (1997). See also papers by
Kocherlakota (2000), Cordoba and Ripoll (2004), and Cao and Nie (2017), which analyzed the

quantitative significance of the amplification through the borrowing constraint.

The organization is as follows. Section 2 sets up the model, while Section 3 is the
estimation strategy. Section 4 studies the impulse responses of positive housing demand shocks
and the role of different intertemporal and intratemporal elasticities of substitutions. Section 5
analyzes relative importance of different structural shocks in terms of variance

decompositions. Finally, Section 6 is the concluding remarks.

2. The model

Our model is otherwise identical to that of Liu et al. (2013) except for a general
household’s preference. The economy has a representative household and a representative
entrepreneur. The household consumes goods and land services (housing) and supplies labor,
while the entrepreneur consumes consumption goods only. The entrepreneur produces final
goods using labor, capital, and land, and needs external financing for investment. Due to
imperfect contract enforcement, the borrowing capacity is constrained by the value of
collateral assets, consisting of land and capital. As in Liu et al. (2013), we assume that the
household is more patient than the entrepreneur, so that the entrepreneur’s collateral constraint

is binding in and near the steady-state equilibrium. The supply of land is fixed.
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2.1 The representative entrepreneur

As in Liu et al. (2013), the entrepreneur’s utility is given by
E Y., B{l0og (Cor —VeCor-1)} (1a)

where C., is entrepreneur’s consumption, y. is the degree of entrepreneur’s habit

persistence, and f<(0, 1) is the discount factor.

The entrepreneur produces final goods with the production technology given by

1- _
Y, = Z, (L2, K TP1ONLE, (1b)
where Y, denotes output, L. is land, K..; is capital, and N, is labor input. Parameters o €

(0, 1) and ¢ € (0, 1) measure the output elasticities of these production factors.

As in Liu et al. (2013), the total factor productivity Z; consists of a permanent component
Zf and a transitory component v, such that Z, = Zf v,¢. The permanent component Zf
follows Zf = Zf_llzt, where the growth rate A, and the transitory component v, follow

the stochastic process given, respectively, by
ln}‘z,t = (1 - pz)ln/Tz + pzln/lz,t—l t+ 0264 (2a)

lnvz,t = pvzlnvz,t—l + Opz€vzt- (2b)

In (2a) and (2b), A, is the steady-state value of A,.. Parameters p. and p,. € (-1, 1) are
the degree of persistence, o. and . are the standard deviations, and the innovations &., and &,

are independent and identically distributed (i.i.d.) standard normal processes.

The entrepreneur faces the flow of funds constraint given by

B 1- e 1
Cot + Que(Les = Lep1) = o = Zellle 1 K, 1NGT = 2= WeNey = Beea, (3)
where /, is investment, g, . is the land price, B, is the amount of matured debts, R, is the

gross real interest rate, w; is the real wage rate, and B; /R; is the value of new debts.



EERTRTHE LT ANEE=H

As in Greenwood et al. (1997), there is the investment-specific technology change Q..
Following Liu et al. (2013), we assume that Q; = Qf Vg, in which the permanent component
Qf follows Qf = Qf_l/lqt, where the growth rate A4 and the transitory component v,

follow the stochastic process given, respectively, by
Indge = (1= p)indg + pglndg i1 + 04€q. (4a)
Invg: = ppqlnvg -1 + Opgvg,ts (4b)

where /Tq is the steady-state value of A4, and the parameters p, and py, € (-1, 1) are the
degree of persistence, while ¢, and o, are the standard deviations, and the innovations &,; and

&vq,r are I.1.d. standard normal processes.

The entrepreneur is endowed with K. units of capital and L., units of land initially.

Capital is accumulated from investment that follows the law of motion given by

Ke = (1= 8)Kea +[1-5 G = ) (5)

where J is the depreciation rate, A, is the steady-state growth rate of investment, and

>0 is the adjustment cost parameter.

The loan market is imperfect, and collateral is required in order to take out loans. The

entrepreneur faces the following credit constraint
By < ¢tEe[ques1ler + Qre+1Ke), (6)

where ¢,+11s the shadow price of capital in unit of final goods, and ¢, is interpreted as a

collateral shock.

Following Kiyotaki and Moore (1997), we interpret this type of credit constraint as
reflecting the problem of costly contract enforcement. The credit constraint implies that, if the
entrepreneur fails to repay the debt in the next period, the creditor can seize the collateral
assets, which is the value of land and accumulated capital in the next period. As it is costly to
liquidate the seized land and capital stock, the creditor can recover up to a fraction ¢, of the

total value of collateral assets.
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Following Liu et al. (2013), ¢, follows the stochastic process given by
Ing, = (1 - pg)lnf + pglnCt—l t+ 0c&ct (7

where ¢ is the steady-state value of ¢;, and p¢ € (-1, 1) is the persistent parameter,
while o, is the standard deviation, and the innovations &, is an i.i.d. standard normal

process.

2.2 The representative household

Different from Liu et al. (2013), the household’s discounted utility function is given by

EY :OZO Bt AU Cres L) — YeNnel, (8)

1-1/7

where U(Ch,t, Lh,t) = ﬁ (U(Ch,t: Lh,t))l_w

Cp+—V3Ch r_ 1-1/¢ 1-1/¢
and u(CrerLne) = (1= 0 (BEEREL) T4 (1ge)

The household derives utility from consumption Cj, (durable) land services L;; and
labor hours Ny, wherein consumption and land services in period ¢ are aggregated to the
consumption bundle u(Cp,, Lp¢) in a CES function, with y denoting the relative weight
between consumption and land services.” The household also obtains a negative utility from
supplying labor hours, which gives an infinite Frisch ELS, as in Liu et al. (2016). The

parameter y; is the degree of household’s habit persistence.

Following Liu et al. (2016), consumption is scaled by the growth factor I; =
[ZtQEI_"’)“]m in order to be consistent with the balanced growth, where Z; is the total factor
productivity and O is the investment-specific technology. In (8), 4; is the household's patience
factor and evolves as Ay = A;_1(1 + A4¢), where A,; represents a shock to the household's
patience factor. Moreover, ¢; is a shock to the household's demand for land services, which

is also labeled as the housing demand shock, and 1, is a shock to the labor supply. The

2 Asin Liu et al. (2013), we will interchange the term housing services with land services.
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stochastic processes of those shocks are the same as those in Liu et al. (2013), given as

follows.
Indge = (1= pa)Indg + palndge_1 + 0agqr, (9a)
Ing, = (1 = pyp)Ing + pylnge_q + 0péy, (9b)
In, = (1 = py)lnd + pylnhe_y + oyey,e, (9¢)

where A, @, P > 0 are steady-state values of A, @¢, ¢, While pa, py, py € (-1,1) are
persistence parameters, and o,, 0,, 0, >0 are the standard deviations of the innovation. The

innovations &q., &y, €y, are i.i.d. standard normal processes.

The utility function U, has two parameters # and {. The parameter # is the intertemporal
ES between consumption bundles across periods. For a higher value of #, the households are
more willing to substitute consumption bundles over time. The bundles are perfect substitutes
over time as 57 — oo, are perfect complements as # — 0, and are the Cobb—Douglas function as
n — 1.> The parameter { represents the intratemporal ES between consumption and land
services within a period. For a higher value of ¢, the households are more willing to substitute
one for the other. The two goods become perfect substitutes within a period as (—oo and
perfect complements as (—0. Taking the limit as { —1 yields the Cobb—Douglas function. In

the case if (= 5, the utility is separable in consumption and land services.

These two parameters # and { affect the cross partial derivative of the utility function U,

with respect to the two goods, which is*

_ 0 U, 1 1 ot /) ‘pf(l_%)_l Cht=YhChi-1 -
Ueuin = 5= (35 = G = D = 0x@e @)= Ly, © HEELT (10)

which informs about the relative strength of the intratemporal and intertemporal tradeoffs.

3 We use standard Hicksian language here. Two goods are substitutes if and only if #>1 and complements if and

only if #<1. The property can be inferred from data on quantities and relative prices, and has nothing to do with
agent’s intertemporal concern for smoothing consumption.

Some papers refer to Ucz<0 as the case in which C and L are substitutes, while Ucz>0 is the case in which these
two goods are complements. We refrain from such a language here, since the cross partial derivative of the
felicity function captures both intertemporal and intratemporal tradeoffs.

-10-
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The sign of the cross partial derivative is determined by (n — {), which is positive if (3 — {) > 0,
and negative if (7 — {) < 0. The special case #={=1 and yields the household’s utility in Liu et
al. (2013) and ( — {) = 0. In particular, when (7 — {) < 0, the intratemporal tradeoff is larger
than the intertemporal tradeoff and then, a higher housing price tends to substitute away from

land services toward consumption.

The existing literature has estimated the intertemporal ES # to be smaller than unity and
the intratemporal ES ('to be on average larger than unity. Using a homothetic preference to
estimate the intertemporal ES and the intratemporal ES, Ogaki and Reinhart (1998) found # €
[0.32, 0.45] and {=1.17 and Yogo (2006) obtained # = 0.02 and { € [0.52, 0.87], while
Piazzesi et al. (2007) attained # € [0.06, 0.20] and ('€ [1.05, 1.25] and Flavin and Nakagawa
(2008) discovered # € [0.54, 0.55]. Recently, Bajari et al. (2013) estimated {=4.55, and Li et
al. (2016) attained (#, {) = (0.14, 0.49), (0.16, 0.81), (0.83, 1.69). Thus, the estimated values 7
€ [0.02, 0.83] are less than unity and also are smaller than the estimated value of {, which is on

average larger than unity.

The household faces the flow budget constraint given by

S
Che + que(Lpe — Lpe-1) + R_Z S WiNpe + Siq, (11)

where §; is the risk-free bond. In the initial period, the household is endowed with L .1>0

units of land and S.;>0 units of the risk-free bond.

The household chooses Cjs, Lis, Nis, and S; to maximize the expected lifetime utility in

(8) subject to (11) and the borrowing constraint S, > —S for some large number S.

2.3 Equilibrium
There are four markets, including the markets for final goods, land, labor, and loans. All

markets clear in the competitive equilibrium. First, the final goods market clearing condition is

C+L=y, (12a)
Q¢

where C. = Cp + C.¢ is aggregate consumption. Next, the land market clearing

condition is

-11-
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Ly¢+ Lot = L. (12b)

Moreover, the clearing condition for the labor market is

Ne,t = Nh,t = Nt' (120)

Finally, the market clearing condition for loans is

A competitive equilibrium is sequences of prices {w;, q;, Ri}izo and
allocations {Cp, ¢, Co ¢, Ity Nnt, Net, Lty Lot Se, Be, Ki, Ye}eeo such that given the sequence
of prices, (i) the allocations maximize the household’s problem, and (ii) the allocations solve

the entrepreneur’s problem, and (iii) all the markets clear.

3. Estimation

We take a log-linearization of the equilibrium system around the steady state. Following
Liu et al. (2013), we use the Bayesian approach to fit the log-linearized equilibrium system to
the same six quarterly U.S. time series as used by Liu et al. (2013): the relative price of land
(q1¢), the inverse of the quality-adjusted relative price of investment (Q;), real consumption
per capita (C;), real investment per capita in consumption units (/;), real nonfinancial business
debts per capita (B;), and per capita hours worked (N;). All these series are constructed in line
with the corresponding series in Greenwood, Hercowitz, and Krusell (1997), Cummins and
Violante (2002), and Davis and Heathcote (2007). The sample covers the period from 1975:
Q1 t0 2010: Q4.

In the Bayesian estimation, a system of measurement and transition equations links
observable variables to state variables. By setting prior distributions and updating the joint
distribution through the information contained in the observed data, the posterior distribution
of the parameter set 6 can be well approximated by some Markov chain Monte Carlo (MCMC)
algorithm, and eventually the value of the parameter set is obtained by maximizing the

likelihood function. Yet, with binding credit constraints, the posterior kernel is filled with

-12-
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narrow but twisty ridges and local peaks. Thus, it is difficult not only to find the mode of the
posterior distribution but also to uncover the posterior mode of the built-in optimizing methods

in the popular Dynare software.

Our optimization routine in estimating structural parameters and shock parameters is the
same as the one used in Liu et al. (2013), which is based on Sims et al. (2008).° With an initial
guess of the values of structural parameters and shock parameters, we use a combination of a
constrained optimization algorithm and an unconstrained Broyden—Fletcher—Goldfarb—Shanno
optimization algorithm to find a local peak. Then, the local peak is used to simulate a long
sequence of MCMC posterior draws. These draws are then treated as different starting points
in order for the optimization routine to find a potentially higher peak. We iterate this process,

until the highest peak is found.

Our parameters are partitioned into three subsets, which are the structural parameters on
which we have agnostic priors, the structural parameters for which we have the steady-state
relations to construct informative priors, and the parameters which describe the shock
processes. The prior distributions of these parameters are the same as those in Liu et al. (2013).
First, we employ the steady-state values to calibrate the values of {a,8, }.° Next, we apply
the Bayesian method to estimate the structural parameters on which we have agnostic priors
P ve, Q5 gy iq}. Then, we identify the structural parameters for which we have the
steady-state relations to construct informative priors {f, /Ta,gﬁ, ¢,6}. Finally, we adopt
agnostic priors for the persistence and standard deviations of the shock processes {p; oi} for

the eight shock parameters i € {a, z, v, q, v4, @, ¥, 6}.

The intertemporal ES is set at # = 1 in Liu et al. (2013). In addition to the baseline case 7
= 1, since the existing estimated values # € [0.02, 0.83] are smaller than unity, we will also
explore the baseline case # < 1. The value # = 0.5 has been used frequently in the literature.
Moreover, Liu et al. (2013) set the intratemporal ES to be {=1. In addition, given that the

estimated { value is larger than # and also is on average greater than unity, we also allow for

> The optimization routine in Sims et al. (2008) is coded in C/C++, which is downloadable at

http://www.tzha.net/code. Compared with other optimization routines in Dynare 4.2, the optimization routine
used in Liu et al. (2013) is efficient and can find the posterior mode. See the Appendix in Liu et al. (2013) for
description of the data and the prior distributions.

As in Liu et al. (2013), the values of a and 8 are fixed at 0.3 and 0.75 in accord with the data, respectively,
and the values of ¥ is adjusted so that the steady-state market hours are about 25% of time endowment.

-13-
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the case of the { value to be larger than 1, and set the value = 1.2. Moreover, as the sign of
(¢ — n) matters for the cross partial derivative of the utility function with respect to
consumption and land services, we also consider { = 0.4 as a control group. Then, both cases
({—#) >0 and ({— ) < 0 emerge, when the baseline is # = 1 and when the baseline is # = 0.5.

Tables 1 and 2 are the estimated parameter values.
Casel. p=1

In this baseline case # = 1, we use the Bayesian approach to estimate structural
parameters and shock parameters for these three sets of the value: (= 1.2, 1 and 0.4. Tables
la—1b report the prior distributions and the estimated posterior modes for structural parameters

and shock parameters, respectively.
Case2. 5=0.5

In this baseline case # = 0.5, we also use the Bayesian approach to estimate structural
parameters and shock parameters for these three sets of the value: (= 1.2, 1 and 0.4. Tables
2a—2b report the prior distributions and the estimated posterior modes for structural parameters

and shock parameters, respectively.

4. Impulse responses of a positive housing demand shock

With the household’s utility function different from that in Liu et al. (2013), the impulse
responses of the housing demand shock are theoretically different. This section analyzes the
impulse responses on the business cycles of land prices and key macroeconomic variables
starting with the case 7 = 1, followed by the case # = 0.5. We investigate how different values
of the intertemporal ES and the intratemporal ES affect the fluctuations in land prices and

other variables in response to a positive housing demand shock.

4.1 Impulse responses of a positive housing demand shock when n =1
Under the baseline # = 1, when there is a change in the interest rate, the intertemporal
substitution effect is equal to the income effect. Now, we perform the impulse responses of an

increase in the housing demand shock by one standard deviation under # = 1.

-14-
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The impulse responses under ¢ = 1 in In Table 1 replicates exactly those in Liu et al.
(2013, Figure 4) when the household’s utility is logarithmic with both elasticities equal to 1. In
response to a positive housing demand shock, the household increases the land service and
decreases consumption on impact. The increase in the land price propagates the shock and, by
way of the expansions of net worth and the entrepreneur's borrowing constraint, triggers the
dynamic financial multiplier through interactions between the land price and investment. With
a logarithmic utility, the entrepreneur would smooth consumption over time by investing part
of the loans, and this intertemporal smoothing incentive is reinforced by habit persistence. The
entrepreneur's habit persistence dampens consumption and increases investment in responses
to a shock that raises the land price. As a result, investment, labor hours and output increase,
but aggregate consumption decreases on impact and thus, does not co-move with other

aggregate variables.

The Liu et al. (2013) model corresponds to the case when the household’s willingness to
substitute consumption for land services in a period ¢ =1 is equal to the willingness to
substitute consumption bundles over time # = 1. Under given # = 1, Figure 1 also reports the
impulse responses of two other cases of intratemporal ESs at { = 1.2 and 0.4. Now, the
household’s willingness to substitute consumption for land services in a period for the case {
=1.2 and 0.4 is, respectively, larger and smaller than the willingness to substitute consumption

bundles over time, which is # = 1.

For other two cases (= 1.2 and 0.4, Figure 1 indicates that increases in investment, labor
hours and output are about the same as those in Liu et al. (2013)’s case (1, {) = (1, 1). The
difference is, compared with the case (1, {) = (1, 1), land prices increase by more for the case
(1, ) = (1, 0.4) and less for the case (#, {) = (1, 1.2), and aggregate consumption decreases by
more for the case (7, {) = (1, 0.4).

The main problem with this baseline # = 1 is that, no matter whether the intratemporal ES
is {=1.2, 1, or 0.4, aggregate consumption decreases on impact. Such results are inconsistent
with the evidence estimated from the BVAR model in Liu et al. (2013), which displays the
comovement of consumption, land prices, business investment, and labor hours following a

positive shock to the land-price series.
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4.2 Impulse responses of a positive housing demand shock when n = 0.5

We turn to the other baseline case # = 0.5. In this baseline, the intertemporal substitution
effect is smaller than the income effect. This implies that the household is less willing to
smooth consumption bundles over time than the model with the baseline # = 1. Figure 2
reports the impulse responses of a one-standard deviation increase in the housing demand
shock under the baseline # = 0.5 for the intratemporal ES at { =1 and two other intratemporal
ESs at {=1.2 and 0.4. Now, the household’s willingness to substitute consumption for land
services in a period in the case ¢ =1 and 1.2 is larger, but the willingness to substitute
consumption in a period in the case { = 0.4 is smaller, than the willingness to substitute

consumption over time, which is # = 0.5.

Figure 2 indicates that, in response to a positive housing demand shock, aggregate
consumption increases on impact for cases { = 1 and 1.2. While aggregate consumption
decreases on impact for the case (y, {) =(0.5, 0.4), the decrease is smaller than the
corresponding case (1, {) = (1, 0.4) in Figure 1. The land price increases for all three cases { =
1.2, 1, and 0.4, but, different from the case in Figure 1, the land price increases the highest in
the case (= 1.2, followed by { =1, and then { = 0.4. As the increase in land price affects the
entrepreneur's credit constraints and propagates the housing demand shock, the entrepreneur’s
investment increases to the largest in the case (= 1.2, followed by = 1, and then {= 0.4. As
investment increases, labor hours also increase, as these inputs are complements in production.
As a result, output increases the largest in the case {= 1.2, followed by (=1, and then {= 0.4.
Hence, for cases { =1 and 1.2, aggregate consumption, land prices, business investment, and
labor hours comove in response to a positive housing demand shock, which is consistent with

the evidence estimated from the BVAR model in Liu et al. (2013).

4.3 Comparisons of the impulse responses between the baselines # =1 and 0.5
Under each of the two intertemporal smoothing baselines # = 1 and # = 0.5, the former
two subsections have compared the impulse responses for different intratemporal smoothing
values, { = 1.2, 1, and 0.4. This subsection takes a different perspective. Under each of the
three intratemporal smoothing values, { = 1.2, 1, and 0.4, we compare the impulse responses
for different intertemporal smoothing baselines # = 1 and 0.5. To save space, the impulse
responses are relegated in Appendix Figures 1 — 3. Appendix Figure 1 compares the impulse

responses when the intratemporal smoothing value ¢ = 1.2 is more important than both
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intertemporal smoothing baselines. Appendix Figure 2 reports the impulse responses when the
intratemporal smoothing value = 1 is as important as the intertemporal smoothing baseline #
= 1, but is more important than the intertemporal smoothing baseline # = 0.5. Finally,
Appendix Figure 3 is the impulse responses when the intratemporal smoothing value {= 0.4 is

less important than both intertemporal smoothing baselines.

As is clearly seen, in response to a positive housing demand shock, land prices increase
more in the smaller intertemporal smoothing baseline # = 0.5 than the larger baseline = 1
when the intratemporal smoothing values are larger at (= 1.2 and 1, but land prices increase
less in the smaller baseline # = 0.5 than the larger baseline # = 1 when the intratemporal
smoothing value is smaller at { = 0.4. Moreover, investment, labor hours and output increase
more in the smaller baseline # = 0.5 than the larger baseline # = 1 when the intratemporal
smoothing values are larger at { = 1.2 and 1, but these macro variables increase less in the
smaller baseline # = 0.5 than the larger baseline # = 1 when the intratemporal smoothing value
is smaller at { = 0.4. In particular, no matter whether the intratemporal smoothing value is { =
1.2, 1, or 0.4, aggregate consumption is always higher in the smaller baseline # = 0.5 than the
larger baseline 7 = 1. However, when the intratemporal smoothing value is larger at {= 1.2 and
1, aggregate consumption increases in the smaller baseline # = 0.5 but decreases in the larger
baseline # = 1, while when the intratemporal smoothing value is smaller at { = 0.4, aggregate
consumption always decreases in both baselines # = 0.5 and 1. Thus, only when the
intertemporal smoothing is # = 0.5 in the cases of larger intratemporal smoothing values { =
1.2 and 1, aggregate consumption increases and comoves with land prices, investment, labor

hours, and output.

4.4 The role of # and ¢ in the land price in response to the housing demand shock

The fluctuations of the land price are vital in the propagation of housing demand shocks
via the collateral channel into impacts on the fluctuations in consumption, investment, and
other variables. In the Appendix, we have derived the relationship between the land price q;,

and the housing demand shock ¢;, given as follows.

Un, PeAc(m, O
it = .BthLt+1 #Hl + = (13)
h,t Uht
s v
_1/0)— - 1-1 - -1/
where  A,(n, ) EAtXL(ﬁtt(l 1/0) 1[(1 0 (Ch,t Y:,Ch,t—1) s 1 1/5]1 and
, X ,

-17-



EERTRTHE LT ANEE=H

Up is the Lagrange multiplier of the household’s budget constraint in (11), which is the
marginal utility of household’s consumption in ¢, and @:A;(n, {) is the marginal utility of

household’s land services in .

Unt+1

In (13), the first term in the right-hand side, p
h,t

is the marginal rate of substitution

(hereafter, MRS) of household’s consumption between periods ¢ and #+1. The second term in

eede(m, O

the right-hand side, , is the MRS between household’s consumption and land services

Hh,t
within period z. When there is a positive housing demand shock (i.e., when ¢; increases),
there are direct and indirect effects on the land price. There is a direct effect working through
the term ¢, which directly increases the volatility of the land price. There are indirect effects
through affecting the MRS of household’s consumption between periods ¢ and #+1 and the
MRS between household’s consumption and land services within period ¢. These are where the

intertemporal ES # and the intratemporal ES {'exert effects.

To illustrate the role of # and {'in the effect of the housing demand shock on the land
price, let us simplify the household’s utility by assuming no consumption habits and no growth
factors, so y, =0 and A; = [} = 1. Thus, the household’s utility of consumption and land

services in (8) reduces to

1-1/7

1 1-3 11\
U(CherLne) = (A= 0(Cre) S+ x(L7y) ¢ : (14)

1-1/n

1 1
It serves to denote A4,(¢p,) = (1 —)()(Ch,t)l S (LY "2 Then, the marginal utility of
household’s consumption and the marginal utility of household’s land services are,

respectively, given by

1-1/n 1

1
ppe =1 - X)(Ch,t) (A,

1-1/7 1

q)t/lt(n; {) = QDt)(Lqut(l_l/O_l(At) -1/

In the special case of the Liu et al. (2013) model, {= n = 1, and (14) reduces to the log
separable form U, = (1 — y)lo g(Ch,t) + x@ilogLye. As a result, the marginal utility of
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household’s consumption is pp, = (1 — )()(Ch't)_] and the marginal utility of household’s
land services is @:A4;(n, {) = (pt)((Lh’t)_l, which is independent of the marginal utility of
household’s consumption. In this case, the relationship between the land price q;, and the

housing demand shock ¢; in (13) reduces to

Cht 4 XPt Cht (15)

= BE —— .
Qe =B tCIl,t+1Ch't+1 1—X Lne

XPt

Then, the housing demand shock exerts only the direct effect through 2

on the land price.

By contrast, when any value of # and { deviates from unity, the effect changes. The

relationship between the land price q;, and housing demand shock ¢, in (13) now become

1-1/n

1/¢ -1/, ee-1/0) \1 1577 1/¢ ,0t(1-1/0)
Cht A-x)Cp, XLyt X9t Cnit Lpg
Que = BEeduens (22) ( pLechle (i)

Cht+ (1—)()6,(:;11/0+)(L(£'ft:11(1_1/0 1-x Lpt

Thus, the housing demand shock ¢; impacts the land price not only through the same

direct effect X%t
1-x

cases are in order.

as in Liu et al. (2013), but there are also other direct and indirect effect. Two

First, when # = 1 as in Liu et al. (2013) but { # 1 different from Liu et al. (2013), there are

indirect effects include those through L(gft(l_l/ 2

in the second term affecting the MRS
between household’s consumption and land services within period z. Thus, a different

intratemporal consumption smoothing effect is at work.

Next, when # < 1 and { # 1, there are other indirect effects acting through
L(gft(l_l/o[1_(1_1/")/(1_1/0] (= Lﬁft(f—n)/(né')) in the first term, which impact the MRS of
household’s consumption between periods ¢ and #+1. Thus, a different intertemporal
consumption smoothing effect is at work. In particular, consumption increases and comoves
with land prices, investment, labor and output, only when # < 1 and (3 — {) < 0; that is, when
the intertemporal consumption smoothing effect is sufficiently large and dominates the
intratemporal consumption smoothing effect. In these cases, these stronger indirect effects

cause the land price to increase more.” The resulting increase in the land price causes land

7 This is seen by the impulse responses in Figure 2, wherein the land price increases the highest in the case {= 1.2,
followed by (=1, and then {= 0.4.
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services to be substituted away toward current consumption. Thus, consumption increases and

comoves with land prices and business investment.

5. Relative importance of different structural shocks

We have compared the impulse responses of a positive housing demand shock in models
when the intertemporal ES and the intratemporal ES differ from unity. This section compares
relative importance of housing demand and other structural shocks in driving the impulse
responses in the land price and other macroeconomic variables in models when the
intertemporal ES and the intratemporal ES are different from unity. The relative importance of

the shocks is performed through variance decomposition exercises.

5.1 Variance decomposition of different shocks in the baseline =1

Although the impulse responses have a comovement issue in the baseline # = 1, as this
case was analyzed in Liu et al. (2013), this subsection starts with the baseline case n = 1.
Tables 3a-3b report the variance decomposition of main aggregate variables across eight types
of structural shocks at forecast horizons between the impact period (1Q) and six years after the
shocks (24Q).

First, variance decompositions in Table 3a show that the housing demand shocks account
for the lion’s share of the fluctuations in the land price. For the fluctuations in the land price
among different cases, the shares are the highest in the case { = 1.2 accounting for 92%—94%
in all forecast horizons from 1Q to 24Q, followed by the case { =1 in Liu et al. (2013), and
then the case ¢ = 0.4. Propagated by the collateral constraints via increases in land prices, the
housing demand shocks drive large fluctuations in business investment, output and labor
hours. The shares of fluctuations in investment are the largest in the case {= 1.2 accounting for
36%—40% in 1Q-24Q, followed by the case { = 1, and then the case { = 0.4. The shares of
fluctuations in output are also the largest in the case { = 1.2 accounting for 31%-36% in
1Q-24Q, which is followed by the case = 1 in 1Q—4Q but by the case { = 0.4 in 8Q-24Q.
Yet, for the shares of fluctuations in labor hours, the case { = 1 is the largest accounting for

34%—-44% in 1Q-24Q, followed by the case {= 1.2 and then by the case = 0.4.

Next, the collateral shocks do not change land prices directly, but they impact the
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entrepreneur's borrowing capacity in a way similar to the housing demand shocks. The effects
of collateral shocks are persistent. Table 3a indicates that collateral shocks account for about
5%—16% of fluctuations in investment, output, and hours for all forecast horizons for the case
¢=11n Liu et al. (2013). For { = 1.2, the shares of fluctuations in investment and output are a
little bit larger than those in Liu et al. (2013). For { = 0.4, the share of fluctuations in
investment, output, and labor hours are a little bit smaller than those of the case (=1 in Liu et
al. (2013).

Moreover, the labor supply shocks also drive large fluctuations in output and labor hours.
Yet, the shares in both cases { = 1.2 and 0.4 are larger than those of =1 in Liu et al. (2013).
In particular, in the case { = 0.4, the labor supply shocks account for large shares of the
fluctuations in the land price and investment, which are different from the case (=1 in Liu et
al. (2013).

Furthermore, the patience shocks can drive large fluctuations in investment, output and
labor hours. Yet, no matter whether it is the case = 1.2 or 0.4, the shares of fluctuations in
land prices, investment, output, and labor hours are larger than those of the case {=1 in Liu et

al. (2013).

Finally, as in Liu et al. (2013), permanent and transitory shocks to the total factor
productivity (henceforth TFP) in Table 3b contribute little to fluctuations in the land price,
investment, and labor hours in all cases {= 1.2, 1 and 0.4, but permanent and transitory shocks
to TFP account for a large fluctuation in output in the case { = 1, but not in cases { = 1.2 and
0.4. As in Liu et al. (2013), permanent and transitory shocks to investment-specific technology

(henceforth IST) contribute little to land price, investment, output and labor hours.

5.2 Variance decomposition of different shocks in the baseline # = 0.5

Now, we compare relative importance of structural shocks in driving the impulse
responses in the land price and other macroeconomic variables when the baseline is # = 0.5.
Tables 4a—4b report variance decompositions of main aggregate variables across eight types of

structural shocks.

First, Table 4a indicates that the housing demand shock accounts for larger shares of the

fluctuations in the land price in the case { = 1 than the corresponding case in Table 3a under
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the baseline # =1. Moreover, propagated by the collateral constraints via large fluctuations in
land prices, fluctuations in investment, output and labor hours are also larger in the case =1,
as compared to the corresponding case (= 1 in Table 3a. For the cases {=1.2 and 0.4, Table 4a
also indicates that shocks to the housing demand still account for large shares of the
fluctuations in the land price, but their shares are slightly smaller than those in the
corresponding cases in Table 3a. Moreover, propagated by the collateral constraints via large
changes in land prices, the housing demand shocks also drive large fluctuations in investment,

output and hours.

It is interesting to compare with Gong et al. (2017), which extended Liu et al. (2013) to
consider the intertemporal ES of # = 0.5. These authors found that the housing demand shocks
drive large fluctuations in land prices, but the shares of the fluctuations in land prices,
investment, output and labor hours under # = 0.5 are all smaller than those under # = 1 in Liu
et al. (2013). By contrast, in our Table 4a, which is under # = 0.5, in response to a positive
housing demand shock, the shares of the fluctuations in land prices, investment, output and
labor hours in the case { = 1 are larger than those under # = 1 in Liu et al. (2013). The
difference arises, because Gong et al. (2017) allowed for a finite Frisch ELS, different from an
infinite Frisch ELS in both Liu et al. (2013) and our model. A finite Frisch ELS by itself can
reduce the amplification effect of the credit constraint mechanism triggered by a positive

housing demand shock on key macroeconomic variables.

Next, directly impacting the entrepreneur's borrowing capacity, collateral shocks are
persistent and drive large fluctuations in investment, output, and labor hours, like those in
Table 3a. Thus, collateral shocks drive similar fractions of fluctuations in investment, output

and labor hours, as in Table 3a.

Moreover, shocks to the labor supply drive slightly larger fluctuations in the land price,
and thus, slightly larger fluctuations in investment in Table 4a than in Table 3a. The shares of
the fluctuations in labor hours in Table 4a are also larger than those in Table 3a. Yet, the
fluctuations in output in Table 4a are smaller than those in Table 3a. Furthermore, patience
shocks also can drive similar, though slightly larger, fluctuations in the land price, investment

and output. The shares of fluctuations in labor hours are smaller than those in Table 3a.

Finally, in Table 4b, shocks to the TFP and shocks to IST, both permanent and transitory,

contribute little to fluctuations in the land price, investment and labor hours, like Table 3b.
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5.3 Comparing different baselines values of # and different cases of ¢

With a given baseline intertemporal ES 7, in order to understand whether a model with an
intratemporal ES { different from unity is favored by the data, we report the marginal data
density (henceforth MDD). Given data set, the MDD measures how likely the model is
supported by the data.® The MDD is the most comprehensive measure of fit. As in Liu et al.
(2016), we estimate the MDD using three different methods based on different theoretical
foundations. SWZ is the method developed by Sims et al. (2008), Mueller is the Mueller
method described in Liu et al. (2011), and Bridge is the bridge-sampling method proposed by
Meng and Wong (1996).

First, in the baseline # = 1, Table 5a reports the MDD values for different values of the
intratemporal ESs, { = 0.4, 1 and 1.2. Thus, we compare the cases { = 0.4 and 1.2 with the
counterpart case {=1 in Liu et al. (2013). An inspection of Table 5a reveals that the model
with {=1.2 has the highest MDD values and the model with {=0.4 has the lowest MDD values
for all three different estimation methods. Thus, with the baseline intertemporal ES given at #

= 1, the data is in favor of the model with {=1.2.

Next, in the other baseline # = 0.5, we also report the MDD for different values of the
intratemporal ES, = 0.4, 1 and 1.2. Using the same methods as in Table 5a, Table 5b reports
the MDD values for cases { = 0.4, 1 and 1.2. An assessment of Table 5b suggests that, under
the baseline #=0.5, the model with {=1.2 stays the highest MDD values and the model with {
=0.4 has the lowest MDD values for all different estimation methods. Thus, with the baseline

intertemporal ES given at # = 0.5, the data is in favor of the model with {=1.2.

It is interesting to see whether the data is in favor of the baseline # = 1 or the baseline # =
0.5. To this end, we compare the MDD values between Tables Sa and Sb. The result suggests
that the model of # = 0.5 and ¢ = 1.2 has the largest MDD values for three MDD measures
among all six models. Thus, the model with the intertemporal ES less than unity and the
intratemporal ES larger than unity is favored by the data. That is, the model is in favor of a

household’s utility with a complementary relationship for consumption bundles across periods

8 The DSGE-VAR approach, as proposed by Del Negro and Schorfheide (2004) and Del Negro et al. (2007),
requires the number of shocks equal the number of observed variables. Yet, under the framework of Liu et al.
(2013), there are eight shocks and six observed variables, which makes the DSGE-VAR method infeasible. Thus,
we report the value of MDD in the same way as in Gong et al. (2017).
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but a substitutable relationship between consumption and land services within a period.

5.4 TImpulse responses and variance decomposition for estimated values of # and ¢

The impulse responses and variance decomposition obtained above are under the values
of the two parameters # and { set from the outside. The amplification effect through the
borrowing constraint channel in our model may be sensitive to the values of these two key
structural parameters. To put our results on a robust groundwork, we now have these two key
parameters structurally estimated within the current model and let the data and the model

decide what the estimates of these two elasticities of substitution should be.

Specifically, we estimate the values for the intertemporal ES and the intratemporal ES
using Bayesian techniques. The prior distributions of all parameters except # and { are the
same as those in Liu et al. (2013). Given that the intertemporal ES is positive and less than one
(0<yx<1), we set the prior distribution of # to be a standard uniform distribution U(a, b) with (a,
b)=(0, 1), which are the minimum and maximum values. Moreover, given that the
intratemporal ES may be less than or larger than one ({<1 or {>1), we set the prior distribution
of {'to be Gamma(a, b) with (a, b)=(1.00, 0.50), which are the shape parameter value of a=1.00

and the inverse scale parameter value of 5b=1/2.

The prior distribution and the estimated posterior modes are in Tables 6a and 6b. Table 6a
is the estimated posterior modes of the structural parameters, wherein the estimated value
n=0.4760 is close to the value #=0.5 set from the outside in previous sections, whereas the
estimated value (=2.7722 is larger than the value (=1.2 set from the outside in previous
analyses. With these two structurally estimated values of # and {, we estimate the posterior
modes of the shock parameters and report in Table 6b, which indicate that the estimated
posterior modes of all parameters, except ¢, @, p.yand a,, are close to those in the model with

the largest MDD values and parameter values 7 = 0.5 and {= 1.2 set from the outside.

Under these two structurally estimated parameter values #=0.4760 and (=2.7722, Figure 3
illustrates the impulse responses of the housing demand shock, along with the impulse
responses under the values 7 =0.5 and (=1.2 set from the outside. Figure 3 suggests that, under
the model with the two estimated parameter values #=0.4760 and (=2.7722, aggregate
consumption increases, and comoves with land prices, business investment, labor hours and

output, like those in the model under the values #=0.5 and (=1.2 set from the outside.
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Comparing the model of #=0.4760 and (=2.7722 with the model of # =0.5 and {=1.2, the
willingness to substitute consumption for land in a period in the model of (=2.7722 is larger
than the willingness in the model of { =1.2, but the willingness to substitute consumption
across periods in the model of #=0.4760 is smaller than the willingness in the model of #=0.5.
Thus, consumption increases more but the land price increases less in the model of #=0.4760
and {=2.7722 than the model of # =0.5 and {=1.2 in Figure 3. As the entrepreneurs increase
investment a little bit more and also labor hours more in the model of #=0.4760 and {=2.7722
than the model of # =0.5 and {=1.2, output also increases more in the model of #=0.4760 and
=2.7722.

Table 7 reports the variance decomposition of the main aggregate variables across eight
types of structural shocks at forecast horizons from one to twenty-four quarters under the
model with the estimated values of #=0.4760 and (=2.7722. Like the variance decomposition
in Tables 4a-4b for the model with n =0.5 and {=1.2 set from the outside, the variance
decomposition in Table 7 indicates that, under these two structurally estimated parameter
values, the housing demand shock is still the main driving force for the fluctuation of the land

price, investment, output and working hours.

Finally, we wonder whether or not the data is more in favor of the model with these two
structurally estimated parameter values #=0.4760 and {=2.7722 than the model above with
parameter values 7 = 0.5 and { = 1.2 are set from the outside that gives the largest MDD, as
reported in Table 5b. Table 8 reports three MDD values for the estimated values of # and {. A
comparison of Table 8 with Table 5b suggests that the data is in support of the model with
these two estimated values #=0.4760 and (=2.7722. This result further confirms our previous
analysis that the data is in favor of the model with a household’s utility with a complementary
relationship for consumption bundles across periods but a substitutable relationship between

consumption and land services within a period.

6. Concluding remarks

Liu et al. (2013) have recently introduced land as a collateral asset in firms’ borrowing
constraints and found that a positive shock to housing demand generates a mechanism that

amplifies and propagates the shock through the joint dynamics of land prices and business
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investment. Their estimation showed that the housing demand shock accounts for about 90%
of the fluctuations in land prices, along with large fluctuations in investment, output, and labor
hours. Yet, their impulse responses have a comovement puzzle, as consumption decreases,
which is different from the estimated evidence from a BVAR model, wherein consumption
increases and comoves with land prices, investment, and hours. The comovement puzzle
emerges from their household’s utility that is log-separable in consumption and land services.
Their utility implies that the intertemporal ES and the intratemporal ES both are unity.
However, the existing estimates indicate that the intertemporal ES is statistically and

significantly less than unity, and the intratemporal ES is greater than intertemporal ES.

Our paper introduces the CES utility between consumption and land services into Liu et
al. (2013), which reduces to the log-separable utility if the intertemporal ES and the
intratemporal ES are unity. We investigate whether, following a positive housing demand
shock, the comovement puzzle can be resolved and the striking results of Liu et al. (2013) are
changed if the intertemporal ES and the intratemporal ES deviate from unity. We find that, as
in Liu et al. (2013), a positive housing demand shock leads to persistent increases not only in
land prices but also in business investment, as land prices trigger a financial multiplier that
interacts land prices with business investment in propagating the shock, and the housing
demand shock accounts for the lion’s share of the fluctuations in the land price. However, as
the intertemporal ES and the intratemporal ES are different from unity, there are three different

results.

First, consumption increases and comoves with land prices and business investment,
when the intertemporal ES is less than unity and smaller than the intratemporal ES; that is,
when the intertemporal consumption smoothing effect is sufficiently large and dominates the
intratemporal consumption smoothing effect. The condition generates stronger indirect effects,
which increase the land price by more, thus causing land services to be substituted away
toward current consumption. As a result, consumption increases and comoves with land prices

and business investment.

Next, relative to other shocks, the housing demand shock accounts for the lion’s share of
the fluctuations in the land price, but the fractions of the fluctuation in macroeconomic
variables accounted for by the housing demand shock are different from those in Liu et al.

(2013), when the intertemporal ES and the intratemporal ES are different from unity.
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Finally, using three measures of the MDD, we find that the model with the intertemporal
ES less than unity and the intratemporal ES larger than unity is preferred. Thus, the data lends
support to the model with the household’s preference featuring a complementary relationship
for consumption bundles across periods and a substitutable relationship for consumption and

land services within a period.
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Table 1a: Prior distributions and posterior modes of the structural parameters

Parameter Prior Posterior mode
Distribution  description a b =1 (=04 (=12
Vh Beta (a,b) Household's habit persistence 1.00 2.00 0.4976 0.5790 0.4926
Ve Beta (a,b) Entrepreneur's habit persistence 1.00 2.00 0.6584 0.6613 0.6601
Q Gamma(a,b) Capital adjustment cost parameter 1.00 0.50 0.1753 0.2014 0.2083
100(g, - 1) Gamma(a,b) Steady state growth rate of TFP 1.86 3.01 0.4221 0.4177 0.4137
100(44- 1) Gamma(a,b) Steady state growth rate of IST 1.86 3.01 1.2126 1.1704 1.2064
p Calibrated Discount factor 0.9855 0.9857 0.9858
Za Calibrated Steady state growth rate of preference shock 0.0091 0.0098 0.0085
@ Calibrated Share on land input 0.0695 0.0696 0.0696
0 Calibrated Depreciation rate 0.0368 0.0372 0.0369
7] Calculated Steady state of housing demand shock 0.0457 0.0461 0.0463

Note: 1. In the table, we set n =1.
2. Case (=1 reduces to Liu et al. (2013).

Table 1b: Prior distributions and posterior modes of the shock parameters

Para- Prior Posterior mode

meter  Djstribution description a b =1 (=04 (=12
Pa Beta (a,b) Intertemporal preference shock 1.00 2.00 0.9055 0.8948 0.9015
pz Beta (a,b) Permanent neutral technology shock  1.00 2.00 0.4263 0.4193 0.4210
Pz Beta (a,b) Transitory neutral technology shock  1.00 2.00 0.0095 0.0072 0.0039
Pq Beta (a,b) Permanent shock to IST change 1.00 2.00 0.5620 0.5745 0.5637
Pvq Beta (a,b) Transitory shock to IST change 1.00 2.00 0.2949 0.2999 0.2954
Do Beta (a,b) Housing demand shock 1.00 2.00 0.9997 0.9998 0.9998
Py Beta (a,b) Labor supply shock 1.00 2.00 0.9829 0.9526 0.9922
pe Beta (a,b) Collateral shock 1.00 2.00 0.9804 0.9785 0.9811

Oa Inv-Gamma(a,b) SD, Intertemporal preference shock 0.3261 1.45E-04 0.1013 0.1033 0.0865
o: Inv-Gamma(a,b) SD, Permanent neutral tech shock ~ 0.3261 1.45E-04 0.0042 0.0096 0.0079
Ovz Inv-Gamma(a,b) SD, Transitory neutral tech shock ~ 0.3261 1.45E-04 0.0037 0.0126 0.0097
Oyq Inv-Gamma(a,b) SD, Permanent shock to IST change 0.3261 1.45E-04 0.0042 0.0038 0.0039
Ovg Inv-Gamma(a,b) SD, Transitory shock to IST change 0.3261 1.45E-04 0.0029 0.0030 0.0028

Oy Inv-Gamma(a,b) SD, Housing demand shock 0.3261 1.45E-04 0.0462 0.0470 0.0480
Oy Inv-Gamma(a,b) SD, Labor supply shock 0.3261 1.45E-04 0.0073 0.0078 0.0097
oc Inv-Gamma(a,b) SD, Collateral shock 0.3261 1.45E-04 0.0112 0.0127 0.0121

Note: Same as Table 1a.
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Table 2a: Prior distributions and posterior modes of the structural parameters

Para- Prior Posterior mode

meter distribution  Description a b =1 =04 (=12
Vh Beta (a,b) Household's habit persistence 1.00 2.00 0.5171 0.5444 0.6304
Ve Beta (a,b) Entrepreneur's habit persistence 1.00 2.00 0.6652 0.8264 0.6671
Q Gamma(a,b) Capital adjustment cost parameter 1.00 0.50 0.1832 0.2123 0.1997
100(gy - 1) Gamma(a,b) Steady state growth rate of TFP 1.86 3.01 0.4183 0.4199 0.3969
100(44- 1) Gamma(a,b) Steady state growth rate of IST 1.86 3.01 1.2066 1.2109 1.1537
s Calibrated = Discount factor 0.9856 0.9856 0.9862
/Ta Calibrated  Steady state growth rate of preference shock 0.0087 0.0088 0.0079
¢ Calibrated  Share on land input 0.0695 0.0695 0.0696
0 Calibrated = Depreciation rate 0.0369 0.0368 0.0376
7] Calculated  Steady state of housing demand shock 0.0460 0.0459 0.0478

Note: In the table, we set = 0.5.

Table 2b: Prior distributions and posterior modes of the shock parameters

Para- Prior Posterior mode

meter gistribution Description a b &1 =04 (=12
Pa Beta (a,b) Intertemporal preference shock 1.00 2.00 0.9071 0.9001 0.9076
pz Beta (a,b) Permanent neutral technology shock 1.00 2.00 0.4315 0.4246 0.4291
pv-  Beta(a,b) Transitory neutral technology shock 1.00 2.00 0.0076 0.0018 0.0016
Dq Beta (a,b) Permanent shock to IST change 1.00 2.00 0.5630 0.5574 0.6017
pv  Beta(a,b) Transitory shock to IST change 1.00 2.00 0.2951 0.2962 0.3078
Po Beta (a,b) Housing demand shock 1.00 2.00 0.9997 0.9999 0.9997
Py Beta (a,b) Labor supply shock 1.00 2.00 0.9992 0.9899 0.9985
P Beta (a,b) Collateral shock 1.00 2.00 0.9801 0.9810 0.9831
Oa Inv-Gamma(a,b) SD, intertemporal preference shock 0.326 1.45E-04 0.0901 0.0801 0.0085
0: Inv-Gamma(a,b) SD, permanent neutral tech shock 0.326 1.45E-04 0.0079 0.0119 0.0071
Ov: Inv-Gamma(a,b) SD, transitory neutral tech shock 0.326 1.45E-04 0.0092 0.0118 0.0091

0q Inv-Gamma(a,b) SD, permanent shock to IST change 0.326 1.45E-04 0.0039 0.0040 0.0037
ovw  Inv-Gamma(a,b) SD, transitory shock to IST change 0.326 1.45E-04 0.0028 0.0029 0.0029

Oy Inv-Gamma(a,b) SD, housing demand shock 0.326 1.45E-04 0.0502 0.0381 0.0493
Oy Inv-Gamma(a,b) SD, labor supply shock 0.326 1.45E-04 0.0159 0.0152 0.0125
o¢ Inv-Gamma(a,b) SD, collateral shock 0.326 1.45E-04 0.0121 0.0126 0.0122

Note: Same as Table 2a.
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Table 3a: Variance decomposition of aggregate quantities

Land price Investment Output Hours

=1 (=04 (=12 ({=1 (=04 (=12 (=1 (=04 (=12 (=1 (=04 (=12
Patience shocks
1Q 409 509 434 1937 20.6 1932 1228 1543 1297 1246 1726 14.62
4Q 330  4.18 352  18.80 20.05 1893 11.22 1438 1225 11.88 1623 13.88
8Q 291 3.5 313  17.23 1991 1876 9.68 13.79 1197 10.72 1399 1240
16Q 229 3.05 252 1491 1931 1827 743 1221 11.15 929 1121 10.59
24Q 1.77 243 1.99 1356 1892 1799 597 10.87 1046 8.68 997 9.78
Housing demand shocks
1Q 89.99 86.73 92.80 3546 33.16 36.66 27.82 2521 31.89 4487 282 3594
4Q 90.74 86.78 9294 41.19 38.08 42.18 31.80 29.55 36.65 4494 2771 36.55
8Q 90.28 86.33 92,72 38.71 37.85 42.41 2832 2835 3648 4250 24.07 34.38
16Q 89.58 86.82 93.39 33.70 3634 4133 21.82 2420 33.65 3754 1928 29.94
24Q 89.27 87.66 9429 30.67 3575 40.75 17.37 21.16 31.11 3475 1736 27.55
Labor supply shocks
1Q 255 740 2.18 12.06 1696 12.46 21.85 31.47 24.11 2020 3520 27.18
4Q 225 6.86 1.86 12.02 17.19 1222 21.13 3249 2343 24.08 41.62 31.11
8Q 241 717 201 12.56 1899 1359 2222 3828 2726 29.75 49.02 36.85
16Q 2.68 7.84 227 13.00 2139 15.64 23.85 4791 3432 37.68 56.79 44.84
24Q 2.72 8.5 231 12.63 22.19 1638 23.87 5422 3931 4145 5998 4843
Collateral shocks
1Q 0.00 0.04 0.01 1233 1228 13.12 9.17 810 1054 13.82 9.06 11.88
4Q 0.11 029 0.10 16.08 1582 1693 12.12 1132 14.17 13.09 8.28 11.54
8Q 025 044 023 14.65 1523 1643 1032 1033 13.51 11.56 6.53 10.01
16Q 035 0.49 035 1242 1435 1554 738 821 11.50 999 585 8.48
24Q 029 0.39 029 11.51 1445 1562 574 7.17 1035 9.83 6.28 8.46

Note: 1. n =1.

2. Case (=1 reduces to Liu et al. (2013).
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Table 3b: Variance decomposition of aggregate quantities

Land price Investment Output Hours

C=1 =04 (=12 (=1 (=04 (=12 (=1 (=04 (=12 (=1 (=04 (=12

Permanent shocks to TFP

1Q 1.97 0.10 218 1.13  0.05 0.00 693 508 4.53 043 0.89 0.56
4Q 3.19 0.44 1.86 5.64 1.03 148 17.14 1.00 0.82 0.61 098 1.00
8Q 384 045 201 919 198 253 2520 059 048 1.27 2.08 1.87
16Q  4.88 027 227 1271 242 294 3570 044 036 1.49 222 199
24Q  5.68 0.19 231 1441 242 294 4282 038 032 142 198 1.86
Transitory shocks to TFP

1Q 1.25 0.06 0.13 1430 7.08 794 16.06 0.02 0.0l 1.48 132 136
4Q 034 007 046 495 392 427 473 298 3.20 269 266 297
8Q 0.22 0.13 043 370 3.28 3.53 3.19 255 288 225 2,00 240
16Q  0.17 0.14 025 311 3.08 3.34 229 218 2.64 1.95 159 2.04
24Q  0.13 0.12 0.17 283 3.02 3.29 1.84 193 249 1.81 142 1.88
Permanent shocks to IST

1Q 0.01 027 0.5 3.01 9.20 9.93 534 1459 1591 6.40 697 1776
4Q 0.06 1.26 0.06 088 3.78 3.84 1.75 825 945 261 222 275
8Q 0.08 1.67 0.09 363 260 261 099 6.07 7.38 1.84 2.04 1091
16Q  0.05 135 010 986 291 2.77 147 479 634 195 282 194
24Q  0.13 1.03  0.09 14.13 3.06 285 235 420 592 196 279 1.89
Transitory shocks to IST

1Q 0.03 039 0.12 234 067 055 0.57 0.00 0.03 035 123 0.70
4Q 0.01 0.16 098 044 027 0.15 0.11 0.03 0.02 0.11 0.55 020
8Q 0.01 0.08 135 032 023 0.16 0.07 0.04 0.04 0.12 041 0.18
16Q 000 0.04 1.09 029 0.28 0.17 0.06 0.05 0.04 0.11 037 0.17
24Q 0.00 0.03 083 026 0.28 0.17 0.05 0.05 0.04 0.11 032 0.16

Note: 1. n =1.
2. Case (=1 reduces to Liu et al. (2013).

-33-



EERTRTHE LT ANEE=H

Table 4a: Variance decomposition of aggregate quantities

Land price Investment Output Hours

¢=1 (=04 (=12 =1 (=04 (=12 ¢=1 (=04 (=12 ¢=1 (=04 (=12

Patience shocks

1Q 449 637 438 1491 22.28 19.85 9.43 17.03 1395 9.79 18.09 15.26
4Q 3.67 542 356 14.89 2142 19.31 8.67 1545 12.75 9.04 1659 14.12
8Q 329 498 3.19 14.72 21.01 18.92 8.16 1433 12.03 791 13.79 12.00
16Q  2.67 417 2.57 14.18 20.20 18.18 730 12.18 10.53 6.77 11.05 9.73
24Q  2.11 339 203 13.85 19.67 17.76 6.69 10.59 9.39 6.32 10.13 8.78
Housing demand shocks

1Q 90.57 7891 9140  42.66 30.00 3639  44.12 23.68 32.15 4578 2516 35.17
4Q 90.59 79.23 91.44  47.00 34.82 42.11 45.58 26.81 36.21 46.02 24.13 35.19
8Q 90.04 78.54 90.98  47.01 3479 4193 45.02 2543 3535 4423 20.38 31.66
16Q 90.44 7845 91.46 4583 3344 4033 4223 21.56 31.21 40.33 1635 26.02
24Q 91.11 78.82 9220 4481 32.57 39.44 3934 18.63 27.69  37.40 1499 23.13
Labor supply shocks

1Q 4.19 1397 348 13.90 21.20 13.61 20.38 36.26 2592  21.15 38.52 2835
4Q 383 1344 3.14 14.10 21.49 13.64 2098 37.90 2646 2433 4482 33.73
8Q 4.15 1401 341 15.61 23.17 15.28 2446 43.81 31.75 2870 51.02 40.40
16Q  7.82 1529 3.96 18.23 2592 17.92 31.06 53.31 41.20 35.67 57.00 49.13
24Q 521 16.18 4.24 19.77 27.28 19.21 3643 59.65 47.92  40.09 59.52 5345
Collateral shocks

1Q 0.01 0.00 0.01 13.38 11.32 12.28 15.07 9.09 10.52 15.63 9.66 11.51
4Q 0.10 0.16 0.09 1592 14.53 16.10 16.55 11.68 13.48 15.19 8.77 10.74
8Q 024 031 0.23 15.17 13.73 1547 15.64 10.53 12.44 13.80 6.89 8.80
16Q 034 040 034 14.05 12.58 14.48 13.51 828 10.12 1191 6.04 739
24Q 028 032 028 13.87 12.54 14.46 12.07 7.09 8.84 11.16 633 743

Note: 1. n=0.5
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Table 4b: Variance decomposition of aggregate quantities

Land price Investment Output Hours

¢=1 (=04 (=12 =1 (=04 (=12 =1 (=04 (=12 =1 (=04 (=12

Permanent shocks to TFP

1Q 0.07 0.01 0.08 0.00 0.01 0.14 1.20 333 428 0.05 046 074
4Q 050 024 0.50 133 128 1.16 023 059 0.84 096 140 1.18
8Q 055 025 0.53 227 234 241 027 052 0.54 1.76 294 2.6l
16Q 034 0.13 033 271 2.88 296 028 048 043 1.92 3.08 2.87
24Q 024 0.10 023 275 295 295 0.27 042 0.38 1.82 272 2.60
Transitory shocks to TFP

1Q 022 0.11 021 723 693 838 0.60 0.09 0.04 265 223 221
4Q 0.08 0.08 0.07 3.65 340 428 273 256 3.24 277 240  3.09
8Q 0.10 0.14 0.10 3.03 280 352 244 2.09 279 227 170 234
16Q 0.11 0.16 0.11 283 2.60 329 222 172 242 197 137 1.88
24Q  0.10 0.14 0.10 276 254 321 207 150 217 1.82 127 1.68
Permanent shocks to IST

1Q 0.13 0.18 0.12 754 755 877 9.19 10.50 13.14 462 440 586
4Q 1.14 122 1.10 3.01 282 325 524 497 7.00 1.58 126 1.70
8Q 1.58 1.69 153 204 192 232 394 323  5.04 1.18 279 195
16Q 1.25 136 1.21 2.01 2.08 2.67 332 237 4.02 1.27 466 2.77
24Q 094 1.02 0091 203 217 278 3.06 203 3.57 1.25 4.67 274
Transitory shocks to IST

1Q 032 044 031 038 0.71 0.56 0.01 0.02 0.00 034 147 0.89
4Q 0.09 020 0.09 0.10 024 0.15 0.03 0.04 0.02 0.11 0.63 025
8Q 0.04 0.09 0.04 0.15 023 0.17 0.07 0.07 0.05 0.15 048 023
16Q  0.02 0.04 0.02 0.16 0.29 0.19 0.08 0.09 0.06 0.15 043 021
24Q  0.01 0.03 0.0l 0.16 0.29 0.18 0.08 0.08 0.05 0.14 038 0.18

Note: 1. n =0.5.
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Table 5a: Measures of model fit for different ¢ values under =1

Fit measure (log value) =04 ¢=1 ¢=12
MDD (SWZ) 2287.94 2454.57 2469.16
MDD (Mueller) 2285.37 2452.51 2467.31
MDD (Bridge) 2285.55 2452.28 2467.38
Table 5b: Measures of model fit for different { values under = 0.5

Fit measure (log value) (=04 =1 {=1.2
MDD (SWZ) 2389.92 2517.82 2525.74
MDD (Mueller) 2388.56 2516.01 2523.41
MDD (Bridge) 2388.95 2515.99 2523.41

Table 6a: Prior distributions and posterior modes of the structural parameters

Prior Posterior mode
Parameter distribution Description a b gzgé;zgg
Vh Beta (a,b) Household's habit persistence 1.00 2 0.3943
Ve Beta (a,b) Entrepreneur's habit persistence 1.00 2 0.7852
Q Gamma(a,b)  Capital adjustment cost parameter 1.00 0.5 0.3354
100(gy,- 1) Gamma(a,b)  Steady state growth rate of TFP 1.86 3.01 0.4718
100(44- 1) Gamma(a,b)  Steady state growth rate of IST 1.86 3.01 1.1101
n Uniform(a,b) Intertemporal ES 0 1 0.4760
¢ Gamma(a,h)  Intratemporal ES 1.00 0.5 2.7722
s Calibrated Discount factor 0.9842
/Ta Calibrated Steady state growth rate of preference shock 0.0108
I Calibrated Share on land input 0.7496
0 Calibrated Depreciation rate 0.0373
7] Calculated Steady state of housing demand shock 0.4514
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Table 6b: Prior distributions and posterior modes of the shock parameters

Para- Prior Posterior mode
meter  distribution Description a b gz(;‘%gg
Pa Beta (a,b) Intertemporal preference shock 1.00 2.00 0.8889
pz Beta (a,b) Permanent neutral technology shock 1.00 2.00 0.6482
Pz Beta (a,b) Transitory neutral technology shock 1.00 2.00 0.0010
Dq Beta (a,b) Permanent shock to IST change 1.00 2.00 0.6738
Pvq Beta (a,b) Transitory shock to IST change 1.00 2.00 0.4665
Po Beta (a,b) Housing demand shock 1.00 2.00 0.9999
Py Beta (a,b) Labor supply shock 1.00 2.00 0.9884
P Beta (a,b) Collateral shock 1.00 2.00 0.9752
Oa Inv-Gamma(a,b) SD on intertemporal preference shock 0.326 1.45E-04 0.1648
0: Inv-Gamma(a,b) SD on permanent neutral tech shock 0.326 1.45E-04 0.0032
Ov: Inv-Gamma(a,b) SD on transitory neutral tech shock 0.326 1.45E-04 0.0070
0q Inv-Gamma(a,b) SD on permanent shock to IST change 0.326 1.45E-04 0.0029
Ovg Inv-Gamma(a,b) SD on transitory shock to IST change 0.326 1.45E-04 0.0038
Oy Inv-Gamma(a,b) SD on housing demand shock 0.326 1.45E-04 0.0525
Oy Inv-Gamma(a,b) SD on labor supply shock 0.326 1.45E-04 0.0082
o¢ Inv-Gamma(a,b) SD on collateral shock 0.326 1.45E-04 0.0122

Note: Same as Table 2a.
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Table 7: Variance decomposition of aggregate quantities

Shocks  Patience I(;I:I?lsalrlllg slﬁ)t;ﬁ; Collateral perzlzient trazfiﬁ)ry pertlllsz;l;lent trarllfgory
Horizon Land price

1Q 3.58 94.03 1.62 0.08 0.13 0.20 0.08 0.29
4Q 2.88 94.21 1.36 0.04 0.47 0.06 0.89 0.08
8Q 2.55 93.99 1.50 0.13 0.43 0.08 1.28 0.04
16Q 2.03 94.57 1.75 0.25 0.24 0.10 1.04 0.02
24Q 1.59 95.34 1.80 0.21 0.17 0.09 0.79 0.01

Investment
1Q 15.79 41.40 10.69 13.59 0.00 8.14 9.86 0.53
4Q 15.68 46.79 10.69 16.81 1.44 4.47 3.99 0.15
8Q 15.56 47.21 12.03 16.15 2.44 3.74 2.72 0.16
16Q 15.15 46.26 13.99 15.25 2.83 3.55 2.80 0.18
24Q 14.93 45.60 14.76 15.36 2.82 3.49 2.85 0.18
Output
1Q 9.84 40.45 18.86 13.84 2.79 0.06 14.12 0.04
4Q 9.24 43.72 18.25 16.26 0.49 3.31 8.72 0.02
8Q 9.00 43.94 21.26 15.34 0.30 3.06 7.05 0.04
16Q 8.44 41.84 27.02 13.24 0.24 2.88 6.29 0.06
24Q 8.01 39.59 31.31 12.05 0.21 2.76 6.00 0.05
Hours

1Q 10.70 44.00 20.51 15.05 0.23 1.86 7.19 0.47
4Q 10.15 45.03 23.26 14.48 0.88 321 8.72 0.02
8Q 9.14 43.90 27.65 12.97 1.59 2.73 1.88 0.15
16Q 8.01 40.43 34.39 11.21 1.69 243 1.69 0.16
24Q 7.53 38.02 37.92 10.88 1.61 2.28 1.61 0.15

Note: 1. #=0.4760, {=2.7722

Table 8: Measures of model fit for estimated # and ¢

Fit measure (log value) Z::(;‘;7762%
MDD (SWZ) 2632.10
MDD (Mueller) 2625.06
MDD (Bridge) 2624.60
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respectively, to a positive (one standard deviation) housing demand shock.
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Mathematical Appendix

Our model generalizes the household utility function in Liu et al. (2013). The household’s
first order conditions for nondurable consumption and land services and the effects of the
elasticity of substitution between consumption and land services are the main differences

between our model and Liu et al. (2013). The Appendix is for these two types of differences.

A.1 Derivation of the first order conditions of C,, and L, in the household’s problem

@)™
max E) p'A4 -w,N,, |
; {1 1/7 "

S
st. Gy, +q, (L, =Ly, )+ Rt SWN,,+S.,

t

where. u, =u(C,,, L) = (1= p)(2 s (17 )"

Let uy, be the Lagrange multiplier of the budget constraint in period ¢. First, the first order

condition of Cj; is

1+1

4, TaE Coe=7Cnii N gy Chon=7aCry N3
fuh,tzr_i”;”é (I_Z)(%)e PE tl"”]/h B a—x)X( ;H’:/ )T (Al)

To be consistent with the balanced growth path (BGP), we denote the transformation of a
variable consistent with the BGP by the variable with a tilde. Specifically, we denote

A G m D 5 = (1=p)a U1=(1=¢)r]
C,, =% i, ="+, q,, =7, where T’ =[Z0, ] .

Then, condition (A1) can be written in terms of transformed variables as follows.

¢-n -1 ¢-n

/'Nlh,z =(- Z)ﬁzq(]_g) (éh,z - % éh,l—l ) < -E ﬂ(l + 2’ z+1) 2, —(1-x) ~l'7+(1] ¢ (Ch,z+1 h l) 4 (A2)

where i, _[(1_;{)((7}” -2 Nh, l) +;5(L¢/ )1 ,%] and 8, E%.

vt

Let a variable with an upper bar denote the steady state of the variable, and a variable
with a hat denote as the variable in a percentage deviation from its steady state. If we take a

log-linearization of (A2) around the steady state, we obtain
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-G, -Gy e
i, = ([ i, — ) g 2 (A3)

h

T A ‘oA &,Chiat71(&yn=Ci)
+ﬁ(1+ﬂ'¢l)£_zEt (g}/,t-H n( Z‘) t+1 +é[ e g:—y: — ])}’

where
i, =+(1-H{1-C, " (1- ;—ﬁ)’”g (C.. +( 188, —Cp D1+ x@(L]) ™ [L,, +(n L)@, 1},

1

A Ay 1= A yi—8 = __ 7 ) —%“ — n fl
/,i’a,tJrl = 2 > g;/,t :%7 /Llh _(I_Z)[l_ﬂ(l_'_ﬂ’a)g_y]u [Ch(l_;_/)] B and

7 =[(1— x)C, —C, 2" + x(I7) "]

Next, the first order condition of Ly, is

o, (1-1/8)-1
Z¢1Lh,t

e gty V& e T -
Condition (A4) is rewritten in terms of transformed BGP variables as follows.
fiid, = BE [+ 2y i flygn |+ 20, L0V (A5)
Taking a log-linearization of (A5) around the steady state give
o F 1 = BAE A+ BA+A)E (f 0 +G,,0) + A6)

[1—ﬂ(1+ﬂu>]{ =D, + ¢, + (-1 O) =1L, +(1-1/)In L)},
where (j,),:‘i"’q—:q’ and ¢, ="
A.2. Effects of the elasticity of substitution between consumption and land services on
land prices

The first order condition of L;; in (A4) can be rewritten as the following land Euler

equation.

/Ll I+ tAt 9
= BE, G h, 1+¢’ (n {), (A7)
Hiy Hiy

where A, (17, &) = Az L3V (1 — ) (CepiCumy Ve 4 (L) V417 and the
Lagrange multiplier of the budget constraint 4, isin (Al).

The case of Liu et al. (2013) is #=1 and (=1, which gives A,(l,1) =2—” , and (A7) reduces
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to

ﬂh,m +(0tAt /1/
Hy e Ly,

9, =PEYG, .. (A8)

So, the difference in terms of the propagation mechanism between our model and the
model of Liu et al. (2013) lies in the term A,(7,{) in (A7). When 5=1 but ¢ deviates from
unity, or when both values of # and { deviate from unity, then (A7) is different from (A8). As a
result, in response to an increase in the housing demands, the fluctuations in the land price are
different, and through the credit constraint, the fluctuations in other macroeconomic variables

are different.
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