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Abstract

We construct a small open economy model with financial frictions in
the household sector. In an attempt to match aggregate dynamics, the
model includes several real and nominal frictions. We find that financial
frictions play an important role in allowing the model to match several
key stylized facts.

1 Introduction

In recent years house prices have increased rapidly across a broad spectrum
of countries. In Canada, over the past two decades, the volatility of house
price inflation has been 4 times the volatility of consumer price inflation gen-
erally. These developments have led to a sustained and active debate on the
appropriate role for house prices in the formulation of monetary policy. Sim-
ilar concerns have arisen in a number of countries. In recent comments to
the Financial Times, Mervyn King, the governor of the Bank of England, said,
"house prices...have been very important to our judgments, because they have
represented some of the most important pieces of news." In this paper, we at-
tempt to construct a model that includes a role for house prices in the monetary
transmission mechanism and will eventually be useful for policy analysis. This
line of work is consistent with an emerging trend at central banks to use DSGE
models for projection and policy analysis.! Our approach extends this previous
work by explicitly incorporating financial frictions.? Importantly, we show that
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Crawford, Ali Dib, Chris Erceg, Ben Fung, Simon Gilchrist, Matteo Iacoviello, Michel Juillard,
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comments and suggestions. The views expressed herein are those of the authors and do not
necessarily represent the views of the Bank of Canada. All remaining errors are our own.
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I Examples of this include the SIGMA model at the Federal Reserve Board, the TOTEM
model at the Bank of Canada and Smet-Wouters model at the ECB. For details on SIGMA
see Erceg, Guerrieri and Gust (2004), on TOTEM see Binette et al. (2004), and on the
Smets-Wouters model see Smets and Wouters (2003).

2This paper is part of an ongoing project at the Bank of Canada to develop a model for
policy analysis that includes financial frictions in several sectors. Although, the current paper



our model is able to replicate certain key stylized facts about housing and the
macroeconomy.

Our focus on housing is motivated, in part, by its sheer size on household
sector balance sheets. In Canada, as in most industrialized countries, housing
is the largest component of household wealth. The aggregate value of housing
is roughly double the value of equity owned by households. In addition, more
than two-thirds of household credit is secured by housing.

Other authors have considered the role of house prices in the monetary trans-
mission mechanism. Aoki, Proudman and Vlieghe (2002) adapt the Bernanke,
Gertler and Gilchrist (1999) (BGG) model to the household sector. They show
that the introduction of BGG-style financial frictions amplifies and propagates
the effects of monetary policy shocks on residential investment, house prices
and consumption. Iacoviello (2005) introduces a borrowing constraint into an
otherwise standard sticky-price business cycle model. His estimates indicate
that the borrowing constraint allows the model to fit the data somewhat bet-
ter. However, these papers have studied household sector financial frictions in
environments that ignore several other potentially important frictions.

The empirical DSGE literature has found a number of shocks and frictions to
be important for explaining business cycle dynamics. For example, Christiano,
Eichenbaum and Evans (2005) (CEE) find important roles for habit persistence,
investment adjustment costs, variable capacity utilization and dynamically in-
dexed sticky wages and prices. Smet and Wouters (2003, 2004) find a number of
different shocks to be important for explaining various dimensions of aggregate
fluctuations.®> This literature has incorporated a wide variety of frictions, but
has yet to study household sector financial frictions.

The goal of this paper is to bring together these two strands of the liter-
ature by introducing household sector financial frictions into a model with a
number of other shocks and frictions. We assess the marginal importance of
household sector financial frictions when other important frictions are included
in the model. We undertake this analysis in a model that includes the frictions
identified above, plus open economy features that we believe are essential for un-
derstanding the Canadian economy. Our results suggest that the incorporation
of household sector financial frictions improves the fit of the model.

Following Tacoviello (2005), we model financial frictions by assuming that
some households face a binding borrowing constraint. The amount they can
borrow is limited to a fraction of their housing wealth, thus introducing a finan-
cial accelerator mechanism. The household sector financial accelerator operates
through a different mechanism but has similar effects to the business sector fi-
nancial accelerator described by BGG. Suppose some shock causes an increase
in house prices, ceteris paribus. This would make it possible for borrowing con-
strained households to borrow more. These households spend their additional

presents a version of the model that includes financial frictions only in the household sector,
the complete model will include business sector financial frictions as well. The eventual goal
is to be able to analyze the role of financial mechanisms in macroeconomic developments.

3 Christiano, Motto and Rostagno (2003) also find a role for financial shocks and frictions
in the business sector in explaining the Great Depression.



funds on consumption and residential investment. This, in turn, puts upward
pressure inflation and house prices. The borrowing constraint eases commen-
surately with the rising house prices, further reinforcing the effects of the initial
shock.

We show that the incorporation of financial frictions related to housing al-
lows us to generate high house price volatility and a positive correlation between
consumption and house prices, as observed in the Canadian data. Other authors
have found it difficult to replicate the volatility of house prices in general equi-
librium. For example, Morris and Heathcote (2005) generate a volatility that
is less than one-third the volatility of house prices in the US data. Our model’s
ability to generate sufficiently volatile house prices is driven almost exclusively
by the presence of financial frictions. In the absence of financial frictions, the
model generates a volatility of house prices that is almost ten times too small.
More formally, an analysis of the Bayes factors comparing alternative versions
of the model supports the inclusion of financial frictions. However, we also
find that shocks to housing demand and credit conditions are not particularly
important. These results suggest that shocks specifically related to housing are
not needed once the borrowing constraint has been accounted for.

The remainder of the paper is organized as follows. Section 2 describes the
model. The calibration, data and estimation results are described in sections
3 and 4. In section 5 we offer some concluding remarks.

2 Model

The model can be succinctly characterized as a medium-sized small open econ-
omy model with a variety of real, nominal and financial frictions. For the most
part, the real and nominal frictions follow Christiano, Eichenbaum and Evans
(2005). These include habit persistence in consumption, investment adjustment
costs, variable capital utilization and dynamically indexed sticky wages and
prices. Financial frictions are introduced along the lines of Iacoviello (2005).
A subset of households are assumed to face a binding borrowing constraint that
allows them to borrow only up to a fraction of the value of their housing stock.
The model includes 11 exogenous shocks: time preference, housing demand,
labour supply, credit conditions, productivity, markup, foreign output, foreign
nominal interest rate, foreign inflation, risk premium, and monetary policy.
The introduction of financial frictions into a model with a rich set of shocks and
frictions is a contribution of this paper.

It should be noted that we do not consider all of the shocks to be truly
structural. Rather, we prefer to think of some the shocks as wedges as in
Chari, Kehoe and McGrattan (2004). That is, we regard some of these shocks
are merely measuring the importance of distortions along particular margins for
aggregate fluctuations. For example, we model the credit conditions shock as
a shift in the proportion of a household’s housing stock that can serve as col-
lateral. It is unlikely that this proportion is literally varying exogenously over
time. Instead, we would interpret estimation results that assign an important



role to this shock as suggesting that some mechanism has been omitted from the
model. This would warrant a deeper exploration of the structural determinants
of the shifts along this margin. If, on the other hand, the estimation results
showed that this shock was not important for aggregate fluctuations, then fu-
ture research could be focused on distortions along other margins. The same
reasoning applies to the housing demand shock.

As previously noted the borrowing constraint introduces a "financial acceler-
ator" effect into the model’s dynamics. The financial accelerator effect operates
in addition to the traditional wealth effect. Variations in the price of housing
affect its collateral value. This in turn affects the borrowing and spending
decisions of liquidity-constrained households.

2.1 Household Sector

There are two types of household: patient and impatient. The two types are
symmetric except for the fact that impatient households have a higher rate of
time preference and face a borrowing constraint. This is a fairly standard an-
alytical device used to generate borrowing and lending within the household
sector in representative agent environments.® It can be shown that in the
vicinity of the non-stochastic steady-state, the desired borrowing of impatient
households is unbounded. Following Tacoviello (2005), we assume that impa-
tient households can only borrow up to a fraction of the value of their housing
assets. In other words, housing assets are not fully collateralizable. Near the
non-stochastic steady-state this constraint is binding.

2.1.1 Patient Households

There is a continuum of patient households. Patient households are fairly stan-
dard, with the exception that housing services appear in their utility function.
Each household supplies a variety of labour types indexed by j € (0,1). One
can imagine the multiple labour types to be different members of the same
household. Patient households’ preferences are given by:

1
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(1)
where 3, is the discount factor for patient households, C? is time ¢ consumption,
HY is the stock® of housing held at the beginning of time ¢, and Lit denotes
time ¢ hours worked of type j. The superscript p indicates that the variable
is associated with the patient households. In addition, (44, (g, and ¢y , are,
respectively, a time preference shock, a housing demand shock, and a labour
supply shock that follow AR(1) processes:

4For example, see Tacoviello (2005) and Campbell and Hercowitz (2004).
5Qur specification of utility assumes that the flow of housing services is proportional to
the stock of housing held by a given household.



log (Cﬁ,t+1) = (1- Pﬁ) log (Cﬂ) + pglog (Cﬁ,t) tegt+1 (2)
log (CH,t+1) = (1—pg)log(Cy) + pglog (CH,t) +EH t+1 (3)

EH 4+l = Pey€Ht T VH 41 (4)
log (CL,t+1) = (1—pg)log(¢r) + prlog (CL,t) +ErLt+1 (5)

where €g¢+1, VA,1+1 and €r, ;41 are i.i.d. normal random variables with mean
zero and variances a%, o2 and 02, respectively. The period ¢ budget constraint
for a patient household is:
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where P; is the price level, u; is the capital utilization rate, e; is the nominal
exchange rate (the domestic currency price of foreign currency), K is the capital
stock, Qx+ and Qg+ are the nominal prices of capital and housing, éx and
dp are the depreciation rates for capital and housing, BY denotes the nominal
quantity of domestic borrowing from period ¢t — 1 to ¢, R} ; is the nominal
interest rate paid on domestic bonds held from ¢t — 1 to ¢. Similarly, B} is
the nominal quantity of foreign borrowing by domestic patient households, and

Tk

7, is the associated foreign nominal interest rate. In addition, W]’-j ; 1s the
period ¢ nominal wage of labour type j, R is the nominal rental rate for capital
services, and II; is profits from firms. Both the capital utilization cost function,
a(e), and the housing adjustment cost function, ®(e), are increasing and convex
and defined as follows:

a () =7y (up = 1)+ (1)’ (™)
o() -5 () ®

The country-specific risk premium, x;, is given by:

<P€tBt*+1
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where v, ¢4+1 is an i.i.d. normal random variable with mean zero and variance

02. The risk premium is taken as given by households when they are solving

their optimization problems.



In each period the household chooses CY, HY |, K11, u, Bi1, Bfy,. The
wage for each type of labour is set by a union that is described below. Labour
supply is determined by the requirement that the household meet demand at
the prevailing wage. Before discussing wage setting we review the first-order
conditions for the other variables.

Following Rotemberg and Woodford (1997), CEE and others we assume that
the household chooses its period ¢ consumption prior to observing the period ¢
shocks. Thus, the first-order condition with respect to C? is:

Cﬁt Cﬂ t+1
T LN B | =2 )\ —F, . [APP 1
<Cf — 70?71 5177 t—1 Cf+1 — ')/Cf t—1 [ t t] ( )

where the Lagrange multiplier on the budget constraint is equal to AY /¢ g 1t
will be useful to define the marginal utility of consumption as:

The first-order condition for Hy,, implies:
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The first-order condition for BY 1 implies:
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The first-order condition for FHI implies:
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The first-order condition for u; implies:
rF —a (ug) =0 (16)

The first-order condition for By, ; implies:
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Combining the first-order conditions for By, and By, ; yields the interest parity

condition:
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We can now turn to the wage decision. As mentioned above, for each of the
j labour types there is a union that is the monopoly supplier of labour type j,
L?,r It sells this service to a representative, competitive, price-taking firm that
transforms it into an aggregate labour input, L?, using the technology:

L = [/01 (L2,) % dj] " (19)

The demand curve for L%, is:

O
W'pt Oy —1
L, = (VVJ;,) L (20)
t

where W} is the aggregate wage rate, that is, the nominal price of L¥. Tt can
be shown that W is related to W7, by the Dixit-Stiglitz index:

1-0.,

o[ =] .

Unions set their nominal wage according to a variant of the Calvo mechanism.
Each period unions face a constant probability, 1—¢,,, of being able to reoptimize
their wage. If they are unable to reoptimize their wage in period ¢ then they
set:

WP, = mfom X W?r, (22)
where yx,, measures the degree indexation to past inflation. In particular, if
X = 1 the wage is fully indexed to lagged inflation and if x, = 0 the wage is
indexed to steady-state inflation, 7.

Let W} denote the value of W;j , chosen by a union that can reoptimize its
wage in period t. The union index, j, is suppressed because all unions that can
reoptimize their wage in period ¢ choose the same wage.® We assume that the
union’s objectives coincide with the household’s objectives. Thus, the union
chooses W} to maximize:

oo p
l Crt+i 2 A
Ei Y (Bytw) Cpn {_ 9 (L§,t+z> + Cont WP Lh (23)
=0 ,

subject to the labour demand equation, (20). The presence of £, in the discount
factor serves to isolate states of the world in which the union has not been able
to reoptimize its wage. It is only in these states that the choice of W} affects
utility. Note that if union j resets its wage in period ¢ and has not reoptimized
it up to period ¢ + [, then, using (22):

!
= Whr—xw) H Wzéj:k_l (24)
k=1

P
Wj,t—&-

6The proof is simply that the first-order condition for th does not depend on any variable
with a j subscript, that is, it does not depend on any variable that differs across patient
unions.



The aggregate nominal wage in period t + [ can be written as a function of the

real wage w} =W +l /Pit1, past inflation, and the price level in some base
period, t:
!
th—&-l = thPt H Tt+k (25)
k=1

Combining (24) and (25) with (20), we obtain:

0w

Wﬂ l ﬂ-Xw ﬁ17X1u T=6w
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Then we can write the objective as:

O 2 N N 0w

- 1) CpariSr it w7 e wp wp s
E ——= J XY P AP ol ——=XY L
t; () 2 <wtp+zpt b | TN P, wl Pt s
(27)
where
—=(1—=x )1 Tith—1
e ™ H ( T ) for 1 >0 (28)
1 forl =0

The first-order condition with respect to Wf implies:
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where @ = WF/P,. Equation (29) states that the union chooses W7 so as
to set its expected future real wage as a markup over the expected disutility of
labour.
One can then use (21) to show that the aggregate wage is evolves according
to: .
e
Tt
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2.1.2 Impatient Households

There is a continuum of impatient households. Impatient households discount
the future more heavily than patient households, so that 8, < 3,. This dif-
ference in discount rates implies that impatient households will want to borrow
from patient households in equilibrium. Following Tacoviello (2005), we impose
a borrowing constraint on impatient households. Like their patient counter-
parts, each impatient household supplies a variety of different labour types in-
dexed by j € (0,1). The preferences of the representative impatient household



are given by:
[e%) C 1 9
! ; ; ; L+l ; .
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where (3, is the discount factor for impatient households, C} is time ¢ consump-
tion, Hy is the stock of housing held at the beginning of time ¢, and L%, denotes
time ¢ hours worked of type j. The superscript ¢ indicates that the variable is
associated with the impatient households. In addition, (g1, (g, and ¢y, are
defined as before. Note that the preference shocks are assumed to be the same
for the patient and impatient household.

Near the non-stochastic steady-state impatient households will choose to
short sell all assets other than housing. To see this, consider the case of physical
capital. From the patient household’s Euler equation for capital (eq. (15)), it
is apparent that the steady-state return to capital is’:

1
rh = — —(1-6g) (32)
By
It is impossible for a similar Euler equation to hold for impatient households
because 3; < f,. In particular, in steady-state we would have:

e L1k (33)
Bi

Thus, the impatient households would attempt to short sell capital. Intuitively,
in order to hold any given asset, the impatient households will require a higher
rate of return than the patient households. We assume that short sales are
impossible. This allows us to write the budget constraint for impatient house-
holds omitting assets that are not held in equilibrium®?°. The period ¢ budget
constraint for the impatient household:

PGy + Qe [HZH ~(1=du)H; +@ < ;;1) Htl:| + R, B}
t

1
= / Wi,Lidj + By, (34)
0

where B! denotes the nominal quantity of borrowing from period ¢t — 1 to t.
Impatient households also face a borrowing constraint of the form:

i < muE [QueHy, (1-65)] (
log (mi11) = (1 —p,,)log(m) + pp, log (M) + €m i1 (3
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"THere we are using the fact that in steady-state th =1.

8The qualifier "near the non-stochastic steady-state" is meant to be understood.

9Profits are omitted from the budget constraint, because impatient households will choose
not to hold shares in firms by reasoning analogous to that in the text.



where m € (0,1) is a parameter and vy, ;41 is an i.i.d. normal random variable
with mean zero and variance o2,. Our linear solution procedure requires us
to assume that the borrowing constraint always binds. Iacoviello (2005) shows
that this is, in fact, plausible.'®

In each period the household chooses C}, H} 15 Bj. ;. The mechanism by
which the wage is determined is symmetric to that for patient households.

The first-order condition with respect to CY is:

Cﬁt ) CB t+1 ;
i) T BB <H> = Ei-1 (AP 38
(Ct -G, ot t+1 —C} ! 1[ ! t] (38)

where the Lagrange multiplier on the budget constraint is equal to Al/¢ g 1t
will be useful to define the marginal utility of consumption as:

N =ALP, (39)
The first-order condition for H}, ; implies:
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where the Lagrange multiplier on the borrowing constraint is equal to /¢ Bt
The first-order condition for Bj, implies:
I
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Since the wage-setting decision is symmetric to the wage decision of patient
households, we do not repeat all the details of the derivation. The first-order
condition for each impatient union with respect to W} implies:

1= ﬂiEt

- Iyi 7 i w CaariSLiriLy i
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where @! = W;/P,. Equation (42) states that the union chooses W/ so as to
set its expected future real wage as a markup over the expected disutility of
labour.

10Tn principle, the borrowing constraint binds in the non-stochastic steady-state and in a
neighbourhood of the steady-state. If impatient household wealth were to grow sufficiently
large relative to the steady-state, then it would be possible for the borrowing constraint to
become non-binding. Iacoviello (2005) shows that this is highly unlikely for reasonable shock
variances.
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As with the patient unions, one can show that the aggregate wage is evolves
according to:

1
1 Xw =

1 1=Xqp0i T—0
() =7 = (1= ) (@)™ +e ()T
t

™

2.2 Capital Producers

There is a large number of identical price-taking capital producers. Capital
producers are owned by patient households and any profits (losses) are trans-
ferred in a lump-sum fashion to the patient households. Capital producers
purchase investment goods in the final goods market which they transform into
capital goods. Capital producers purchase existing capital, zx ;, and invest-
ment goods, I/, and combine these to produce new capital, .I/K’t, using the
following technology:

Ty =wge+ F(IF 1K) (44)

New capital produced in period t can be used in productive activities in period
t+ 1. Let Qk.+ be the nominal price of new capital. Since the marginal rate
of transformation between new and old capital is unity, the price of old capital
is also Qi+ Then the representative capital producer’s period ¢ profits are:

M = Quey [wrcs + F (I, 15)] = Quepwrcs — PIE (45)

The profit maximization problem of the capital producer is intertemporal in
nature because the period ¢ choice of I/ affects profits in period ¢ + 1. Thus,
the profit maximization problem is:

oo
mex Bt z;)ﬁif\fﬂ (Qutag [wrers + F (I, 115 1) = QeriTrass — Peaslis ;)
=
(46)
where P, is the price of final output and AY +; 1s the marginal value of a dollar
to the patient household in period ¢ + j. Note that from this problem it
is obvious that any value of xk ;; is profit maximizing. Thus, the market
clearing condition will determine the level of xx ;4 ;:

Ty = (1—0k) Ky (47)

where K, ; is the aggregate capital stock in period ¢ + j.
Let the capital investment adjustment cost function be given by:

1—8 1 s 48
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Period ¢ investment is assumed to be chosen prior to the realization of the period
t shocks. Thus, the first-order condition for I is:

Ery [Nar Py (IF, 15 ) = A+ BN ak e Fo (154, 15)] = 0 (50)

2.3 Housing Producers

Housing producers are symmetric to capital producers. New housing, x’Hyt, is
produced using the following technology:

Ty =me+ F (I 12) (51)

where the definitions are analogous to the capital production technology. New
housing produced in period ¢ yields a flow of housing services in period t + 1.
The representative housing producer’s period ¢ profits are:

0 = Quy [zpe + F (IF I1)] — Quizny — P (52)

Thus, the profit maximization problem is:

o0
max By Zoﬂi,l\fﬂ- Qs [wmers + F (I I 1) — Querjomars — Peliyj))
; =
(53)
As with the capital producers, the market clearing condition will determine the
level of gy ¢4 5:
Ty = (1—0m) Heyj (54)
where Hy, ; is the aggregate housing stock in period ¢ + j.
Let the housing investment adjustment cost function be given by:

'\
s ()] (5%)
t—1
IH IH 2
s(Li) = Y (L (56)
) 2 \I;%,
Period t investment is assumed to be chosen prior to the realized of the period
t shocks. Thus, the first-order condition for I} is:

Ev oy [Naqu Py (I 1) = AP+ BN qam e Fo (I, 1)) =0 (57)

F (ItH7 Itlil)

2.4 Foreign Economy

We model foreign output, inflation and interest rates (Y;*, 7f, Ry*) as block
exogenous.  These variables are assumed to evolve according to a VAR(2)
process. The assumed exogeneity of these variables reflects our belief that the
impact of Canadian variables on the rest of the world is sufficiently small that
it can be safely ignored. This belief seems reasonable in light of the relatively
small size of the Canadian economy.
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2.5 Intermediate and Final Goods Firms

The production side of the model is composed of two sectors linked by a vertical
input-output structure: a final good sector and an intermediate goods sector.
Figure 10 provides a graphical representation. Intermediate goods firms are
monopolistically competitive price-setters. They face a constant probability of
being able to reoptimize their price in any period. There are two types of inter-
mediate goods firms: domestic and importing firms. The domestic intermediate
goods firms use capital and labour as inputs to produce their differentiated
goods. The importing firms purchase a homogeneous foreign good on world
markets and costlessly differentiate it. The final goods firms use the entire con-
tinuum of domestic and foreign intermediate goods to produce a composite final
good. The final goods market is perfectly competitive: firms take input prices
as given and their output prices are perfectly flexible. The composite final good
is used for domestic absorption.

2.5.1 Final Goods Sector

Firms in the final goods sector are perfectly competitive. They combine domes-
tic and imported goods to produce a single homogenous good using the following
CES technology:

z= |-t (07 4t o F ] (58)

]
04— t

where Z; denotes output of the final good, while Y4 = (fol YA(5) : dj) " and

0y —1 B —1
Y/"m = ( fol Y ( j)tf’itdj) " are composite indexes of domestic and imported
intermediate goods, respectively. 6; is a a mark up shock that follow AR(1)
processes:

log (01+1) = (1 — 0)log (0) + pglog (6:) + €0,¢41 (59)
Profit maximization, taking the price of the final good P; as given, implies
the set of demand equations for domestic and imported composite goods:

d Ptd -
vi—(-w(Z) 7 (60)
Py
and
m Pm -
() 2 (61)

Thus, as the relative prices of domestic (imported) goods rise, the demand for
domestic (imported) goods decreases. It is straightforward to show that the
demand for each differentiated domestic intermediate good is given by:

d/ - —0+
v = () v (62)
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Similarly, the demand for each differentiated imported good is:

Y(j) = (ﬁfﬁ)e e (63)

The zero-profit condition implies that the final goods price level is linked to
domestic output and import prices through:

1/(1-v)

P=[(1-w) (P e (P ] (64)

1 1
where P¢ = (fol Ptd(j)lfetdj) "and P o= (fol Ptm(j)lfe“dj) " are the
price indexes for domestic and imported goods respectively, both expressed in
home currency.

2.5.2 Intermediate Goods Sector

Domestic Intermediate Goods Producers The continuum of domestic
intermediate goods firms produce differentiated products and behave monopo-
listically. They have identical Cobb-Douglas production functions given by:

}/t(j) = Kt(j)a [AtNt(j)]l_a ) o€ (07 1) ’ (65)

where K;(j) and N;(j) are capital services and a composite of patient and
impatient household labour used by firm j: Ny(j) = LY(5)"Li(5)* ", with n €
(0,1); and A; is an aggregate technology shock. This shock follows the process

log Ay = (1 — py)log(A) + pylog(Ai—1) + €y, (66)

where py € (—1,1), A > 0, and €4 is normally distributed with zero mean and
standard deviation o 4.

As mentioned above, each domestic intermediate good is sold in the domestic
market and exported, so that,

Yi(5) = Y (5) + Y7 (5) (67)

As mentioned above, the domestic demand for each domestic intermediate good
is:

. —04
v - (B) v (9

We assume that the foreign demand for each domestic intermediate good takes
the same form as the domestic demand:

v () = (P;(j))e vy (69)
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d
where Y;* = (:}3* ) Y/ is aggregate exports'!, and Y;* is overall world output.
- t

Domestic intermediate goods producers are monopolistically competitive and
face a demand functions for goods given by (68) and (69). As in Calvo (1983),
firms cannot change their prices unless they receive a random signal. The prob-
ability that a given price can be reset in any period is constant and is given
by (1 —¢,). This implies that on average the price is not re-optimized for
1/(1 = §,) periods. Further, following CEE and Smets and Wouters (2004),
we assume that prices of firms that do not receive a price signal are partially
indexed to last period’s inflation rate. With probability £, the firm is not al-
lowed to re-optimize, and its price in period t is then updated according to the
scheme P?(j) = 7,7 X» P2 | (5). Thus, in periods, when domestic producer
j is allowed to change its price, it chooses K;(j), LY (j), and Li(j), and sets the
price ]Btd that maximize the expected discounted flow of its profits'2. It chooses
f’td prior to the realization of the period t shocks. After observing the period ¢
shocks, it chooses Ky(j), LY (j), and Li(j). The firm’s objective function is:

o

E; (Bp€p) N D1 () P | (70)
1=0

subject to (65), (68) and (69). Period profits are given by:

D (5) = PHG)Yaer(§) — RE Ko (5) — WELLY L, (G) — Wi Ll () (71)

The patient households own all firms so the domestic producer’s discount factor
is given by the stochastic process (Bl/\ff7 +l)’ where A/ 4; denotes the marginal
utility of consumption to the patient household in period t + I.

The first-order conditions are:

R—f = OzYt(j) me
P E(j) (72)
wg Yi(5)
Wi B Yt(j)m
P (1-a)(1 )Li(j) t (74)

~ —0¢
00 I Ptd » —0,
Ei Z(ﬁp€p> )‘t+l ﬁ (Xt,l) Yt+l
1=0 t

) (5)
— | XV, = —— | mc
(Pf) o \g—1)

11 Here we assume that exports are invoiced in currency of importing country, which implies
gradual pass-through of foreigns to domestic prices. Devreux and Engle (2001), among others,
have emphasized the role of local currency pricing.

12 As in the case of sticky wages discussed above, our notation reflects the fact that all firms
that can reoptimize in period ¢ choose the same price.
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where mc; is the Lagrange multiplier associated with the production function
constraint and

1 Xpl t+k 1
H( L ) for I > 0 (76)

1 forl =0

P _
th_

The aggregate domestic price is evolves according to:

1-0 mr T Xepd s 1-0
t — ~d\ 10t
W) =g (TR g )T )
where pf = P?/P; and };t = ];El/Pt.

The equations (72), (73), and (74) state that the marginal cost of the inputs
should equal to their marginal product weighted by the real marginal cost. The
equation (75) relates the optimal price to the expected future price of the final
good and to expected future real marginal costs. This condition together with
(77) allows us to derive a new Phillips curve.

Imported Intermediate Goods Producers The import sector consists of
a continuum of importing firms that buy a homogenous good in the world mar-
ket for the foreign price P;*. Each importer turns this imported product into a
differentiated good, ¥;™ (j ) which is sold in a domestic monopolistically compet-
itive market to produce the imported composite good Y;™. As in the domestic
intermediate-goods sector, importing firms can only change their prices when
they receive a random signal. The constant probability of receiving such a signal
is (1-¢ p) -

When an importer j is allowed to change its price, it sets the price P/™(j)
that maximizes its weighted expected profits, given the price of the imported-
composite output, P/, the nominal exchange rate, e;, and the foreign price
level, P;. The optimization problem is:

max FE; 3 Z t+l trj—l(j)/Pt—O—l s (78)
(P ()} =0
subject to
— —8,
-y P () m
r(J) = ( ]tgm t+1> (79)
t+1
where period profit is given by:
1) = (PFG) = enaPi) YiG). (30)

In period ¢, the importer’s nominal marginal cost is e; P/, so that its real
marginal cost is the real exchange rate s; = e;P;"/P;. The importer’s discount
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factor is also given by the stochastic process (ﬂ]l[))\f 1) The first-order condition

of this optimization problem is:
Pm 0,
—— | XP - —
(Ptm> o (9t - 1) st}

=0

0

(81)

0o o —0:
P —0:
l
Eq Z(ﬁpﬁp) )‘f+l <Ptm> (Xf,z> till
t
The aggregate import price evolves according to:
Xp — m

1=xp 10 N\ 1-6;
W' " =g, (””p) +1-¢) () (82)

Tt

2.6 Monetary Authority

The monetary authority is assumed to set nominal interest rates according to a
simple reaction function:

R} = (1—pp)R"+ppR} | + (1—pg) R + gy (83)
n,targe ~ —_ Y
RPME = (147,) By (Feg1 — ) + 1, <Ytt11>+’)’qH(¢IH,t1)

(84)

where pp € (0,1) is the partial adjustment parameter, v, > 0 governs the policy
response to expected inflation deviations from target, v, governs the response
to output growth and v, governs the response to real house price growth. The
monetary policy shock, e ¢, follows an AR(1) process:

ERt+1 = Per€Rt T URt+1 (85)
where vg 41 is a normal i.i.d. random variable with mean zero and variance
2
oh-
The targeted inflation measure is:

~ (1 -wy) P +wrQm
T (1-wn) Py +wnQmi

(86)

This is the inflation rate for a price index that includes house prices with a
weight wy. The inflation rate targeted by the Bank of Canada includes house
prices in a similar manner. QOur specification of 7; is meant to mimic the
inflation measure targeted by the Bank.

3 Calibration

Several of the model’s parameter values are fixed prior to estimation. The degree
of habit formation, =, is set to 0.75. This is close to the point estimate of 0.70
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reported in Boldrin, Christiano, and Fisher (2001) and it is near the midpoint
of the values reported by CEE (0.63), and Fuhrer (2000) (0.8 to 0.9) for the U.S.
economy. The subjective discount factor for the patient household, 3,, equals
7w/R"™. The steady-state inflation rate is set at 2 per cent per annum to match
the current inflation target in Canada.'? B, is chosen so that the model’s steady-
state real interest rate is 2.5 per cent per annum. The subjective discount factor
for the impatient household, §,, is calibrated to 0.985. The weight on housing
services in the utility function, (g, is set to 0.1, which yields a consumption-
to-housing ratio of about 40 per cent (in line with the Canadian data). The
housing depreciation rate, d g, is set to 0.005 consistent with Statistics Canada’s
estimate of 2 per cent annual depreciation of housing. The depreciation rate of
physical capital, dx, and the elasticity of output with respect to capital in the
intermediate-good sector, «, are fixed to 0.025 and 0.36, respectively. Canadian
micro data indicate that the standard loan-to-value ratio, m, is 0.75. The
labour share of patient households, 7, is assumed to be 0.5. This is roughly
consistent with the fact that about half of Canadian households have mortgage
debt. Following the estimates in CEE (2005), we set the elasticity of substitution
across different individual labour types, 6,,, to be 1.05. The share of of the
domestic composite good in the final good aggregator, w, is chosen to match
the average ratio of Canadian import-to-GDP of 28 per cent. The elasticity
of substitution between domestic and imported intermediate goods, v, and the
parameter, 7, determining price-elasticity of world demand for domestic output,
are calibrated to 0.8, as estimated by Dib (2003). The elasticity of substitution
between domestic (imported) intermediate goods, 6, is calibrated to 6, which
implies a steady-state markup of price over marginal cost equal to 20 per cent.
This value is roughly consistent with estimates in the empirical literature. Basu
(1995) report estimates ranging from 10 per cent to 20 per cent. The parameter
v, is chosen to generate an elasticity of capacity utilization with respect to
the rental rate of capital of approximately 20 as in Adolfson et al. (2005).
The parameter in the risk-premium term, ¢, is set equal to 0.0054 implying
an average risk premium, x, of 98 basis points at an annual rate as in Clinton
(1999). Finally, the weight of house prices in the targeted inflation rate, wy, is
set to 0.0329 as in the Canadian Consumer Price Index. Calibrated parameters
are summarized in Table 1.

4 Estimation

We employ a Bayesian estimation technique to estimate a subset of the model’s
parameters.'* We use ten series in the estimation: Canadian output, consump-
tion, residential investment, hours worked, inflation, nominal interest rates and

131n our empirical work we use the target-adjusted inflation series from Amano and Murchi-
son (2005) in order to be consistent with this assumption about steady-state inflation.

4 Note that the model is first linearized around its non-stochastic steady-state, then stan-
dard methods for solving and estimating linear models are used. Much of the work reported
in this paper was conducted using the Dynare implementations of these standard algorithms
by Michel Juillard.
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house prices, as well as US output, inflation and nominal interest rates. The
Canadian inflation series is core Consumer Price Index inflation. This measure
of inflation plays a key role in policy decisions at the Bank of Canada. In con-
trast to the US, Canadian core CPI includes a measure of house prices. House
prices enter the index with a weight of 0.0329. It should be noted that the
inflation and nominal interest rate data we use have been adjusted for variation
in the historical inflation target as reported in Amano and Murchison (2005).
As Amano and Murchison note, this adjustment substantially reduces the degree
of persistence in these series. For Canadian house prices we have a choice be-
tween two series: a price index for new houses and an index for existing houses.
Of course, in the model, new and existing house prices are equal. Thus, the
model offers no guidance for discriminating between measures. The two series
are, however, highly correlated.!® Also, militating in favour of the new house
price index is the fact that this is the measure of house prices used in the CPI.
Using new house prices to measure house prices would facilitate construction of
a comparable CPI measure in the model. Finally, the new house price series
is the only series available at a quarterly frequency prior to 1986. Given these
considerations we choose the Statistics Canada New House Price Index. The
remaining data series are described in more detail in Appendix A. The sample
period is 1981Q1-2004Q1.

In order to empirically assess the role of the financial frictions, we estimate
three versions of the model: (1) the baseline model as described above (Model
1), (2) a version that eliminates credit shocks (o, = 0) but retains the finan-
cial frictions (Model 2), and, (3) a version that eliminates impatient households
altogether (Model 3). Since it is the impatient households who face the bor-
rowing constraint, Model 3 naturally does not include any financial frictions.
Note that the financial frictions could not be eliminated by simply dropping the
borrowing constraint. Some mechanism is needed to keep the borrowing of the
impatient households bounded. If impatient households did not face any type
of financing friction they would accumulate debt without bound.!”

The prior and posterior distributions for the three models are summarized
in Tables 5 to 12. The same prior distributions are used for the all three
models. The priors for the parameters of the policy rule (pg, V., Yy Yau)
reflect several characteristics of policy over the sample period that we believe
are fairly widely accepted: (1) moderate interest rate smoothing, (2) a fairly
aggressive response to expected inflation, (3) a mild response to output, and (4)
no response to house prices. The priors for the adjustment cost parameters (¢,
¢y follow Smets and Wouters (2004). The Calvo price and wage stickiness
parameters (&, £,,) are chosen to be consistent with prior evidence that prices

15 Amano and Murchison (2005) construct the historical series for the inflation target by
(1) using the announced target in the post-1991 period, and (2) examining internal Bank of
Canada projections for the 1981-1991 period.

16That is, after removing linear trends from the logarithms of the two series their correlation
coefficient is 0.92. The differential trends are due to the fact that the new house price series
is quality-adjusted, while the existing house price series is not quality adjusted.

171n a similar model, Basant Roi and Mendes (2005) use a debt-elastic risk premium to keep
the borrowing of the impatient households bounded.
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are reoptimized every 2 quarters on average and wages are reoptimized every 4
quarters on average. The priors for the degrees of indexation (va Xw) capture
our prior belief that indexation to lagged inflation is more important for wages
than prices. The prior for the capital utilization parameter, 7,, is chosen
to yield an elasticity of the utilization rate with respect to the rental rate of
capital of about 100 following CEE. The priors for the persistence parameters
of the exogenous shocks (excluding the policy shock) are set to 0.75. This is
lower than the value of 0.85 used by Smets and Wouters (2004) and others. We
justify this lower value by appealing to the finding of Adolfson et al. (2005) that
the persistence of the exogenous shocks tends to be lower when open economy
features are included in the model. The prior for the persistence of the policy
shock, p, ., is set to 0.2 to reflect our belief that policy shocks tend to have very
little persistence.

We can use Bayes factors to compare the fit of our three models. The Bayes
factor comparing two models is simply the ratio of the marginal likelihoods of
the two models. The marginal likelihood of model ¢ is:

where L; (8;; z) is likelihood function of the model’s parameter vector, ;, con-
ditional on the observed data = and p;(0;) is the prior distribution. The Bayes
factor for comparing two competing models is defined as B(M;, M;) = M, /M;.
We compute the marginal likelihood numerically from the posterior distribu-
tion using the modified harmonic estimator of Geweke (1999). The estimation
results support inclusion of financial frictions in the model under the assumed
priors.

The Bayes factor for Model 1 versus Model 3 is B(My, M3) = 162750 in
favour of Model 1. According to the Jeffreys scale'® anything over 150 provides
"very strong" evidence. Thus, we can conclude that the model with financial
frictions and credit shocks (Model 1) fits the data substantially better than the
model without either of these features (Model 3). Next we want to ask whether
it is the financial frictions or the credit shocks or both that allow Model 1 to
fit better than Model 3. To do this we compute the Bayes factor for Model
2 versus Model 1 (recall that Model 2 includes the borrowing constraint, but
excludes credit shocks). The Bayes factor is B(Ms, M;) = 4404 in favour of
Model 2. Thus, the model with no credit shocks fits better than the model with
both financial frictions and credit shocks. We conclude that it is the addition of
financial frictions that produce the better fit, not the addition of credit shocks.

Tables 13 to 15 show the variance decompositions for the three models.
Most striking is the change in the role of monetary policy shocks in generating
house price variability. In Models 1 and 2, respectively, monetary policy shocks
account for 79 and 65 per cent of the variability of house prices. When financial
frictions are eliminated (Model 3) that number drops to less than 12 per cent.
Instead, Model 3 attributes more than half the variation in house prices to

18 Jeffreys (1961, Appendix B)
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housing demand shocks and labour supply shocks. The single most important
shock for house prices in Model 3 is the housing demand shock at 34 per cent.
We interpret these housing demand shocks as wedges in the spirit of Chari,
Kehoe and McGrattan (2004). It seems unlikely that preferences for housing
services would be very volatile. Instead, the large estimated variance of the
housing demand shocks in Model 3 is indicative of some unmodelled feature of
the housing market. By comparing Model 3 with Models 1 and 2, we have
shown that financial frictions are a good candidate for this unmodelled feature.

The large role of housing demand shocks in Model 3 reflects differences in
the transmission mechanism across models. In Models 1 and 2 there is an active
credit channel: the reaction of borrowing constrained households amplifies the
effects of monetary policy shocks on house prices. For example, in response
to a contractionary monetary policy shock, house prices will fall, tightening the
borrowing constraint faced by impatient households. Given the tighter bor-
rowing constraint, impatient households desire a lower stock of housing, further
depressing house prices'?. It is through this feedback mechanism that the credit
channel amplifies the effects of monetary policy shocks. The absence of a credit
channel from Model 3 means that the transmission of monetary policy shocks
to house prices is much weaker. Instead, Model 3 must rely on direct shocks
to housing demand to generate house price volatility. However, as discussed
below, even with substantial housing demand shocks, Model 3 is not able to
replicate the observed unconditional variance of house prices.

In contrast with our priors and the previous literature, our estimates of &,
and &, in Models 1 and 2 suggest that prices are reoptimized less often than
wages. This may be due to the fact that we map the inflation data to a model
counterpart that includes house prices:

- (l-wy)P+wrQmns
(1-wh)Pro1 + wa Q-1

T =

House prices are excessively flexible in the model. By raising the value of £,
the estimation procedure makes other prices more sticky in order to compensate
for the flexibility of house prices.

The policy parameter governing the response to house prices, v,,, , is positive
and significant in all three models. This may appear to suggest that the Bank
of Canada was responding directly to house prices, over and above its response
to an inflation measure that includes house prices. This, however, is in conflict
with much anecdotal evidence. The most likely explanation for the positive
estimates of v,, is that the two large disinflations in our sample coincided
with periods of elevated house prices.?’ The disinflations occurred in the early

19This need not have any effect on residential investment as long as the patient households
are willing to purchase the additional supply of housing units from the impatient households.
In fact, this is borne out by the small contribution of monetary policy shocks to residential
investment variability.

20 There are other possible explanations. For example, we assume that the Bank responds
to deviations of output growth from trend, but in practice it appears that the Bank responds
to a different measure of the output gap. It is also possible that the Bank has historically
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1980s and the early 1990s. At both times real house prices were well above
their average for the sample period. Presumably, interest rates responded more
strongly to inflation during the disinflations. In our model we assume that
the degree of anti-inflation aggresiveness is a constant, v,.. If in fact, v,
was larger than normal during the disinflations, then our constant-coefficient
estimation procedure will attribute some of the policy tightness to a reaction to
above-average house prices.

The estimated investment adjustment costs are much higher in the absence
of financial frictions. In particular, ¥ ; is equal to 3.88 in Model 3, while it
is 0.52 and 0.13 in Models 1 and 2, respectively. To gain some intuition, note
that log-linearizing the first-order condition for the housing investment firms,
(57), yields:

Ei 1Qu: =Yy {(ftH - fﬁl) + 8,1 (IAEH - ftH)] (88)
rearranging,
~ ~ 1 R
I =L+ =3 BBl (89)

Thus, 1/ is the elasticity of residential investment with respect to a tempo-
rary (one period) increase in the price of housing. A smaller value of 1) ;; means
that investment is less sensitive to changes in house prices. The estimates of
¥y are lower for the models with financial frictions because these models en-
dogenously generate much more house price volatility. If ¢ were larger, then
these models would imply too much investment volatility. An alternative way
of looking at this is that the models with financial frictions do not require very
large adjustment costs to generate house price volatility.

We now consider some of the unconditional properties of the models. The
model second moments in the tables are the theoretical moments from the lin-
earized model given the estimated variances. The steady-state properties of
the models are very similar and don’t require any further comment (see Table
2).

Table 3 displays the standard deviations of some key variables relative to the
standard deviation of output. Model 2 fairs better than the other two models
in matching the variability of consumption and residential investment, but it
overpredicts the volatility of business investment. Model 3, without financially
constrained households, fails to replicate the variability of house prices. The
relative variability of house prices in Model 3 is almost an order of magnitude
less than in the data and less than one quarter of the variability in the models
with financial frictions. As discussed above, this is due to the lack of a credit
channel in Model 3. Interestingly, Davis and Heathcote (2005), who study a
real business cycle model that includes housing, also fail to match the relative
variability of house prices in the United States. Their model matches several
second moment properties related to housing and the macroeconomy quite well.

responded to credit growth, not house prices. Since we omit credit growth from the reaction
function, we may incorrectly attribute some policy actions to house prices.
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However, it generates a a relative variability of house prices of only 0.40. The
comparable number in the US data is 1.37.2! Davis and Heathcote’s model does
not include any financial frictions. This reinforces the point that our model’s
ability to match the variability of house prices is being driven by the inclusion
of financial frictions.

According to Table 4, Models 1 and 2 do a better job of matching correla-
tions of consumption and output. This is not surprising given that these models
include financially constrained households who cannot use international capital
markets to protect against variation in domestic income. Models 1 and 2 also
generate more realistic, though somewhat overstated, correlations between con-
sumption and house prices than Model 3. This has an obvious interpretation.
Movements in house prices change the amount that the financially constrained
households in Models 1 and 2 can borrow. When house prices rise, these house-
holds tend to borrow and consume more. Model 3 does noticeably outperform
the financial frictions models on one dimension: the correlations of consump-
tion with residential and business investment. This is due to the fact that time
preference shocks play a much more important role in driving consumption and
residential investment in Models 1 and 2 than in Model 3 (see Tables 13 to 15).
This type of shock drives consumption and residential investment in opposite
directions (see Figure 5).

Figures 1 to 9 display some selected impulse responses. Unless otherwise
noted, these are the responses of Model 1. The response of output and its major
components to a productivity shock is fairly standard as can be seen from Figure
1. Inflation exhibits a small but sharp decline before rising slightly above trend.
As households feel wealthier they increase their demand for housing, driving
up the price of housing by somewhat less than one per cent. The demand for
housing is also reflected in the hump-shaped increase in residential investment.
The stock of mortgage credit rises very persistently, reflecting a larger stock of
housing.

According to Figure 2, a monetary policy shock lowers output and inflation.
The real exchange rate appreciates as expected. This leads to a rapid movement
in net exports, explaining the sharp response of output. House prices are very
sensitive to monetary policy shocks. A one standard deviation shock — which
is equal to about 250 basis points on an annualized basis — causes a decline in
real house prices of almost 10 percent. Mortgage credit falls more than two per
cent and remains persistently below its steady-state level.

Figure 3 reports the economy’s response to credit shocks. An easing of credit
constraints allows impatient households to borrow more given their housing
stock. This leads directly to an increase in mortgage credit. Impatient house-
holds use these additional funds to increase their consumption and residential
investment demand. The sharp rise in output is in contrast to the hump-shaped
increases in consumption and residential investment. This is again due to a
sharp increase in net exports. The increase in domestic credit causes a capi-
tal account surplus and exchange rate depreciation. The depreciation, in turn,

21 This is for the period 1970 to 2001. See Davis and Heathcote (2005) for details.
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causes the sharp rise in net exports.

The impulse responses to housing demand shocks are depicted in Figure 4.
The housing demand shocks do not play an important role in the Models 1
and 2, but they do play an important role in Model 3. Hence, we show the
response of Model 3 to a housing demand shock. As one might expect, real
house prices and residential investment rise. Consumption falls as households
shift expenditures from consumption to housing. Households also repatriate
funds that had been invested abroad in order to invest in housing. This causes
a sharp real appreciation of the exchange rate and a decline in net exports,
hence the sharp decline in output.

A time preference shock is followed by a persistent rise in current consump-
tion as can be seen in Figure 5. Investment in housing and residential investment
falls, which is reflected in the declining level of output. Inflation rises because
the preference shock causes households to reduce their current labour supply
(increase their consumption of current leisure) driving up wages and marginal
cost. House prices fall because households now place less value of the flow of
future utility from housing services.

Figure 6 shows that the markup shock causes inflation and output to move
in opposite directions as expected. Residential investment rises after a markup
shock. House prices decline initially before rising slightly above trend. Thus,
they substitute away from housing and toward current consumption and leisure.

From Figure 7 we can see that the labour supply shock has the expected
impact on inflation, output and its major components. House prices fall slightly
as households substitute away from housing toward leisure.

Figure 8 reports the impulse responses to the country-specific risk premium
shock. A risk premium shock causes a depreciation of the real exchange rate,
thereby stimulating export demand and causing a sharp rise in output. Inflation
rises as would be expected in response to the higher level of aggregate demand.
Interestingly, house prices fall in response to the higher risk premium. This is
not surprising. The higher risk premium raises the domestic nominal interest
rate. The higher interest rate leads households to discount future returns on
housing (the flow of utility) more rapidly. Households reduce their desired stock
of housing in order to raise the expected future marginal utility of housing.

Finally, Figure 9 plots the dynamic responses to a foreign output shock.
A foreign output shock operates principally through export demand (but also
indirectly through the interest parity condition). Inflation, output and its com-
ponents move as expected. Interestingly, house prices fall temporarily. This is
due to the higher interest rates that go along with a shock to foreign output.

5 Conclusion

We have presented a model of the Canadian economy that incorporates finan-
cial frictions in the household sector. An analysis of Bayes factors strongly
supports the inclusion of financial frictions in the household sector. This re-
sult is driven by the fact that the model with financial frictions is able to fit
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the data better on several important dimensions. In particular, the financial
frictions generate significant house price volatility and a positive correlation be-
tween consumption and house prices. In the absence of financial frictions, our
estimation procedure is forced to make the housing demand shock much more
variable. This reflects the loss of the internal propagation mechanism provided
by the borrowing constraint.

There are, however, several remaining issues. Most prominently, the forward-
looking determination of house prices in the model implies that house prices
respond very rapidly to shocks. The model impulse responses suggest that
house prices exhibit strong mean reversion. In the data, house prices are very
persistent. These aspects of the behaviour of house prices in the model are
not related to the presence or absence of financial frictions. Rather, they are
due to the fact that we treat housing as a fairly standard asset. The main
culprits are the twin assumptions of continuity and homogeneity: we treat each
household’s housing stock as a continuous variable, and we assume that housing
units are homogenous throughout the economy. Eliminating these assumptions
while preserving the tractability of a model of this size is no mean task. Nev-
ertheless, we believe that our results provide a strong impetus for future work
investigating the role of household sector financial frictions. This future work
should focus on improving the microeconomic foundations of household sector
financial frictions and on eliminating the twin assumptions mentioned above.
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Table 1. Calibrated Parameter Values

Parameter Description
Degree of habit formation
Subjective discount factor for the patient household
Subjective discount factor for the impatient household
Weight on housing services in utility function
Housing depreciation rate
Capital depreciation rate
Share of capital in production function
Loan-to-value ratio
Parameter governing housing adjustment cost
Parameter governing capacity adjustment costs
Fraction of patient household
Elasticity of substitution across different labour types
Share of of the domestic composite good in the final good aggregator
Elasticity of substitution between domestic and imported goods
Elasticity of substitution between domestic intermediate goods
Price-elasticity of world demand for domestic output
Weight of house prices in targeted inflation measure
Parameter in the risk-premium term

Parameter

Value
0.75
0.994
0.985
0.1
0.005
0.025
0.36
0.75
10
0.0310
0.5
1.05
0.28
0.8
6
0.8
0.0329
0.0054

Table 2: Properties of Steady-state

Data (1981-2004) Model 1
Consumption-to-GDP 0.573 0.695
Housing Stock-to-GDP 1.287 1.426
Residential Investment-to-GDP 0.055 0.030
Mortgage Credit-to-Housing Stock 0.319 0.263

Table 3: Relative Standard Deviations (relative to SD of Output)

Model 2 Model 3

0.695  0.694
1426 1.542
0.030  0.031
0.263 N/A

0.29
0.67
1.81

Data (1981-2004) Model 1 Model 2 Model 3
Real House Prices 1.84 1.45 1.40
Consumption 0.84 0.60 0.91
Residential Investment 4.45 2.86 4.36
Business Investment 3.26 4.40 7.97

Table 4: Model and data correlations

Data (1981-2004) Model 1 Model 2 Model 3
corr(Y;,Cy) 0.81 0.63 0.70 0.37
corr(qu ¢ If) 0.13 0.19 0.03 0.22
corr(qm i, Ct) 0.43 0.69 0.52 0.17
corr(Cy, If1) 0.807 0.30 0.16 0.69
corr(Cy IF) 0.689 0.03 0.13 0.81
corr(IH, IK) 0.298 0.64 0.64 0.74
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Table 5: Priors

Parameter | Prior Mean | Prior S.D. | Prior Distribution
PR 0.65 0.1 beta
Vo 0.7 0.1 gamma
Yy 0.25 0.1 gamma

Vau 0 0.2 normal
Xw 0.75 0.15 beta
Xp 0.25 0.15 beta
§p 0.5 0.1 beta
Ew 0.75 0.1 beta
Vi 4 1.5 normal
Vg 4 1.5 normal
Pa 0.75 0.1 beta
P 0.75 0.1 beta
Per 0.75 0.1 beta
P 0.75 0.1 beta
oL 0.75 0.1 beta
Prm 0.75 0.1 beta
Pe.. 0.75 0.1 beta
Ps 0.75 0.1 beta
Po 0.75 0.1 beta
Pep 0.2 0.1 beta

Table 6: Priors for standard Deviations

Parameter | Prior Mean | Prior S.D. | Prior Distribution
oA 0.02 2 inverse gamma
Ok 0.0025 2 inverse gamma
OR 0.02 2 inverse gamma
OH 0.02 2 inverse gamma
oL 0.02 2 inverse gamma
Tm 0.02 2 inverse gamma
og 0.0025 2 inverse gamma
o 0.02 2 inverse gamma
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Table 7: Posterior Distribution Model 1 (Financial Frictions and Credit

Shocks)

Parameter | Posterior Mean | 5th Percentile | 95th Percentile
PR 0.7146 0.6156 0.7707
Y 0.8502 0.7962 0.9846
Yy 0.2735 0.2184 0.3509

Yau 0.2509 0.2319 0.2627
Xuw 0.4520 0.2923 0.8010
Xp 0.1406 0.0458 0.1938
&p 0.8264 0.8101 0.8430
Ew 0.6744 0.6135 0.7908
Vi 1.1499 0.1207 3.4091
e 0.5215 0.2704 0.7479
oA 0.8578 0.8493 0.9099
P 0.9255 0.8797 0.9440
Pey 0.7782 0.6994 0.8541
P 0.7714 0.7614 0.7708
PrL 0.7746 0.6955 0.8430
Prm 0.6645 0.6577 0.6982
Pe,. 0.6147 0.5737 0.6592
Ps 0.9761 0.9717 0.9772
Po 0.7697 0.6974 0.8327
Pep 0.0664 0.0333 0.1429

Table 8: Posterior Distributions for S.D. (Model 1)

Parameter | Posterior Mean | 5th Percentile | 95th Percentile
oA 0.0104 0.0094 0.0108
O 0.0026 0.0022 0.0030
OR 0.0072 0.0052 0.0086
oH 0.0583 0.0396 0.0861
or 0.0229 0.0044 0.0474
Om 0.0083 0.0054 0.0105
og 0.0723 0.0606 0.0820
o 0.1329 0.0995 0.1538
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Table 9: Posterior Distribution Model 2 (Financial Frictions, No Credit

Shocks)
Parameter | Posterior Mean | 5th Percentile | 95th Percentile
PR 0.5257 0.4466 0.6088
Y 1.0328 0.8593 1.2076
Yy 0.1173 0.0684 0.1647
Yau 0.2412 0.1919 0.2935
Xuw 0.7816 0.5931 0.9807
Xp 0.6136 0.4015 0.7979
&p 0.7215 0.6595 0.7852
Ew 0.4910 0.4244 0.5518
e 0.1367 0.0574 0.2064
e 0.1342 0.0934 0.1800
oA 0.8980 0.8500 0.9473
P 0.8558 0.7799 0.9392
Pey 0.8142 0.6905 0.9344
PH 0.8222 0.7242 0.9439
PrL 0.6756 0.5337 0.8187
Ps 0.9781 0.9671 0.9893
Po 0.4264 0.3194 0.5371
Pep 0.1128 0.0378 0.1883

Table 10: Posterior Distributions for S.D. (Model 2)

Parameter | Posterior Mean | 5th Percentile | 95th Percentile
oA 0.0106 0.0089 0.0121
O 0.0036 0.0026 0.0045
OR 0.0061 0.0047 0.0075
oH 0.0336 0.0099 0.0525
or, 0.1980 0.1095 0.2954
og 0.0841 0.0649 0.1027
o 0.2113 0.1412 0.2761
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Table 11: Posterior Distribution for Model 3 (No Financial Frictions)

Parameter | Posterior Mean | 5th Percentile | 95th Percentile
PR 0.7450 0.7076 0.7758
Vo 0.9670 0.9650 1.1406
Yy 0.2108 0.1723 0.2827

Yau 0.0949 0.0811 0.1155
Xw 0.4694 0.4566 0.4748
Xp 0.5539 0.3190 0.8023
p 0.8120 0.7592 0.8666
Ew 0.9221 0.9177 0.9248
Vi 5.8330 4.0336 6.8682
e 3.8802 3.8105 3.9965
Pa 0.9991 0.9990 0.9992
P 0.8744 0.8654 0.8858
Peyy 0.5980 0.5977 0.6046
P 0.5991 0.5986 0.6036
Pr 0.9846 0.9845 0.9847
P3 0.9314 0.9307 0.9318
Po 0.7702 0.7656 0.7713
Pep 0.0569 0.0568 0.0624

Table 12: Posterior Distributions for S.D. (Model 3)

Parameter | Posterior Mean | 5th Percentile | 95th Percentile
oA 0.0105 0.0097 0.0122
Ok 0.0026 0.0024 0.0028
OR 0.0031 0.0030 0.0036
oH 0.8080 0.7699 0.8850
or, 0.8148 0.7454 0.9885
o 0.1134 0.1090 0.1227
o 0.1374 0.1139 0.1708
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Table 13: Model 1 (includes Financia Frictions and Credit Shocks)

Variance Decomposition (in percent)
Productivity | Country- | Monetary Credit Housing | Labour Time Mark | Foreign | Foreign | Foreign
Specific Policy | Conditions | Demand | Supply | Preference| Up Output | Inflation | Interest
Risk Shock Rate
Premium
Output 537 6.01 245 17.50 2.85 0.25 17.20 25.56 16.10 134 5.36
Inflation 1.46 6.05 4.40 19.72 1.07 0.06 5.14 44.19 11.42 0.77 5.73
Consumption 1.02 0.28 0.30 4.65 0.67 0.06 83.79 6.50 207 0.23 044
House Price 0.69 1.05 79.45 8.47 5.75 0.00 0.07 3.89 0.10 0.47 0.05
Mortgage 0.83 0.07 19.92 4.44 1.02 0.03 70.64 0.99 1.38 0.38 0.31
Credit
Residential 2.38 1.45 0.85 9.64 14.80 0.10 55.83 13.77 0.89 0.13 0.17
Investment
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Table 14: Model 2 (Financia Frictions with no Credit Shocks)

Variance Decomposition (in percent)
Productivity | Country- | Monetary | Housing | Labour Time Mark | Foreign | Foreign | Foreign
Specific Policy Demand | Supply | Preference| Up Output | Inflation | Interest
Risk Shock Rate
Premium
Output 17.90 348 122 0.57 31.27 30.20 9.68 3.58 1.16 0.93
Inflation 5.07 6.25 4.23 1.86 12.61 4.02 60.93 2.22 0.24 2.57
Consumption 1.85 0.08 0.07 0.13 2.60 94.18 0.74 0.24 0.09 0.03
House Price 0.74 3.28 65.11 3.55 0.15 0.30 25.71 0.51 0.64 0.01
Mortgage 0.71 0.40 4.35 1.40 131 86.64 4.62 0.4 0.01 0.01
Credit
Residential 4.10 0.90 0.27 22.83 7.85 58.26 5.33 0.09 0.13 0.24
Investment




Table 15: Model 3 (No Financia Frictions and no Credit Shocks)

Variance Decomposition (in percent)
Productivity | Country- | Monetary | Housing | Labour Time Mark | Foreign | Foreign | Foreign
Specific Policy Demand | Supply | Preference| Up Output | Inflation | Interest
Risk Shock Rate
Premium
Output 17.71 14.14 4.75 0.01 61.54 0.83 0.88 0.10 0.01 0.03
Inflation 21.79 13.45 2.74 0.01 36.55 4.24 21.19 0.01 0.01 0.03
Consumption 12.45 287 117 0.00 7157 11.80 0.12 0.01 0.00 0.01
House Price 16.89 8.11 11.79 34.24 24.07 0.72 4.10 0.04 0.00 0.02
Residential 19.56 8.10 314 0.03 66.89 1.78 043 0.05 0.00 0.02
Investment
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Figure 1: Productivity Shock

Output Inflation (basis points)
1 // 5
0 0
-1 > + > -5 . . .
5 10 15 20 5 10 15 20
Consumption Real House Prices
0.5 1 \\
0
0 : : : -1 : : :
5 10 15 20 5 10 15 20
Mortgage Credit (stock) Residential Investment
0.4 5
\/A
0.2 T 0
0 -5
5 10 15 20 5 10 15 20

36



Figure2: Monetary Policy Shock
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Figure3: Credit Conditions Shock
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Figure4: Housing Demand Shock
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Figure5: Time Preferences Shock
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Figure6: Markup Shock
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Figure7: Labour Supply Shock
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Figure8: Country-Specific Risk Premium Shock
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Figure9: Foreign Output Shock
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Figure 10: Production
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