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Abstract

I study the business cycle implications of changes in U.S. real es-
tate prices on the U.S. trade balance dynamics. I calibrate an open
economy DSGE model whose main feature is the presence of a do-
mestic real estate credit channel. The main result - in line with the
empirical evidence on U.S. obtained by estimating a VAR - is that in
correspondence of a positive (negative) change in real estate prices
the trade balance moves towards deficit (surplus): higher (lower) val-
ues of houses, used as collateral in financial transactions, allow higher
(lower) borrowing and hence higher (lower) consumption and imports.
Other results suggest that: (a) in the aftermath of a positive housing
price shock, the increase in trade deficit is higher for higher values of
the loan-to-value ratio; (b) the increase of the trade deficit is lower
for lower values of the elasticity of substitution between domestic and
imported goods; (c¢) exchange rate depreciations limit the size of the
external deficit when the degree of pass-through of nominal exchange
rate into import prices is, counterfactually, high.
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1 Introduction

The high level of trade and financial global unbalances is stimulating a large
debate about the determinants of the U.S. trade balance and current account
dynamics. The main views are two. One, the so called “global saving glut”,
explains the widening of the U.S. trade and current account unbalances in
terms of three factors: (1) a sharp rise in national savings in China and oil-
exporting countries; (2) relatively weak investments in some key industrial
countries such as Germany and Japan and in some emerging Asian countries;
(3) relatively high investments in the U.S..! The other view emphasizes the
reduction in domestic saving; it can be split in two strands: one highlights
the influence of the widening U.S. public budget deficit on the reduction
of national savings (“twin deficit” hypothesis); the other, points out the
negative effect of the booming house prices on household saving.?

Recent contributions tend to downplay the “global saving glut” and the
“twin deficit” hypotheses. Regarding the first hypothesis, some authors ob-
serve that in the period 2001-2004 U.S. investments have decreased.® Re-
garding the second, the ricardian effect of public deficit on private saving
seems to be not negligible: an increase in the federal budget, resulting in
higher interest rates, lower private domestic consumption and investment,
would have a rather low net effect on the external deficit.*

To the contrary, several observers emphasize the existence of a relation-
ship between the recent boom in U.S. house prices and higher trade balance
deficit.” This pattern is experienced not only by the U.S.. The OECD, for
example, reports that between 1996 and 2004 the countries whose current
account have moved toward deficit have also experienced substantial housing
appreciation and increasing in house wealth, contrary to countries, such as

!See Bernanke (2005).

2See Roubini and Setser (2005).

3See Roubini (2005).

4See Ergeg, Guerrieri and Gust (2005) and Kim and Roubini (2004).

"Rogoff (2005) says that “..low interest rates that have fuelled an increasingly spec-
ulative housing price boom, which has in turn contributed to low personal savings and
a bigger current account deficit”. Greenspan (2005) notes a strong correlation between
the U.S. mortgage debt and the U.S. current account deficit. Bernanke (2005) points out
“...the expansion of housing wealth, much of it easily accessible to households through
cash-out refinancing and home equity lines of credit” and “...the evident link between
rising household wealth and a tendency for the current account to shift toward deficit”.



Germany and Japan, where the housing appreciation has been slow.%

Following the latter strand of the debate, I investigate the relationship
between the U.S. housing prices and trade balance.

To this purpose, I initially estimate two vectors autoregressive (VARs
from now on) models to give some empirical evidence of the positive rela-
tionship between U.S. housing prices, consumption and trade deficit; then
I rationalize the evidence in terms of an open economy dynamic stochastic
general equilibrium (DSGE from now on) model.

Main feature of the model is the presence of a domestic borrowing con-
straint: some of the agents in the country have only access to domestic
financial markets and can borrow using their domestic real estate holdings
as collateral.” The trade balance is determined by the difference between the
value of the domestic output and that of the total domestic consumption.
Other features of the model are rather standard, so to get a model as simple
as possible: in each country two tradable non durable goods are consumed,
one domestically produced, the other imported from the other country; do-
mestic monetary policy is introduced in form of Taylor rule; there are nominal
rigidities in form of staggered prices; to capture the observed low degree of
import price pass-through at consumer level, there is home bias in consump-
tion and import prices are set in local currency terms.

The main result of the model, roughly in line with the empirical evidence
suggested by the estimated VARs, is that changes in house prices contribute
to the determine the trade balance dynamics through a collateral effect on
agents subject to the constraint. For example, higher housing prices allow a
higher domestic borrowing and hence higher consumption; as a consequence,
imports increase contributing to shift the trade balance towards deficit.®

Other results are the following ones. First, the effect of a house price shock
on the trade balance is higher for higher values of the loan-to-value ratios
faced by the U.S. agents. Second, lower values of the elasticity of substitution

SOECD Economic Outloook (2004).

"Zeldes (1989), Jappelli and Pagano (1989), Campbell and Mankiw (1989) document
evidence of financing constraint at household level.

8Several empirical papers find a positive relationship between consumption and house
prices. Case et al. (2001) find long-run elasticities of consumption to housing prices of
around 0.06 for a panel of U.S. states. Davis and Palumbo (2001) estimate a long-run
elasticity of consumption to housing wealth of 0.08. These positive elasticities are hard to

reconcile with the traditional life-cycle model. For more detailed discussion, see Iacoviello
(2005)



between domestically produced and imported goods limit the size of the
trade balance deficit in the aftermath of a shock. Finally, I analyze how the
nominal exchange rate depreciation affects the trade balance dynamics when
the assumption of low pass-through of nominal exchange rate into import
prices is relaxed and it is assumed that pass-through is complete (so that
the depreciation of, let’s say, the U.S. nominal exchange rate can modify
international relative prices and shift world demand towards U.S. produced
goods). I show that the depreciation of the exchange rate contributes to
some extent to limit the increase of the trade deficit under the assumption,
counterfactual, of complete pass-through.

This paper is related to recent studies that have formalized the ‘credit
view’ in open economy general equilibrium models.

Tacoviello and Minetti (2005) and Paasche (2001) develop international
real business cycle models based on a borrowing constraint a la Kiyotaki-
Moore, having real estate as collateral.” I use the same type of constraint;
however, differently from them, I study the spillovers in the context of a
model with sticky prices and monetary policy.

Also Faia (2005), Gilchrist et al. (2002) study the open economy im-
plications of financial frictions, which are introduced via a risk premium on
borrowing proportional to the level of leverage.'® The performed analysis fo-
cuses on how cross-country financial heterogeneity affects and amplifies the
propagation of international spillovers under alternative monetary policies
and exchange rate regimes.

My paper, which also analyses the monetary policy implications, differ
in three main aspects. First, I perform a systematic evaluation of the impli-
cations of the household borrowing constraint for the trade balance dynam-
ics. Second, I focus on the real estate market and consumer’s expenditures.
Third, T focus on the U.S. economy by estimating the VARs and appropri-
ately calibrating the DSGE model.

The plan of the paper is as follows. Next section illustrates the VAR evi-
dence on the relationship between trade deficit and real estate price. Section
three rationalizes the evidence in terms of a two country general equilibrium
model with real estate credit channel. Section four contains the solution of
the model. Section five reports the main results. Conclusions are in section

9See Kiyotaki and Moore (1997) and Kiyotaki (1998).
0The theoretical framework is based on Bernanke and Gertler (1989), Bernanke et al
(1999), Carlstrom and Fuerst (1997, 2001).



SIX.

2 VAR Evidence

I use the VAR methodology to find evidence of a relationship between U.S.
monetary policy, house prices, private consumption and external deficit.

I estimate two VARs. The two models share the variables needed for a
monetary policy and a house price shock; they differ in the variable repre-
senting the U.S. trade. The shared variables are the detrended log of real
gross domestic product (Y'), the change in the log of consumer price index
(m), the detrended log of real house prices (¢), the Fed Funds rate (R), the
detrended log of private consumption (C'). The model-specific variables are:
1) the ratio of detrended real net exports to the mean real gross domestic
product (T'B); 2) detrended log of real export (X) and imports (M).!! Data
are from 1974Q1 to 2005Q2. The Fed Funds rate is the average value in the
first month of each quarter. The house price series (deflated with the con-
sumer price deflator) is the Conventional Mortgage Home Price Index from
Freddie Mac.'? The logs of real GDP, real housing prices, consumption. real
exports and real imports are detrended with a band-pass filter that removed
frequencies above 32 quarters. All the considered variables are expressed in
percentages and in quarterly rates.

The VARs have lag length equal to three (chosen according to the Hannah-
Quinn criterion) and include a constant, a time trend, a shift dummy from
1979Q4 and one lag of the log of the CRB commodity spot price index. To
make the VAR and the DSGE models more comparable, the shocks are or-
thogonalized in the order R, w, q,Y, C, T B; in the other VAR X and M, taken
in that order, substitute 7'B, while the order of the remaining variables does
not change.!

Figure 1 presents impulse responses to a negative interest rate shock.'* As

1 The variable TB is a proxy of the trade balance to real gross domestic product ratio
which has the property of being consistent with the trade balance variable used in the
DSGE model. Results in the VAR do not change when the trade balance variable (always
as a ratio to the real gross domestic product) is used.

12Data on GDP, private consumption, consumer prices, export, imports, trade balance
are taken from the database FREDII of the St. Louis Federal Reserve.

BHowever changing the order does not greatly affects the results.

14 All the VAR impulses have 90-percent bootstrapped confidence bands. Shocks have a



it can be seen, there is a positive response of real housing prices, consumption,
while inflation increases with some lag. The trade balance moves towards
deficit.

Figure 2 presents impulse responses to a positive house price shock. Also
in this case, there is a positive comovement between house prices and con-
sumption and the trade balance moves towards deficit.

To better understand the dynamics of the trade balance, I run the VAR
substituting the trade balance variable with U.S. export and imports.

Figure 3 presents impulse responses to a negative interest rate shock.
Also in this case both consumption and real estate prices increase, as well as
imports.

A similar pattern - an increase in consumption and imports - is observed
when a positive house price shock is considered, as shown by Figure 4.

Hence, the reported evidence suggests two points. First, following an
exogenous increase in housing prices or decrease in interest rate, there is
a positive comovement between housing real prices and consumption; this
evidence, which is in line with the results found by Iacoviello (2005) suggests
the existence of a real estate credit channel, through which the asset “real
estate” affects domestic demand for consumption.!® Second, trade balance
deteriorates when real estate prices and consumption increase, because of the
increase in imports.

In what follows, I rationalize this evidence through a microfounded open
economy DSGE model having a real estate credit channel. This channel,
in fact, is able to create, following a positive house price shock, a collateral
effect of housing prices on consumption and hence a positive comovements
between the two variables, in line with the found empirical evidence.

3 The Setup

The framework is based on an open economy DSGE model. The country,
denominated home (H) can be interpreted as a stylized representation of the
U.S. economy. The rest of the world is denominated foreign (F'). In country
H there is a continuum of economic agents. Some agents are financially

one standard deviation size.
15See also Aoki et al. (2004) and Iacoviello (2002) for other VAR models on the real
estate credit channel.



unconstrained (they lie on the interval (0, 1]) and the others are constrained
(they lie on (1,2]).

Constrained agents are subject to a borrowing constraint: they can bor-
row a certain fraction of the expected value of the collateral, which is the real
estate. Thanks to this assumption, I formalize in a simple way the real estate
credit channel. Both types of households belonging to country H consume,
work, demand money and real estate services. I assume real estate is fixed
in aggregate and not tradable at international level. Agents rent labor to a
wholesale sector which, according to a Cobb-Douglas technology, produces
a homogenous good. The former is differentiated by the retailer sector, and
sold domestically and in the rest of the world. Firms in the retail sector,
owned by the unconstrained agents, are the source of nominal rigidity in the
model. In the country there is a central bank that adjusts money supply and
transfers to support an interest rate rule.

The rest of the world is assumed to be exogenous a similar structure. In
what follows, starred variables are referred to variables belonging to rest of
the world.

3.1 Consumption and Price Indexes

The consumption index C' of agents belonging to country H is given by the
following CES aggregator:

]ﬁ, p>0 1)

1

Cy = [a;’}CH,t

p—1 p=1

r+ (1 — (ZH)% CF,t !

where Cy (Cp) is the consumption of home (foreign) produced good, ay |,
(0.5 < ag < 1) measures the home bias in consumption, p is the intratempo-
ral elasticity of substitution between home and imported goods. In the rest
of the world, the CES aggregator is:

1 p=1 =
f — * P * 14
Cr = l(l —ag)? CH,t » +ayCp,

The consumption bundles are defined as:

_0_

Cpre = (/1Ct(h)9Tldh)e_l, Cry = (/1Ct(f)‘%df)e_l, 0>1
0 0



where C' (h) and C (f) are respectively the consumption of the generic home
and imported brand. C* (h) and C* (f) are similarly defined. For each type
of good, I assume that one brand is an imperfect substitute for all the other
brands produced within a country, with a constant elasticity of substitution
equal to 6.

The utility-based consumer price index in the home country is:

1
T—p

P, = [aHP;;P +(1—ag) P};p} (4)

where prices are in units of currency H.
I consider a similar price index of tradable goods in the rest of the world
is:
.

Pr=[(1—an) Py, " +anPp, "] (5)

where prices are in units of currency F'.
The utility-based price index of the home-produced good is:

Pyy = ( / (1) dh) - (6)

The indexes Pr, Pj; and Pj are analogously defined.
Given the structure of preferences of home agents, the demands for the
home and foreign aggregate goods in the home country are respectively:

P -P
CH,t = ayg (ﬂ> Cy (7)

Cry = (1= an) (%) e (8)

They are functions of the relative price and the total consumption.
In the rest of the world, the demands for the aggregate home good is
equal to:

* P;Lt -’ *
G = (1 —am) (21) 7 )
t

In the home country, the demands for the brands i and f are respectively:

() = (pt_<h)> o (10)



Ci(f) = (M) X Cry (11)

They are function of the relative price and the total consumption of the home
and imported goods. Demands for brands h and f in the rest of the world
are similarly defined. I assume that investment goods, introduced in the
model only to correctly calibrate the model, have the same compositon as
the consumption goods.

Here I define the following relative price:

P,
T, = —=, T = d
' Py ' Pfjft

)
)

(12)

They represent the relative prices of the foreign good in terms of the home
good, expressed in local currency, respectively in the home and in the rest of
the world. Finally, I define the “real exchange rate” of the home country:

S, Py

RSt = Pt

(13)

where S is the nominal exchange rate, defined as number of home currency
units per unit of foreign currency.

3.2 Households

The home country, corresponding to the U.S., is populated by unconstrained
and constrained households, each infinitely lived and of measure one. House-
holds consume tradable goods, supply work services, demand real estate,
money and a riskless bond which is denominated in home currency. Real
estate is fixed in the aggregate. Unconstrained agents have access to interna-
tional financial markets. In what follows, unconstrained agents are indexed
by 7, constrained agents by j’.

Unconstrained Agents.
Each unconstrained household maximizes a lifetime utility function given

by:
Yt o

Eyy ' {m Ci (j) + il In oy (5) + x In
t=0

where Fj is the expectation operator at time 0, 5 € (0, 1) is the discount fac-
tor, C' is consumption of tradable goods, ho denotes the holdings of housing

8



(which is a nontradable good), L are hours of work and M /P are money bal-
ances divided by the price level. The subscript ¢ under j" allows for random
disturbances to the marginal utility of housing; it constitutes a parsimonious
way to formalize an exogenous disturbance on housing prices. The budget
constraint of the agent j is defined as follows:

B: (j)
(1+414)

— /0 M (h, j)dh + R K (j) + WeLe (j) — RCt (j) — Q¢ (hoy (7) — hoe-1 (4))
— TR, (j) — BI()

B and By are respectively household’s holding of an internationally traded
and of a domestically traded risk-free one-period nominal bond, both de-
nominated in units of home currency.'® This assumption is consistent with
empirical evidence, which suggests that a large fraction of U.S. foreign debt
is denominated in U.S. dollars. The nominal interest rate on B is ¢, while
the nominal interest on By is 7y. The nominal dividends from the own-
ership of the domestic retailers (which are illustrated in the next section),

B )+ 22 )4 M)~ M ) (15)

fol II(h, j)dh, are equally distributed across domestic unconstrained agents.
W is the nominal wage. K is the capital stock Given the focus of the paper
on households consumption, I assume capital is set equal to its steady state
level (see appendix). I introduce it only to correctly calibrate the model.
I also assume, as I’ll show later, that in each period firms demand of cap-
ital is constant.Hence also R*, the rental rate of capital, is constant and
equal to its steady state level. Real estate ho is a durable good and () is its
nominal price. I is the investment in phisical capital, which I assume to be
constant at its steasy state level. TR denotes the government transfers to
unconstrained households. I assume that: (a) preferences and initial wealth
conditions (K (j) + B_1 (j) + Bu,—1 (j) + M_1 (j) + Qoho_1 (j)) are the same
for all agents; (b) retailer profits are equally shared across agents. As a
consequence, all unconstrained agents take the same optimal consumption
and labor paths; I can drop the index j and consider a representative uncon-
strained agent. The first order conditions for the choice of the internationally

16The international financial structure of the model is similar to that of Baxter and
Crucini (1995), who develop an international real business cycle model with incomplete
markets at international level. See also Kehoe and Perri (2002) and Heathcote and Perri
(2002).



traded bond, domestically traded bond, real estate demand, labor supply are

respectively: X ,
enEnit] Govom 1o
(1+4) = (1 +ime) (17)
o = e+ 0 (o) (19
Jljgt = kL]t (19)

First order conditions are rather standard. Equation (17) is the no-arbitrage
condition, which derives from the fact that at the margin the agent equates
the bonds revenues.!” Since I assume that in each country the local monetary
authority follows an interest rate rule (as illustrated later in the text), money
supply will always respond to meet money demand at the desired equilibrium
nominal interest rate; as utility is separable in money balances and the as-
sumption of equality between money injections and transfer for each group
of agents holds (see later), the actual quantity of money has no implications
for the rest of the model; therefore the money first order condition can be
ignored.

Constrained Agents.

17To make the model stationary and well define the steady state, in solving the model
I introduce a financial friction, ¢ (%), that multiplies the nominal interest rate (1+¢) on
internationally traded bonds. I set it as small as possible (to minimize its effects on the
model dynamics) compatibly with the stationarity of the model. ¢ (%) depends on the real
holdings of internationally traded bonds by the entire class of unconstrained agents. Hence
unconstrained agents take the fuction ¢ (.) as given when deciding the optimal holding of
the bond. I impose ¢ (0) =1 only when B = 0. ¢ (.) is a differentiable at least decreasing
function in the noighborhood of zero. The function ¢ (.) captures the costs of undertaking
financial positions As borrowers, they will charged a premium on the interest rate, as
lenders, they will receive a remuneration lower than the interest rate. Unconstrained
agents are the only agents in the model subject to this costs; home constrained agents nor
foreign agents are subject to this cost.

Revenues from the financial frictions (which are always positive given the shape of the

function ¢ (.)) are assumed to be distributed to foreign agents: K* = % {ﬁ — 1} .
P

Benigno (2001) and Schmitt-Grohé and Uribe (2001) use a similar feature to make the
model stationary.

10



Constrained households (denoted with a j') have the same preferences as
the unconstrained ones. The only difference is in that their discount rate, 3',
is lower than that of patient agents, 5. This assumption guarantees that the
constrained agents face a binding borrowing constraint in equilibrium (see
the appendix A). The budget constraint of the impatient agents is defined
as:

fiﬂ—g{) — Bue () + M, () — Moy (7) (20)
=WiLy (') = PCy (j') — Qe (ho (j') — hoy—1 (j')) + TR, (')

Constrained agents do not have access to international financial markets. I
make this assumption for tractability of the model: it allows to uniquely
determine in a simple way the asset position of the constrained agents.

Main aspect of the allocation problem is the presence of the borrowing
constraint. Following Kiyotaki and Moore (1997), it is assumed the existence
of a limit on the debt of the agent j'. In each period ¢, the amount she
can borrow from other domestic agents, comprehensive of interest payment,
cannot exceed a fraction m < 1 of next period’s expected value of real estate
holdings. Hence, impatient household debt is limited by:

—Bp: (j') <mEy (Qeahe (7)) (21)

One way to rationalize this constraint is by thinking to the existence of
liquidation costs: in case of default, costs amount to a fraction 1 — m of
the real estate value. As in the case of unconstrained agents, I assume that
initial wealth conditions (By,—1 (j') + M_1 (j') + Qoh—1(j")) are the same
across constrained agents. Given that they face the same prices, they choose
the same optimal path for borrowing, consumption and labor supply. I hence
drop the index j' and consider a constrained representative agent.
The first order conditions are:

1 1 1

EF|———Fr——+ '7—1-—/\/):0 22
( B +in) P Pmc, TR (22)

Q: w1l , Qit1 Q41
= jt— B —— xymb, | ——— 23
re ) ng TP\ mae ) TP maen,)

W )

— L/T 1 24
-PtC;/ Ht ( )
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Both the Euler and the housing demand equations differ from the usual
formulations because of the presence of \;, the Lagrange multiplier on the
borrowing constraint, which distorces both intratemporal and intertemporal
allocation between houses and non durable consumption.

As in the case of patient agents, the assumptions of an interest rate rule,
equality between money injections and transfer for each group of agents (see
later), separable utility in money balances imply the actual quantity of money
has no implications for the rest of the model; the money first order condition
of constrained agents can therefore be ignored.

I take the rest of the world as exogenous. I assume that foreign agents
can allocate their wealth among domestic money and two bonds. Both bonds
are risk-free with one-period maturity. One, B}, is denominated in foreign
currency and pays a nominal interest rate equal to (1 + ¢}); the other, B,
is denominated in home currency. The former, differently from the latter,
is not internationally traded. Optimal behavior requires that at the margin
revenues from the two bonds must be equal; hence, in the log-linearized
model, the following uncovered interest parity holds:

(L+i) — (L +if) = B <A5t+1>
where E; (A/S\Hl> is the expected variation of the nominal exchange rate.

3.3 The Production Sector

The supply side of the home economy is constituted by a wholesale and a
retailer sectors. The former produces a homogeneous good, and sell it to the
retailers, which differentiate and sell it both domestically and abroad. In this
section, I illustrate the problems solved in each sector.

3.4 The wholesale sector

The wholesale sector produces a homogenous wholesale good under a perfect
competition regime. It assembles labor supplied by the two agents to operate
a constant return to scale production function:

Y, = KoLom 0w g o<1 0<p<1 (25)

Capital is assumed to be constant. The optimizing decision of labor is made
by solving a static optimization problem for cost minimization. First order

12



conditions for L; and Lj are:
Wy = MPW,tY}/Lt (26)

W, = (1— ) PaYi/ L (27)

where Py is the price of the wholesale good, equal to its marginal cost.

3.5 Retailers

There is a continuum of retailers having mass one which buy the domestic
homogeneous good at the given price Py from the domestic wholesale sector,
differentiate at no cost and then sell it both domestically and internation-
ally. Each retailer is the only producer of a single differentiated good. The
retail sector is subject to a monopolistic competition regime. In this way
I introduce price stickiness as in Calvo (1983): when a home retailer i has
the opportunity to set a new price in the home or in the foreign market in
period t, it does so to maximize the expected valued of its profits taking into
account that there is a nonzero probability of not adjusting prices in each
future period.

I assume there is international good market segmentation: retailers en-
gage in third degree price discrimination across countries and set prices in
each country in terms of local currency, taking the demand curve as given
(hence the international law of one price does not hold). In this way I intro-
duce a low degree of nominal exchange rate pass-through into import prices
and reduce the size of substitution effect (between domestic and imported
goods) induced by changes in the nominal exchange rate. This assumption
has two advantages: first, it is consistent with empirical evidence on the
degree of nominal exchange rate pass-through into import prices, which is
extremely low in the short run; second, it allows to better emphasize the
real estate credit channel and the wealth effect of changes in the housing
prices on the trade balance and imports (however, in the section “Results”
I also consider the case of complete pass-through).'® Home retailers choose

18The assumptions of international price discrimation, local currency pricing, incomplete
pass-through, their implications for the monetary policy and the empirical evidence are
widely discussed in Bergin (2002), Bergin and Feenstra (2001), Betts and Devereux (1996,
2000), Burstein et al. (2003), Campa and Goldberg (2002), Chari et al. (2002) Corsetti
and Dedola (2002), Devereux and Engel (2001, 2002), Engel (2002).
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home and foreign currency prices, respectively p¢ (h) and p¢* (h), to maxi-
mize the expected discounted value of profits. Hence, they solve the following
problem:*’

(28)

P (M) Yitk (h)+Sepg* (W)Y, (R) )

o0
k Pk
_max 219 Ay Puv s (Y n (B)+Y75 4 (1)
pg (h).pi°(h) — —

k=0 Pron

where Yy, (h) and Y, (h) are respectively the home and foreign demand
for home produced good:

Vi (h) = (p—“”)

Py ik

P -pP
am (M) (Crar + Chyp — I)] (29)
Py,

and

O% -0 P* —-p
Vi () = (31—“”) [(1 - (5) <c*>] (30
H,t+k t+k
At = B(Cy/Ciy) is the unconstrained household discount rate (retailers
are agents for the unconstrained household, to whom transfer profits in a
lump-sum fashion). The parameter ¢ is the probability of not adjusting the
price of the brand h in the home and in the foreign market. Since retailers
simply repackage wholesale goods, P/Vis the marginal cost of producing a

unit of output. The optimal choices of p¢ (h) and p¢* (h) satisfy the following
first order conditions, respectively:

> 60— 1)p° (h) — 0P,

k=0

> 0 — 1) 9,p°* (h) — OP,
S5 (o E S =t 1)) 0 )
k=0

Since there are no firm-specific state variables, all retailers setting price at ¢
will choose the same optimal prices py (h) and p?* (h). It can be shown that,
in the neighborhood of the steady state, the price indexes of the home good
evolve in the home and in rest of the world respectively according to:

Py = (9B, + (1= ) o ) (33)

9 Benigno (2004) solves a similar problem.
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*x1— 0% — 1/(170)
Pir = (9P + (0= 0) (" (1)) (34)

Equations (31) and (33) from one side and equations (32) and (34) from
the other, once log-linearized around the steady state, yield a Phillips curve
of the home produced good holding respectively in the home and in the
rest of the world: the first positively relates home good inflation rate in the
home country, Py :/Pp -1, to its expected value E; (P 41/ Pu) and to the
marginal cost Py; the second express a similar relations between the home
good inflation rate in the rest of the world, Py ,/Pj, ,, its expected value
E; (Pf41/Pf;,) and the marginal cost Pyy.

I assume similar equations hold for the foreign retailers that export to
the home country:

S om (a I ety () 0 @

k=0

Pro= (0PR%+ Q=D G ()) (36)

As said, producers set prices in the local market currency (LCP case) and not
in their own currency (PCP case); hence the international law of one price
does not hold and the degree of pass-through of nominal exchange rate into
import prices is incomplete. As a consequence the substitution effect, due to
changes in the international relative prices induced by changes in the nominal
exchange rate, would be lower than in the PCP case. The implications of
this pricing policy for the relationship between trade balance dynamics and
the exchange rate regime would be further analyzed later.

In agreement with the preferences of home and foreign agents, the ag-
gregate final goods are defined as the CES composite of individual retail
goods:

V), = ( / Y () dh) - (37)

[

1 1 -1
vio= ([ ve o' n) (39)
0

Similar aggregators hold for goods produced in the rest of the world.?

20CES makes aggregation difficult. However, it is possible to show that within
a small neighborhood of the steady-state a linear aggregator YI’{’t = fOIY,'g(h) dh
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3.6 Monetary Policy Rules

In the home country, the central bank makes lump sum transfers of money
to the unconstrained and constrained agents to implement a Taylor-type
interest rate rule. The rule has the form:

1+im, _ L 4idps PR (P, I (1-pR)Px Y4 (1—pR)py ) .
1+7y 1+ P, vV Rt

Monetary policy responds systematically to past inflation P, /P,_o and past
output. R, m, Y are the steady state values of the nominal interest rate, the
domestic inflation rate and output. The lagged value of the nominal interest
rate, R;_1, is introduced to allow for interest rate inertia. er; is a white noise
shock process with zero mean and variance o..

3.7 Market Clearing Conditions, Public Sector Budget
Constraints and the trade balance

The model is closed by the market clearing conditions and the public sector
budget constraints. Equation (40) represents the home country house market
clearing condition:

hOt + hO; =H (40)

Equations (41) and (42)are the home good market clearing conditions re-
spectively in the home and of the rest of the world:

Yu: = Chy + Cllq,t (41)

ijl,t = ;I,t (42)

Equation (43) is the home demand for the good produced in the rest of the
world:
Ypi =Cry + C/F,t (43)

Equations (44) represent the home country resource constraints, respectively:

Yi =Yu + Vi, (44)

(Y;‘Ift = fol Y: (h) dh) is equal to Y, (Yyj,), with the sum of Yz, and Y}, equal to

the aggregate wholesale output Y;. In what follows I’ll consider Y; as home aggregate out-
puts. A similar reasoning hold for the aggregation of the brands produced in the foreign
country.
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Equation (45) represent the market clearing of the bond traded in the home
country:
Byy+ By, =0 (45)

In country H, government rebate seigniorage revenues in a lump-sum fash-
ion to domestic agents. Hence public sector budget constraint in the home
country implies:

My, — M, 1 =TR, (46)

M/~ M/, = TR, (47)

Home country trade balance is obtained by consolidating the budget con-
straints of the home country agents, equations (15) and (20) and it is equal
to:

B,
(14 1)
Hence the trade balance is expressed as the change in the international asset
position of the home unconstrained agent, comprehensive of interest pay-
ments.

TBt = - Bt—l (48)

3.8 The Equilibrium

The equilibrium is defined as a sequence of allocations and prices such that,
given the initial conditions of the state variables and the stochastic processes
of the exogenous shocks, (a) households, firms in the wholesale sectors and re-
tailers solve their respective maximization problems, (b) the market clearing
conditions, the government budget constraint and the monetary policy rules
hold. For simplicity, and consistently with the focus of the paper (which is
on the trade balance effects of U.S. real estate credit channel) I assume that
in the rest of the world the aggregate consumption, interest rate, marginal
costs of production, inflation rate of the foreign good do not change after
a shock in the U.S. economy; to the contrary, international relative prices,
imports and export change.

4 Solution of the model

The equilibrium dynamics is characterized by solving a first-order log-linear
approximation to the equilibrium conditions around the non-stochastic steady
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state. The steady state is shown in appendix A. The log-linearized system
in appendix B.

I calibrate the model as similarly as possible to Iacoviello (2005), who
studies the real estate credit channel of monetary policy in the U.S. economy
using a closed economy DSGE model. The time period is one quarter. Values
are reported in table 1. For the standard parameters, values which are within
the range considered in the monetary business cycle literature are chosen.
The calibration is the same for both the home country and . The discount
factor of the unconstrained agents, (3, is set equal to 0.99; the value of the
parameter « - determining the unconstrained agent’ wage share - is set equal
to 0.64. Following Lawrance (1991), which estimates discount factors for
poor households (which are more likely to be debtors) in the range of 0.97
- 0.98, the discount rate of constrained agents, ', is set equal to 0.98. The
parameter measuring the marginal rate of substitution between consumption
and housing, j”, is set to 0.1, so to have a residential real estate over annual
output equal to 1.3. The parameter governing disutility of labor effort is set
to 1.01. This value rationalizes the weak observed response of real wages to
macroeconomic disturbances. For the Taylor rules, which I have estimated,
the parameters are set as follows: pjp is set equal to 0.79, p. is set equal to
1.29, p, is set equal to 0.16.2! The parameter m, which measures the loan-to-
value ratio, is equal to 0.4. The parameter ¢/, which measures the retailers’
probability of not adjusting prices, is set equal to 0.75. The parameter ay,
which measures the degree of home bias, is set equal to 0.75. The parameter
p, which measures the elasticity of substitution between home and foreign
goods, is equal to 1.5. The parameter 6, which measures the elasticity of
substitution between the various types of brands, is set equal to 21, so that
the steady-state markup is equal to 1.05. The autocorrelation parameter, p;,
of the stochastic process of the preference shock, is set equal to 0.85, while
its standard deviation o; is set equal to 24.89. The home monetary shock
has a standard deviation og equal to 0.29, in line with the standard error of
the interest rate equation in the VARs. Table 1 summarizes the calibrated
values. The steady state net foreign asset position is assumed to be equal to
Zero.

21T have estimated an OLS regression of the Fed Funds rate on its own lag, past inflation,
and detrended output yields for the period 1974Q1-2003Q2. I use a shift dummy from
1979Q4 to capture monetary policy changes.
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5 Results

Results are articulated in two sections. In the first I report the main predic-
tions of the theoretical model and compare them with those of the VAR, to
explain how the real estate credit channel affects the trade balance dynamics.
In the second, I perform some robustness analysis.

5.1 The Model Dynamics

In what follows I consider the effects of a monetary policy shock and of a
house price shock. To highlight the role of the collateral, I also report the
results obtained when the loan to value ratio m has a lower value than in the
benchmark case. Finally, I compare the model and VAR predictions.

Monetary Policy Shock. In Figure 5 I consider a negative one standard
deviation shock to the nominal interest rate (positive monetary shock).

The lower nominal (and real) interest rate (which makes current con-
sumption more convenient than future consumption), the higher inflation
(which lowers the costs of debt) and the increase in housing prices induce
constrained agents to increase borrowing and consumption.

Unconstrained households, instead, reduce to a limited extent present
consumption: the higher inflation rate and the lower interest rate reduce the
real value of domestic outstanding credit and the revenue from the credit
service; these effects more than compensate the positive substitution effect
of lower interest rate on current consumption.

The total consumption, however, increases; the higher consumption is
partly satisfied by the domestic output, which increases, and partly by in-
creasing the amount of imported goods. As a result, the trade balance moves
towards a deficit position.

Housing Price shock. In Figure 6 I consider a shock to the marginal
rate of substitution j” between housing and consumption for unconstrained
households. This shock can be interpreted as a temporary tax advantage to
housing investment, which shifts housing demand.

The increase in house pricing induces a positive collateral effect on con-
strained agents, who increase their borrowing, consumption of the nondurable
goods and consumption of the real estate.

Given the rise in the inflation rate and output, monetary policy increases
the nominal interest rate.
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Unconstrained agents reduce consumption of both housing and nondurable
good: the increase in the interest rate discourage current consumption by in-
creasing its price in terms of future consumption.

However, the aggregate consumption increases and induces a higher do-
mestic output and a deterioration of the trade balance, because of higher
imports.

Comparison with VAR. I compare the DSGE impulse responses with
those of the estimated VARs (the one including the trade balance, the other
including the export and imports separately). To make this comparison is
not strictly correct, given that the identification schemes of the two models
are different. However, this exercise is usually done in the DSGE literature
to assess the empirical properties of the model.

Figures 7 and 8 report the responses estimated to a one standard deviation
decrease in the nominal interest rate.

As it can be seen, the sign of the trade balance and imports responses in
the impact period are the same in the data and in the model. The same is
true for the remaining variables. However, the initial increase in trade deficit
and in the imports is higher in the model than in the VAR.

The figure suggests that the model is able to reproduce qualitatively and
to some extent quantitatively the empirical evidence: from one side, the
model is rather stylized to capture the main point of the paper, and hence
lacks the vertical structure (intermediate sectors and distribution costs, for
example) that characterizes the actual economies and filter the effects of
consumption on trade balance (note that consumption, output, inflation and
real estate price responses in the model are rather similar to their empirical
counterparts); from the other, the model lacks the ad hoc features, for ex-
ample habits in consumption and inflation indexation, that are usually used
in literature to reproduce the hump-shaped and persistent response of the
considered variables.

Figures 9 and 10 report the responses to an increase in the housing prefer-
ence shock. Also in this case, qualitatively and to some extent quantitatively
the model is able to reproduce the main features of the data. Given its ex-
treme degree of stylization, the model accentuates the size of the responses
with respect to the data.
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5.2 Robustness Analysis.

Different values of m. In Figure 11, to emphasize the implications of the
real estate credit channel, I consider the effects on aggregate consumption
and on trade balance of a one standard deviation positive shock to house
price under two alternative values of m, the loan-to-value ratio: when m is
equal to its benchmark value, 0.4, and when it assumes a lower value, equal
to 0.26.

In correspondence of the lower value of m, the collateral effect is lower
and the model predicts a lower deterioration of the trade balance, because
the increase of the constrained agent’s consumption, and hence imports, is
lower.

Given these responses, it is possible to infer that the conditional corre-
lation between housing prices and consumption would be rather low, if not
negative, when the collateral effect, associated to the real estate credit chan-
nel, is close to zero (m extremely low): housing prices and consumption of
non durable goods would have a one to one relationship (the multiplier effect
of higher housing prices on consumption would almost disappear) and the
depressing effect of the interest rate would dominate. However, a negative
correlation between housing prices and consumption of non durable goods is
counterfactual, as shown by the VARs.

Different values of the elasticity of substitution p

In Figure 12, I consider the effects on on trade balance of a one standard
deviation positive monetary policy shock under two alternative values of the
elasticity of substitution between domestically produced and imported goods
p: when it is equal to its benchmark value, 1.2, and when it assumes a lower
value, equal to 0.85.

In correspondence of the lower value of p, the model predicts a lower
deterioration of the trade balance because, given the increase in the relative
price of imported good, households are less willing to substitute domestic for
imported goods; hence, while the increase in aggregate consumption is the
roughly the same in the two cases, the increase of the constrained agent’s
imports is lower in the case of lower elasticity.

The effects of the nominal exchange rate fluctuations

One strand of debate on the U.S. current account has focused on the
possibility that the U.S. nominal exchange rate fluctuations help in reduc-
ing U.S. external unbalance. A depreciating U.S. dollar, in fact, would in-
crease the relative price of foreign goods and shift world demand towards U.S.
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goods (substitution effect). The implicit assumption behind this statement is
that nominal exchange rate fluctuations are, at least to some extent, passed-
through to the import and export prices. Until now I have assumed that the
prices are set in local currency terms, so that the degree of pass-through is
relatively low.

To understand if the substitution effect of the nominal exchange rate can
counteracts the (expansionary) collateral effect of the housing prices increase
on the trade balance, I make the assumption of price setting in the producer
currency, so that the international law of one price holds and the pass-through
is complete. I then consider a U.S. positive monetary shock and compare the
responses of the U.S. trade balance, imports and export under the two price
setting assumption.

Retailers in the home country now choose a price py (h) so to solve the
following problem:

s °(h) — PV ) (Y, h Y*. (h
maX(h) ZﬁkAt,HkEt (At,t+k <pt ) Hk) W (h) Y ))> (49)
k=0

p2(h).p;° Py
where
o) h -0 P —p
Yok (h) = ( J]it( )> ap ( ;f’”k) (Cron+ Clip+1) (50)
Ht+k t+k
and ,
°(h)\ ™ P —p
) = () [(1 —an) () @) 6
Ht+k t+k

where C* is assumed to be constant.

Note that the international law one price, p®* = p°/S and the equality
P}, = Py /S (which hold because of the law of one price and symmetric
preferences) are used in the above equation.

The optimal choice of p§ (h) satisfies the following first order condition:

iﬁkEt (At,t+k (9 - 1)pg (h) - eptvrk (}/t—s—k (h) + tj.k (h))) -0 (52)

P,
=0 t+k

Since there are no firm-specific state variables, all retailers setting price at
t will choose the same optimal price p¢ (h). It can be shown that, in the
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neighborhood of the steady state, the price index of the home good evolve
respectively in the home country according to:

Py = (9P + (=) () 0) (53)

Equations (52) and (53), once log-linearized around the steady state, yields
a Phillips curve of the home produced good. The prices p®* and P}; of the
home brand h and of the composite good H can be derived using the law of
one price p** = p°/S and the equality Pj; = Pg/S.

As it can be seen in figure 13, the substitution effect at least partially
counteracts the collateral effect and contributes to reduce the trade balance
deficit in the aftermath of a interest rate reduction, by increasing the relative
price of foreign goods (the U.S. terms of trade worsen), reducing the imports
and increasing U.S. exports.

In the performed exercise I have considered two extreme cases, that of
complete pass-through and that of low pass-through. The determination of
the degree of pass-through, and hence of the relative size of the substitution
effect with respect to the collateral effect, is an empirical matter. Evidence
suggests that the degree of pass-through is rather low at the border and at
consumer level, and hence a more flexible exchange rate hardly would be
able to limit the effects of the higher housing prices on the trade balance
dynamics.

6 Conclusions

Recent contributions emphasize the role of technology and fiscal shocks to
explain the U.S. trade balance deficit. I add to the existing literature a new
dimension, by investigating whether changes in real estate prices influence
the U.S. trade balance dynamics.

The model, calibrated on the U.S. economy, shows that the domestic mon-
etary and housing price shocks can also contribute to explain the movement
of the U.S. trade balance through the real estate credit channel. Because of
households’ imperfect access to financial markets, real estate price changes
generate a collateral effect which induces consumption to positively comove
with house price; as a consequence, the trade balance moves towards deficit.
Impulse responses obtained from the model are roughly in line with those
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obtained from an estimated VAR using U.S. data. I also show that a depre-
ciation of the U.S. dollar limits the shift of the trade balance towards deficit
when the pass-through is, counterfactually, complete.

The analysis suggests indirectly suggests that other measures should be
analyzed to reduce international unbalances. From one side, the possibility
that anemic U.S. trade partner such as the Euroarea and Japan coordinate
along an expansionary equilibrium by implementing expansionary policies,
such as structural reforms that, by incrementing the productivity of sector
producing nontradable goods, would be able to generate a wealth and in-
come effects and a related increase in consumption of tradable goods. From
other, U.S. partners such as China should have a growth policy more ori-
ented towards the increase of domestic demand then towards the increase
of exports, as they actually are; in this respect, structural reforms that im-
prove the soundness of the chinese domestic banking and financial systems,
by contributing to reducing the households high propensity to save, could
help.
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Appendix A. The Steady State

I assume a symmetric steady-state flexible price equilibrium in which all
the shocks are zero, there is no change in asset position (B, = B, 1 = B,
Byt = Byt = By, ), in house holdings (ho; = ho;_1, ), all price inflation
rates as well as exchange rate depreciation are zero (P;/P,—1 = 1, Q;/Q;—1 =
1, S¢/Si—1 = 1), the net foreign asset position is zero (hence also the trade
balance is equal to zero). Let’s consider the home country equations.

The pricing equation (31) implies:

Py = 0 P 54
= 5o Py 59
Given that the prices are flexible, the international law of one price holds;

hence:
Py = Py/S (55)

The price of the tradable consumption good, equation (4), becomes:

1
T—p

P=lagPy "+ (1—ag) Py "] (56)

Labor supply first order conditions, equations (19) and (24), become re-
spectively:

W

P_C = KZLTil (57)
W
o~ kL™ (58)

Labor demand first order conditions, equations (26) and (27), become re-
spectively:
L=(1-a)u(PwY/P)/(W/P) (59)

L'=(1—=a)(l—u (PwY/P)/(W/P) (60)

The production function, equation (25), is equal to:
Yy = [(=au/(1-a)(1-p) (61)

The home demand function for the home produced good, using equations (7)
and (41), is:
Py

YH:GH(P

>_p (C+C +1) (62)
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The home demand function for the home produced good, using equations (9)
and (43) is:

Yi = (1— an) (if{)p o (63)

Total demand for the home produced good, equation (44), is:
Y=Yy +Yy (64)

The value of real estate held by the unconstrained agent, obtained from
equation (18), is equal to:
jh
ho = C 65
R (65)
The consumer euler equations of the home patient agent, equation (16) and
(17), imply:

1 1
/8 e - = —
1 +1 1 —+ 1 H
Combining the steady state versions of the constrained and unconstrained

agent euler equations, (16) and (23), the following value for A, the lagrange
multiplier of the borrowing constraint, can be obtained:

A= (5 ;5) (67)

By assumption, 0 < 3 < 3 < 1; so the lagrange multiplier is strictly
greater than zero in the steady state (and in a small neighborhood of it). As
a consequence, the borrowing constraint is binding.

From the first order equations, (22) and (23), the real estate held by the
constrained agent is:

(66)

h
J '
Qho' = ; ~PC 68
T m(E -7 o
The borrowing constraint equation (21) becomes:

: B
By =—m ; ~PwY 69
A= -mE-" o
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Using the budget constraint of the constrained agent and the above two
equations it is possible to derive the equation of the constrained agent’s
consumption, C”:

1-p—m(@B-7)
=B =m(B—p) +mj"(1-p)

From the above equation and the trade balance equation (48) the consump-
tion of the unconstrained agent, C', can be derived:

C'=1-p |5 PyY (70)

Py o
C=—Y-C'~1 (71)

where I assume that the investment [ is done to replace the depreciated
capital (9 is the depreciation rate):

I =0K

and the steady state capital stock satisifies the traditional first order condi-

tion:
af

T 1-p8(1-0)
Using the market clearing condition for the bonds traded in the home coun-
try, equation (45), the asset position of the unconstrained agent can be de-
termined:

K Y

By = —BY (72)

I assume all tradable goods will have the same price (Py = Pp = P = SP* =
SPj = Pj;/S) and I normalize them to one. Normalizing all the variable by
Y (the total national production), the steady state values become function
of the deep parameters (technology and preferences) and hence are uniquely
determined. In particular, it can be seen that

5 = (1 —an) (74)
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Appendix B. The loglinearized System

Let hatted variables denote percent changes from the steady state, and
those without subscript denote steady-state values. The trade balance and
the asset position variables are not loglinearized, given that some of them
are equal to zero in steady state; for each, I exploit the following definition
(applied as an example to the trade balance variable): Y;(tb;) = (T'B;—T'B).
Note that 7 ; = In(1 + 7 ;) = In(P /P ;1) and that th = In(S;/S;—1).To
save on notation, I drop the expectation operator before variables dated t—1,
which must be intended in expected value conditional on the information
available at time ¢. The model can be reduced to the following linearized
system.

I. Relative Price and Inflation Rates.

ﬁ = ﬁfl +Tpe — THy (RP1)
Ty =Ty — e (RP2)
RS, = RS; + AS, + 7 — #, (RP3)
7?(} = CLHﬁ'H’t + (1 — CLH) ﬁ—Et (RP4)
Ty =1 —an) Ty, (RP5)
II. Aggregate supply

Vo= (1= a)uly+(1—a) (1 — ) L] (AS1)
p/\W,t‘*'Yt:ét-i‘Tﬁt (AS2)
pwi+ Y, =Cy+ 7L, (AS3)

. . 1—9)(1-p59) /__ ~
Tt = B+ ( )1(9 B9) (pw,t +(1—ag) Tt) (AS4)

) ) 1—-9)(1—-p39 ~ =~
Tpe = BTpi1 + ( )1(9 BY) (—GLHT,: + RSt) (AS5)

Ak A% 1 - 79 1 - 19 — —~ —
THt = 57TH,t+1 ( )1(9 B9) (pW,t +agTy — Rst) (AS6)

III. Aggregate Demand
The aggregate demand block is composed by the log-linearized home Euler
equations
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. . — B, .
_Ct = _Ct—|—1 + (1 + Zt) — 5_bt - 7Tt+1 (ADl)

(1 +igy) = (1 + i) (AD2)

. A . A ho" -~ .
@i = Cot B — ACua + (1= B)7hol + (1= B, (AD3)

G =1 —mpB)C;+ 41 (B +m(B—05")) — é{+15, (1—-m) (AD4)
—hoj(1 =B —m (8 — ") — mBR, + mpB,

~(T+i) = —AS, (AD5)
. L C. O,
Yiie = anpT; (AD7)
¢, .
YFt = ClHIOTt + = Ct + <= Cl (ADS)
Y;g = CLHYHﬂg + (1 - CLH)Yj_kLt (ADQ)

IV. Borrowing constraint and flows of funds

Bby — b1 (BC1)
Y, PORN Y7 . —~ . C. C .
=2 (= —am) T+ Vi) + =L (—anTy + B3+ V,) - 56— 5.0
B : B! R

B [ty = (U i) + 0] = =2 (bigy — F10) (BC2)

0 ho — .

= (1— ppw <pw,t + Yt) - qyo ho}, — hol,_, OC/

Y. qghd

"y = M Jev1+ 7 + hO (BC3)
thy = by — by (BC4)

V. Monetary Policy rules and shock processes

—_— e~

(I +ims) = pr(L+ige—1) + (1= pp)pea + (1 — PR)PYYt—l +ér: (MP1)

34



J=pjj+Ej (PRE1)

The first block contains the definitions of international relative prices and
of inflation rates: equations (RP1) and (RP2) represent the log-linearized
versions of relative prices (12); equation (RP3) is the log-linearized home
country real exchange rate (13); equations (RP4) and (RP5) are the home
and foreign country inflation rates, respectively obtained from equations (4)
and (5) .

The second block is formed by the equations describing the supply side of
the economy: (AS1) is the loglinearized version of the home country produc-
tion function (25); (AS2) is obtained from loglinearizing labor demand (26)
and supply (19) in the home country; (AS3) is the analogous of (AS2) in the
case of the constrained agent (obtained from equations (24) and (27)); the
short run phillips curves, equations (AS4), (AS5), (AS6) are obtained from
the solution of the retailers’ problem.

The third block is the demand block, composed by the home uncon-
strained agent and interest parity, (AD1) and (AD2), respectively obtained
by loglinearizing equations (16) and (17); the unconstrained and constrained
agent real estate euler equations, (AD3) and (AD4), respectively obtained
by loglinearizing (18) and (23) (using the house market clearing condition
(40)); the modified uncovered interest parity (AD5), in which the foreign in-
terest rate is assumed to be constant; the market clearing conditions (ADG6),
(AD7), (ADS8), (AD9), respectively obtained from equations (41), (42), (43),
(44).

The fourth block is formed by the equations describing the borrowing con-
straint, the flows of funds and the trade balance: equation (BC1) describes
the home country’s net foreign asset position and it is obtained by consol-
idating equations (15), (20), (40), (46), (47); equations (BC2) and (BC3)
are respectively the constrained agent’s budget and borrowing constraints
(obtained respectively from equations (20) and (21)); equation (BC4) is the
home country’s trade balance, obtained from the equation (48).

The last block is formed by equations describing the monetary policy
and the exogenous shocks: equations (MP1) and (MP2) are the log-linearized
versions of equations (39) and (?7?), respectively. (PRE1) is the exogenous
law of motion of the housing preference shock.
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Table 1. Model Calibration

Parameter Value
[ consumer discount rate 0.99
(" impatient consumer discount rate 0.98
p intratemporal elasticity of substitution 1.5
7 labor disutility 1.05
m loan to value ratio 0.4
0 financial friction parameter 0.0001
ay home bias 0.95
4" Weight on house services 0.1
1/X Steady state markup 1.2
¥ Probability of not adjusting tradable goods prices | 0.75
1 Patient agent wage share 0.64
« Capital rental rate share 0.33
pr Interest rate persistence 0.73
p,. Inflation rate 1.29
py Output 0.16
0 Capital depreciation rate 0.025
p; Persistence preference shock 0.85
o; Volatility preference shock36 28.5
or Volatility monetary shock 0.29




Figure 1. VAR responses to a U.S. positive monetary policy shock: the
U.S. trade balance
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Notes: The dashed lines indicate 90-percent confidence bands. Ordinate: time
horizon in quarters. Coordinate: percent deviation from steady state. Size of the
shock: one standard deviation.
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Figure 2. VAR responses to a U.S. positive housing price shock: the U.S.
trade balance
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Notes: The dashed lines indicate 90-percent confidence bands. Ordinate: time
horizon in quarters. Coordinate: percent deviation from steady state. Size of the
shock: one standard deviation.
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Figure 3. VAR responses to a U.S. positive monetary shock: the U.S.
imports
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Notes: The dashed lines indicate 90-percent confidence bands. Ordinate: time
horizon in quarters. Coordinate: percent deviation from steady state. Size of the
shock: one standard deviation.
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Figure 4. VAR responses to a U.S. positive housing prices shock: the
U.S. imports

Nominal Interest Rate Inflation
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Notes: The dashed lines indicate 90-percent confidence bands. Ordinate: time
horizon in quarters. Coordinate: percent deviation from steady state. Size of the
shock: one standard deviation.
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Figure 5. DSGE responses to a U.S. positive monetary policy shock
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Notes: Ordinate: time horizon in quarters. Coordinate: all variable are in percent
deviation from steady state, with the exception of asset positions(deviations from
steady state value to steady state output ratio)
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Figure 6. DSGE responses to a U.S. positive housing prices shock
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Notes: Ordinate: time horizon in quarters. Coordinate: all variable are in percent
deviation from steady state, with the exception of asset positions(deviations from
steady state value to steady state output ratio)
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Figure 7. DSGE and VAR responses to a U.S. positive monetary policy
shock
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Notes: Ordinate: quarters. Coordinate: percent deviation from the steady state.
Solid line: DSGE responses. Dashed line:
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Figure 8. DSGE and VAR responses to a U.S. positive monetary policy
shock: the U.S. imports
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Notes: Ordinate: quarters. Coordinate: percent deviation from the steady state.
Solid line: DSGE responses. Dashed line: VAR responses + 90 c.i.
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Figure 9. DSGE and VAR responses to a U.S. positive housing prices
shock: the U.S. trade balance
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Solid line: DSGE responses. Dashed line: VAR responses + 90 c.i.
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Figure 10. DSGE and VAR responses to a U.S. positive housing prices
shock: the U.S. imports
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Notes: Ordinate: quarters. Coordinate: percent deviation from the steady state.
Solid line: DSGE responses. Dashed line: VAR responses + 90 c.i.
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Figure 11. DSGE responses of U.S. variables to a positive U.S. housing
price shock: different values of the loan-to-value ratio m
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cent deviation from steady state, with the exception of asset positions(deviations
from steady state value to steady state output ratio). Solid line: m = 0.4.Dotted
line: m = 0.25.
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Figure 12. Responses of U.S. variables to a positive U.S. monetary shock
under alternative elasticities of substitution

Imports Relative Price Imports
16

14

12p !

0.8 \
0.6 ~

0.4 N

0.2
0

x107° Exports

0
-5
0 5 10 15 20
Trade Balance Total Consumption
0 14
-0.01 - 12
-0.02 e 1
.
-0.03f - 08
-0.04 06
-0.05 04
-0.06 02
-0.07 0
-0.08 -0.2
0 5 10 15 20 0 5 10 15 20
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Solid line: p = 1.5. Dashed line: p = 0.75.
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Figure 13. DSGE responses of U.S. variables to a positive U.S. monetary
policy shock under different degrees of exchange rate pass-through
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Notes: Ordinate: quarters. Coordinate: percent deviation from the steady state.
Solid line: incomplete pass-through. Dashed line: complete pass-through.
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