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1 Introduction

The Great Recession has triggered an active literature studying the macroeconomic effects
of housing markets.! This paper studies two related questions that remain unresolved: what
are the causes behind the boom and bust of housing markets over the past two decades? What
are the transmission channels from housing to the aggregate economy? First, I demonstrate
that over the past two decades housing dynamics are negatively correlated with current account
dynamics, both across and within countries. These correlations are so strong that narratives of
housing booms and busts should also be consistent with the current account. I argue that the
way the literature has studied the transmission channel from housing markets to the current
account is incomplete as it generates counterfactual price-to-rent ratios. I propose a model that
avoids this problem because it has a new mechanism coming from labor reallocation between
tradable goods and construction. The model also uses changes in housing price expectations.
Finally, I use the model to evaluate the role of housing expectations as a driver of housing and
current account dynamics. In these past years a "new narrative of the crisis" has emerged that
points toward changes in housing prices expectations, more than an expansion in credit supply,

as the main driver of the housing boom.?

Gete (2009), Bernanke (2010) and Aizenman and Jinjarak (2013) documented the strong
link between housing variables and current account dynamics in the pre-crisis period. Section 2
in this paper shows that the strong correlation was also present during the Great Recession. For
example, pre-Great Recession, countries like Spain or the U.S., among others, had large housing
booms and current account deficits. Current account reversals coincided with the decline in
housing markets. Meanwhile, in countries like Canada, Germany or Switzerland, residential
investment and housing prices decreased before 2007 in the midst of large current account
surpluses. These surpluses moved towards deficits as housing dynamics improved in the Great

Recession period.?

The standard way in the literature to connect housing and the current account builds on the
seminal work of Tacoviello (2005). Open economy versions of that model generate the negative
correlation between housing prices and the current account through the consumption reaction

of the borrowing constrained households (see for example Punzi 2013 or Ferrero 2015). That is,

'Davis and Van Nieuwerburgh (2015), Guerrieri and Uhlig (2016) and Piazzesi and Schneider (2016) provide
recent surveys of the literature.

2See for example Foote, Gerardi and Willen (2012), Cheng, Raina, and Xiong (2014), Gelain and Lansing
(2014), Adelino, Schoar and Severino (2016), Albanesi, De Giorgi and Nosal (2016), Foote, Loewenstein and
Willen (2016) or Kaplan, Mitman and Violante (2017).

3For data availability reasons I focus on OECD economies. China conforms to the group of countries whose
current account surplus shrank after 2007 while its housing markets boomed.



higher housing prices relax borrowing constraints and the higher consumption of the impatient
households leads to a current account deficit. Section 5 in this paper shows that relying only
on that mechanism generates counterfactual housing price-to-rent ratios. This results from
the impatient agents that value the present flow of housing (rental rates) more than the stock
(housing prices). That is, the impatient agents, once they own a sufficient quantity of housing,

desire present consumption and do not value the durable goods (houses).

Enough reallocation of labor between construction and non-tradable goods, and allowing
for changes in housing expectations can remedy the previous problem. Expectations of higher
housing prices generate demand for housing as an investment asset, thus, it generates higher
price-to-rent. Higher residential investment promotes reallocation of labor and capital from in-
dustries producing tradable goods towards nontradable industries such as construction. Coun-
tries import tradable goods to replace the goods that were produced by the inputs reallocated

to the construction sector. That is, trade deficits decouple consumption from production.

In the model, T evaluate the role of housing expectations as a driver of both housing and
current account dynamics. I perform the following exercise: I input into the model the data
on housing expectations collected by Case, Shiller and Thompson (2012), which is the longest
survey data on expected housing prices. This exercise does not say from where the expectations
come from, but it tests the ability of the observed changes in expectations to generate plausible

dynamics.

The model generates dynamics similar to the data, both in size and in timing, for housing
variables (prices, residential investment, employment in construction and price-to-rent ratios)
and for the current account. The model does not use exchange rate driven expenditure switching
to account for the data. That is, current account dynamics are driven by changes in savings

and investment decisions, not by trade balance dynamics driven by exchange rate fluctuations.

The model is also consistent with cross-sectional facts from U.S. MSAs. For example, in the
model, as in the data, the correlation between price-to-rents and the trade balance-to-GDP is
increasing in the housing supply elasticity. Also, in model and in the data, the same change in
house prices cause larger changes in the trade balance-to-GDP for low housing supply elasticities

or high borrowing constrained households.

Consistent with the new narrative of the crisis, the previous result supports that changes in
people’s beliefs about house prices may have been the main driver of both the boom and bust
in housing markets. However, the simulations highlight that housing demand shocks cannot be
the only drivers of the boom phase, as during that period they generate counterfactual increases

in interest rates because credit demand increases. Thus, the model suggests that both housing



expectations and capital inflows played a role during the boom and bust associated with the

Great Recession.

In terms of contribution to the literature, to my knowledge, the literature has only docu-
mented the correlations between housing variables and the current account during the pre-Great
Recession period. Only this paper and Aizenman and Jinjarak (2014) study both the housing
boom and bust periods. Aizenman and Jinjarak (2014) look at within country correlations for
housing prices and the current account. In this paper I look at more variables and I stress the
correlation across countries. That is, pre-Great Recession, the countries with housing booms
had current account deficits, while those countries with current account surpluses had depressed
housing markets. The situation reverted post-Great Recession. It is important to stress these
cross-country patterns because they suggest international connections across housing markets.
For this reason this paper studies a two country model and compares against the data the

predictions for both the country with a housing boom and for the country without it.

In terms of model analysis, the paper relates to both open economy models of housing
markets, and to models which study the ingredients to match the main aggregate facts of the

last two decades. I briefly discuss below how this paper complements the more related work.

Punzi (2013) and Ferrero (2015) study the current account implications of housing shocks.*
Both use a two-country version of Iacoviello (2005). To maximize the collateral channel, Ferrero
(2015) assumes that all agents in the domestic economy are constrained. This paper shows
that models that intend to be consistent with the dynamics of both the current account and
the price-to-rent ratio require an elastic supply of housing. If the model only relies on the
consumption response of the impatient households with high marginal propensity to consume

then price-to-rent ratios are counterfactual.

Garriga, Manuelli and Peralta-Alva (2018), in a “semi-open”economy with segmented mar-
kets, point out the importance of households’ expectations to explain the housing boom. They
do not match the expectations to survey data. This paper, by directly using survey data, com-
plements their insights in a two-country economy, which allows to look at both housing and

current account dynamics across countries.

Ferrero (2015), Justiniano, Primiceri and Tambalotti (2017) and Favilukis, Ludvigson, and
Van Nieuwerburgh (2017) also show that housing demand drivers generate countercyclical in-
terest rates. To my knowledge, this is the first paper to show that models with patient and

impatient agents could lead to counterfactual price-to-rent ratios.

4Basco (2014), Justiniano, Primiceri and Tambalotti (2014) and Favilukis, Ludvigson, and Van Nieuwerburgh
(2017) study the effects of the global imbalances on housing markets.



The paper proceeds as follows. Section 2 documents the facts. Section 3 describes the model
and Section 4 the calibration. Section 5 analyzes the theoretical mechanisms that connect
housing and current account dynamics. Section 6 studies a foreign shock and the capital
account. Section 7 has the quantitative exercise. Section 8 shows that the model is consistent
with the cross-sectional facts. Section 9 shows that consumption has an asymmetric reaction

during the housing boom versus during the bust. Section 10 concludes.

2 Facts about Housing and the Current Account

Figure 1 highlights that both pre and post Great Recession, there is a negative cross-
country correlation between housing variables and the current account. The left column contains
scatterplots of changes in housing variables and changes in the current account-to-GDP ratios
between 1996 and 2006, while the right column recreates the scatterplots for the period from
2007 through 2012.5-

Figure 1 shows wide cross-country heterogeneity in the dynamics of housing variables (res-
idential investment, housing prices and employment in construction). For example, countries
like Spain or the U.S. have had large housing booms since the mid-1990s to around 2006.
Meanwhile, real housing prices and residential investment decreased in countries like Germany
and Switzerland, among others. Housing dynamics reversed after 2006, when housing markets
collapsed in countries like Spain and the U.S.; and started to rise in the countries that did
not experience a boom in the previous decade. Countries that experienced housing booms also
had larger current account deficits. Moreover, the current account reversals coincided with the

decline in housing markets.
Insert Figure 1 here

Figure 2 shows the within-country correlations. It confirms the strong negative correlation

between housing and current account dynamics.

Insert Figure 2 here

®Housing variables and the current account had monotonic behavior between these dates.

6T use all OECD countries with available data in the OECD database. For housing prices these countries are:
Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel,
Italy, Japan, South Korea, Luxembourg, Netherlands, New Zealand, Portugal, Spain, Sweden, Switzerland,
UK and US. For residential investment and employment in construction some countries were not available. I
excluded Norway because of the weight of oil prices in its current account dynamics.



Figures 3 to 5 show three facts that will support the mechanism highlighted in the paper.
First, Figure 3 shows that, across U.S. MSAs, the correlation between price-to-rents and the
trade balance-to-GDP is increasing in the housing supply elasticity.” Figure 4 shows that, for
the same change in housing prices, MSAs with relatively low housing supply elasticities have
larger changes in the trade balance-to-GDP. Figure 5 shows the same result but for MSAs with
a higher share of black and Hispanic population. This share will be the empirical proxy for the

borrowing constrained households in the model discussed in the next section.

Insert Figures 3, 4 and 5 here

3 Model

There is a domestic and a foreign country. All trade between countries is intertemporal
since there is only one tradable good. In both countries, there is a housing sector, which is

non-tradable, and a sector producing the tradable good.

3.1 Domestic Households

At period t there is a mass N, of infinitely-lived domestic households who can be patient
or impatient. These two types differ in three dimensions: 1) The discount factor for the patient
households is larger than for the impatient households (3, > ;). 2) The impatient households
face a collateral constraint that limits their borrowings to a fraction of the discounted expected
value of the houses they hold. 3) Patient domestic households have access to two types of
one-period bonds: an international bond, B, with real interest rate R, to borrow or save
with the foreign households; and domestic bonds, B, with real interest rate R, to lend to the
domestic impatient households. A non-arbitrage condition governs the relation between the
two types of bonds. The impatient domestic households can only borrow from the domestic
patient households. This is a simplifying assumption without loss of generality. In fact, the
impatient domestic households can borrow from the foreign households through the domestic

patient households, who in that regard behave as financial intermediaries.

Households supply labor inelastically in their home country. Every period in the domestic

"Here we use trade balance as a proxy of current account due to data availability. The appendix discusses
the data.

8This is a standard mechanism to allow for credit relations with the impatient household borrowing from
the patient household (Tacoviello 2005).



country, there are (1 — ¢) N, patient households, and ¢ N; impatient households. The parameter
¢ controls both the share of impatient households over the total domestic population, and their
share in the income of the domestic country. The total population of the domestic country is
Ny. Tt is important to stress that although the fraction of impatient population is the same over
time, their consumption is not a constant share of the aggregate consumption. Their aggregate

consumption depends on the individual consumption that can change over time.

3.1.1 Domestic Patient Households

There is a domestic patient household that maximizes the expected utility of its members
Eo ) By (L — o) Nau (ch, g,) (1)
t=0

where cs’t and hZ}t are the per capita consumption of tradable goods and housing. The subscript
d denotes domestic variables. The flow of housing consumption is equal to the per capita stock of
housing. Preferences are constant relative risk aversion over a constant elasticity of substitution

aggregator of housing services and tradable goods consumption,

1 Y
1 o

u (Cs,ta hZ,t) - 2)

where o is the elasticity of intertemporal substitution as well as the inverse of the coefficient
of relative risk aversion. ¢ is the static, or intratemporal, elasticity of substitution between
housing and tradable goods consumption. 6 € (0,1) is a parameter that affects the share of

consumption of housing services in total expenditure.
The aggregate variables for the domestic patient households are defined with capital letters:
Cg,t - (]‘ - gb) Ndcgtv

Hcll),t = (1 o ¢) Ndh’g’t?
Bg,t = (1 - ¢) Ndbfl,ta

and
Bd,t =(1-9) Nd?)d,ta

where Z;d,t is the patient households’ per capita holdings of the international bond, and %, is

the per capita holdings of domestic bonds.



The budget constraint for the domestic patient household is

N @[; R
Og,t + BS,t + Bd,t + qa (Hg,t - (1 - 5) Hg,tfl) + (1 - ¢) Ndfbg,t =

=R 1By, |+ Rt—IBd,t—l +(1—9) 1y, (3)

where g, is the price of a domestic house in terms of tradable goods, ¢ is the house depreciation
rate, R, is the domestic gross real interest rate, R, is the international gross real interest rate,
I, is the households’ income (to be defined below), g is the parameter that controls the
adjustment costs in the holdings of international bonds. The adjustment costs ensure that
there is a unique steady state (Schmitt-Grohe and Uribe 2003).

The first order conditions of the domestic patient households give the relation between the

rental rate and the house price:

P
Ue dtr1
@ =pie+ Bl =8B | q1—5 s ] ; (4)
c,d,t
where p;; is the rental rate,
p

Uh,d.t
pl,t - — ) (5)

uﬁ,d,t

and uj, ;, and u’ ,, are the marginal utilities of housing and tradable consumption of the do-

mestic patient household.

The first order conditions also give the non-arbitrage restriction between the return of the

two bonds:
Ry [1 + ¢Bbd,t] — R,. (6)

Both bonds give the same return when the adjustment cost goes to zero, as well as in the steady

state.



3.1.2 Domestic Impatient Households

The domestic impatient household maximizes the expected utility of its members

By  BloNau(ch,, hiy,), (7)
t=0
.o, e—l N B 1-3
oo T e ]
u (CZl,ta hil,t) = 1_1 ) (8)

where all variables are as defined for the patient household, but now they have the superscript
of the impatient household. I assume that 3; < 3,. The aggregate variables for the impatient
households are Cfj, = ¢Nacly,, Hy, = ¢Nghl;, and Bj, = ¢Ngby,.

The domestic impatient household chooses per capita housing, tradable consumption, and

domestic bond holdings (b/;,) to maximize (7) — (8) subject to her aggregate budget constraint:

Oé,t + Bé,t + Qd (Hé,t - (1 - 5) Hé,t—l) = Rt—lei,t—l + ﬁﬂd,t- (9)

Impatient households’ per capita borrowings (b} < 0) cannot be larger than a fraction m;
of the discounted future value of their current houses. That is,
meEy (qa1 hfi,t)

—bﬁu < 7 . (10)

3.2 Domestic Firms

Firms produce tradable goods (Y7) using labor (Nr). Every period there is an exogenous
flow of land L. New houses (Y},) are a combination of housing appliances (Y,), labor (V)
and land (L). The appliances and the land are non-tradable intermediate inputs. I refer to
housing structures (Y;) as the combination of labor (N,) and land (L) . These are the production

functions:

Yra: = Nrgy (11)
Yoar = [N, Ly, (12)
Yaat = Naay (13)
Yiar = Year)” (Yad,t)l_T , (14)



where «, 7, 7 are parameters of input shares.

Since the domestic households own the firm and the land, households’ income is the firms’

revenue from selling new houses and new tradable goods:

Iit = qatYnat + Yras. (15)

3.3 Foreign Country

I assume there are only patient unconstrained households in the foreign country. The rep-
resentative foreign household chooses per capita consumption of tradable goods, non-tradable

foreign housing, and international bonds (l; f,t> to maximize

EOZB;NfU(Cf,t, hyt), (16)

t=0

e 1751w
(=0 +9hf;r‘1}

u(cfﬂf» hf,t) = 1_1 ) (17)
subject to her aggregate budget constraint:
. Vg - .
Crat+ Bro+qre(Hpp — (1= 0) Hppn) + Nf7Bb3‘,t = Ri 1By + s (18)

The aggregate variables for the foreign households are Cy; = Nycsy, Hyy = Nyhyy and B i =
Nyby,.

Foreign firms have the same technology as domestic firms. Thus, the equivalent of (11)—(15)

hold for the foreign economy with f subscripts.

3.4 Market Clearing

In each country, the labor used to produce structures, appliances and tradable goods must

equal the total labor supply:

Ny = Nryi+ Ngpy + Nagy (19)
Nag = Nrgs + Neat + Nagy (20)

10



The increase in the housing stock is the new houses produced in excess of the housing

depreciation:

Hé,t + Hg,t - (1 - (5) (Hé,t—l + Hg,tfl) = Yha, (21)
Hf,t - (1 - (5) Hf7t,]_ — Yhf,t' (22)

Tradable goods are used for consumption and to pay for the portfolio adjustment costs:

¢B VB 5y

Cre+Ch,+Ciy+(1—9)N, 5

b +Nf b fit :YTd,t—l_YTf,t'

The net supply of domestic bonds between the patient and impatient households equals

Zero:
B, + By, =0. (23)

Market clearing in international bonds implies:

By + By, = 0. (24)

The trade balance is the difference between the tradable goods produced and those con-

sumed: y
TBye = Yrae = Clhy — Chy = (L= 9) N2 (by)

While the current account is the change in the net foreign asset position:

CAgy = Bay — Bag-1. (25)

4 Calibration

Some parameters are selected based on values that are common in the literature, or on
evidence from OECD countries. The other parameters are selected for the steady state of the
model to match some key statistics. In the steady state there is no international debt (Bd = O) .

I assume that one period in the model is one year. Table 1 summarizes the parameters.

1. Ezxogenously selected parameters. For the intertemporal elasticity of substitution (o), I
follow the real business cycle literature that usually assumes o = % Concerning the elasticity

of substitution between consumption of goods and housing services, several papers have argued

11



for elasticities below 1, implying complementarity between tradable goods and housing services.
For example, Davidoff and Yoshida (2008) obtain estimates for this elasticity ranging from 0.4
to 0.9. Since a key element of housing in the model is its nontradability, I work with e = 0.4, a
value close to the 0.44 estimated by Tesar (1993) for the elasticity between traded and nontraded

goods.?

I assume the same labor share across sectors and set it to the standard o« = 0.67. For the
depreciation of the stock of houses, I use 2% annual depreciation, = 0.02, which is consistent
with the report from the Bureau of Economic Analysis (2004) that annual depreciation rates

for one-to-four-unit residential structures are between 1.1% and 3.6%.

2. Endogenously selected parameters. 1 set the discount factor of the patient households to
£P = 0.97 to target a 3% annual real interest rate in the steady state. As discussed in Iacoviello
and Neri (2010), the impatient households’ discount factor () needs to be small enough to
guarantee that the borrowing constraint (10) is always binding. For an annual model, I choose

B¢ = 0.85, which is within the range of values used in the literature.'

There is no consensus in the literature regarding the share of households whose borrowing
is constrained. This is an important parameter for the reaction of the domestic economy to
LTV shocks. In the standard life-cycle model with one risk-free asset, the fraction of con-
strained households is very small (usually below 10%) under parameterizations in which the
model’s distribution of net worth is in line with the data (Heathcote, Storesletten, and Violante
2009). On the other extreme, Ferrero (2015) assumes that 100% of households face borrowing
constraints. Iacoviello (2005) estimates that 64% of the wage income goes to the patient house-
holds. I assume that 40% of the domestic households are impatient (¢ = 0.4). This number is
consistent with recent papers which measure the share of constrained households using data on

liquidity-constrained households.!!

I choose the steady state value of the LTV parameter, m = 0.92, to match the 1994 median
LTV for first-time home buyers (this is the most important marginal group of home buyers),
as computed by Duca, Muellbauer and Murphy (2011). I normalize the population to be one

in the steady state. The remaining parameters (7, 0, -, Vg, ]%[—Z) control the size of the housing

9Results are robust if I use an intratemporal elasticity of 1.

0For example, in quarterly models, Iacoviello (2005) chooses 3¢ = 0.95 while Punzi (2013) uses 3 = 0.98.
Ferrero (2015), in a quarterly model, chooses 3* = 0.96 when the LTV changes from 0.75 to 0.99, and a smaller
B = 0.89, when the LTV changes from 0.85 to 0.95.

UFor example, Justiniano, Primiceri, and Tambalotti (2015) estimate that these households represent 61%
of the population and 46% of the labor income. Kaplan and Violante (2014) find that between 25% and 66%
of households hold sizeable amounts of illiquid wealth, yet consume all of their disposable income during a
pay-period. Lusardi, Schneider and Tufano (2011) show that 25% of U.S. households are certainly unable to
"come up with $2,000 within a month", and 49% probably could not come up with the $2,000 at all.

12



sector, appliances and the elasticity of the housing supply. I calibrate them to match the
following targets in a world with symmetric country sizes in the steady state:'> 1) A ratio
of residential investment to output of 5%. This is the U.S. long-term average. 2) A ratio of
spending on housing services relative to consumption of durables and services of 17% (Davis and
Van Nieuwerburgh 2015). Household’s spending varies from 16% to 27% in OECD countries
(OECD 2011). 3) The share of employment in the construction sector is 5% (Boldrin et al.
2013). 4) The aggregate housing price-to-rent ratio is 22 (Davis, Lehnert and Martin, 2008). 5)
An average price-elasticity of housing supply equal to 1.1 over the first two years. This value

is consistent with the evidence for OECD economies of Caldera and Johansson (2013).

5 Transmission Channels from Housing to the Current

Account

This section analyzes the transmission channel from shocks that increase housing prices
or quantities to the current account. First, Figures 6 and 7 illustrate the standard channel in
open economy versions of lacoviello (2005), for example Punzi (2013) or Ferrero (2015). The

figures differ in the persistence of the loan-to-value (LTV) shock.
Insert Figures 6 and 7 here

Figures 6 and 7 show that following an increase in the loan-to-value parameter the con-
strained households borrow and consume more. These households, given their low discount
factor, allocate most of their new borrowing into the consumption of the non-durable good,
which is tradable. This generates the current account deficit of Figures 6 and 7. However,
Figures 6 and 7 show a counterfactual observation: the housing price-to-rent ratio decreases.
Housing prices (the value of the housing asset) increase less than housing rents (the value
of the housing flow) because the collateral channel encourages consumption by the impatient

households, who value the durable good less.

The larger the share of impatient households, the larger the current account deficit generated
by the collateral consumption channel, but then the counterfactual price-to-rent ratio is also
larger as more impatient households have a higher preference for the housing flow. Figure A6 in
the online appendix shows that when the economy is highly leveraged and the collateral channel

is weaker, then permanent LTV shocks imply higher price-to-rent. This insight is summarized

12That is, Ng = Ny, Lqg = Ly.
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in Figure A7, that combines figures 7 and A6. The level of initial leverage controls the intensity
of the collateral channel and thus determines whether the price-to-rent falls or increases for the

same permanent LTV shock.

The previous results are new in the literature.!®> Figure 8 shows another result new in the
literature. Figure 8 shows that transitory or permanent LTV shocks, even if they look similar
in Figures 6 and 7, differ in the sign of the correlation between housing prices and the current
account that they induce. They also differ in how this correlation changes with the housing
supply elasticity. For transitory LTV shocks the correlation is close to 1 and decreases when
housing supply is more elastic. For permanent LTV shocks the correlation is close to -1 and
increases when housing supply is more elastic. These results happen because the persistence of

the LTV determines how long the collateral channel is present.
Insert Figure 8 here

Figure 9 shows an alternative mechanism for housing markets to generate current account
deficits. In this new mechanism the reallocation of labor towards nontradables (construction)
encourages imports of consumption goods to smooth the opportunity cost of building new
houses, which is the foregone production of tradable goods. By importing consumer tradables

the economy can build non-tradables while still consuming tradables.'*

Insert Figure 9 here

All panels in Figure 9 assume that the share of impatient households is zero (¢ = 0) in order
to shut down the collateral consumption channel analyzed in Figures 6 and 7. Since there are
no impatient households, the driving shock is a change to expected house prices. To generate
these shocks, I depart from rational expectations and make house price expectations exogenous.
That is, when I input price expectations in the Euler equations, I replace gq++1 by an expected
price

dat+1 = Qa1 + €t (26)

where e, is a shock to housing price expectations. Garriga, Manuelli and Peralta-Alva (2018)

use a similar methodology to give shocks to expectations.

Figure 9 shows that expectations of higher housing prices generate the right price-to-rent

ratios because they lead to demand for housing assets. Households want to buy assets whose

13See for example Piazzesi and Schneider (2016) for a survey.
14The appendix shows a two period model to illustrate this mechanism in Figures A1 and A2.
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prices are expected to increase. In a housing boom labor reallocates from the sector producing
tradable goods towards construction. Since labor is in fixed supply, to smooth consumption

across goods, the country imports tradable goods and there is a current account deficit.

Figure 10 illustrates the previous labor reallocation with a different exercise. Figure 10
shows how the steady state variables change as the domestic housing preference 6 changes.'® In
steady state, the current account balance is zero. But Figure 10 shows that when preferences
for housing increase, house prices and rents are higher. More labor is devoted to build houses
and the housing stock goes up. House prices increase more when housing supply is inelastic

and higher construction cannot accommodate higher demand.!®
Insert Figure 10 here

Thus, to recap, this section has shown that models driven by positive loan-to-value shocks
with many constrained impatient households generate large current account deficits at the
expense of counterfactual price-to-rent ratios. A model that focuses on changes in housing
price expectations can be consistent with both the current account and the price-to-rent ratios
if there is enough reallocation of labor between construction and tradable goods. As Section 7
will show, this model can generate large current account deficits with a conservative share of

impatient constrained households.

6 Housing and the Capital Account

This section studies a transmission channel that complements the previous section. Here
the shock happens outside the domestic economy. Figure 11 reports the responses to a transitory
increase in the foreign discount factor. This is akin to a "savings glut shock". The foreigners

are more patient and want to save more.

Insert Figure 11 here

Figure 11 shows that higher global savings cause lower interest rates. Domestic borrowers
can borrow cheaper and increase their demand for housing. Housing prices increase. However,

like in Section 5, there is a counterfactual price-to-rent decrease.

15 Appendix A2 contains the equations.
16The appendix contains comparative statics in steady state relative to LTV and other parameters in Figures
A3 to A5.
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Figure 11 shows that "savings glut shock" generate domestic housing booms and domestic
current account deficits. However, the mechanism for the current account differs from the
mechanism of Section 5. In Section 5 domestic factors pull money inflows as the domestic
economy wants to borrow. In Figure 11, foreign shocks push inflows into the domestic economy
causing a domestic current account deficit. To see this, Figure 11 reports the capital account
(K Ag:), which is the reverse of the current account since overall the balance of payments must
be balanced:

KAg = —CAgy.

7 Historical Simulations

In this section I use the model to study a historical episode. I evaluate the "new narrative of
the crisis" that points toward changes in housing price expectations, more than to an expansion
in credit supply, as the main driver of the housing boom.!” To do so, I input into the model
the data on housing expectations collected by Case, Shiller and Thompson (2012), which is the
longest survey data on expected housing prices. This exercise is agnostic on the source of the
expectations, but it allows to test the ability of the survey data as drivers of macroeconomic

variables.

Case, Shiller and Thompson (2012) surveyed around 5000 recent homebuyers in four U.S.
counties regarding the nominal housing prices they expected to see next year.'® To construct
series of expectations of real prices I merge the Case, Shiller and Thompson (2012) data with
the inflation expectations from the Michigan Survey of Consumers. Figure 12 compares the
expectations of real housing prices with the realized housing prices for each county.'® Households

underestimated housing price growth until 2005, then overestimate it.
Insert Figure 12 here

I give exogenous shocks to housing price expectations to force the model to generate ex-

pectations like those from the Case, Shiller and Thompson (2012) survey. That is, I input a

17See for example Foote, Gerardi and Willen (2012), Cheng, Raina, and Xiong (2014), Gelain and Lansing
(2014), Adelino, Schoar and Severino (2016), Albanesi, De Giorgi and Nosal (2016), Foote, Loewenstein and
Willen (2016) or Kaplan, Mitman and Violante (2017).

18The data start in 2003. Table 41 in the Michigan Survey, which has been available since 1978, offers qualita-
tive answers to the question of when is a good time to buy a house. To interpolate the series of expectations back
to 1994, T use the average growth of real expected house prices computed with the Case, Shiller and Thompson
(2012) data for 2003-2006.

19T computed the realized prices using housing prices from Freddie Mac and inflation from the Bureau of
Labor Statistics.
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series of e; shocks into (26) such that qg,,, matches the data from Case, Shiller and Thompson
(2012). In steady state there are no expectation shocks and expectations match realized house
prices. Figure 13 contains LTV shocks, the exact expectations that the model uses and also

the data from Figure 12.

Insert Figure 13 here

Then, I input the exogenous driving forces (LTV and the housing price expectations of Figure
13) into the model and Figure 14 reports the reactions of its endogenous variables comparing
them with data.?’ This is the same methodology that Garriga, Manuelli and Peralta-Alva
(2018) and Justiniano, Primiceri and Tambalotti (2015) use to analyze U.S. housing markets,
and how Meza and Urrutia (2011) study net exports dynamics. The goal is to evaluate the

ability of the model to account for both housing and current account dynamics.
Insert Figure 14 here

The model generates housing dynamics quite similar (both in terms of the size of the changes
and in the turning points) to the data from Spain, the U.K. and the U.S., which are countries
representative of the housing boom and bust. Since the housing expectation is a demand shock,

housing prices and quantities have a positive comovement, like in the data.

The expectations of higher house prices from the Case, Shiller and Thompson (2012) survey
allow the model to generate the right sign for the housing price-to-rent ratio because they

encourage demand for the asset.

Figure 14 shows that, as in the data, the countries with an increase in housing prices and
residential investment run a current account deficit. Increases in housing prices soften collateral
constraints, the constrained households borrow more and allocate most of their borrowings to
consumption of tradable goods, thus pushing the current account towards a deficit. Moreover,
as workers reallocate towards the construction sector the economy imports tradable goods
to smooth the opportunity cost of building new houses, which is the foregone production of

tradable goods.

Figure 14 shows that the foreign economy runs a current account surplus while lending
to the housing boom country. Since the foreign economy is allocating its workers to produce

tradable goods, its construction sector is subdued.

20The model is solved using a nonlinear Newton-type algorithm (Adjemian et al. 2011) for a perfect foresight
version. The e; shocks into (26) ensure that g3 ,,, matches the series reported in Figure 13.
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The reversal of the current account in the domestic economy is driven by the collapse of
the housing boom. Lower housing prices tighten collateral constraints and reverse the imports
for consumption. Moreover, activity in the construction sector slows with the collapse of em-
ployment in construction after 2007. Thus, current account dynamics are accounted for with
expansions and contractions in demand. The model does not seem to need exchange rates and

expenditure switching across goods to generate dynamics as in the data.

Once the housing boom is gone in the domestic economy, the foreign economy starts to
run a current account deficit, and housing prices and residential investment increase. These
dynamics are very similar to those of countries like Canada, which are key trade partners of

economies as the U.S.

However, the model with only housing demand drivers generates counterfactual dynamics
for the real interest rates. Higher housing demand increases credit demand and interest rates
rise to achieve equilibrium. Accounting for lower interest rates requires capital inflows. Thus,
the exercise shows strong support for the "new narrative of the crisis", but it also points out

that this new narrative needs to be complemented with other explanations.

8 Cross-Sectional Simulations

To validate the mechanisms of the model, Figures 15 to 17 try to replicate the facts of

Figures 3 to 5. The results are successful.
Insert Figures 15, 16 and 17 here

Figure 15 shows that in the model, as in the data of Figure 3, the correlation between

price-to-rents and the trade balance-to-GDP is increasing in the housing supply elasticity.

Figures 16 and 17 show that, in model and in the data, the same change in housing prices
cause larger changes in the trade balance-to-GDP for low housing supply elasticities or high

borrowing constrained households.

9 Consumption Asymmetries

Figure 18 shows that the reaction of consumption is asymmetric during the boom and

bust of the housing market simulated in Section 7. Aggregate consumption increases less
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during the housing boom than decreases during the bust. During the boom households are
shifting their preferences towards housing. During the bust the previous mechanism is reversed.
Moreover, the tightening of the collateral constraint depresses consumption. Thus, the effects
on consumption during the bust are stronger. This result is new in an open economy setting

relative to the existing literature (see Gelain, Lansing, and Natvik 2018 for example).

Insert Figure 18 here

10 Conclusions

This paper documented that the strong correlation, both across and within countries, be-
tween housing and current account dynamics was present before and after the Great Recession.
I also demonstrated that a DSGE model a la Iacoviello (2005) expanded with a construction

sector is able to explain the dynamics of both housing variables and the current account.

The model needs two main ingredients to be consistent with the data: 1) Enough labor
reallocation between construction and the tradable sector. If the transmission channel operates
only through the consumption effects from relaxed borrowing constraints then housing price-to-
rent ratios become counterfactual. 2) The model needs to be consistent with observed housing
expectations measured from survey data. Expectations of higher housing prices generate a

demand for houses that causes higher price-to-rent as in the data.

I used the model to evaluate "the new narrative of the crisis" that assigns a dominant role
to changes in expectations. For the observed survey data on housing price expectations, the
model generates dynamics of housing variables and the current account consistent with the
data. However, interest rate dynamics are counterfactual. Thus, this exercise suggests that
expectations played a key role but that they cannot be the only explanation. The exercise is

agnostic about the cause of the changes in expectations. This is an avenue for future research.
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Tables and Figures

Table 1: Parameters

Description Parameter Value
Patient households’ discount factor 5P 0.97
Impatient households’ discount factor Ik 0.85
Share of impatient households 0] 0.4
Intertemporal elasticity of substitution o 0.5
Intratemporal elasticity of substitution € 0.4
Housing depreciation rate ) 0.02
Structures parameter T 0.989
LTV parameter m 0.92
Share of housing services in utility 0 0.15
Labor share in production o} 0.67
Land parameter 1—7 0.2
Steady state population Nqg = Ny 1
Land supply-per-capita ]@—Z = Z—’; 1076
Adjustment cost of international bond Vg 0.008
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Figure 1. Cross-Country Correlations between Changes in the Current Account
to GDP ratio and Changes in Housing Variables. The first row is the scatter-plot of
the change in the current account to GDP ratio against the change in the share of employment in
construction. The second and third rows replace the x-axis with the change in residential investment,
and with the change in housing prices, respectively. The left column shows the 1996-2006 period,

while the right column displays the 2007-2012 period. Data source: OECD.
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Figure 2. Within-Country Correlations between the Current Account (CA),

Employment in Construction (Eh) and Housing Prices (Ph). Each panel shows the

dynamics of the current account to GDP ratio (dashed line with scale in the left axis), employment in

construction (dotted line with scale in the right axis) and housing prices (solid line with scale in the

right axis) in an OECD country. The correlations are also displayed. Data source: OECD.
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Figure 3. Correlation of housing price-to-rent and trade balance-to-GDP for
different elasticities of housing supply. The x-axis is the housing supply elasticity, the y-axis
is the correlation between price-to-rent and trade balance-to-GDP. The figure reports the scatter-plot
and the OLS regression line with robust standard errors for the available U.S. MSAs. The appendix

describes the data sources.
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Figure 4. Changes in trade balance-to-GDP and house price growth for U.S.
MSAs. The role of housing supply elasticity. The x-axis is the annual housing price growth,
the y-axis is the annual change in the trade balance-to-GDP. The figure reports the scatter-plots and
the OLS regression lines with robust standard errors. The available U.S. MSAs are classified in two
groups: high or low housing supply elasticity. Low elasticity are those MSAs with housing elasticities
lower than the 10th percentile of the entire sample. *** means significant at 1%, ** at 5% and * at

10% respectively. The appendix describes the data sources.
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Figure 5. Changes in trade balance-to-GDP and house price growth for U.S.
MSAs. The role of the share of black and Hispanics. The x-axis is the annual housing
price growth, the y-axis is the annual change in the trade balance-to-GDP. The figure reports the
scatter-plots and the OLS regression lines with robust standard errors. The available U.S. MSAs are
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means significant at 1%, ** at 5% and * at 10% respectively. The appendix describes the data sources.
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Figure 10. Comparative statics in the steady state of the domestic country for

different levels of the housing preference parameter 6. Inelastic housing supply is the case

when housing is in fixed supply.
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Figure 11. Responses in the domestic country to a foreign discount factor shock.

These panels plot the responses to an increase in the foreign discount factor.
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Figure 12. Comparing House Price Expectations with Realized House Prices.

The figure compares the model expected housing prices and the realized housing prices.
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Figure 13. LTV shock and Housing Expectations in the Model. This figure plots
the LTV shock consistent with data, and housing expectations that I feed in the model comparing

with the Case, Shiller and Thompson (2012) data.
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Figure 14. Data vs Model. This figure compares the data with the model driven by LTV

and the housing expectations reported in Figure 13.
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Figure 15. Correlation between price-to-rent and trade balance-to-GDP in the
domestic country for different housing supply elasticities. The correlations are calculated

over the first 100 period after the impact of the housing price expectation shock of Figure 9.
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Figure 16. Model generated relationship between house price growth and Trade
Balance-to-GDP. Model simulations generate the observations and then there are two regression

lines. The standard errors are robust. *** significant at 1%, ** at 5%, * at 10%.
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Figure 17. Model generated relationship between house price growth and trade
balance-to-GDP by share of impatient. Model simulations generate the observations and then
there are two regression lines. The model with high share of impatient is the benchmark calibration
(¢ = 0.4). The model with low share of impatient households uses ¢ = 0.1. The standard errors are
robust. *** gignificant at 1%, ** at 5%, * at 10%.
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Figure 18. Asymmetries in consumption. This figure reports the dynamics of aggregate

consumption in the domestic economy for the housing boom and for the housing bust.
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NOT FOR PUBLICATION. ONLINE APPENDIX.

A First-Order Conditions and Steady State Equations

When the foreign equations are equivalent to the domestic equations, I only list the equa-
tions for the domestic country. I follow the same rule when the equations are equivalent for

patient and impatient households.

Al First-Order Conditions

Marginal utilities from tradable goods and housing services:

ue (& 08,) = (1—0) [F( mt )] 77 (@) 77 (A1)
wn (A 18,) = 0 [F(, 1 )] ) (h,) % (A2)

where ) .
[ tih) = [(L=0)ch +omi |7 (A3)

Euler equation for international bonds for patient households:

ue (0 i) [1 + @Z)B(l;s,t - bS)} = BT R.Ey e (hpns Paein)] - (A4)

Euler equation for domestic bonds for domestic patient households:

Ue (Cs,t’ hg,t) = PR Ey [uc (Cfl,tJrl’ hﬁ,mﬂ : (A5)

Euler equation for domestic bonds for domestic impatient households:

Ue (Cil,w hil,t) = BtiRtEt [uc (Cil¢+1a hil,t+1)} + e (A6)

where 41, is the Lagrange multiplier associated with the collateral constraint.
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Euler equation for housing for patient and impatient households:

Up, (Czﬂga hZ,t) = Uc (CZW h’§7t) qat — 5§)Et {uc (Cz,t—&—l? h§7t+1) [Qd,t+1 (1 - 5)]} )

(A7)
iopi e By (qaev1) i opi i i i
Up (Cd,tv hd,t) + R, = Uec (Cd,t7 hd,t) qar — BiEy {uc (Cd,t+17 hd,t+1) (a1 (1 — 5)]} .
(A8)
Same marginal return on labor in the two sectors:
Gat [(Naat)"] ™" a7 [(La)' 7] (Noa) ™™ = a0 (Npg) " (A9)
qar [(La)' ™ (Noat)™)] (1 = 7) (Naad) 777" = @ (N )™ (A10)

A2 Steady State Conditions

The output equations:

Yo = (La) 7 (Vo)) (A11)
Yra = (Nra)®, (A12)
Yaa = (Naa)® (A13)

( (A14)

Collateral constraint:

: Al
b i (A15)
Aggregate conditions:

Cr = (1—¢) Nuc, (A16)
Hj = (1—¢) Nghi, (A17)
BY = (1 - ¢) Nth, (A18)
H = ¢Nghi, (A20)
By = ¢Ngbl,. (A21)
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Budget constraints:

CH+ BY + qu0H, = RBY + (1 — ¢) (qaYha + Yra) (A22)
Cé + BZI + qdéHZl = RB& + ¢ (Qthd + YTd,) . (A23)

Housing market clearing:
Yia =6 (HY + H}) . (A24)

Consumption Euler equation of the domestic patient:

Consumption Euler equation of the domestic impatient:

1= (ch, hi) (1—B'R). (A26)
Housing Euler equations:
Up (Cfb hfl) = Uc (Cs’ hs) qa — BPu. (027 hS) qa(1—10), (A27)
i o7 mq i 7 i i i
up, (¢, hy) + ,uR 4 — u, (4, hY) qa — Blue (¢ hy) qa (1 —6). (A28)

Marginal utility equations:

e (e, ) = (1= 0) LF(ch, WD =) ()% (A29)
un (ch, ) = 6 [£(ch, W) 572 ()% (A30)
Wage equalization in the two sectors:
Ga [(Naa)*] " 07 [(La)' 7] (Naa) Y = o (Npa)* ™, (A31)
ga [(La)' 7 (No) )] @ (1= 7) (Naa) 777" = @ (Npg)* " (A32)
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B Data sources

1. Trade balance: The exports and imports by MSA are obtained from the U. S. Trade

2l Exports and imports are world-level aggregates for all

Database of the Census Bureau.
commodities. The data are available for 41 MSAs from 1992 to 2017. The trade balance is

exports minus imports.

2. GDP data by MSA come from the Bureau of Economic Analysis.??> The data are available
from 2001 to 2016. Trade Balance-to-GDP data are available for 33 MSAs.

3. Housing data:

(a) House price indices are from the Federal Housing Finance Agency with seasonal

adjustment.?
(b) Price-to-rents come from Zillow.
(c¢) The housing supply elasticity is from Saiz (2010).

4. The share of population of blacks and Hispanics is obtained from the 2012-2016 American

Community Survey 5-Year estimates computed by the U.S. Census Bureau.

C A Two Period Model

Here I discuss the intuition of why higher demand for housing can generate a current
account deficit when there is a construction sector. I use a simplified version of the model of

Section 3.

It is a two period economy with a single household who is both the producer and the
consumer. Housing is assumed non-durable to stress that the key ingredient is that housing is
non-tradable. I compare the equilibrium in a closed economy and that in a small open economy
after an unanticipated change in the share of housing in the first period utility (6;). Preferences

are

e—1 e—1
e

(=6 +aun,

11

=)
u (Ct7 h/t) = s t= 17 2. (A33)

2https://usatrade.census.gov/index.php
Z2"GDP by Metropolitan Area" at https://www.bea.gov/regional /downloadzip.cfm
Zhttps://www.thfa.gov /DataTools/Downloads/Pages/House-Price-Index-Datasets.aspx#qpo.
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In the competitive equilibrium the representative household maximizes
U(Cl,hl,CQ,hg) = 'LL(Cl,hl) —i—ﬁu (Cg,hg) (A34)
subject to the intertemporal budget constraint in terms of tradable goods

Co Ye2
= =1, =, A35
¢+ R Ye1 + R ( )

to the production functions of housing in each period,

ym = AN, (A36)
Yo = BNg, (A37)

and feasibility in labor and housing markets:

Nht+th:N7 for t = 1,2 (A38)
he = Yne- (A39)

The First-Order Conditions are the Euler equation and the equalization of the marginal

rate of substitution with the marginal rate of transformation

uc(cl, hl) = /BRUC(CQ7 hg), (A40)
up(cy, ht)% = u(cy, ht)@ for t =1,2. (A41)
ULy et

In a closed economy there is not an option to transfer tradable consumption across periods,

so production and consumption of tradable goods must be equal in every period
Ct = Yet for t = 1, 2, (A42)

Thus, the equilibrium of the closed economy in period 1 is characterized by

un(Yer, Yn1) _ Tn1 Yer (A43)

Ue(Yer, Yn1)  Yni M1
The upper left panel of Figure Al graphs this condition. The left hand side of equation (A43)
is the slope of the indifference curve, which, at the initial equilibrium point A, is tangent to

the Frontier of Possibilities of Production (FPP), whose slope is the right hand side of equation
(A43).
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An unexpected higher demand for housing (an increase in ;) decreases the slope of the
indifference curves as graphed in the upper right panel of Figure Al. The household now
prefers housing, hence she asks for more tradable goods per unit of housing. The shift of
the indifference curves moves the equilibrium from point A to point B, where consumption
of housing services is higher (ﬁ‘{ > h*) and consumption of tradable goods lower (& < c¢*).**
There are two reasons why consumption of tradable goods is lower. One reason comes from the
preference change: the household now likes tradable goods relatively less, hence she consumes
less of them. The second reason comes from the opportunity cost of building; to increase the
consumption of housing services the country needs to move along the FPP, reducing production
of tradable goods. The more concave the FPP, the higher the drop in ¢;, since more resources

need to reallocate to produce an extra unit of housing.

As plotted in the upper right panel of Figure A1, for any parameter value consistent with
the concavity of the FPP and the convexity of the indifference curves, in the closed economy
the higher demand for housing increases h; and decreases c¢;. Depending on the intratemporal
elasticity of substitution between housing and tradable consumption (SES, ¢) and on the in-
tertemporal substitution (IES, o) it may be that the country may want to borrow to smooth
the drop in ¢;. This is equivalent with having the marginal utility of tradable consumption in
the first period increasing in 6;. To see this we can define the interest rate, which is the slope

of the intertemporal budget constraint, in a closed economy as

Raut — uc(étlj7 ilf{)

AT (Add)

The closed economy is a sequence of static problems. An increase in 6; does not alter second
period variables. The unexpected increase in #; moves the closed economy equilibrium from
point A to point B in Figure A1, but ¢§ remains at steady state value ¢*. Thus, R® increases

if u.(&§, h{) increases.

The interesting case is when the higher demand for housing leads to an increase in u.(, hS).
For example, the lower the SES, the less willing the household is to substitute housing and
tradable consumption within the period. Low SES households dislike unbalanced consumption
across goods, thus an extra unit of the tradable good is valued more when building houses

forces the economy to reduce production and consumption of tradables. In this case, the higher

24T use * to denote steady state, superscript ¢ to denote the closed economy and SOE for the small open
economy.
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demand for housing increases the marginal utility of a tradable good in period one.?® To ensure
that the closed economy does not transfer tradable goods across periods, the interest rate,

increases. This is what the lower right panel of Figure A1l plots.

If in the small open economy, or in a two country model, an increase in #; does not increase
interest rates to the new autarky level, then the country will borrow and run a trade deficit. The
trade deficit allows better consumption smoothing across goods in the open economy. Figure
A2 depicts this case. The increase in 6; shifts the marginal rate of substitution as in the closed
economy, but for the small economy the interest rate is exogenous and does not change. The
slope of the intertemporal budget constraint remains the same, although the budget constraint

shifts because both Y, and Y., will change.

The open economy does not have to move to point B, where consumption equals production.
The open economy can instead consume at the point C while producing at the point D of the
upper right panel of Figure A2 if it respects its intertemporal budget constraint (A35). FOC
(A41) only requests that the slope of the indifference curve is the same at both points. Point C
was not available for the closed economy because it implies a transfer of tradable goods across

periods. Interest rates raised to prevent this.

Thus, in open economies, higher demand for housing can cause trade deficits because hous-
ing is non-tradable and the trade deficit allows for the smoothing of the opportunity cost of
building new houses, which is the foregone production of tradable goods. That is, to decouple

consumption from production and increase welfare.

Z5For preferences (2) the marginal utility of tradable consumption in the first period is

1 =1

ue(cr,ha) = (L= 601)CF ey, (A45)

Cy=((1—01)c,° +61h 7 )T, (A46)
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FIGURES FOR ONLINE APPENDIX.
NOT-FOR-PUBLICATION.
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Figure A1l. The Two Period Model: the Closed Economy. The figures on the top

report the production possibilities frontier and the utility curves. The figures at the bottom are the

intertemporal budget constraints.
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Figure A5. Comparative statics in steady state of the domestic country for
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