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Abstract

One of the most striking features of the period before the Great Recession is the strong positive 
correlation between house price appreciation and current account defi cits, not only in the United 
States but also in other countries that have subsequently experienced the highest degree of fi nan-
cial turmoil. A progressive relaxation of credit standards can rationalize this empirical observation. 
Lower collateral requirements facilitate access to external funding and drive up house prices. The 
current account turns negative because households borrow from the rest of the world. At the same 
time, however, the world real interest rate counterfactually increases. The two key ingredients that 
reconcile a demand-based explanation of house price booms and current account defi cits with the 
evidence on real interest rates are nominal interest rates lower than the predictions of a standard 
monetary policy rule in leveraged economies and foreign exchange rate pegs in saving countries.
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Figure 1: Bilateral U.S. current account by area (various colors) and FHFA existing
one-family house price index deflated by headline CPI (black line, 2001 = 100).

1 Introduction

The boom-bust in U.S. house prices has been a fundamental determinant of the recent financial

crisis. The securitization process that eventually lead the financial sector to the brink of collapse

crucially relied on expectations of ever-increasing house prices. Understanding the causes of

these house price dynamics is crucial for preventing a repeat of a similar situation in the future.

Large and widening current account deficits accompanied soaring house prices, especially

during the five years before the eruption of the crisis (figure 1). These two variables were

perhaps the most discussed indicators of U.S. imbalances (Greenspan, 2005). Interestingly,

the negative correlation between house price dynamics and current account balances is not

specific to the U.S. but rather a robust global phenomenon, affecting advanced and emerging

market economies alike (figure 2).1 Countries that witnessed house prices booms and substantial

external deficits (such as Greece, Iceland, Ireland, Spain and the U.S.) also experienced among

the highest degrees of financial turmoil during the crisis.2

1Bernanke (2010) plots the cumulative change between 2001Q4 and 2006Q4 in current account balances and house
prices for advanced economies. The August 2007 ECB Monthly Bulletin features a similar figure for the period 1997-
2005. Figure 2 extends the sample to include emerging market economies such as China, which play a key role in
financing the U.S. current account deficit.

2Similar dynamics for capital inflows and real estate prices occurred before the Asian crisis in the late 1990s (see
Obstfeld and Rogoff (2010) and the references therein).
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Figure 2: Current accounts and house prices in advanced and emerging economies.

A popular explanation for the negative correlation between current account balance and

house prices is the so-called “global saving glut” hypothesis (Bernanke, 2005).3 In particular,

building on their earlier work, Caballero, Fahri and Gourinchas (2008b) argue that a global

demand for liquidity can generate capital flows from the rest of the world toward the U.S.,

where asset prices – and especially house prices, due to the securitization process – take off.

This paper takes a different perspective and argues that a progressive relaxation of borrowing

constraints can generate a strong negative correlation between house prices and the current

account.

The analysis relies on a two-country model with tradable consumption goods and housing.4

The expected value of housing represents the collateral for private debt. This endogenous

borrowing constraint is buffeted by a time-varying parameter which controls the loan-to-value

(LTV) requirement and constitutes the key shock in the model. An increase in this threshold,

for given value of the collateral, leads households to lever up and demand more housing, hence

driving up house prices. To the extent that the relaxation of credit constraints affects the whole

economy, the increase in domestic borrowing must be financed from abroad, thus generating a

current account deficit.

3Caballero, Fahri and Gourinchas (2008a) and Mendoza, Quadrini and Rios-Rull (2009) formalize the idea of a
global saving glut, with particular focus on the implications for the U.S. current account deficit.

4This model essentially interprets the non-tradable sector in Ferrero, Gertler and Svensson (2010) as housing
and introduces an endogenous borrowing constraint, as in Kiyotaki and Moore (1997), in the household problem.
Alternatively, this economy translates Iacoviello (2005) into an open economy framework by adding two types of
goods.
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This story is certainly consistent with several pieces of both anecdotal and hard evidence but

raises an important issue. In many respects, an exogenous relaxation of borrowing constraints

is akin to a demand shock. The real interest rate typically increases in response to this type of

shock. To the contrary, in the data, real interest rates have progressively declined for at least

the last 20 years.

Not surprisingly, then, other papers that have studied the role of a relaxation of borrowing

constraints for house prices and external deficits also feature some role for the global saving glut

hypothesis. In Boz and Mendoza (2011), agents in a small open economy experience a switch to

a new regime (financial liberalization) that allows for higher LTV ratios. Imperfect knowledge

(learning), combined with early realizations of this high-leverage regime, lead agents to over-

estimate the true probability of persistence of easy credit and creates a boom in asset prices.

One interpretation of the small open economy assumption is that saving glut shocks exactly

compensate the upward pressure on the real interest rate due to the relaxation of borrowing

constraints. This interpretation is explicit in Adam, Kuang and Marcet (2011), in the sense that

the learning mechanism of this paper interacts with exogenous shocks that reduce the world real

interest rate. Finally, in Favilukis, Ludvigson and Van Nieuwerburgh (2011), the relaxation of

borrowing constraints, together with the reduction in transaction costs for housing and business

cycle factors, quantitatively accounts for almost the entire increase in the observed price-to-rent

ratio. In their paper, exogenous capital flows from the rest of the world are close to irrelevant

for the dynamics of house prices but necessary to keep the equilibrium real interest rate low as

in the data.

This paper abstracts from saving glut shocks and suggests a different explanation for low

interest rates, related to monetary policy in the U.S. and in the rest of the world. During the

early 2000s, nominal interest rates were low for a “considerable period” (mentioned for the first

time in the August 2003 FOMC statement). If inflation expectations are stable, low nominal

rates translate into low real rates.

According to Taylor (2008), loose U.S. monetary policy was the key determinant of house

price appreciation. Developments in mortgage markets and the securitization process only

contributed to worsen the problem.5 Departures of the measured Federal Funds Rate (FFR)

from the interest rate implied by a standard monetary policy (Taylor) rule in the U.S. during the

period 2000-2005 explain low real interest rates. From a qualitative perspective, these shocks do

contribute to amplify the boom in house prices as well as to widen the current account deficit.

However, their quantitative contribution is extremely small.

A second implication of monetary policy for the correlation between house prices and the

current account concerns the choice of the exchange rate regime by foreign economies. After

the Asian crises of the late 1990s, several emerging markets in that region and elsewhere (most

notably China) started pegging their nominal exchange rate to the U.S. dollar.6 Therefore,

5In a small open economy, Iacoviello and Minetti (2003) relate the strength of the impact of monetary policy
shocks on house prices to the degree of financial liberalization.

6Dooley, Folkerts-Landau and Garber (2008) labeled the resulting international monetary regime “Bretton Woods
II”. Their work emphasizes the interplay between managed exchanged rate regimes in Asian countries and U.S. current
account deficits. The basic idea is that emerging economies stimulate their exports (their main source of growth) by
keeping the domestic currencies artificially undervalued relative to fundamentals.
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these countries import U.S. monetary policy. As a consequence, low U.S. interest rates lead to

low global interest rates. The quantitative analysis shows that foreign pegs, coupled with over-

expansionary U.S. monetary policy, exert additional downward pressure on the real interest rate

and impair a real depreciation of the dollar that would help rebalance the U.S. current account

deficit.

Taken together, the relaxation of borrowing constraints and low interest rates in the U.S.

(coupled with foreign pegs) account for about two-thirds of the increase in real house prices and

almost one-half of the deterioration of the current account during the first half of the 2000s.7

These quantitative findings complement the role of other factors in accounting for the correlation

between the house price boom and the deterioration of the current account in the U.S. during

the early 2000s, such as the global saving glut hypothesis discussed above or preference shocks

for housing (Gete, 2010).8

The rest of the paper proceeds as follows. Section 2 provides some evidence on the relax-

ation of credit standards induced by the process of financial innovation. Section 3 presents the

model and develops some intuition using the steady state of a tractable special case. Section 4

discusses the calibration and the basic quantitative experiment. Section 5 addresses the quan-

titative importance of overly-accommodative U.S. monetary policy and foreign exchange rate

pegs. Section 6 evaluates the robustness of the results to several changes in the parameters.

Finally, the seventh section concludes.

2 Evidence on the Relaxation of Collateral Constraints

Few existing empirical studies discuss the relation between house prices and external imbalances.

Ahearne et al. (2005) document the co-movement between house price dynamics and current

account balance since 1970. Aizenman and Jinjarak (2009) provide a precise estimate of the

relation between the two variables: a one standard deviation increase in lagged current account

deficits is associated with a 10% appreciation of real estate prices.9 Fratzscher, Juvenal and

Sarno (2010) adopt the opposite perspective: according to their estimates, together with equity

market shocks, house price shocks account for up to 32% of the movements in the U.S. trade

balance over a 20−quarter horizon. Arguably, both house prices and the current account are

endogenous variables. From a more structural perspective, the key question becomes which

underlying fundamentals drive the correlation between these two variables.

The key shock that generates a house price boom and a contemporaneous current account

deficit in the model below is a reduction in the parameter that measures LTV requirements.

7Punzi (2006) considers a two-country, two-type (borrower and saver in each country) model with residential
investment. The impulse responses from a VAR provide broad support for LTV shocks to play an important role.
Midrigan and Philippon (2010) use credit constraint shocks in an island economy to match the distribution of house
prices across U.S. counties. Eggertsson and Krugman (2010) and Guerrieri and Lorenzoni (2010) argue that a
tightening of borrowing constraints (relative to pre-crisis levels) can lead to a substantial drop in aggregate demand
and potentially create depression-like scenarios.

8Iacoviello and Neri (2010) estimate a DSGE model with housing and find that slow technological progress in the
housing sector explains the long run upward trend in U.S. house prices. Housing preference and technology shocks
account for about 50% of the variance of housing investment and prices at business cycle frequencies.

9Kole and Martin (2009) find slightly smaller results.
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At a broader level, however, lower collateral requirements also capture easier access to housing

finance for households previously excluded from credit markets. The next two sections present

some evidence on developments in mortgage markets and the evolution of LTV ratios in the

U.S. and in the rest of the world.

2.1 United States

Rajan (2010) argues that easy credit in the U.S. is the consequence of the political response

to increasing income inequality.10 According to this view, the growing role of government-

sponsored enterprises (primarily Fannie Mae and Freddie Mac) and the expansion of subprime

lending follow from the need to guarantee affordable housing to low income households who are

falling behind.

Favara and Imbs (2010) trace the increase in supply of mortgage credit back to the deregu-

lation of cross-state ownership of banks that started with the Interstate Banking and Branching

Efficiency Act of 1994. Loosely speaking, interstate branching makes banks more efficient. More

narrowly, the mortgage deregulation process creates the possibility to offer credit products across

regions with less correlated housing cycles.11

While the rationale and the origins of the credit boom are certainly interesting per-se and

well-worth investigating, the analysis below starts from the presumption that a relaxation of

borrowing constraints occurred and studies the consequences on asset prices and macroeconomic

quantities.

In the early 2000s, subprime lending was clearly the most significant development in mort-

gage finance. In practice, no legally binding definition of subprime lending exists. The Office

of the Comptroller of the Currency, the Board of Governors of the Federal Reserve System,

the Federal Deposit Insurance Corporation and the Office of Thrift Supervision (2001) jointly

issued a document defining as ‘subprime’ those borrowers who “...display a range of credit risk

characteristics that may include one or more of the following:

• Two or more 30-day delinquencies in the last 12 months, or one or more 60-day delin-

quencies in the last 24 months

• Judgment, foreclosure, repossession, or charge-off in the prior 24 months

• Bankruptcy in the last 5 years

• Relatively high default probability as evidenced by, for example, a credit bureau risk score

(FICO) of 660 or below (depending on the product/collateral), or other bureau or propri-

etary scores with an equivalent default probability likelihood

• Debt service-to-income ratio of 50% or greater, or otherwise limited ability to cover fam-

ily living expenses after deducting total monthly debt-service requirements from monthly

income.”

Pinto (2008a,b), a former Fannie Mae’s chief credit officer, points out that official classifi-

cations severely underestimate the extent of subprime lending, which could easily include most

10See Kumhof and Ranciere (2010) for a formalization of this hypothesis.
11A similar assumption underlay the rating agency valuation models.
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Year FHA/VA Conv/Conf Jumbo Subprime Alt A HEL

2001 8 57 20 7 2 5
2002 7 63 21 1 2 6
2003 6 62 16 8 2 6
2004 4 41 17 18 6 12
2005 3 35 18 20 12 12
2006 3 33 16 20 13 14
2007 4 48 14 8 11 15

Table 1: Mortgage Origination by Product (in %). Source: Abraham, Pavlov and
Wachter (2008). FHA/VA = Federal Housing / Veteran Administration. Conv/Conf
= Convertible/Conformable loans. HEL = Home Equity Loans.

“Alternative-to-Agency” (Alt-A) loans and “Home Equity Loans” (HEL). A large portion of

Federal Housing Administration (FHA), Veteran Administration (VA) and rural housing loans

also conform to subprime standards. Between 2002 and 2007, approximately 83% of FHA loans

consisted of LTV ratios higher than 90% and approximately 70% had a FICO lower than 660.12

The growth in subprime lending can thus be seen not only as a direct relaxation of credit

constraints for households previously able to borrow but also, and perhaps more importantly,

as an opportunity to participate for households previously excluded from mortgage markets.

The share of subprime lending in the U.S. mortgage market grew from 0.74% to almost 9%

during the 1990s (Nichols, Pennington-Cross and Yezer, 2005). After slowing down in 2001 (7%)

and 2002 (1%), subprime origination soared from 8% in 2003 to 20% in 2005 and 2006. In the

same period, Alt-A mortgages and HELs also gained popularity. Table 1 shows that by 2006

the higher risk segment accounted for 48% of securitized origination (equivalent to 34% of the

dollar volume).13

Table 2 presents direct evidence on the evolution of LTV ratios, broken down by type of

mortgage (Prime, Alt A and Subprime) and rate (Fixed and Adjustable). For the prime segment,

the average LTV ratio increased by 10 percentage points between 2002 and 2006, for both the

fixed- and adjustable-rate types. In both categories, the fraction of mortgages with LTV ratios

higher than 80% increased from less than 5% in 2002 to about 25% in 2006. Alt A fixed-

rate mortgages featured a similar increase, with LTV ratios higher than 80% roughly doubling

between 2002 and 2006. Over the same period, the increase in LTV ratios for Alt A adjustable-

rate mortgages was smaller (of the order of 5 percentage points) but LTV ratios higher than

80% more than doubled, reaching 55% in 2006. For the subprime segment, the increase in LTV

ratio was also of the order of 5 percentage points and subprime LTV ratios higher than 80%

soared too, especially for the adjustable-rate type.

Several other papers document similar, if not more extreme, patterns for LTVs. Using

data from DataQuick that covers 89 metro areas in the United States, Glaeser, Gottlieb and

12While similar data are not available for the smaller volume VA and rural housing loan programs, original LTV
distributions were believed to be similar.

13Mian and Sufi (2010) show that HELs are responsible for a significant fraction of the increase in U.S. household
leverage between 2002 and 2006.
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Fixed-Rate Adjustable-Rate
Year CLTV CLTV > 80% CLTV CLTV > 80%

2002 65.4 3.0 66.5 4.1
2003 63.8 4.4 68.2 10.1

Prime 2004 67.4 7.0 73.5 20.7
2005 70.9 13.4 74.1 21.7
2006 74.5 23.1 75.3 26.2

2002 74.7 22.0 74.3 20.8
2003 71.5 21.4 78.0 33.3

Alt A 2004 75.3 29.5 82.6 46.9
2005 76.2 31.3 83.5 49.6
2006 79.4 39.6 85.0 55.4

2002 77.3 38.0 81.2 46.8
2003 78.0 41.7 83.5 55.6

Subprime 2004 77.7 41.2 85.3 61.1
2005 78.7 44.5 86.6 64.4
2006 78.7 44.6 86.7 64.0

Table 2: Evolution of LTV ratios (in %). Source: Abraham, Pavlov and Wachter
(2008). CLTV stands for combined (i.e. first and second mortgage) LTV ratio. CTLV
> 80% refers to the fraction of combined LTV ratios larger than 80%.

Gyourko (2010) find that the median combined LTV ratio on all housing purchases increased

from 80% in 2004 to 90% in 2006. Moreover, extreme leverage, in the form of 100% LTV, was

available and used by at least 10% of borrowers. This fraction became at least 25% in 2006.

Perhaps not surprisingly, extreme leverage was concentrated outside the prime segment. Using

First American CoreLogic Loan Performance data, Haughwout, Lee, Tracy and Van der Klaauw

(2011) find that the median LTV on securitized non-prime mortgages increased from 95% in

2004 to 99% in 2006 and was equal to 100% for the 75th percentile throughout this period.

Interestingly, the literature attributes different importance to this phenomenon. Glaeser,

Gottlieb and Gyourko (2010) argue that the magnitude of the LTV changes was not large

enough to account for a significant fraction of the increase in house prices. Geanakoplos (2009,

2010) challenges this view, emphasizing the possibility that the increase in leverage increases

house prices not only directly but also through a shift in the composition of buyers. Haughwout,

Lee, Tracy and Van der Klaauw (2011) support this interpretation by documenting the key role

of investors, especially “buy and flip” ones, at the peak of the crisis.

In addition, as mortgage products became riskier due to the increasing participation of

subprime borrowers and lower LTV ratios, interest rates did not increase. In fact, the spreads

between subprime and prime mortgages of similar maturities uniformly decreased between 2000

and 2005.

The bottom line is that financial innovation, supported by the securitization process, pro-

vided greater access to mortgage finance at affordable prices for a broader pool of households,

both at the extensive (higher share of subprime mortgages) and intensive (lower LTV require-

7



2001 2002 2003 2004 2005 2006

France 21.7 22.6 24.2 26.0 29.3 32.2
Germany 53.1 53.2 53.5 52.4 51.9 51.3
Greece 11.8 14.8 17.2 20.2 25.1 29.3
Iceland 59.4 61.1 66.2 71.0 80.8 75.5
Ireland 32.8 36.3 42.7 52.2 61.4 70.1
Spain 32.5 35.9 40.0 45.7 52.3 58.1
United Kingdom 58.9 63.9 69.3 74.1 78.4 83.1
United States 60.5 66.1 71.1 76.1 81.1 84.8

Table 3: Residential mortgage debt in % of GDP. Source: European Mortgage
Federation Hypostat, 2008.

ments) margin.14

2.2 Rest of the World

Direct evidence on the relaxation of households’ borrowing constraints for countries other than

the U.S. is much more scattered.

The European Mortgage Federation provides some information on housing finance in Europe,

although data on LTV ratios are generally not available. One notable exception is Iceland,

where LTV ratios increased from 65% to 90% in 2003 before going back to 80% in 2006. Iceland

experienced a 60% increase in real house prices between 2001 and 2006, together with one of the

largest deteriorations of the current account (more than 20% as a percentage of GDP) among

Western economies.

The U.K experienced an early wave of mortgage market liberalization at the beginning of the

1980s, when down-payment requirements dropped from 25% to 15% (Ortalo-Magné and Rady,

2004). During that decade, real house prices increased by about 70%.

Outside Europe, Williams (2009) finds evidence that financial liberalizations in the 1980s

and 1990s account for about half of the trend increase in real house prices in Australia over the

period 1972-2006.

More indirect evidence also points in the direction of a large boom in housing finance in

several European countries. Table 3 reports residential mortgage debt as fraction of GDP for a

selected group of countries over the period 2001-2006. Iceland, the U.S. and the U.K. featured

a similar pattern with mortgage debt growing from about 60 to about 80% of GDP or more.

Countries like Spain and Ireland started from lower levels (approximately 30%) but roughly

doubled their shares. Mortgage finance in Greece accounted for a small fraction of GDP (12%)

in 2001 but reached about 30%, close to the level of France, where mortgage finance increased

a more moderate 10% over the sample period.

14Although not explicitly modeled here, the reduction in housing transaction costs provides further evidence in
support of the process of liberalization in real estate financing. See Favilukis, Ludvigson and Van Nieuwerburgh
(2011) for details.
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All these examples of significant growth in mortgage debt contrast with the case of Germany,

where the share of GDP remained roughly constant just above 50%. The increase in mortgage

finance relative to GDP was also small in Japan, from 25% in 1990 to 36% in 2006 (IMF World

Economic Outlook, 2008). Finally, while on the uprise from essentially zero in 1998, mortgage

debt was still a small 10% GDP in China as of 2004 (Jain-Chandra and Chamon, 2010).

Obviously, the boom in mortgage debt can capture several factors, not only financial deregu-

lation. In the case of Spain, for example, the common explanation for the housing boom relies on

factors related to housing demand, such as strong income growth, foreign demand for vacation

homes and immigration flows (Cortina, 2009). Spanish authorities explicitly limited LTV ratios

for securitized mortgages. However, inflated appraisals may have contributed to circumvent

these limits so that higher leverage may have amplified demand shocks (Duca, Muellbauer and

Murphy, 2010).

To summarize, credit market liberalizations have greatly stimulated housing finance. The

evidence is quite clear for the U.S. and is at least suggestive for several other countries that

have experienced contemporaneous house prices booms and current account deficits. Conversely,

countries where the process of financial innovation has been less abrupt have experienced a much

lower degree of house price appreciation and often current account surpluses. The next section

develops a model in which the relaxation of borrowing constraints plays a key role to account

for these facts.

3 An Open Economy Model with Borrowing Constraints

Time is discrete and indexed by t. The world consists of two countries, Home and Foreign, of

equal size. In each country, a continuum of measure one of firms produce a final tradable good

using a labor aggregate as the only factor of production. The representative household in each

country comprises a continuum of measure one of workers who supply differentiated labor inputs

and consume a composite of the tradable goods produced in each country as well as housing

services, which are assumed to be proportional to the fixed housing stock. An endogenous

collateral constraint limits the maximum amount of private credit to a fraction of the expected

value of housing. Goods and labor markets are imperfectly competitive. Prices and wages are

set on a staggered basis. The law of one price holds but home bias in consumption implies that

purchasing power parity is violated. International financial markets are incomplete. The only

asset traded across countries is a one-period nominal risk-free bond denominated in the Home

currency.

This section presents the household and firms’ problems from the perspective of the Home

country. An asterisk denotes foreign variables when relevant.

Household’s Preferences and Constraints

The representative household maximizes

Ut ≡ IEt

{ ∞∑
s=0

βs

[
X1−σ
t+s

1− σ
− 1

1 + ν

∫ 1

0

Lt+s(i)
1+νdi

]}
. (1)
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Per-period utility depends positively on the consumption index Xt and negatively on hours

worked by each member of the representative household Lt(i). The parameter σ > 0 is the

coefficient of relative risk aversion while ν > 0 is the inverse Frisch elasticity of supply of a

specific labor input.

The index Xt combines consumption of goods Ct and housing services Ht with constant

elasticity of substitution ε > 0

Xt ≡
[
ηC

ε−1
ε

t + (1− η)H
ε−1
ε

t

] ε
ε−1

, (2)

where η ∈ (0, 1) represents the share of tradable goods in total consumption.

The tradable bundle Ct combines consumption of goods produced in the Home (Cht) and

Foreign (Cft) country with constant elasticity of substitution γ > 0

Ct ≡
[
α

1
γC

γ−1
γ

ht + (1− α)
1
γC

γ−1
γ

ft

] γ
γ−1

, (3)

where α ∈ [0.5, 1) is the share of domestic tradable goods.15

The budget constraint for the representative household in nominal term is

PhtCht + PftCft +QtHt − Bt ≤
∫ 1

0

Wt(i)Lt(i)di+ Pt +QtHt−1 + Tt − (1 + it−1)Bt−1, (4)

where Pjt is the Home price of good j = {h, f}, Qt is the price of housing, Wt(i) is the wage for

the specific labor input supplied by the ith household member, Pt are profits from ownership of

intermediate goods producers, Tt are lump-sum transfers and it is the net nominal interest rate

on an internationally-traded one-period risk-free debt instrument Bt, denominated in the Home

currency.

Household’s members perfectly pool their consumption risk within each country. The rep-

resentative household can smooth consumption intertemporally by borrowing and lending in

international financial markets, subject to a collateral constraint that depends on the expected

value of housing

(1 + it)Bt ≤ ΘtIEt(Qt+1Ht), (5)

where the borrowing constraint parameter Θt is an exogenous shock with mean Θ and support

over the unit interval. The idea behind the borrowing constraint is that the Foreign household

can only recover a fraction Θt of the collateral in case of default, possibly due to various costs

associated with the bankruptcy process.16

Labor Agencies and Wage Setting

Perfectly competitive labor agencies hire differentiated labor inputs from household members

15If α > 0.5, preferences for tradable goods exhibit home bias. The Foreign tradable bundle places a weight α on
consumption of Foreign tradable goods.

16See, for instance, Kiyotaki and Moore (1997) or Kocherlakota (2000).
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and supply intermediate goods producers with a composite

Lt =

[∫ 1

0

Lt(i)
φw−1
φw di

] φw
φw−1

, (6)

where φw > 1 is the elasticity of substitution among differentiated labor inputs. Profit maxi-

mization gives the demand for the ith labor input

Lt(i) =

[
Wt(i)

Wt

]−φw
Lt, (7)

where Wt is the aggregate wage index implied by the zero profit condition for labor agencies

Wt =

[∫ 1

0

Wt(i)
1−φwdi

] 1
1−φw

.

Household members are monopolistic supplier of their labor inputs and set wages on a

staggered basis. In each period, independently of previous adjustments, the probability of not

being able to reset the wage is ζw. A household member who is able to reset the wage at time

t solves

max
W̃t(i)

IEt

{ ∞∑
s=0

(βζw)s
[
λt+sW̃t(i)Lt+s(i)−

1

1 + ν
Lt+s(i)

1+ν

]}
,

subject to (7) conditional on no further wage changes, where λt is the marginal utility of con-

sumption at time t. Appendix A.1 reports the details on the first order condition and derives

the associated wage Phillips curve.

Firms and Production

Competitive retailers pack intermediate goods according to a constant returns technology

with elasticity of substitution φp > 1

Yht ≡
[∫ 1

0

Yt(h)
φp−1

φp dh

] φp
φp−1

. (8)

Profit maximization gives the demand for the hth good

Yt(h) =

[
Pt(h)

Pht

]−φp
Yht, (9)

where Pht is the aggregate price index for goods produced in the Home country implied by the

zero profit condition for final goods producers

Pht =

[∫ 1

0

Pt(h)1−φpdh

] 1
1−φp

.

All intermediate goods producing firms have access to the same constant return technology
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which uses the labor aggregate Lt as the only factor of production

Yt(h) = ALt, (10)

where A is a constant productivity factor. Intermediate goods producers set prices on a staggered

basis, where ζp is the probability of not being able to adjust the price in the future, independently

of previous adjustments. A firm that can reset its price at time t solves17

max
P̃t(h)

IEt

{ ∞∑
s=0

(βζp)
sλt+s

[
P̃t(h)Yt,t+s(h)−Wt+sLt+s

]}

subject to the technology constraint (10) and to the demand for their product (9) conditional

on no further price changes in the future, which the firm takes as given. Appendix A.1 reports

the details on the first order condition and derives the associated price Phillips curve.

Finally, the stock of housing (land) is assumed to be fixed

Ht = H. (11)

This assumption gives the model a better chance to match the increase of house prices in response

to the financial deregulation experiment described below and, more generally, in response to any

shock that would lead to higher housing demand. In practice, of course, the housing boom was

also accompanied by a large increase in residential investment. However, interpreting housing

as land fits well the evidence in Davis and Heathcote (2007), who find that land prices, rather

than the price of structures, explain the bulk of both trend growth and cyclical house price

fluctuations between 1975 and 2006.

Monetary Policy

The central bank sets the short-term nominal interest rate in response to deviations of

inflation and output from their targets

(1 + it) = (1 + it−1)ρi
[
(1 + i)

(
Πt

Π̃t

)ϕπ (Yht
Ỹht

)ϕy]1−ρi
eεit , (12)

where ρi is the degree of interest rate smoothing, Πt ≡ Pt/Pt−1 is the inflation rate of goods

prices Pt, Π̃t and Ỹht are the targets for inflation and output respectively and εit is an i.i.d.

normal innovation to the interest rate rule with mean zero and standard deviation σi.

3.1 Equilibrium and Steady State

An imperfectly competitive equilibrium for the world economy is a sequence of prices and quan-

tities such that:

17The representative household in each country owns the domestic firms. Therefore, the marginal utility of con-
sumption, i.e. the lagrange multiplier on the budget constraint, is the appropriate measure to convert the value of
future profits in units of current consumption.
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1. The representative household in each country maximizes utility subject to the budget

constraint and the collateral constraint, taking prices as given. Household’s members set

wages on a staggered basis, taking labor demand for their specific labor input as given.

2. Intermediate goods producing firms set prices on a staggered basis to maximize the present

discounted value of profits, taking the demand for their variety as given. Final goods

producing firms minimize costs, taking prices as given.

3. The housing market clears in each country. Goods and financial markets clear internation-

ally.

Appendix A.1 describes the details of the optimization problem of households and firms.

The list of equilibrium conditions is in appendix A.2.

The model admits two types of steady state. If the borrowing constraint is not binding in

either country, a symmetric steady state exists in which all relative prices (those of tradable

goods, the terms of trade and the real exchange rate) are equal to one and foreign debt is zero.

In this steady state, each country is in autarchy and the level of productivity pins down output

(and hence consumption). House prices are equal to the present discounted value of the marginal

utility of housing services while the real return is equal to the inverse of the discount factor.

The unattractive feature of a perfectly symmetric steady state is that, up to a linear ap-

proximation, borrowing constraints are irrelevant for house prices dynamics. Real house prices

Qt ≡ Qt/Pt obey the following forward looking relation

Qt =

(
1− η
η

)(
H

Ct

)− 1
ε

+ βIEt

[(
Xt+1

Xt

) 1
ε−σ (Ct+1

Ct

)− 1
ε

Qt+1

]
+ ΞtΘtIEt (Qt+1) . (13)

The first two terms of the right-hand side of (13) are standard. Real house prices are equal to the

the current marginal utility of housing services in units of marginal utility of consumption plus

the discounted expected value of future house prices. The third term measures the contribution

of the shadow value of the borrowing constraint to current house prices. If the borrowing

constraint is not binding in steady state, the multiplier is equal to zero (Ξ = 0). Therefore, up

to a first order approximation, changes in the LTV ratio Θ would have no effects on real house

prices.

An asymmetric steady state (characterized in appendix A.3) resuscitates a role for borrowing

constraints in affecting house prices dynamics. Even with identical preferences and technologies,

simply imposing that one country’s borrowing constraint is binding is enough to generate an

asymmetric steady state. However, assuming a different degree of patience across countries

provides a more fundamental reason why one country’s steady state borrowing constraint may

be binding. In what follows, the Foreign country representative household is assumed to be

relatively more patient (β∗ > β). This assumption implies that the Foreign country is a net

saver in international financial markets.

Interestingly, the presence of a binding borrowing constraint also solves the problem of

indeterminacy of the net foreign asset position typical of open economy models with incomplete

international financial markets (Schmitt-Grohé and Uribe, 2003). The borrowing constraint at

equality pins down the steady state level of net foreign assets as a function of house prices and
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the real interest rate.

The steady state of a simplified version of the model helps develop the intuition for the main

result. Suppose for a moment the Home country is a small open economy which takes the world

interest rate as given. Further, abstract from nominal rigidities and assume the Home country

receives a fixed endowment of a single consumption good. Finally, preferences are log-separable

in consumption and housing.18 In steady state, the real value of the housing stock in this

economy is

Q =
(1− η)C

η(1− β − ΞΘ)
. (14)

The shadow value of the borrowing constraint introduces a wedge in the consumption Euler

equation

Ξ =
1− βR
R

. (15)

The resource constraint for the simplified economy is

C = Y − (R− 1)B. (16)

Finally, the borrowing constraint at equality requires that debt is equal to a fraction of the

discounted real value of the housing stock

B =
ΘQ

R
. (17)

Holding consumption constant, a permanent increase in the LTV ratio Θ increases the real

value of the housing stock (equation 14). At the same time, a higher LTV ratio increases foreign

debt (equation 17). The increase of real house prices amplifies this mechanism. These two

effects (higher house prices and higher debt) are mitigated by the drop in consumption due

to the fact that higher foreign debt must be eventually paid back by running trade surpluses.

Along the transition, or if the positive shock to the LTV ratio is persistent but not permanent,

consumption initially increases too because higher debt allows agents to spend more resources

both on housing and goods consumption. The mitigating effect of intertemporal solvency on

foreign liabilities kicks in only at a later stage.

4 Quantitative Results

This section discusses the calibration of the parameters and presents the central quantitative

experiment of the paper – a relaxation of the borrowing constraint parameter Θ.

18See Boz and Mendoza (2011) for a quantitative analysis of the dynamics of this economy when agents must learn
the true persistence of the LTV ratio parameter, which follows a two-state Markov process.
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4.1 Calibration

The Foreign discount factor pins down the steady state real return on the internationally traded

asset. A target of 4% for the annualized real return implies β∗ = 0.99. The Home country is a

net borrower in international financial markets because of a lower discount factor (β = 0.98 ).19

The coefficient of risk aversion σ and the inverse Frisch elasticity of labor supply are both

set equal to 2, within the range of common practice in macroeconomics (see, for instance, Hall,

2010). Also standard are the values for the elasticity of substitution among goods and labor

varieties (φp = φw = 11), which are calibrated to match steady state a 10% markup in both

the goods and labor market. The price and wage stickiness parameters are chosen to match an

average duration of price and wage contracts of four quarters (ζp = ζw = 0.75).

The parameters of the goods consumption basket are fairly standard in the international

macroeconomics literature (see, for instance, Obstfeld and Rogoff, 2007). The domestic share of

tradable consumption α is set to 0.7 (home bias). The elasticity of substitution between Home

and Foreign tradable goods γ equals 2.

The intratemporal elasticity of substitution between goods consumption and housing ser-

vices ε is set equal to one. A Cobb-Douglas specification of the aggregator Xt is consistent with

the micro evidence from the Decennial Census of Housing in Davis and Ortalo-Magné (2010),

indicating that expenditure shares on housing are constant over time and across U.S. metropoli-

tan areas.20 The calibration of this parameter is not uncontroversial. Section 6.2 discusses the

robustness of the results to alternative values for this elasticity sometimes used in the literature.

Conditional on the elasticity of substitution, the parameter η is chosen to match a consump-

tion share of total expenditure of about 80%, which is in line with the average for the U.S. from

1929 to 2001 (Piazzesi, Schneider and Tuzel, 2007). The steady state consumption share of total

expenditure in the Home country is21

(
1 +

QH

C

)−1
=

[
1 +

(
1− η
η

)
(H/C)1−

1
ε

1− β − ΞΘ

]−1

In the Cobb-Douglas case, the mapping between η and the consumption share of total expen-

diture is independent of the stock of housing and the steady state level of consumption (except

for the small indirect effect via the steady state Lagrange multiplier Θ). The relative stock of

housing is adjusted so that in steady state the level of house prices in the two countries is the

same.

Based on the evidence in section 2, a steady state borrowing constraint parameter Θ of 70%

seems to characterize quite appropriately the period before credit market deregulation. The

stochastic process for the borrowing constraint is assumed to follow an AR(1) process with

persistence close to one (0.9999) and i.i.d. innovations ∼ N (0, 1). The idea behind a near

unit root process for the LTV ratio is to capture, in a reduced form, the “regime switch” effect

19These values coincide with the assumed discount factors of savers and borrowers in the closed economy model of
Monacelli (2009).

20The Cobb-Douglas specification is the baseline case also in Fernandez-Villaverde and Kruger (2001), who study
life-cycle consumption and portfolio decisions in a quantitative general equilibrium model with borrowing constraints.

21A similar expression holds for the Foreign country, with the difference that Ξ∗ = 0.
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emphasized in Boz and Mendoza (2011). Agents in the model perceive the financial deregulation

process essentially as permanent (i.e. a new regime). This assumption plays a crucial role

for the quantitative results. If agents anticipate that shocks to the borrowing constraint are

mean-reverting, albeit fairly persistent, the boom in house prices becomes about 40% smaller.

Conversely, the consumption boom remains about 90% of the baseline case. As the persistence

of the financial liberalization process declines, agents switch their consumption from durables

(housing) to non-durables (goods).

For simplicity, the steady state value of the terms of trade (and hence of the real exchange

rate and the relative prices of Home and Foreign tradable goods) are normalized to one by

appropriately picking the steady state productivity ratio A/A∗.

Finally, the targets and parameters of the monetary policy rule take fairly conventional

values (e.g. Gaĺı and Gertler, 2007). The inflation target is normalized to zero and the target

for output is its steady state value. The interest rate smoothing parameter ρi is set equal to

0.7. As in Taylor (1993), the response to inflation ψπ equals 1.5 while the response to output

ψy equals 0.5.

4.2 The Effects of Relaxing the Borrowing Constraint

The model is approximated up to the first order about the asymmetric steady state described

in section 3.1. Appendix A.4 lists the system of log-linear equations that characterize the

equilibrium.

The financial deregulation experiment corresponds to a relaxation of the collateral constraint

parameter Θ so that households can borrow a higher fraction of the expected value of their house.

The increase in the LTV ratio occurs gradually over time – a reduced-form approach to capture

the possibility that in reality households slowly “learned” the transition to a new regime of more

relaxed credit standards. The borrowing constraint parameter starts at 70% in the initial steady

state and progressively moves up to 99% over a five-year horizon (2001-2005).22 At its peak,

the borrowing constraint parameter takes more extreme values than the evidence on the median

LTV ratios suggest. However, these extreme values capture the fact that by the end of 2005

the marginal borrowers were mostly in the subprime segment and were often able to obtain a

mortgage with zero down-payments. Additionally, while the model has a stationary population

of households who continuously refinance their loans, in practice high LTVs allowed many new

borrowers who previously could not afford a loan to become homeowners.

Figure 3 shows the results of this experiment for a number of selected variables. A higher

value of Θ corresponds to a higher LTV ratio in the Home country. Because of the financial

deregulation process, households in the Home country can now borrow more. By construc-

tion, borrowing occurs in international financial markets only. Therefore, foreign debt increases

(top-left) and the current account turns negative (middle-left). At the same time, higher lever-

age translates into higher demand for consumption of both goods (middle-right) and housing.

22To obtain a profile of house prices that resembles the data, the borrowing constraint parameter remains at its peak
value for one year (2006) and returns toward its initial steady state over the next five years (2007-2011). The results
are not particularly sensitive to the assumption about the speed of reversion to the initial steady state. Households
perceive changes in the value of the borrowing constraint as permanent due to its near unit root process.
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Because the stock of housing is fixed, house prices absorb the adjustment in full (top-right),

providing the endogenous component to the relaxation of borrowing constraints. As resources

flow into the Home country and the current account turns negative, the real exchange rate

appreciates (bottom-left), while external imbalances are partly mitigated by the increase in the

real interest rate (bottom-right).

The simulation accounts for about 2/3 of the increase in the real FHFA house price index

reported in figure 1 and for almost 1/2 of the deterioration of the U.S. current account between

2001q1 and 2005q4.23 The model generates an almost perfect (-0.98) negative correlation be-

tween house prices and the current account balance. Interestingly, the simulation is also broadly

consistent with two other features of the data before the recent crisis: (i) a level of consumption

well above trend for the entire duration of the house price boom and deterioration of the current

account and (ii) the appreciation of the real dollar against a basket of currency of U.S. trading

partner, at least for the early 2000s.

The main counterfactual feature of the simulation in figure 3 is the behavior of the real

interest rate. In the model, the real interest rate increases because the relaxation of the collateral

constraint stimulates aggregate demand and induces households to anticipate their consumption.

However, all available empirical measures point to a decline in short and long-term real interest

rates during the early 2000s (see, for example, figure 4).24

In the recent literature on global imbalances, the persistent drop in the real interest rate is

a consequence of the “saving glut” that originated in Asian economies after the financial crisis

of the late 1990s (Bernanke, 2005; Caballero, Fahri and Gourinchas, 2008a). A few papers

that investigate the role of lower collateral requirements for the negative correlation between

house prices and current account have also built up on this idea. Favilukis, Ludvigson and Van

Nieuwerburgh (2011) explicitly combine exogenous capital flows from the rest of the world with

a relaxation of borrowing constraints and lower transaction costs. Boz and Mendoza (2011) and

Adam, Kuang and Marcet (2011) justify the use of a small open economy model based on the

idea that saving glut shocks in the rest of the world balance the upward pressure on the real

interest rate deriving from financial deregulation. The next section explores a different (and

potentially complementary) rationale for low real interests at the world level.

5 The Role of Monetary Policy in the U.S. and Abroad

The financial deregulation process that started in the U.S. starting in the late 1990s, and that

gained full traction during the first half of the 2000s, can account for the strong negative cor-

relation between house prices and the current account. However, this explanation implies a

counterfactual path for the real interest rate. The global saving glut hypothesis, either in iso-

lation or in conjunction with other stories, provides one rationale for the low real interest rates

observed in the data. This section investigates the role of monetary policy as an alternative

23To the extent that house prices in the model reflect the value of land, the increase generated in the simulation
is consistent with the finding in Davis and Heathcote (2007) that the value of land, and not the value of structures,
accounts for most of the run up in house prices observed in the data.

24One caveat is that part of this decline may be attributable to a longer trend (see Ferrero, 2010).
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Figure 3: Simulated path of selected variables in response to a temporary change
in the borrowing constraint parameter Θ from 70% to 99% over five years.
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Figure 4: The short-term real rate is the nominal yield on a 1-year T-bill minus ex-
pected inflation from the Survey of Professional Forecasters. TIPS are U.S. Treasury
Inflation Protected Securities that pay a given interest rate (the implied real interest
rate) plus the realized CPI.
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mechanism that keeps world real rates low.

The basic idea is that, if inflation expectations are well-anchored, a central bank that sets the

nominal interest rate essentially controls the real rate. Some observers (most notably Taylor,

2008) have argued that the Federal Reserve, as well as central banks in other countries, kept

nominal interest rates artificially low for too long after the 2001 recession. According to this

interpretation, monetary policy shocks may have contributed to stimulate demand beyond what

would be normally considered appropriate according to a standard interest rate rule (Taylor,

1993). Therefore, monetary policy may be responsible not only for low interest rates but also

for generating the boom in house prices and contributing to the deterioration of the current

account.

While the role of the dollar as a reserve currency may justify the prominent role of U.S.

monetary policy in influencing the world real interest rate, overly accommodative U.S. monetary

policy alone may not be enough to keep the world real interest rate low for a prolonged period.

One notable feature of the late 1990s and early 2000s period is that several emerging market

economies (which also financed the U.S. current account deficit) were pegging their nominal

exchange rate to the dollar, thus effectively importing U.S. monetary policy. In this environment,

low U.S. interest rates spread globally as pegging countries lose their control on domestic interest

rates.25 The question then becomes whether foreign exchange rate pegs have exacerbated the

magnitude of the adjustment due to domestic (U.S. regulatory and monetary policy) factors.

The next two sections formalize these ideas in the context of the model.

5.1 Easy U.S. Monetary Policy

Figure 5 compares the effective Federal Funds Rate (FFR) in blue with the nominal interest

rate predicted by a standard interest rate rule (Taylor, 1993), similar to the linearized version

of equation (12) in the model

it = ρiit−1 + (1− ρi)(ψππt + ψyyht) + εit, (18)

where it is the effective FFR, πt is the year-over-year CPI inflation rate and yt is the deviation

of real GDP from potential output as measured by the CBO. The difference between the red

line and the green line is the value of the smoothing parameter ρi, which is set equal to zero in

first case and equal to 0.7 as in the baseline calibration in the second case.

Figure 5 captures the essence of the criticism in Taylor (2008). Between 2001 and 2005, U.S.

monetary policy was excessively accommodating compared to the prescriptions of an interest

rate rule that characterized well monetary policy in the previous two decades. According to this

view, easy monetary policy is a primary suspect for the house price boom.

The U.S. is not the only country with significant deviations from a standard monetary

policy rule. Taylor (2008) presents evidence on the correlation between housing investment and

deviations from a Taylor rule among European countries.26 Countries that have experienced the

25Countries can retain some control on domestic monetary policy while pegging their exchange rate by imposing
restrictions on foreign capital flows, as in the case of China.

26Deviations from the Taylor rule differ among Euro countries because inflation and output gaps are country-
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Figure 5: Effective Federal Funds Rate (blue line) and nominal interest rate pre-
dicted by a Taylor rule with (green line) and without (red line) smoothing.

largest deviations have also the highest changes in housing investment as percentage of GDP.

These countries are also the very same with a high correlation between house price and current

account changes during the period 2001-2006.

One limitation of this argument is that the correlation between the departures from a stan-

dard Taylor rule and house price appreciation in the cross section is much weaker than for

residential investment (Bernanke, 2010). While this evidence may question the importance of

easy monetary policy in causing the housing boom, low interest rates may still play an im-

portant role as an amplification mechanism (Adam, Kuang and Marcet, 2011). Furthermore,

combining a relaxation of borrowing constraints with an easy monetary policy stance allows for

a quantitative evaluation of the relative importance of these two potential explanations for the

boom in house prices and the deficit on the current account.

Figure 6 compares the baseline financial deregulation experiment (dashed red line) with a

simulation (continuous blue line) that combines the relaxation of borrowing constraints with the

monetary policy shocks calculated as departures of the effective FFR from the prescriptions of

(18).27

The figure highlights how little monetary policy shocks contribute to house price appreciation

and the deterioration of the current account. The process of financial deregulation remains the

driving force. Monetary policy shocks, however, play an important role in the dynamics of

consumption, the real interest rate and the real exchange rate. Because inflation expectations

specific.
27For consistency between model and data, the series of monetary policy shocks is calculated using (18) with

ρi = 0.7.
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Figure 6: Simulated path of selected variables in response to the baseline change in
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22



are anchored (the systematic part of the monetary policy rule is unchanged), low nominal rates

translate into low real rates (bottom-right panel) which stimulate consumption on top of the

boost provided by the financial deregulation process. The depreciation of the real exchange

rate largely reflects the depreciation of the nominal exchange rate induced by the expansionary

monetary policy shocks in the Home country.

The limited role of monetary policy shocks in accounting for the correlation between house

prices and the current account is even more strikingly visible from figure 7, that compares the

simulation with both LTV and monetary policy shocks (continuous blue line) against a simula-

tion with monetary shocks only (dashed red line). At a qualitative level, easy monetary policy

does generate a negative correlation between house prices and the current account, although

significantly smaller than in the data (equal to -0.29). The magnitudes of the changes in each of

the variables, however, are negligible. House prices increase slightly more than 2% at the peak

while the maximum current account deficit is 0.2%. Conversely, monetary policy shocks lead to

a much larger boom in consumption than in the baseline experiment.

Another limitation of considering only monetary policy shocks as the main driver of the

adjustment process is the unequivocal depreciation of the real exchange rate. This feature

characterizes, except for few periods, also the simulation that combines monetary policy and

LTV shocks. The intuition is simple. As monetary policy becomes excessively accommodative

in the U.S., the real value of the dollar tends to depreciate due to the uncovered exchange

rate parity condition. To the extent that in the data such a relation is systematically violated,

this model confronts the same issue as the vast majority of open economy macroeconomic

frameworks. This problem, however, will not be present in the next section where the Foreign

country is assumed to peg its exchange rate to the Home currency.

5.2 Foreign Exchange Rate Pegs

One important feature of the international monetary system since the early 2000s is the fact that

many emerging economies, mostly in East Asia (and most notably China) have pegged their

exchange rate to the U.S. dollar. Dooley, Folkerts-Landau and Garber (2008) have called this

extensive peg arrangement “Bretton Woods II”. In their view, pegged exchange rates among fast-

growing, export-oriented economies are responsible for the large external imbalances between

the U.S. and the rest of the world.

The intuition is that pegged exchange rates keep foreign currencies significantly below their

true market value, hence stimulating exports and growth abroad. From the perspective of the

emerging economies, the peg may be a reasonable policy. The consequence for the U.S., however,

has been a series of widening current account deficits. For the purpose of this paper, the key

question is how much foreign exchange rate pegs have contributed to exacerbate the boom in

house prices generated by the financial liberalization process.

Figure 8 compares the simulation with LTV and monetary policy shocks under a flexible

exchange rate as in the previous section (continuous blue line) with the case (dashed red line)

in which the monetary authority of country F follows an exchange rate peg (Et = E).

The fixed exchange rate arrangement in the rest of the world does not change the dynamics
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Figure 7: Simulated path of selected variables in response to the baseline change in
the borrowing constraint parameter combined with monetary policy shocks derived
from the Taylor rule (continuous blue line). The dashed red line corresponds to the
monetary policy shocks only.
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Figure 8: Simulated path of selected variables in response to the baseline change in
the borrowing constraint parameter combined with monetary policy shocks derived
from the Taylor rule under flexible (continuous blue line) and fixed (dashed red line)
exchange rates.
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of house prices and the current account. The real interest rate, however, substantially drops by

about 4% at the trough. This magnitude is fairly consistent with the data (compare with the

top panel of figure 4). Similarly, the real exchange rate significantly appreciates, roughly by 3%.

The appreciation of the real exchange rate limits the consumption boom, especially during the

two years of the simulation.

A pure peg in the rest of the world may be an extreme characterization of the true interna-

tional system of exchange rates. A perhaps more realistic approach would be to assume that

the Foreign country Taylor rule places a non-zero weight on the depreciation of the nominal

exchange rate

i∗t = ρii
∗
t−1 + (1− ρi)(ψππ∗t + ψyyft)− ψe∆et + ε∗it,

with ψe > 0. In this case, not surprisingly, an intermediate adjustment would obtain. For

example, if ψe = 3, both the appreciation of the real exchange rate and the drop in the real

interest rate are 1% smaller than in the case of a pure peg, while the increase in consumption

is about 1% bigger.

All in all, assuming the Foreign country pegs its nominal exchange rate to the Home currency

(whether fully or partially) helps the model align better with the data in terms of the behavior of

the real interest rate and of the real exchange rate, without substantially affecting the dynamics

of house prices and the current account.

5.3 Implications for Inflation and Output

Most of the analysis so far has focused on the evolution of international variables, such as the

current account and the real exchange rate, and asset prices, such as house prices and the real

interest rate. Because monetary factors (shocks and exchange rate regime) play an important

role for the results, this section discusses some implications for domestic variables, such as

inflation and output, which are at the core of the Federal Reserve’s mandate.

5.3.1 Inflation

An important aspect of the period 2000-2005 is the behavior of inflation. Part of the reason

why the Federal Reserve decided to keep nominal interest rates low for “a considerable period”

was the deflationary scare of 2001, when year-over-year headline CPI inflation declined from

3.4% to 1.2% within twelve months. If monetary policy was indeed overly accommodative, the

excessive stimulus could have induced inflation to take off. In the data, inflation remained well

contained, moving from the lows of late 2001 back up to 3% over the course of the next four

years.

Figure 9 shows that the simulation produces a path of inflation fairly consistent with the

data, except for the disinflationary pressures that are not part of the model. Over the five-year

horizon of the simulation, CPI inflation rises between 1 and 1.5% on an year-over-year basis.28

28Before the financial deregulation experiment inflation is assumed to be at its steady state value. Therefore,
year-over-year inflation equals zero for the first three quarters of the simulation.
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Figure 9: Year-over-year percentage change of headline Consumer Price Index In-
flation in the data (top) and in the model (bottom) under flexible exchange rates
(continuous blue line) and under foreign peg (dashed red line).
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Figure 10: Home country output in the model (financial deregulation experiment
under Foreign peg) when the central bank responds to house price appreciation ac-
cording to rule (19).

Under flexible exchange rates, the increase progressively continues after the initial spike as a

consequence of the expansionary monetary policy shocks and the depreciation of the exchange

rate. Conversely, if the Foreign country pegs its nominal exchange rate to the Home currency,

domestic CPI stabilizes around 1% after the initial increase. The peg prevents the nominal

exchange rate from depreciating, thus moderating the increase in inflation.

5.3.2 Output

A second implication for domestic variables is related to the potential response of monetary

policy to asset prices. Whether central banks should set interest rates taking into account

exchange rate or stock market movements has been the subject of a long-standing debate. The

consensus before the recent financial crisis, both among academics and policymakers, had been

that monetary policy acts more effectively by “mopping after the fact” (Bernanke and Gertler,

2001; Greenspan, 2002).29 The crisis has led several observers to reconsider the consensus (see,

for example, Rudebusch (2005) for an early dissenting argument). Perhaps, the Federal Reserve

could have prevented the excessive house price appreciation of the first half of the 2000s by

increasing the FFR early on.

A simple approach to evaluate this hypothesis is to augment the baseline interest rate rule

29Albeit dominant, this view was far from universal even before the recent crisis. See, for instance, Roubini (2006)
and the references therein.
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(12) with a response to house price appreciation

it = ρiit−1 + (1− ρi)(ψππt + ψyyht) + ψq∆qt + εit, (19)

with ψq > 0. As house prices rise, the central bank hikes the nominal interest rate. Besides

the standard channel, the monetary contraction makes debt more costly for households, hence

dampening the increase in debt.

Consider the same financial deregulation experiment as in the original simulation, hence

abstracting from any expansionary monetary policy shocks. Suppose further the central bank

in the Home country follows the modified interest rate rule (19) while the Foreign country pegs

its nominal exchange rate to the domestic currency. The rest of the model remains unchanged.

The feedback parameter ψq is chosen so that the maximum tolerated increase in house prices is

10%, half of the increase absent any response.

Figure 10 shows the behavior for output in this case. Clearly, monetary policy is contrac-

tionary enough to eventually induce a recession. The consequences of the central bank response

to house prices are even more dramatic for inflation, which becomes substantially negative.30

6 Robustness

This section shows that the results are robust to variations in a number of parameters of par-

ticular interest.

6.1 The Role of Nominal Rigidities

The negative correlation between house prices and the current account does not rely on the

presence of nominal rigidities. These two variables largely reflect real forces that are independent

of whether prices and wages are sticky or not. Nominal rigidities, however, do play a role in

the adjustment of consumption, output and inflation. This result is intuitive. By limiting the

adjustment of prices and wages to the financial deregulation experiment, nominal stickiness

leads to a boom in aggregate demand which translates into higher consumption and domestic

production.

Figure 11 compares the evolution of consumption, output and inflation in the Home country

under the baseline financial deregulation experiment with (continuous blue line) and without

(dashed red line) nominal rigidities. The consumption boom discussed earlier essentially disap-

pears when prices and wages are fully flexible. Absent nominal rigidities, the higher volatility

in prices and wages reduces the need for changes in real quantities. In this case, output in

country H actually falls because Home goods become more expensive much faster. As a result,

the increase in inflation becomes non-negligible.

Interestingly, this simulation also highlights how the deviations of inflation from trend dis-

cussed in the previous section and illustrated in the bottom panel of figure 9 almost entirely

depend on monetary shocks. The model, therefore, attributes a very clear-cut role to financial

30One caveat is that the price index considered here to calculate headline inflation puts no weight on house prices.

29



0 10 20
0

0.5

1
Consumption

%
 ∆

 fr
om

 s
.s

.

0 10 20
−0.5

0

0.5
Output

0 10 20
0

0.5

1

1.5
CPI Inflation

Quarters

%
 ∆

 fr
om

 s
.s

.

 

 

Sticky
Flexible

Figure 11: Home country consumption (top-left), output (top-right) and headline
CPI inflation (bottom-left) in response to the baseline financial deregulation exper-
iment when prices and wages are sticky (continuous blue line) and flexible (dashed
red line).

deregulation in explaining the boom in house prices and the current account deficits, and to

monetary policy in explaining the increase in inflation.

6.2 Goods and Housing: Complements or Substitutes?

As mentioned earlier, the value of the elasticity of substitution between consumption of goods

and housing services is the subject of an open debate. While several papers have adopted

a Cobb-Douglas specification (i.e. an elasticity equal to one) like in the baseline calibration,

values both higher and lower than one have been used.

Piazzesi, Schneider and Tuzel (2007) argue that a Cobb-Douglas formulation for Xt may be

too restrictive. Using annual U.S. data since 1929, these authors show that the non-housing

share of total consumption is not constant, although its volatility is fairly low. Their calibration

focuses on values of ε slightly bigger than one, consistent with the estimates in Ogaki and

Reinhart (1998) that lie in the 95% confidence interval [1.04, 1.43].

At the opposite end of the spectrum, Lustig and Van Nieuwerburgh (2004) need a low value

of the intertemporal elasticity to match the volatility of U.S. rental prices in an asset pricing

model with housing collateral. These authors choose a benchmark is ε = 0.05 and explore values

up to 0.75.

Figure 12 repeats the baseline experiment for values of the elasticity equal to 0.05 (dashed

green line), 1 (continuous blue line – the benchmark calibration) and 1.5 (dashed-dotted red line).
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An elasticity higher than one, at the upper bound of the confidence interval in the estimates

of Ogaki and Reinhart (1998), does not produce significant differences compared to the Cobb-

Douglas benchmark calibration. Some differences are evident if the elasticity of substitution is

very small, in line with the value in Lustig and Van Nieuwerburgh (2004). A low elasticity of

substitution generates a smaller initial increase in house prices. The house price boom, however,

continues well after the financial deregulation process is over (about ten quarters). In this case,

house prices rise by 40% at the peak. The deterioration of the current account is also larger,

in spite of a smaller increase in consumption. The reason is that domestic output falls, due to

the larger appreciation of the real exchange rate. Finally, a further consequence of the more

moderate behavior of consumption is the modest rise in the real interest rate.

The bottom line is that the results are quite robust to alternative values of the elasticity of

substitution between consumption of goods and housing services, a fairly controversial parameter

in the literature. If anything, low values of this elasticity generate larger quantitative effects of

financial deregulation on house prices and the current account than in the baseline calibration

and limit the counterfactual increase in the real interest rate.

6.3 Other Parameters

The results are also robust to changes in several other parameters. For example, changes in

the elasticity of substitution between Home and Foreign goods γ are almost irrelevant for the

dynamics.

Lower degrees of relative risk aversion σ imply more responsiveness of Foreign consumption

to domestic financial liberalizations (and vice versa). Interestingly, however, Home consumption

is much less sensitive to changes in this parameter. For the Home country, the wedge in the

Euler equation introduced by the borrowing constraint absorbs most of the adjustment. The

other variables are almost unaffected by different calibrations of this parameter.

Changes in the inverse Frisch elasticity of labor supply ν matter, mostly for inflation, if

this parameter takes a relatively low value (e.g. close to one). In this case, domestic inflation

in both countries becomes more sensitive to the financial deregulation experiment because the

wealth effect associated with the shock reduces labor supply, thus increasing firms marginal

costs. Remember, however, that in the absence of monetary policy shocks, the inflationary

consequences of relaxing LTV ratio are modest. The dynamics of house prices and the current

account coincide with the baseline case.

Values of the share of domestic consumption goods α in the range [0.6, 0.8] also do not sub-

stantially alter the main picture. Again, the evolution of house prices and the current account in

response to the baseline financial deregulation experiment is unchanged. Domestic consumption

responds more the higher home bias is. Consequently, the real interest rate increases more and

the appreciation of the Home currency is larger. When home bias is large, the Home country

experiences some deflationary pressures, partly driven by the appreciation of the domestic cur-

rency. Additionally, the high degree of home bias implies that the consumption boom induced

by the relaxation of borrowing constraints mostly pertains to domestic goods. The monetary au-

thority leans against the higher demand increasing the nominal interest rate. As a consequence,
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domestic inflation falls in response to the more aggressive response of monetary policy.

7 Conclusions

A relaxation of borrowing constraints, in the form of lower collateral requirements, can explain

a significant fraction of the increase in U.S. house prices and, at the same, give rise to substan-

tial external imbalances. This explanation rationalizes the negative correlation between house

prices and current account balances in the U.S. and in several other developed and developing

economies. The counterfactual implication of this story, however, is that financial deregulation

shocks lead the real interest rate to increase, contrary to the data. The two empirical observa-

tions, negative correlation between house prices and current account and low real rates, can be

reconciled by considering accommodative monetary policy shocks as departures of the nominal

interest rate from a conventional monetary policy rule. An exchange rate regime based on for-

eign pegs to the dollar exports U.S. monetary policy to the rest of the world, amplifying the

effect of domestic shocks.

Except for the role of Foreign exchange rate pegs, this explanation of house prices booms

and current account deficits has its origins in U.S. policies. This approach contrasts with recent

explanations based on the idea of a foreign saving glut. The two theories are not mutually

exclusive. If interpreted as a preference shock (more patient Foreign households), the Foreign

saving glut has the effect of further depressing the real interest rate, thus strengthening the

mechanism at play in this paper. A more structural interpretation of the Foreign saving glut

phenomenon would require explicit modeling of the securitization process that generates safe

assets in the U.S. but not elsewhere. Nevertheless, even in this case, the effects of financial flows

from the rest of world would likely amplify the consequences of looser borrowing constraints and

monetary policies in the Home country.
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A Optimality, Equilibrium, Steady State and Approxima-

tion

This appendix presents details on the derivation of the optimality conditions for the Home

country representative households and firms, lists the equilibrium conditions, briefly discusses

the asymmetric steady state and finally provides the first order approximation of the system of

equations that characterizes the equilibrium.

Given the assumption of a representative household in each country, borrowing and lending

occurs in equilibrium only at the international level. In what follows, the borrowing constraint

is always assumed to bind for the Home economy and never for the Foreign economy.

A.1 Optimality Conditions for Households and Firms

Cost Minimization

Expenditure minimization determines the allocation of total consumption between Home

and Foreign tradable goods as a function of their relative prices and total demand. Formally,

the problem is

PtCt = min
Cht,Cft

PhtCht + PftCft,

subject to (3). The first order conditions for this problem are

Cht = α

(
Pht
Pt

)−γ
Ct and Cft = (1− α)

(
Pft
Pt

)−γ
Ct, (20)

where the resulting price of the aggregate consumption bundle Pt is

Pt =
[
αP 1−γ

ht + (1− α)P 1−γ
ft

] 1
1−γ

. (21)

Final goods producers are perfectly competitive. Their cost minimization problem generates

the demand for intermediate goods. The problem for these firms is

PhtYht = min
Yt(h)

∫ 1

0

Pt(h)Yt(h)dh,

subject to (8). The first order condition for this problem is

Yt(h) =

[
Pt(h)

Pht

]−φp
Yht, (22)

where the implied price index of the tradable bundle Pht is

Pht =

[∫ 1

0

Pt(h)1−φpdh

] 1
1−φp

. (23)
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Labor agencies are also perfectly competitive. Their cost minimization problem generates

the demand for differentiated labor inputs. The problem for these firms is

WtLt = min
Lt(i)

∫ 1

0

Wt(i)Lt(i)di,

subject to (6). The first order condition for this problem is

Lt(i) =

[
Wt(i)

Wt

]−φw
Lt, (24)

where Wt is the implied aggregate wage index

Wt =

[∫ 1

0

Wt(i)
1−φwdi

] 1
1−φw

. (25)

Utility Maximization

The representative household maximizes utility (1) subject to the budget constraint (4)

and the borrowing constraint (5). Let βtλt and βtλtΞt be the lagrange multipliers on the

two constraints. Workers operate in monopolistic competition taking the demand for their

generic labor input as given. Therefore, equation (24) becomes an additional constraint for the

household problem.

The first order condition for consumption is

ηX
1
ε−σ
t C

− 1
ε

t − λtPt = 0. (26)

The first order condition for housing services is

(1− η)X
1
ε−σ
t H

− 1
ε

t − λtQt + βIEt(λt+1Qt+1) + λtΞtΘtIEt(Qt+1) = 0. (27)

The first order condition for debt is

λt − β(1 + it)IEt(λt+1)− λtΞt(1 + it) = 0. (28)

Wages are set on a staggered basis (Calvo, 1983). The probability of not being able to adjust

the wage is ζw. The optimality condition for a worker who is able to adjust the wage at time t

is

IEt

{ ∞∑
s=0

(βζw)sLt+s(i)

[
λt+sW̃t(i)−

φw
φw − 1

Lt+s(i)
ν

]}
= 0, (29)

where W̃t(i) is the optimal reset wage at time t conditional on no future adjustments. Using

the labor demand equation (69) and the expression for the marginal utility of consumption (26)
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into the previous expression yields

IEt


∞∑
s=0

(βζw)s

ηX 1
ε−σ
t+s C

− 1
ε

t+s

(
W̃t(i)

Wt+s

)−φw
W̃t(i)Lt+s
Pt+s

− φw
φw − 1

(
W̃t(i)

Wt+s

)−φw(1+ν)

L1+ν
t+s

 = 0.

(30)

Equation (30) can be rearranged as to express the relative wage of type i as a function of the

ratio between the present discounted value of the marginal disutility of labor and the present

discounted value of the real wage in units of marginal utility of consumption[
W̃t(i)

Wt

]1+φwν
=
Kwt

Fwt
. (31)

The terms on the right-hand side of the last expression can be written recursively as

Kwt =
φw

φw − 1
L1+ν
t + βζwIEt

[
(Πwt+1)

φw(1+ν)
Kwt+1

]
(32)

and

Fwt = ηX
1
ε−σ
t C

− 1
ε

t

WtLt
Pt

+ βζwIEt

[
(Πwt+1)

φw−1 Fwt+1

]
, (33)

where Πwt ≡ Wt/Wt−1 represents wage inflation. Expressions (31)-(33) show that the optimal

choice of household members who optimally reset their wage in any given period is a function of

aggregate variables only. Therefore, in a symmetric equilibrium, all household members who are

able to reset their wage at time t make the same choice, i.e. W̃t(i) = W̃t. The aggregate wage

index (25) can then be rewritten as to link the optimal reset relative wage to wage inflation

ζw (Πwt)
φw−1 + (1− ζw)

(
W̃t

Wt

)1−φw

= 1. (34)

Using the first order condition for consumption (26), the first order conditions for housing

services (27) becomes

Qt =
1− η
η

(
Ht

Ct

)− 1
ε

+ βIEt

[(
Xt+1

Xt

) 1
ε−σ (Ct+1

Ct

)− 1
ε

Qt+1

]
+ ΞtΘtIEt (Πt+1Qt+1) , (35)

where Qt ≡ Qt/Pt defines real house prices. Equation (35) consists of a standard part, according

to which real house prices are equal to the marginal utility of housing services in units of marginal

utility of consumption plus expected discounted future house prices, and a second part which

measures the contribution of the borrowing constraint via the shadow price Ξt.

Similarly, using again the first order condition for consumption (26), the first order condition
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for debt (28) becomes

(1 + it)Ξt = 1− β(1 + it)IEt

[(
Xt+1

Xt

) 1
ε−σ (Ct+1

Ct

)− 1
ε 1

Πt+1

]
. (36)

Equation (36) shows that the shadow price Ξt represents a wedge in the standard consumption

Euler equation due to the borrowing constraint.

No Arbitrage

The representative household in the Foreign country solves the same maximization problem

with one substantial difference. While the Foreign representative household can purchase Home

debt, Foreign debt only circulates domestically. No arbitrage then implies the consumption-

based uncovered interest parity condition

IEt

{(
X∗t+1

X∗t

) 1
ε−σ (C∗t+1

C∗t

)− 1
ε 1

Π∗t+1

[
(1 + i∗t )− (1 + it)

Et
Et+1

]}
= 0, (37)

where Et is the nominal exchange rate, defined as the price in Home currency of one unit of

Foreign currency. Because of the representative household assumption, Foreign debt is in zero

net supply in equilibrium. Additionally, the Foreign country is assumed to be a net saver in

international financial markets so that the Foreign borrowing constraint to never bind (Ξ∗t = 0,

∀t).

Profit Maximization

The optimality condition for a firm able to adjust its price at time t is

IEt

{ ∞∑
s=0

(βζp)
sλt+sYt+s(h)

[
P̃t(h)−

(
φp

φp − 1

)
Wt+s

A

]}
= 0. (38)

Using the demand for intermediate goods (22) and the expression for the marginal utility of

consumption (26) into the previous expression yields

IEt


∞∑
s=0

(βζp)
sX

1
ε−σ
t+s C

− 1
ε

t+s

[
P̃t(h)

Pht+s

]−φp
Yht+s
Pt+s

[
P̃t(h)−

(
φp

φp − 1

)
Wt+s

A

] = 0. (39)

As for wages, equation (39) can be rearranged as to express the optimal reset relative price of

variety h as a function of the ratio between the present discounted value of the real marginal

cost and the present discounted value of the real marginal revenues[
P̃t(h)

Pht

]
=
Kpt

Fpt
. (40)

The terms on the right-hand side of the last expression can be written recursively as

Kpt =
φp

φp − 1
X

1
ε−σ
t C

− 1
ε

t

WtYht
APt

+ βζpIEt

[
(Πht+1)

φp Kpt+1

]
(41)
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and

Fpt = X
1
ε−σ
t C

− 1
ε

t

PhtYht
Pt

+ βζpIEt

[
(Πht+1)

φp−1 Fpt+1

]
. (42)

Expressions (40)-(42) show that the optimal choice of firms who reset their price in any given

period is a function of aggregate variables only. Therefore, in a symmetric equilibrium, all firms

that reset their price at time t make the same optimal choice, i.e. P̃t(h) = P̃t. The aggregate

price index (23) can be rewritten as to link the relative price of variety h to price inflation

ζp (Πht)
φp−1 + (1− ζp)

(
P̃t
Pht

)1−φp

= 1, (43)

where Πht ≡ Pht/Pht−1 represents domestic inflation.

Market Clearing

The law of one price holds for tradable goods

Pht = EtP ∗ht. (44)

Home bias, however, implies that purchasing power parity does not hold (i.e. Pt 6= EtP ∗t ).

Final goods producing firms sell their products in the Home and Foreign market. Goods

market clearing requires

Yht = Cht + C∗ht = α

(
Pht
Pt

)−γ
Ct + (1− α)

(
P ∗ht
P ∗t

)−γ
C∗t , (45)

where the second part of (45) uses (20) and its Foreign country counterpart.

As mentioned, the housing stock is fixed in both countries

Ht = H and H∗t = H∗. (46)

Market clearing for financial assets requires

Bt + B∗t = 0, (47)

where B∗t represents Foreign country holdings of international debt.

A.2 Equilibrium

The goods market equilibrium pins down Home and Foreign consumption as a function of relative

prices and the real exchange rate (St ≡ EtP ∗t /Pt)

Yht =

(
Pht
Pt

)−γ
[αCt + (1− α)Sγt C

∗
t ]. (48)
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The Foreign country counterpart of the last equation is

Yft =

(
P ∗ft
P ∗t

)−γ [
(1− α)S−γt Ct + αC∗t

]
. (49)

Real house prices are

Qt =
1− η
η

(
H

Ct

)− 1
ε

+ βIEt

[(
Xt+1

Xt

) 1
ε−σ (Ct+1

Ct

)− 1
ε

Qt+1

]
+ ΞtΘtIEt (Πt+1Qt+1) , (50)

The Foreign counterpart of equation (50) is

Q∗t =
1− η
η

(
H∗

C∗t

)− 1
ε

+ β∗IEt

[(
X∗t+1

X∗t

) 1
ε−σ (C∗t+1

C∗t

)− 1
ε

Q∗t+1

]
. (51)

Differently from the Home economy, the borrowing constraint never binds in the Foreign country,

therefore Ξ∗t = 0 at all times.

The borrowing constraint (5) pins down the stock of internationally-traded real debt Bt ≡
Bt/Pt

(1 + it)Bt = ΘtIEt(Qt+1HΠt+1). (52)

The shadow price of the borrowing constraint is

(1 + it)Ξt = 1− β(1 + it)IEt

[(
Xt+1

Xt

) 1
ε−σ (Ct+1

Ct

)− 1
ε 1

Πt+1

]
. (53)

No arbitrage pins down the return in international financial markets

IEt

[(
X∗t+1

X∗t

) 1
ε−σ (C∗t+1

C∗t

)− 1
ε
(

1 + i∗t
Π∗t+1

− 1 + it
Πt+1

St
St+1

)]
= 0, (54)

while the Euler equation for the Foreign country pins down the return in the Foreign country

1 = β∗(1 + i∗t )IEt

[(
X∗t+1

X∗t

) 1
ε−σ (C∗t+1

C∗t

)− 1
ε 1

Π∗t+1

]
. (55)

The wage determination process yields a non-linear wage Phillips curve, which combines the

optimal choice of household members who reset their wage in any given period and their mass

with the aggregate wage index

(
1− ζwΠφw−1

wt

1− ζw

) 1+φwν
1−φw

=
Kwt

Fwt
. (56)

According to expression (56), wage inflation Πwt ≡ Wt/Wt−1 is a non-linear function of the
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present discounted value of the marginal disutility of labor Kwt

Kwt =
φw

φw − 1
L1+ν
t + βζwIEt

[
(Πwt+1)

φw(1+ν)
Kwt+1

]
(57)

and of the present discounted value of the real wage in units of marginal utility of consumption

Fwt

Fwt = ηX
1
ε−σ
t C

− 1
ε

t

WtLt
Pt

+ βζwIEt

[
(Πwt+1)

φw−1 Fwt+1

]
. (58)

Price setting decisions yield a non-linear price Phillips curve, which combines the optimal

choice of firms who reset their price in any given period and their mass with the price index for

domestic tradable goods

(
1− ζpΠ

φp−1
ht

1− ζp

) 1
1−φp

=
Kpt

Fpt
. (59)

According to expression (59), inflation in the domestic tradable good sector Πht ≡ Pht/Pht−1 is

a non-linear function of the present discounted value of real marginal costs Kpt

Kpt =
φp

φp − 1
X

1
ε−σ
t C

− 1
ε

t

WtYht
APt

+ βζpIEt

[
(Πht+1)

φp Kpt+1

]
(60)

and of the present discounted value of real marginal revenues

Fpt = X
1
ε−σ
t C

− 1
ε

t

PhtYht
Pt

+ βζpIEt

[
(Πht+1)

φp−1 Fpt+1

]
. (61)

In each country, the central bank determines the inflation rate via the interest rate rule

(1 + it) = (1 + it−1)ρi
[
(1 + i)

(
Πt

Π̃t

)ϕπ (Yht
Ỹht

)ϕy]1−ρi
eεit , (62)

and

(1 + i∗t ) = (1 + i∗t−1)ρi

[
(1 + i)

(
Π∗t
Π̃∗t

)ϕπ (Yft
Ỹft

)ϕy]1−ρi
eε

∗
it , (63)

The law of motion of foreign debt (from the resource constraint) pins down the relative price

−Bt = − (1 + it)Bt−1
Πt

+

(
Pht
Pt

)
Yht − Ct. (64)

The world resource constraint pins down the real exchange rate(
Pht
Pt

)
Yht +

(
P ∗ft
P ∗t

)
StYft = Ct + StC

∗
t . (65)
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Equations (71) to (65) characterize the equilibrium in terms of domestic relative prices and

the real exchange rate. The terms of trade (Tt ≡ Pft/Pht = P ∗ft/P
∗
ht) link domestic relative

prices in the two countries

(
Pht
Pt

)−(1−γ)
= α+ (1− α)T 1−γ

t and

(
P ∗ft
P ∗t

)−(1−γ)
= α+ (1− α)T −(1−γ)t (66)

Finally, first-differencing the definition of the real exchange rate allows to pin down the

nominal exchange rate

St
St−1

=
Et
Et−1

Π∗t
Πt
. (67)

A.2.1 Flexible Prices and Wages

If wages are flexible (ζw → 0), the optimal labor supply decision implies that the real wage

equals the marginal disutility of labor in units of marginal utility of consumption

Wt

Pt
=

(
φw

φw − 1

)
Lνt

ηX
1
ε−σ
t C

− 1
ε

t

. (68)

On the firm side, if prices are flexible (ζp → 0), optimality implies

Pht =

(
φp

φp − 1

)
Wt

A
. (69)

Therefore, equilibrium in the labor market requires

Pht
Pt

=
ΦLνt

ηAX
1
ε−σ
t C

− 1
ε

t

, (70)

or

Pht
Pt

=
ΦY νht

ηA1+νX
1
ε−σ
t C

− 1
ε

t

, (71)

where the last equation makes use of the production function to eliminate labor and

Φ ≡
(

φw
φw − 1

)(
φp

φp − 1

)
.

Similarly, the labor market equilibrium in the Foreign country gives

P ∗ft
P ∗t

=
ΦY νft

ηA∗1+νX
∗ 1
ε−σ

t C
∗− 1

ε
t

. (72)
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A.3 Asymmetric Steady State

To build an asymmetric steady state in which country H is a net borrower but relative prices,

terms of trade and real exchange rate are still equal to one, start with the assumption that the

Home country representative household is relative more impatient (β < β∗). Assume that the

borrowing constraint is binding for country H but not for country F (Ξ > 0 and Ξ∗ = 0).

Nominal rigidities are absent in steady state. The Home country labor market equilibrium

is

1 =
ΦY νh

A1+νX
1
ε−σC−

1
ε

. (73)

Equilibrium in the market for goods produced in the Home country is

Yh = αC + (1− α)C∗. (74)

These two equations, together with their Foreign country counterpart, pin down C, C∗, Yh and

Yf as a function of productivity and the housing stock (through X and X∗). The appropriate

choice of A and A∗, conditional on the housing stock, ensures that in steady state relative prices

are equal to one. Obviously, in this asymmetric steady state, trade is not balanced (Yh 6= C

and Yf 6= C∗). From the perspective of country H, the steady state trade balance must be in

surplus to repay the positive stock of foreign debt.

No arbitrage implies

R = R∗ =
1

β∗
. (75)

Since the borrowing constraint is binding for country H, debt is equal to

B = Θβ∗QH. (76)

The house price equation yields

Q =

(
1− η
η

)
(H/C)−

1
ε

1− β − ΞΘ
. (77)

Holding consumption constant, higher LTV ratios increase house prices and debt, both directly

and indirectly. In the Foreign country, the borrowing constraint is not binding, thus house prices

are

Q∗ =

(
1− η
η

)
C∗/H∗

1− β∗
. (78)

The ratio between the housing stocks in the two countries can be chosen so that the steady

state house prices are the same.
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A.4 Log-Linear Approximation of the Model

Unless otherwise noted, for any given variable Zt define zt ≡ log(Zt/Z) ' (Zt −Z)/Z, where Z

is the steady state of Zt.

The log-linear approximation of the index (2) for the Home and Foreign country gives

xt = η

(
C

X

) ε−1
ε

ct and x∗t = η

(
C∗

X∗

) ε−1
ε

c∗t (79)

Equilibrium in goods markets can be approximated as

yht = −γpht + sH [αct + (1− α)c−1R (γst + c∗t )] (80)

and

yft = −γp∗ft + sF [(1− α)cR(ct − γst) + αc∗t ]. (81)

where si ≡ Ci/Yi is the steady state consumption share of output in country i = {H,F} and

cR ≡ C/C∗ is relative consumption across countries.

Next, the approximation of the house price equations (50) yields

qt = (1− β − ΞΘ)ct + β

[(
1

ε
− σ

)
(IEtxt+1 − xt)−

1

ε
(IEtct+1 − ct)

]
+ΞΘ(ξt + θt + IEtπt+1) + (β + ΞΘ)IEtqt+1. (82)

The lagrange multiplier on the borrowing constraint introduces a wedge in the Home country

Euler equation. A first order approximation of equation (53) gives

it + βR

[(
1

ε
− σ

)
(IEtxt+1 − xt)−

1

ε
(IEtct+1 − ct)− IEtπt+1

]
+ (1− βR)ξt = 0. (83)

In the Foreign country, the slack borrowing constraint implies that equation (51) becomes

q∗t = (1− β∗)c∗t + β∗
[(

1

ε
− σ

)
(IEtx

∗
t+1 − x∗t )−

1

ε
(IEtc

∗
t+1 − c∗t )

]
+ β∗IEtq

∗
t+1. (84)

The approximation of the borrowing constraint (52) is

it + bt = θt + IEtqt+1 + IEtπt+1. (85)

A first order approximation to country F Euler equation (55) gives

i∗t +

(
1

ε
− σ

)
(IEtx

∗
t+1 − x∗t )−

1

ε
(IEtc

∗
t+1 − c∗t )− IEtπ∗t+1 = 0. (86)

Up to the first order, the no-arbitrage relation (54) can be written as

it − IEtπ∗t+1 = i∗t − IEtπt+1 + IEtst+1 − st. (87)
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The Fisher parity defines the real interest rate in each country

rt ≡ it − IEtπt+1 and r∗t ≡ i∗t − IEtπ∗t+1. (88)

A first order approximation of the non-linear wage Phillips curve (56) gives

ζw(1 + φwν)

1− ζw
πwt = kwt − fwt. (89)

Up to a first order approximation, the present discounted value of the marginal disutility of

labor (32) and the real wage in units of marginal utility of consumption (33) are

kwt = (1− βζw)(1 + ν)`t + βζwIEt[φw(1 + ν)πwt+1 + kwt+1] (90)

and

fwt = (1− βζw)

[
wt +

(
1

ε
− σ

)
xt −

1

ε
ct + `t

]
+ βζwIEt[(φw − 1)πwt+1 + fwt+1], (91)

where wt ≡ log[(Wt/Pt)/(W/P )] stands for the log-deviation of the real wage from its steady

state value. Combining the last three expressions gives a standard forward looking wage Phillips

curve

πwt = κw

[
ν`t − wt −

(
1

ε
− σ

)
xt +

1

ε
ct

]
+ βIEt(πwt+1), (92)

where κw ≡ (1− βζw)(1− ζw)/[ζw(1 + φwν)].

For prices, a first order approximation the non-linear Phillips curve (59) gives

ζp
1− ζp

πht = kpt − fpt. (93)

Up to a first order approximation, the present discounted value of marginal costs (41) and

marginal revenues (42) are

kpt = (1− βζp)
[(

1

ε
− σ

)
xt −

1

ε
ct + wt + yht

]
+ βζpIEt(φpπht+1 + kpt+1) (94)

and

fpt = (1− βζp)
[(

1

ε
− σ

)
xt −

1

ε
ct + pht + yht

]
+ βζpIEt[(φp − 1)πht+1 + fpt+1]. (95)

Combining the last three expressions gives a standard forward looking price Phillips curve

πht = κp(wt − pht) + βIEt(πht+1), (96)

where κp ≡ (1− βζp)(1− ζp)/ζp.
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In each country, the central bank determines inflation via a standard interest rate rule

it = ρiit−1 + (1− ρi)(ψππt + ψyyht) + εit (97)

and

i∗t = ρii
∗
t−1 + (1− ρi)(ψππ∗t + ψyyft) + ε∗it. (98)

The dynamics of debt (64) can be approximated as

− bt = −R(it−1 − πt + bt−1) + b−1y (pht + yht − sHct), (99)

where by ≡ B/Yh is the steady state ratio between net foreign debt and GDP for the Home

country.

Up to a first order approximation, the world resource constraint (65) gives

1

sH
(pht + yht) +

1

cRsF
(p∗ft + st + yft) = ct +

1

cR
(st + c∗t ). (100)

The approximation of equations (66) that link the terms of trade to domestic relative prices

is

pht = −(1− α)τt and p∗ft = (1− α)τt. (101)

Finally, the approximation of equation (67) that links real and nominal exchange rates is

st = st−1 + et − et−1 + π∗t − πt. (102)

A.4.1 Flexible Prices and Wages

Under flexible prices and wages, a first order approximation to labor market equilibrium condi-

tions (71) and (72) is

pht = νyht +
1

ε
ct −

(
1

ε
− σ

)
xt and p∗ft = νyft +

1

ε
c∗t −

(
1

ε
− σ

)
x∗t . (103)
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