View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Carleton University's Institutional Repository

CEP 16-07

Household Borrowing Constraints and Residential
Investment Dynamics

Hashmat U. Khan Jean-Francois Rouillard
Carleton University Université de Sherbrooke
May 2016

CARLETON ECONOMIC PAPERS

Carleton

UNIVERSITY

Department of Economics

1125 Colonel By Drive
Ottawa, Ontario, Canada
K1S 5B6


https://core.ac.uk/display/217583617?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Household Borrowing Constraints and Residential Investment Dynamics

Hashmat Khan* Jean-Francois Rouillard?
Carleton University Université de Sherbrooke

May 30, 2016
Abstract

Why does residential investment lead output in the US and Canada but it is coinci-
dent in other industrialized countries? In this paper we explore the role of home-equity
loans used to boost consumption as a channel that affects residential investment. To-
wards this end, we consider a multi-agent real business cycle model augmented with
household borrowing constraints that reflect home-equity loans or refinancing con-
straints. The main contribution of our paper is to highlight that the severity of these
borrowing constraints in the economy can generate both stylized facts of residential
investment dynamics. In US and Canada, a greater proportion of households rely on
home-equity loans relative to other industrialized countries. This difference matters
for the distinct residential investment dynamics observed across countries.
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Of the components of GDP, residential investment offers by far the best early warning

sign of an oncoming recession - Leamer (2008)

1 Introduction

Residential investment in the housing sector has long been viewed as important for understanding
fluctuations in economic activity (Burns and Mitchell (1946)). More recently, Leamer (2008, 2015)
has noted that the decline of cumulative residential investment in recessions accounts for about
half of the overall decline in US GDP. In this context, two key stylized facts have been documented
in the literature: First, residential investment leads the business cycle in US and Canada. Second,
residential investment is coincident with the cycle in many other industrialized countries.! Kydland
et al. (2014) present a model with long-term mortgage loans and multi-period time-to-build in
residential construction to account for these stylized facts. Kydland et al. (2014) model the loan
structure as ‘first mortgage’ loans and, therefore, does not capture an important source of financing
household consumption, namely, home-equity or refinancing loans. Recently, Gorea and Midrigan
(2015) note that mortgage refinancing accounts for about one-third of the rise and fall in household
spending during the 2001-2011 period.

In this paper we explicitly explore the role of home-equity loans to refinance consumption.
Towards this end, we consider a multi-agent real business cycle (RBC) model augmented with
household borrowing constraints that reflect home equity loans or refinancing constraints. The
main contribution of our paper is to highlight that the severity of these constraints in the economy
can generate both stylized facts of residential investment dynamics as described above.

We show that residential investment leads output by one quarter when the fraction of house-
holds who face borrowing constraints is matched to US data. In European countries, the share
of households facing borrowing constraints is, on average, relatively smaller than the US, which
according to the model implies that residential investment is coincident with the cycle. There are

two incentives for purchasing larger quantity of houses. First, housing services directly enter the

IFisher (2007) studies a separate stylized fact of why might residential investment lead non-residential
investment over the business cycle in the US. He emphasizes the complementarity of household capital—as
proxied by the size of house—to labour and capital in market production in accounting for this fact.



workers’ utility function. Since the positive technology shock induces a wealth effect, they decide
to spend more on houses. However, this positive wealth effect alone is not sufficient to produce
the leading pattern. Second, workers are borrowing-constrained. The accumulation of the hous-
ing stock, therefore, allows them to borrow more contemporaneously and in future periods, so that
they are also able to consume greater quantities of the non-durable good. The household borrowing
constraint and its effect on residential investment is important in understanding the two prominent
stylized facts mentioned above.

Our paper is related to Ren and Yuan (2014) who attempt to explain why residential investment
leads the cycle in the US, using a partial equilibrium model with collateral constraints, agent
heterogeneity, and total factor productivity (TFP) news shocks. However, their model has the odd
implication that agents prefer to purchase houses instead of consumption goods after a positive
endowment shock. This is necessarily the case in their model because the mortgage interest rate is
lower than the credit card rate, both of which are calibrated parameters. In actual economies, even
though the mortgage rate is lower than the credit card rate, the use of credit card for consumer
goods purchases is common place. Moreover, their model cannot explain the stylized facts for other
industrialized countries.?

The rest of the paper is organized as follows. Section 2 presents the model. Section 3 describes
the calibration of parameters. Section 4 presents the quantitative results and sensitivity analysis.

Section 5 concludes.

2 The model

The model economy is populated by three categories of agents: workers, entrepreneurs and savers.
The share of each category is respectively wyw, wg, and 1 — wyw — wg. Agents are infinitely-
lived and maximize a discounted sum of time-separable utilities. We assume that workers and
entrepreneurs borrow from savers, therefore their discount factors, fy and 0g, are lower than the

savers’ discount factor, 8. Workers are employed by firms that produce non-durable goods and

2 Another aspect that is ignored in the partial equilibrium setting of Ren and Yuan (2014) is that they do
not have the labour supply decision in the model. This assumption is not innocuous for TFP news shocks,
which are essential to their explanation, can produce wealth effects that mitigate business cycle comovements
(Jaimovich and Rebelo (2009)).



houses — a durable good. They derive some utility from the consumption of non-durable goods
and housing services. Their loans are collateralized by the expected value of their stock of housing.
Entrepreneurs own both types of firms and make non-residential and residential investments. They
also face a borrowing constraint, as the value of their debt cannot exceed a fraction of their capital
stock. Finally, we assume that savers are risk-neutral agents whose only purpose is to channel funds
to the two other categories of agents. In the appendix, we present a fully detailed description of

the model’s stationary version.

2.1 Workers

The workers’” maximization problem is as follows:

B3y (ews + vy + o (1 (k< 4 n) 05 0
t=0
subject to

ewt + (1 + ) qnehe — qne(1 — 0p)he—1 = bue — RY_1bpe—1 + (1 — 7,) Z wignit + Ewe(2)

i=c,h
bt < mu Erqpit1he. (3)
Their period utility function is in logarithms and weighs their consumption of the non-durable
good, ¢, their housing stock, hy, and their leisure. The specification for leisure is not standard,
as we assume that the labor force is split up between the production of non-durable goods, n., and
house production, ny,. We follow Horvath (2000) and Iacoviello and Neri (2010) and allow for an
imperfect substitution of labor between sectors that is govern by e. A greater value of € implies a
lower reshuffle of workers from one sector to another in response to wage differentials. Moreover, we
assume that mortgage debt carries a tax advantage such that interest payments can be deducted
from taxable income. Therefore, the effective interest rate Rf is Rf = 1 + r4(1 — 7,,) where 7 is
the interest rate and 7, corresponds to the fraction of deductible interest payments. We consider
adjustable rate mortgages, as they are renegotiated every period.
On the right-hand-side of their budget constraint, equation (2), impatient households have
different sources of revenues: (i) they earn labor income that is taxed at rate 7,, so that their

total after-tax labor income is (1 — 7,,) >,_ ., witni where wages w;; are taken as given, (ii) they
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borrow bp; at the effective interest rate Rf, so that net borrowing is bpy — R§_bm—1, and (iii)
they receive transfers from the government: &yyy. The left-hand-side consists in expenditures that
these households have, (i) for the consumption of non-durable goods, and (ii) the accumulation of
housing stock from which a fraction 7, is taxed.

The second constraint, equation (3), is a collateral constraint. Specifically, the level of debt
contracted every period cannot exceed a fraction mp of the expected value of the households’ stock
of housing, i.e. Eiqpi+1h:. Since impatient households have a lower discount factor, this constraint
is binding in the steady state. We consider small shocks and a sufficiently low discount factor so

that it is also always binding in the neighborhood of the steady state.

2.2 Entrepreneurs

The entrepreneurs maximize the following problem:

oo
Ep Z 0% In cy (4)
t=0
subject to

CEt + Tet + StPst = Se—1(dy + pst) + bt — Re—1bre—1 + (1 — 7)) retke—1 + puls + &g, (5)
Lt = kct - (1 - 5c)kct—17 (6)

brt < mgke. (7)

where cp; corresponds to the entrepreneurs’ consumption of non-durable goods.? They also invest
in the capital used for the production of these goods, x.. Note that there is no accumulation of
these structures as they are sold entirely every period, contrary to the capital used in the production
of non-durable goods, k., for which there is an accumulation every period determined by equation
(26). Additionally, they decide how much equity shares, s; to own. The revenues of entrepreneurs
are shown in the right-hand-side of equation (25). First, since they own the firms, they receive
dividend payments, d;s;—1. Second, firms pay a rental rate r.; to use capital, k.—1. Their capital
revenue income is taxed at rate 7. Third, investors are also endowed with [; acreage in land every

period that they sell to firms at price p;. Fourth, since they have a lower discount factor, they

3For simplicity, we assume that they do not work nor do they own houses.
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borrow bg; at the interest rate Ry, so that their net borrowing is bx; — Ryi_1bx:—1. Fifth, they
receive governmental transfers £g;. Similar to workers, entrepreneurs face a borrowing constraint,
equation (27), that states that they cannot borrow more than a fixed fraction mpg of their capital

stock.

2.3 Savers

Savers are risk-neutral unconstrained agents who lend to workers and investors. Since their discount
factor is greater than discount factors of the two other categories of agents, they are savers in the

economy. Their maximization problem is as follows:

o
Z ﬁtCSt (8)
t=0
subject to

1

i p— [ww (Ri—1bmi—1 — b)) + wg (Ri—1bki—1 — biyt)] - 9)
— Wy — WE

Cst

where cg; corresponds to the consumption of savers. Since we assume that categories of agents can
have different shares in the total population, the total amount lent to workers and entrepreneurs

W wE
th and

———— by
— W — WE 1—ww —wg

corresponds to

2.4 Firms and production

Firms operate in a perfectly competitive market to produce non-durable goods, ¥;, and houses, h;.
They maximize the expected of the future dividend stream paid to entrepreneurs by picking the

levels of dividends, capital, labor, and land, as described as follows:
Ey Z mydy
t=0
subject to

dy+ ) wigni + rerker—1 + ke + pele = v + qeihy,

i=c,h

ww l—ac
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where m; corresponds to the stochastic discount factor that is taken exogenously by firms. New
houses are denoted by ih; and intermediate inputs by kp; that refer to materials used in the con-
struction of houses. From the entrepreneurs’ first order condition with respect to equity shares, s,
my = (QE)tZ%.‘l Every period, the firms pay dividends and factors of production from the sale of
non-durable gi)ods and houses. The labor inputs have to be adjusted to account for the difference
in population shares between workers and entrepreneurs. We assume that both production func-
tions are Cobb-Douglas and that neutral technology, z;, enters both of them. This shock follows
an AR(1) process:

Inzy = plnzi_q1 + €, e ~ N (0, 02) (10)
where p corresponds to the persistence parameter and o2 to the variance of the innovation.
2.5 Government

In this economy, the government does not play any productive role. It levies distortionary taxes
on workers and entrepreneurs and makes lump-sum transfers, so that the total value of transfers

corresponds exactly to the amount that these two categories of agents pay in taxes:

§we = Tn Z WitNit + Thqnthe — T¢Tm, (11)
i=c,h
Ept = Tr[retker—1 + Poiknt)- (12)

2.6 Market clearing conditions

There is a resource constraint in the economy, so that output corresponds to the sum of consumption

and investment:

Ye = Z Cit + Tet + Kt (13)
i=W,E,S

Additionally, the law of motion for houses is as follows:

ihy = hy — (1 — 651)hy_1. (14)

4Specifically, from the entrepreneurs’ first order condition with respect to equity shares, s;, py =
Dst+1 + diy1

CEt+1 CEt+j
count factor needs to be consistent with how equity prices discount future dividends.

0’ c
Opce By . By forward substitution, ps; = E 23011 JETE? di+;. The firms’ stochastic dis-



We assume that land supply is equal to one for all periods.”

3 Calibration

Table 1 shows the calibration of the baseline model. A study by the IMF (2011) approximates the
share of households with a mortgage to be 45 percent in 2004-05 for the US. In the economy, we
choose to have the same share of workers that are borrowing-constrained, i.e. wy = 0.45. From
the Survey of Consumer Finances (SCF), Cagetti and De Nardi (2006) report that the percentage
of business owners in the population is 9.1 percent, therefore we set wg = 0.09. The value of the
savers’ quarterly discount factor is set so that the real interest rate is 3 percent in the steady state.
Since workers and entrepreneurs are borrowing-constrained, they face a shadow cost of borrowing
in addition to interest payments. This cost can be considered as an interest premium. Similar
to Bernanke, Gertler and Gilchrist (1999), we choose the impatient households’ discount factor to
match a two percent interest premium, i.e. fy = 0 = 0.973. For a reasonable size of the TFP
shock, this value of the discount factor ensures that the borrowing constraint is always binding.

The weight on housing in the impatient’s household utility function is governed by % and is
set to match the average mortgage debt to GDP ratio in the US from 1984 to 2014, i.e. 2.79.
The weight assigned to leisure, 7, is picked so that households work 30 percent of their allocated
time in the steady state. The parameter that governs the degree of sectoral labor mobility, €, is
the only one that is determined outside the steady state. It is set to match the relative volatility
of residential investment to GDP. From the 2001 SCF data, Gorea and Midrigan (2015) find a
mean loan-to-value from all mortgage holders of 0.52, therefore we set my = 0.52. As for the
entrepreneurs’ loan-to-value, mg, we pick a value so that the baseline model in the steady state
generates the same ratio of non-financial businesses debt securities and loans liabilities to GDP
from 1984 to 2014, i.e. 2.47.

Taxation distorts the decisions of workers and entrepreneurs. For labor and capital taxes, 7,
and 73, we take the values estimated by Gomme and Rupert (2007) who use Mendoza et al. (1994)

methodology to calculate effective average tax rates. We set the property tax rate, 7, = 0.025,

°In similar fashion to Davis and Heatcote (2005), we do not model land dynamics over the business cycle.



TABLE 1: Calibration of the baseline model

Population
ww  0.45 fraction of workers
WEg 0.09 fraction of entrepreneurs

Discount factors, preferences and loan-to-values

B 0.9925 discount factor (savers)
Ow  0.973 discount factor (workers)
O  0.973 discount factor (entrepreneurs)
(0 0.55 weight on housing (workers)
n 1.92 weight on leisure (workers)
€ 0.25 sectoral labor mobility
myg  0.52 workers’ loan-to-value
mg  0.49 entrepreneurs’ loan-to-value
Tazxation

™ 0.22 labor income tax
T 0.29 capital tax
Th 0.025 property tax
Tin 0.4  fraction of deductible mtg. interest payments

Depreciation, and technology

Om  0.025 dep. of capital
on 0.004 dep. of housing
ac  0.36 el. wrt capital (non-durable goods)
ap 0.53 el. wrt material inputs (housing)
ar, 0.1 el. wrt land (housing)
p 0.95 TFP persistence




that is the value reported for the US by Girouard et al. (2006) in their survey of housing taxation
across OECD countries. Mortgage interest payments can be deducted from taxable income in the
US. We also follow Girouard et al. (2006) work, so that the after-income tax mortgage rate, 7,
corresponds to 60% of the real interest rate’s value.

The depreciation rate of capital is standard, i.e. J,, = 0.025. We follow Gomme and Rupert
(2007) in computing the housing depreciation rate from BEA data and set d;, = 0.004. We set the
capital share in the production of houses, ac = 0.36. We follow Davis and Heatcote (2005) and
Tacoviello and Neri (2010) and set the share of land in the production of new houses to az = 0.1.
In the production function of houses, we do not distinguish between capital in structures and
intermediate goods. Yet material costs compose a large share of total house production costs.
Specifically, in the US input-output tables from 1997 to 2014, this share is 15% greater than
workers’ compensation. We set ayy to match this ratio to which we add a 10% share for structures
in similar fashion to the two studies aforementioned. Finally, we choose the persistence parameter

of the TFP shock, p = 0.95.

4 Quantitative results

In this section, we present the results for two different calibrations of the baseline model: one
that matches moments of the US data (values presented in Table 2) and another one for which
we lower the share of households that have mortgage debt (workers). A first set of results is that
the presence of borrowing constraints is critical to replicate the lead in residential investment and
many co-movements and relative volatilities for the United States that a standard RBC model fails
to deliver. Second, we show that when we lower the share of workers in the economy to the share

that prevailed in the euro zone, the lead in residential investment vanishes.

4.1 Benchmark calibration

In Table 2 we report the relative volatilities and co-movements of consumption, residential invest-
ment, non-residential investment, hours worked in construction and in other sectors, and housing
prices. We have set the degree of sector labor mobility measured by € to match the relative standard

deviation of residential investment, so we have imposed the model to match this moment. How-



TABLE 2: Baseline Model Properties

EUROZONE
U.S. BENCHMARK MORTGAGE DEBT
STATISTIC DATA CALIBRATION (ww =0.2)

Co-movements

pce, yt) 0.89 0.94 0.95
p(kut, yi) 0.6 0.74 0.97
o(Zet, Yr) 0.85 0.97 0.97
P(Mpe, Yt) 0.8 0.77 0.97
P(Ner, Yt) 0.8 0.43 0.73
p(ihe, yi) 0.59 0.76 0.97
o(qnt, yt) 0.61 0.46 0.93
Relative volatilities

o./oy 0.87 0.52 0.5

Okb/ Ty 6.74 6.77 6.07
Oue/ Oy 4.13 3.8 3.81
Okb/ Oe 1.63 1.78 1.59
O]y 5.25 4.62 4.26
One/ 0y 1.05 0.82 0.29
oin/ oy 10.93 6.21 5.66
Tgn/ oy 3.54 0.62 0.43

Notes: The U.S. data spans from 1984Q1 to 2015Q1 (except for hours
worked series that start in 1985Q1). All series are logged and detrended
with the HP-filter (A=1600). Data sources are in the appendix.
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ever, there are no restrictions on the values of all other moments. The model reproduces very well
the relative volatilities of non-residential investment and sectoral hours worked. Specifically, the
volatility of investment is significantly higher in the housing construction sector both in the data
and generated by the model. This success is shared with previous work, e.g. Davis and Heatcote
(2005), Kydland et al. (2014), and Fisher (2007), however, a standard RBC multi-sector as the
one exposed by Greenwood and Hercowitz (1991) fails at replicating this relative volatility. The
effects of borrowing constraints are not at work here — it is simply the consequence of a lower
depreciation rate of houses than capital used in the production of non-durable goods. In fact, the
effects of investing in housing production last longer with a lower depreciation rate.

Moreover, the hours worked in the housing production sector are more volatile than hours
worked in the production of non-durable goods. This result is simply due to the greater volatility
of the production of houses itself, which in return is related to durability of this category of goods.
Accounting for the high volatility of housing prices in the data remains a challenge for our model.
In the literature, it appears that technology shocks are not sufficient to explain the radical shifts
in housing prices. Finally, the model is able to replicate the positive co-movements in all aggregate
quantity variables as well as in housing prices.

In Figure 1, we present the cross-correlation functions between output and residential invest-
ment computed from the actual data and those generated by the benchmark model. Residential
investment leads output by one quarter. The one period lead generated by the model overshoots
its data counterpart, but the predictions for the remaining leads and lags are extremely accurate.

The impulse responses displayed in Figure 2 gives evidence of the borrowing constraint mech-
anism at play. There are two incentives for purchasing larger quantity of houses. First, housing
services directly enter the workers’ utility function. Since the positive technology shock induces
a wealth effect, they decide to spend more on houses. However, this positive wealth effect alone
is not sufficient to produce the leading pattern. The key characteristic is that these workers are
borrowing-constrained. Therefore, the accumulation of the housing stock allows them to borrow
more contemporaneously and in future periods, so that they are also able to consume greater
quantities of the non-durable good.

The increase in residential investment after a technology shock is much stronger than the in-

11



Figure 1: Cross-correlation function between output and residential investment.
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Notes: Specifically, this function corresponds to the correlation between residential invest-
ment at time ¢t + 7 and output at time t. The blue line corresponds to the correlations
generated by the benchmark model and the red line to the correlations estimated from US
data between 1984Q1 and 2015Q1. All series are logged and detrended with the HP-filter
(A=1600).

crease in non-residential investment, since the demand for houses is greater than for non-durable
goods. Because the entrepreneurs’ borrowing constraint is also relaxed from the accumulation of
capital, however, the initial response of non-residential investment is remains positive. In subse-
quent periods, its response follows the one of output which explains the strong contemporaneous
correlation. As for hours worked, the reallocation from the non-durable sector to the housing sector

is stronger as a wage differential arises.

4.2 FEurozone calibration for household borrowing

After having stressed the role played by borrowing constraints for the lead of residential investment
for the US, we calibrate the financial frictions parameters to match the data of European countries.

As seen in the introduction, there is a high degree of heterogeneity across countries when we examine
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Figure 2: Impulse responses to a one percent technology shock.
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Notes: In panel a, the dashed blue line corresponds to the response of residential invest-
ment and the solid red line to non-residential investment. In panel b, the solid green line
corresponds to output.

mortgage-debt-to-GDP ratios. According to the IMF (2011), in 2004-05, the share of households
that had a mortgage was 20 percent in the eurozone. This smaller share is the only parameter that

we re-calibrate relative to the benchmark calibration, i.e. wy = 0.2.
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Figure 3: Impulse responses to a one percent technology shock: Eurozone calibration
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Notes: In panel a, the dashed blue line corresponds to the response of residential invest-
ment and the solid red line to non-residential investment. In panel b, the solid green line
corresponds to output.

We report the results in the fourth column of Table 2. Most relative volatilities are not affected
by the change in calibration. The two exceptions are the volatilities of the price of houses and the
hours worked for the production of non-durable goods. The incentives to build more houses are
lessened, simply because less households are facing borrowing constraints for which their houses
are used as collateral. Since the demand for houses is not as strong, the volatility of its relative
price is lower. For the same reason, the substitution of sectoral labor is reduced and non-residential
investment increases following the technology shock as shown by the initial response of ng in
Figure 3. Since the technology shock has similar effects for the production of non-durable goods
and houses, the aggregate quantity variables are strongly correlated. As a consequence, the lead
in residential investment vanishes as can be seen in Figure 4. This result is compatible with the

cross-correlation pattern estimated for France. In fact, the fit of the model is good.
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Figure 4: Cross-correlation between residential investment and output: Eurozone calibration
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Notes: Specifically, this function corresponds to the correlation between residential invest-
ment at time ¢t + 7 and output at time t. The blue line corresponds to the correlations
generated by the benchmark model and the red line to the correlations estimated from
French data between 1984Q1 and 2015Q1. All series are logged and detrended with the
HP-filter (A=1600).

5 Conclusion

Residential investment leads the business cycle in the US and Canada. In other industrialized
countries, however, residential investment is coincident with the output. The main contribution
of this paper is to show that home-equity loans used for consumption can influence residential
investment dynamics in ways that can account for the stylized facts. We show that when a larger
proportion of households face borrowing constraints on home-equity loans, as in the US and Canada,
residential investment can lead the business cycle. If this proportion is relatively smaller, as in other
industrialized countries, residential investment becomes coincident with the output and no longer

serves as a leading indicator in the economy.
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A Data
A.1 US

The series for output, consumption, residential investment, and non-residential investment are from
NIPA, Table 1.1.3. New houses are from the US Bureau of Census, specifically this series “Housing
Starts: Total: New Privately Owned Housing Units Started. The hours worked series are from the
BLS, ny; is the number of employees in the residential construction sector, whereas n. consists
in the difference between total employment and np;. The housing price index is constructed from
FRB data, following the decomposition proposed by Davis (2009), which is divided by the CPI
index from the BLS.

A.2 France

Data is from the Quarterly National Accounts published by the INSEE.

B The model equations

B.1 Workers

Ey Z 0l (ln cwe +YInhy +nln (1 — (nijs + nﬂe)l/(lJre))) (15)
t=0
subject to

b — Rf_ b1+

cre + (L + 70)qnehe — qre(1 — 0p)hi—1 = 1-m)y I (16)
= Tn) Dize Withit + Ewt,
bt < myEiqpiyi1he, (17)
ny = (nle +npfe) /0 (18)
RS = 14 ri(1 — 7). (19)
First-order conditions
c_Wt:
1
— = Au (20)
Cwit
b_Ht:
At — dot = Ow R{Ey A 1441 (21)
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h_t:

g
qnide(1+73) — mI Ny Bygner = Ow (1 — 1) Erqnes1 + ™
t

n_it i=c,h:

Ae(1 —m)wie = L (m)

1—nt ng

B.2 Entrepreneurs
Ey Z 9% Incg

t=0
subject to

St—1(dt + pst) + bt — Re—1bge—1+
(1 — ) retket—1 + piele + &gt

CEt + Tet + StDst =
Lt = kct - (1 - 5c)kct—17

bt < mike.

First-order conditions

c_Et:
1

— = M1t

CEt
b_Kt:

pie — por = RiOpErpiii41
k_ct:
pir — paemi = 0pE (P (1 — 6c + (1 — 7%)7et41))

s_t:

pitpst = OpErpt (des1 + Dst+1)
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(22)

(23)

(28)

(29)

(31)



B.3 Savers

[e.9]
Z ﬁt In cgy
t=0
subject to

1

CSt = —
1l —ww —wg

First-order conditions

c_St:

— = X1t
CSt

b_Ht and b_Kt:
X1t = BRiEiX1t+1
B.4 Firms and production

oo
Ey Z mydy
t=0

subject to

dy+ Y winie + Terker—1 + Porkive + piele = v + @b,

i=c,h
l—ac
_ kOAC wW
Yt = 2R 1 Tt ’
WE

Wi l—ap—ay,

. apgia

iy = kg1 <wnht> |
E

First-order conditions

d_t:
Eimy = 014
n_ct:
Yt

Wet = (1 — Olc)nit
C

20

ww (Re—1bmt—1 — bae) + we (Ri—1bki—1 — bit)] -

(36)



n_ht:

k_ct-1:

k_bt:

1_t:

qrihy

wpe = (1 —ap — ar) -
t

Tet = QO Yt
;=
c kct—l
qrihy
Dt = B
Kyt
o qiily
Dot = O,

21

(41)
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