Reconstructing the Great Recession
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This article uses dynamic equilibrium input-output models to evaluate the contribution of the con-
struction sector to the Great Recession and the expansion preceding it. Through production inter-
linkages and demand complementarities, shifts in housing demand can propagate to other economic
sectors and generate a large and sustained aggregate cycle. According to our model, the housing boom
(2002-07) fueled more than 60 percent and 25 percent of employment and GDP growth, respectively.
The decline in the construction sector (2007-10) generates a drop in total employment and output
about half of that observed in the data. In sharp contrast, ignoring interlinkages or demand comple-
mentarities eliminates the contribution of the construction sector. (JEL E22, E32, O41)
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1 INTRODUCTION

With the onset of the Great Recession, U.S. employment and gross domestic product
(GDP) fell dramatically and then took a long time to return to their historical trends. There is
still no consensus about what exactly made the recession so deep and the subsequent recovery
so slow. In this article we evaluate the role played by the construction sector in driving the
boom and bust of the U.S. economy during 2001-13.

The construction sector represents around 5 percent of total employment, and its share
of GDP is about 4.5 percent. Mechanically, the macroeconomic impact of a shock to the con-
struction sector should be limited by these figures; we claim it is not. Rather, we claim one
reason why the Great Recession was particularly deep and persistent is that the construction
sector and housing consumption are strongly interconnected to the rest of the economy.
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Such linkages are important at the production stage (purchases of intermediate goods) but
also at the final consumption stage (broad demand complementarities).

Our vision of how a shock to the demand for housing travels to the rest of the economy
is the following. In response to a demand-driven housing boom, the construction sector leads
the rest of the economy by fueling an expansion through its purchases of inputs. The expan-
sion generates an increase in consumption (housing and nonhousing) as well as investment
(residential and capital). This continues either until a new steady state is reached or, as in the
historical case we study, a sudden drop in housing demand generates a decline in construction
output. This translates into a general reduction of demand (for intermediate inputs and com-
plementary consumption goods), thereby propagating and magnifying, again, the negative
sectoral shock. Further, a sudden drop in the demand for housing also generates a slow recov-
ery because the excessive inventory of housing units takes a long time to be absorbed, hence
the particularly long delay in the aggregate recovery.

In the empirical analysis, we construct measures of sectoral interlinkages (multipliers)
and show that the construction sector is one of the most interconnected in the economy. We
use this to quantify the contribution of the construction sector during the period 2002-13 and
estimate it to have been unusually large. Construction is capable of accounting for about 52
percent of the decline in total employment and 35 percent of the decline in aggregate gross
output. Eliminating the production multipliers weakens the impact on total employment to
20.8 percent and on gross output to 19.3 percent.

In a simplified version of the model, we illustrate the importance of production inter-
linkages and demand complementarities. This exercise provides a set of sufficient conditions
under which the presence of interlinkages generates larger effects in aggregate employment
and output than in their absence. The algebra indicates that, for the amplification effect to exist,
the sectoral interlinkages must be asymmetric, with the construction sector buying relatively
more inputs from the rest of the economy than vice versa. This condition is supported—by
more than two orders of magnitude—by estimates from the U.S. input-output table from the
Bureau of Economic Analysis (BEA). To generate a multiplier effect via interlinkages, it is
also necessary to have an elasticity of substitution between housing and consumption goods
lower than 1.1 With an elasticity of substitution larger than 1, a decline in housing demand
generates the reallocation of productive inputs away from the construction sector and a boom
in the nonhousing sectors, which may (more than) compensate for the decline due to the
supply-side interlinkages. With a unitary elasticity, these two effects cancel out.

One of the limitations of the static model is that it does not allow study of the dynamic
adjustment of consumption, residential investment, and productive capital. It also ignores
the process of the adjustment of relative prices, and it is not ideal for quantitative purposes.
To overcome these limitations, we solve the full dynamic general-equilibrium model numer-
ically. We use that model to answer the following question: If demand for housing shifts exoge-
nously over time to match the observed dynamics of employment in the construction setor,
what will happen to the remaining macro quantities and prices?2

Our simulations indicate that, in the presence of sectoral interlinkages and consumption
complementarities, the size of the boom-bust cycle in total employment and output is sub-
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stantially larger and more coherent with historical observations than otherwise. During the
demand-driven housing boom, both sectors in our model expand and contribute to the growth
of output and employment, by 2 percent and 2.5 percent, respectively. During the housing
bust, the decline in output is 3.3 percent and in total employment is 3.8 percent. The model
also captures the leading role of construction during booms and busts (see Leamer, 2007) and
the comovement with nonhousing expenditures and investment. Further, the separation of
productive capital and residential structures, together with the irreversibility constraints, intro-
duces an asymmetry between expansions and recessions similar to that observed by many pre-
vious researchers and that is traditionally hard to obtain in most real business cycle models.?
As in the theoretical exercise, the dynamic quantitative simulations show that reducing the
importance of either the sectoral interlinkages or the demand complementarities weakens
the transmission mechanism. Moreover, the model without linkages also fails to capture the
lead-lag pattern of housing and consumption expenditures observed in the data. These results
indicate that modeling production linkages provides a quantitatively relevant transmission
channel.

The burst of the real estate “bubble” might have substantially lowered potential output
and created a substantial “displacement effect,” for both labor and capital, which took quite
some time to absorb. Some researchers have referred to this displacement effect as a worsening
of labor frictions. For example, Arellano, Bai, and Kehoe (2019) and Ohanian and Raffo (2012)
attribute the Great Recession primarily to this factor. Since our model captures significant
declines in employment and output in the absence of such frictions, we also perform a busi-
ness cycle accounting exercise on simulated data from the model. Through the lens of the
one-sector neoclassical growth model, the presence of intersectoral linkages, movements in
relative prices, and shifts in housing demand can be interpreted as “distortions.” Business cycle
accounting would attribute the recession generated in the model to the labor wedge. In our
model, the magnitude of the worsening of the labor wedge is about 62 percent of the total
change observed in the data. Importantly, in both our model and the data, the worsening is
due to the consumer side of the labor wedge and not to differences between wages and the
marginal product of labor.

Obviously, the fluctuations of the construction sector cannot fully account for the dynam-
ics of employment and output since 2002. Other relevant factors not incorporated into the
analysis are important. Many suggest (Black, 1995; Hall, 2011; and Kocherlakota, 2012) that
high interest rates could be responsible for the slow recovery. These authors argue that even
in models with perfect competition and price flexibility (i.e., lacking the typical frictions of
New-Keynesian business cycle models), too-high interest rates may result in substantially
lower levels of output and employment. Since some interest rates appear to be currently con-
strained by the zero lower bound, such analyses appear particularly pertinent. Others argue
that the level of uncertainty (Bloom, 2009, and Arellano, Bai, and Kehoe, 2019), government
policies (Herkenhoft and Ohanian, 2011), and excessive debt overhang in the economy
(Garriga, Manuelli, and Peralta-Alva, 2019; Herkenhoff and Ohanian, 2012; and Kehoe, Ruhl,
and Steinberg, 2013) may be responsible for the lackluster recovery. Our exercise is silent with
respect to these factors.
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The remainder of the article is organized as follows. Section 2 connects our work with
the related literature. Section 3 evaluates the importance of production multipliers first in
the data, using the input-output tables of the U.S. economy, and then theoretically, using a
stylized two-sector model. Section 4 presents the quantitative multisector model, illustrates
the key mechanism at work in the analysis, and quantifies the importance of production link-
ages and demand complementarities. Section 6 compares the implications of the model in terms
of business cycle accounting methodology, and Section 7 offers some concluding comments.

2 RELATED LITERATURE

There is a large literature studying the connection between housing and the macroecon-
omy,? for example, Gervais (2002), Campbell and Hercowitz (2005), Leamer (2007), Fisher
(2007), and Davis and Van Nieuwerburgh (2015). Most of these papers explore the effects of
housing at the traditional business cycle frequency, ignoring large swings in growth rates as
in the case of the Great Recession and the precedent boom. For example, Davis and Heathcote
(2005) study the comovement of residential and nonresidential investment in a dynamic multi-
sector model with interlinkages and unitary elasticity of substitution between housing and
other goods. Our results show that intersectorial production linkages have large propagation
and magnification effects on most macroeconomic variables and that these effects are larger
in the presence of demand complementarities.

A small strand of the growth-theoretical literature has long argued that asymmetries in
the input-output structure of multisectoral neoclassical models amplify the effect of sectoral
shocks and may even generate endogenous cycles for appropriate configurations of the param-
eters, for example, Benhabib and Nishimura (1979), Boldrin and Deneckere (1990), and Long
and Plosser (1983). This theoretical theme has recently seen a revival in a growing literature,
both theoretical and applied, stressing that the intersectoral composition of the production
sector is an important source of propagation of idiosyncratic sectoral shocks (i.e., Horvath,
1998 and 2000; Carvalho, 2010; Foerster, Sarte, and Watson, 2011; Gabaix, 2011; Acemoglu
etal,, 2012; Carvalho and Gabaix, 2013; Caliendo et al., 2014; Acemoglu, Ozdaglar, and Tahbaz-
Salehi, 2015; and Atalay, Dratzburg, and Wan, 2018).2 This literature focuses on idiosyncratic
technological shocks affecting the shape of the production possibility frontier and thereby
generating movements of aggregate output. These sectoral supply shocks have been proved
to be an important channel through which local perturbations may lead to aggregate fluctua-
tions, absent any change in the composition of aggregate demand. For our part, we study how,
absent any technological variation, sectoral demand shocks may also cause aggregate fluctu-
ations. In the case of the Great Recession, it is hard to identify a specific “sectoral production
possibility shifter,” while there clearly was a dramatic drop in the demand for housing. Inter-
estingly, our analysis shows that technological asymmetries—for example, that a one-sector
model is a poor representation of the underlying production possibility set—play a crucial
role also in the case of demand shocks. It also shows that demand complementarities, largely
ignored in the business cycle literature, are in fact quantitatively relevant and should not be
ignored.
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Further along the sectoral-aggregate divide, Li and Martin (2014) study the transmission
of shocks using dynamic factor methods and explicitly look at input-output linkages. They
find that a significant part of traditionally defined aggregate fluctuations are driven by “sector-
specific shocks.” In the case of the Great Recession, more than half of aggregate volatility is
accounted for by an additional aggregate shock—which they label the “wedge factor”—emerging
only during this period. Most crucially, and consistently with our bottom line, they find that
shocks originating in the construction sector generate the largest spillover effects over time,
dominating those of all the other sectors. In our model, the driving force is an exogenous
shifter in housing demand that acts like a wedge factor.

There is also an extensive literature that explores the role of financial conditions as drivers
of the Great Recession and of the delayed recovery (i.e., Black, 1995, and Bloom, 2009; Christiano
Motto, and Rostagno, 2010; Arellano, Bai and Kehoe, 2019; Gertler and Karadi, 2011; Hall,
2011; Jones, Midrigan, Philippon, 2018; Kocherlakota, 2012; Jermann and Quadrini, 2012;
Brunnermeier and Sannikov, 2013; He and Krishnamurthy, 2019; and Mitman, Kaplan, and
Violante, 2020). Most of the literature abstracts from the role of housing during this episode,
with a few exceptions. Among them is Garriga, Manuelli, and Peralta-Alva (2019). In their
model, an increase in the cost of housing financing generates a collapse of house prices, induc-
ing a recession through deleveraging. Similarly, Martinez, Hatchondo, and Sdnchez (2015)
use heterogeneous agent models to analyze the aggregate effects of a house price decline and
of its propagation to the rest of the economy through household balance sheets and housing
defaults. Iacoviello and Pavan (2013) argue that a tightening of household budgets, due to
the drop in real estate wealth, induced a sharp decline in aggregate consumption. Rognlie,
Shleifer, and Simsek (2018) explore the aggregate effect of insufficient housing demand result-
ing from a period of overbuilding. Our article is complementary to this literature because,
once again, we take as granted the drop in housing demand and then study its supply-side
propagation due to sectoral interlinkages.

3 CONSTRUCTION IN AN INPUT-OUTPUT ECONOMY

This section first provides empirical evidence and then a simple theoretical evaluation
of the importance of interlinkages. The data analysis places special attention on the Great
Recession but also uses detailed U.S. sectoral input-output data for the period 1990-2013.
The theoretical framework provides a set of sufficient conditions for the amplification mech-
anism to work.®

3.1 Construction and Aggregate Fluctuations: 1990-2013

For the analysis of economic fluctuations, it is common to use aggregate data for the
whole postwar period. Unfortunately, the current availability of uniform input-output data
is limited to the years 1990-2014. According to the BEA, the U.S. economy has experienced
three recessions (1990-91, 2000-01, and 2007-09) during that interval of time. To evaluate
the direct contribution of the construction sector to each episode, Table 1 summarizes the
changes in employment and real income for the construction and private sectors. We measure
the direct contribution of construction as the ratio of the change in construction to each total
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Table 1

The Role of Construction in the Past Three Recessions

Employment (millions) Real income (billions of dollars)
Construction Private Construction Private
Recessions sector sector sector sector
1990-91
Peak, 1990:Q3 5.24 109.6 346.0 7,455
Trough, 1991:Q1 4.93 108.7 320.6 7,400
Difference -0.31 -0.87 -25.4 -54.9
Percent accounted for by construction 354 46.3
2000-01
Peak, 2000:Q1 6.84 132.6 610.4 10,870
Trough, 2001:Q4 6.79 131.0 598.7 10,629
Difference -0.05 -1.55 -11.70 -241.1
Percent accounted for by construction 33 4.9
2007-09
Peak, 2007:Q4 7.53 1379 682.3 12,586
Trough, 2009:Q2 6.09 131.0 540.5 11,852
Difference -14 -6.9 -141.8 -734.0
Percent accounted for by construction 20.3 19.3

SOURCE: BEA and BLS.

change. The top panel of Table 1 reminds us that the 1990-91 recession was mild: Between the
peak of 1990:Q3 and the trough of 1991:Q1, for the private sector, employment and income
each declined by less than 1 percent. In relative terms, the declines in the construction sector
were sizeable: slightly less than 6 percent for employment and more than 7 percent for income.
The middle panel of Table 1 shows the recession that started in 2000:Q1 and ended in 2001:Q4.
This recession was slightly more severe: for the private sector, employment fell by more than
1 percent and income by more than 2 percent. However, the declines in the construction sector
were almost negligible and the shares of the aggregate declines they accounted for were small.
The Great Recession started in 2007:Q4 and lasted until 2009:Q2. During this period, total
employment decreased by roughly 7 million jobs. Table 1 shows that the direct contributions
of the drops in construction employment and real income were 20.3 percent and 19.3 percent,
respectively. This recession was dramatically bigger than the previous two, and the size of the
drop in employment was 18.6 percent, not 5.9 percent as in 1990-91 or 0.7 percent as in 2000-01.
These calculations ignore the fact that construction leads the cycle and that during the
Great Recession this industry went into recession 18 months before the overall economy.
Measuring the decline from the perspective of the construction cycle shows that employment
fell from 7.7 million (2006:Q3) to 5.5 million (2011:Q1) and recovered little thereafter. Figure 1

276  Third Quarter 2020 Federal Reserve Bank of St. Louis REVIEW



Boldrin, Garriga, Peralta-Alva, Sanchez

Figure 1

The Construction Sector During the Great Recession
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SOURCE: BEA.

shows that employment, gross output, and GDP in the construction sector each dropped about
30 percent, whereas Table 1 infers employment dropped by 18.6 percent.

3.2 Evidence and Implications of Production Interlinkages

This subsection uses input-output data to provide a rough estimate of the role of inter-
linkages in the aggregate amplification of sectoral demand shocks during the cycle leading
up to the Great Recession. Despite its relatively small size, the contribution of the construction
sector to the Great Recession was a combination of two factors: the large size of the shocks
affecting the sector and the sector’s strong interlinkages with suppliers. One way of measur-
ing sectoral interlinkages is through the purchases of a sector from other sectors, expressed
as a percentage of the total output of the latter. For the period 1990-2013, these calculations
are reported in Figure 2.

These numbers show by how much the total demand for the (gross) output of these sectors
would immediately decrease if construction demand vanished. For instance, the total demand
for the manufacturing sector would immediately decrease by 7 percent if the construction
sector vanished. This measures only the direct effect: Because each sector purchases goods and
services from other sectors as inputs, the process continues—virtually for an infinite number
of steps—until it converges, thereby inducing a “production multiplier” effect. This multiplier
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Figure 2

Purchases from Other Sectors
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Figure 3
Sectors’ Multipliers
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Utilities Wholesale Trade
Mining Retail Trade

Financial Services Other Services

Information Professional and Business Services
Manufacturing Financial Services
Wholesale Trade Government
Government Education and Health Services
Transportation and Warehousing Mining
Agriculture Utilities
Construction Leisure and Hospitality
Professional and Business Services Information
Leisure and Hospitality Construction
Retail Trade Transportation and Warehousing
Other Services Agriculture

Education and Health Services

Manufacturing

w
=
o
—
wv
N
o
N
wv
—

Multiplier Multiplier
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Figure 4

The Construction Sector’s Contribution to the Dynamics of Employment and Gross Output
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SOURCE: Authors’ calculations using BEA and BLS requirements tables.

can be used to calculate the total effect of a sectoral shock on the rest of the economy. Figure 3
ranks sectors according to the size of their multipliers in terms of gross output and employment.

In terms of gross output, the two sectors with the largest multipliers are manufacturing
(2.4) and agriculture (2.3). Construction has the fourth largest production multiplier: A $1
decline in the output of the construction sector generates (absent changes in relative prices
and in the composition of final demand) a slightly below $2 decline in gross output of all other
sectors combined. Recall that the construction sector is larger than the agriculture sector, its
final demand much more volatile than those of both the manufacturing and agriculture sectors,
and its output composition more homogeneous. In terms of employment, the construction
sector also has a relatively large multiplier. It is worth noting that with respect to employment,
the multipliers of the manufacturing and agriculture sectors are not as significant as the multi-
plier for the construction sector. This highlights that the construction sector is important
overall because of its employment and gross output multipliers.

Our goal is to understand how significant these multipliers are when it comes to aggregate
fluctuations. To this end, we add up the direct and multiplier effects for the construction sector
to compute the total effect of construction on the rest of the economy. We use the requirement
matrices and compare the actual evolution of U.S. employment and gross output with a counter-
factual economy without the construction sector. Figure 4 displays the paths of employment
and gross output for the three cases: the actual values and the values without the direct and
without the total effects of construction. The difference between these paths is a rough estimate
of the construction sector’s (direct and total) impact on the aggregate dynamics. When con-
struction is included, total employment increases about 6 percent between 2002 and 2006,
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Figure 5

Sectoral Changes During the Great Recession: The Data and Input-Output Simulations
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SOURCE: Authors’ calculations using BEA data.

which is then entirely lost. In contrast, the economy without a construction sector and with
the total effect has a slower recovery from the 2000-01 recession; employment growth picks
up only in 2005 and employment destruction starts in 2009. The magnitude of the subsequent
decline is half that actually experienced. Unlike in the actual economy, employment starts
recovering already in 2010 and in 2012 surpasses the previous peak. This exercise shows that
the construction sector contributed greatly to employment growth between 2002 and 2005
and to employment destruction during the Great Recession. A similar, if somewhat weaker,
conclusion can be drawn by analyzing the panel for gross output. This simple decomposition
reveals that during the Great Recession construction alone may have accounted for 52 percent
of the decline in employment and 35 percent of the decline in gross output.

At a more micro level, construction interacts differently with the various sectors in the
economy. Therefore, a decline in the activity of the construction sector will have a larger impact
on those sectors that sell to it directly as opposed to those that do not. To show this, Figure 5
reports for each sector the actual sectoral declines in employment and gross output, respec-
tively, between 2006-09 and 2007-09 and those estimated using the input-output matrix for
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Figure 6

Sectoral Changes During the Recovery: The Data and Input-Output Simulations
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2007-09, as a consequence of the observed decline in construction.” The blue (2006-09) and
green bars (2007-09) in Figure 5 represent the historical percent changes in gross output and
employment for 13 industries and for the total economy (total nonfarm). In 2006-09, gross
output in the construction sector and in the aggregate (total nonfarm) declined close to 25
percent and 6.2 percent, respectively. Employment in the construction sector decreased by
roughly the same amount as gross output, 21.5 percent, while aggregate employment declined
by 4.4 percent. The aggregate numbers are slightly larger when considering the period 2007-09.
The yellow bars represent the declines attributable to the construction sector on the basis of
the input-output multipliers (for gross output and employment, respectively). For example,
according to this methodology, the drop in the construction sector accounts for a significant
part of the gross output decline in the mining sector, about 68 percent of it, while it accounts
for little of the decline in the retail trade sector.

According to this methodology, construction is capable of accounting for about 35 percent
of the decline in aggregate gross output and for about 52 percent of the decline in aggregate
employment. These numbers contrast with the direct impact estimates that account for 20.3
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percent of the decline in employment and 19.3 percent of the decline income, as shown in
Table 1. The difference between the direct and the total effects of construction is due to the mag-
nifying role of the production interlinkages, and this is what we label the production multiplier.

The construction sector played an important role not only in the Great Recession but also
in the subsequent slow recovery. Its contribution can be measured by performing a similar
counterfactual for the period 2009-11. Figure 6 shows the simulated growth rates for the 13
sectors and the total economy (nonfarm economy) under the assumption that construction
grows from 2009 forward at pre-recession rates. The blue bars display the actual percent changes
of gross output and employment, respectively. Between 2009 and 2011, gross output increased
by 5 percent and employment increased by roughly 1 percent. The yellow bars represent the
counterfactual simulation and show that if construction had grown at its pre-recession levels,
total gross output and employment would have increased by 6 percent and 2 percent, respec-
tively. In this scenario, the sectors that would have grown the most in terms of gross output
are wholesale trade (20 percent), retail trade (10 percent), mining (13 percent), and transpor-
tation and warehousing (11 percent). The differences between the above growth rates and the
actual growth rates (blue bars) indicate that the contribution of the construction sector to the
dynamics of aggregate employment and output is nontrivial. The next section proposes a
simple model of interlinkages that explains the nature of these effects.

4 THEORETICAL MODEL OF INPUT-OUTPUT LINKAGES

This section presents a stylized two-sector model with housing and production inter-
linkages. The model also incorporates the durable consumption goods nature of housing, the
presence of a fixed factor in the production of housing services (i.e., land), and the complemen-
tarity between consumption of housing services and of all other goods.

4.1 Households

Total population size, N,, is normalized to 1. Household preferences are defined by a
time-separable utility function, U(c,, 0,h,, n,), where ¢, represents consumption goods, 4,
represents housing services, and 7, represents labor supplied in the market. Housing provides
utility, and it is a complement to aggregate consumption. The shifts in housing consumption
are driven by adjustments in the parameter 0,. The utility function U satisfies the usual prop-
erties of differentiability and concavity. The sequence of utilities is discounted by the term
B € (0,1). Housing services are obtained by combining physical structures, s,, and land, /,,
according to H(s,, ). The latter is homogeneous of degree 1 and satisfies H; > 0, H; > 0 and
H 1']' > 0. Housing structures depreciate at a constant rate, §.. In each period, the numeraire is
the spot price of the nonconstruction good. Formally, the representative consumer chooses
{coshts koS ha b, to maximize

maxzzoﬂtU(ct,Gtht,nt),
s.t. ct+xtk+pfxf=wtnt+rtkkt+pf(lt—lt+l)+7ct,
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(1) h=H(s,.1,),
2) xf =k, —(1-6; )k, =0,
(3) x;=s,,—(1-6,)s, 20.

The maximization is also subject to transversality and no-Ponzi-game conditions. Prices are
defined as follows: p; is the price of infrastructure, p! is the price of land, w, is the wage rate,
and r, is the gross return on capital. To facilitate computing the rental rate for housing services,
our specification allows land trading, /,, even if in equilibrium there is no trading of land,
which is owned by the representative household and inelastically supplied. The term 7, rep-
resents profits from the construction sector. All investment decisions are subject to an irre-
versibility constraint and have different depreciation rates in the two sectors, construction
and nonconstruction.

The relevant first-order conditions of the consumer problem are

Un(ct’ethﬂnt)zw V¢
Uc(ct’etht’nt) v ’

U, (Ct ,0,h,.n, )
BU. ( Crrr>OriPiy M )

k
=1+7,-6,, Vi,

when the irreversibility constraints do not bind, x> 0. The relevant conditions for housing
decisions for the case with positive housing investment (x; > 0) satisfy

Uh(ct’etht’nt)zR vt

Uc(ct’etht’nt) v ’

1 S
WI:RHle (Sz ’lt)+pt+1 (1 _65 ):I’

t+1

pi=

1

ptl = m[RHIHl (St ’lt )+ptl+1 ]’

where R, represents the implicit rental price for housing services measured in terms of con-
sumption units. Notice that a no-arbitrage condition holds between investment in land and
housing. The last two expressions state that the current cost of purchasing a unit of housing
structures (land) equals the future return of housing services derived from the housing capital
(land) valued at market prices, plus its capitalization.

4.2 Nonconstruction Sector

The model uses a 2 x 2 input-output structure: To operate, each sector requires, among
other things, that the output of a sector uses intermediate inputs from other sectors as well as
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its own. To capture this fact, we deviate from common practice and write all production
functions in terms of gross (as opposed to net, i.e., value-added) output. Capital goods, which
are produced in the nonconstruction sector, must be distinguished from the intermediate
inputs from the same sector since they last more than one period. In the baseline model, capital
goods are used only in the nonconstruction sector for simplicity. Both investments satisfy the
putty-clay assumption, which is sector specific.

Formally, let m*/ be the intermediate input produced by sector i and used by sector j.
The nonconstruction sector operates in a competitive market and uses the technology
AF (kt,nf' ;m)” m” ) to produce its gross output:

Y, =c, +xf+m)”” +m)”.
The production function F has constant returns to scale. The firm’s optimization problem is

Y= —wid =%k — 7Y — oS
m)= max Y, -wn/-r'k-m]"-pm?”, Vi,

kiynfsm™ my”
st Y, :Af'F(kt,nty,mty’y,mf’y), Vt,

where the price of the nonconstruction sector’s output is normalized to 1. The constant-returns-
to-scale assumption implies zero equilibrium profits, 7}’ = 0, and marginal cost pricing for
each input

nt=AVE (konlm)” m?),
w, = AV, (kon!m)” m;” )

I:Afﬂ(kt,nf,mf"y,mf’y),
pi = AVE,(knsm) s m ).

4.3 Construction Sector

The construction sector is also competitive. Its net output consists of residential structures,
purchased by the households, while its gross output also includes structures used as interme-
diate inputs in both sectors. In the baseline case, purely for simplicity, we assume this sector
has a fixed stock of capital; hence its value added is split between the wages of labor and the rent
accruing to the owner of the fixed capital stock (the representative household). Implicit in this
formulation is a somewhat extreme assumption about the mobility of factors from one sector
to another: While labor can move freely, the stock of capital invested in the construction sector
is completely immobile (either way), and variations in investment activity have an impact only
on the nonconstruction sector. The technology for gross output is represented by

S_ s 5,8 Y _ AS s s 5,8 ¥,
X, =x;+m” +m; —AtG(nt,mt(mt > ))

and exhibits decreasing returns to scale in labor and the intermediate input mix. The function
G(-) has a constant elasticity of substitution, and the aggregator of intermediate inputs is
homogeneous of degree 1. The optimization problem of the representative firm is now
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s _ syS _ S 0S8 oY Y
= ” g}f‘fn” P Xy —wn, —p;m —pim, v,
0 T

st. X} :AfG(nf,mf(mf’s,mty’s)), vt

The first-order conditions are similar to those of the representative firm in the nonconstruc-
tion sector and are not repeated here. Note that because of the presence of a fixed stock of
capital, firm profits are not zero in equilibrium in this sector. It is worth emphasizing that p;
reflects the cost of producing new structures. The equilibrium price of a house differs from
this value since it depends on the relative value of the structures and land.

4.4 Competitive Equilibrium

The competitive equilibrium of this economy is defined as follows:
Competitive Equilibrium: Given a sequence of values {A[y A6, }ZO, a competitive equilib-
rium consists of allocations {ct,xtk,xf,lt,nty,nf,mf’s,mt”s,mty’y,mf’y }ZO and prices
{wt,rtk,ptl,pf,rt,Rt}Zo that satisfy the following:

(i) the household’s optimization problem;
(ii) profit maximization in the construction and nonconstruction sectors; and
(iii) the clearing of markets:

(a) the labor market (w,):

(b) the land market (pi):

(c) the capital market (rtk):
rtk:Af'Fl(kt,nty,mf”y,mf’y), Vt;
(d) the nonconstruction output market (p; = 1):
¢, +x +m)Y +m!’ = AtyF(kt,nf',mty’y,mf’y), Vt; and
(e) the construction output market (p;):
x;+m+m = AG(nfm; (m*m)?)), V.

For a given sequence of housing demand shifters {6,} the model endogenously generates
time series for all macroeconomic quantities and prices. Before comparing the predictions of
the model with the data, it is useful to understand how to characterize the amplification pro-
cess. This is described in the next subsection.
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4.5 The Macroeconomic Effects of Production Interlinkages and Demand
Complementarities

To proceed analytically it is necessary to make a number of simplifying assumptions rela-
tive to the baseline model: (i) the economy lasts one period, (ii) labor and intermediate goods
are the only inputs, and (iii) the share of land in the housing aggregator is zero. The utility
index is defined as U(c, 0, h, n), and the budget constraint of the representative household is
¢ + ph = wn, where w is the wage rate and p the price of housing, both measured in units of
the nonconstruction good.

Part of the output of the nonconstruction sector, m,, is used as an input to produce con-
struction, and part of the output of the construction sector is used to produce nonconstruc-
tion goods, m,,. The gross output flows of the two sectorsare c + m, =Y =A f(n , e,m,) and
h+my,=H=A,g(n, g,m,), respectively, where A, represents the productivity of sector j = y,h.%
The ¢(j = y,h) terms capture the relative importance in sector j of the intermediate inputs from
the other sector. Aggregate labor satisfies the restriction n, + n;, = n. Free mobility implies that
the wage rate is the same across sectors.

A competitive equilibrium in this economy is an allocation {c, h, n, ny, m, m,} and prices
{w, p} that solve (i) the optimization problem of the household, (ii) the optimization problem
of the firms in each sector, and ( iii) the market-clearing conditions.

As a function of the preferences () and technology (¢) parameters, value added in this
economy is defined as

VA(6,e)=c(6,€)+p(6,€)h(6,¢).

The goal is to identify conditions under which a shift AG = 6’ — 0 in the demand for housing
has a larger impact on total employment and value added when there are interlinkages (¢ > 0)
rather than when there are not (¢ = 0), that is, the conditions under which we have

VA(6,¢) _ IVA(6,0)
0 00

There are three interacting channels through which a change in the demand for housing may
affect value added: (i) a direct change in the desired quantities of c and , (ii) a change in their
relative prices (and the consequent second-order changes in the quantities demanded), and
(iii) a change in the supply of labor due to wealth and price effects. To highlight the difference
of this transmission mechanism relative to the recent literature discussed in Section 2 above,
the next examples abstract from movements in relative prices due to sectoral shocks. The full
quantitative model will also consider changes in relative prices and the related adjustments
in quantities.

4.5.1 Example: Leontief Production. A simple way to eliminate the price effects is to consider
an economy in which both production functions have fixed coefficients
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m
c+m,=Y=A mini{n ,—2},
y y »e

y

. m)/
h+m, =H = A, min3 n,,— ;.

&

The parameters ¢, > 0 and ¢, > 0 capture the intensity of the sectoral interlinkages.? Using the
nonsubstitutability of inputs and the constraint on total employment yields a linear production

possibility frontier:
A t+e A A —€ €
c| L | 2 Ty,
A,te, A, +g,

To satisty feasibility, it must be the case that A A, > ¢ ¢,,. If the intermediate input requirements
are too high relative to the productivity of each sector, it would not be feasible to produce

positive amounts of both goods.1? The linearity of the production possibility frontier implies
that the relative price of new houses depends only on the technical coefficients,
) A, +e,

A tE,
In the model without interlinkages ¢; — 0, the price is given by the ratio of productivities
p=A, /A, Similarly, wages are determined by

A A, —¢€€
w=| L
A, +e,
In the absence of sectoral shocks on (A,,4,), exogenous changes in housing demand (A6)

have no effect on prices and wages. All the macroeconomic eftects of value added are driven
by changes in the production of each sector:

VA(9,€)= c(9,8)+(m]-h(0, 6)
Ay tE,

From this expression, it is direct to derive specifications for which a shift in housing
demand is not amplified in the aggregate. The first one ignores sectoral interlinkages, ¢, = ¢,=0
as the model collapses to the standard two-sector model where relative prices are determined
by factor productivities. The second one assumes perfectly symmetric sectors, ¢, = ¢, = ¢ and
A, = A, = A, implying steady-state prices and wages equal to p =1 and w = (A - ¢). One can
easily add a third trivial case where the nonconstruction good is completely independent of 6;
that is, c(0,¢) = c(¢).

Case 1: Preferences with Perfect Complementarity. This specification allows the housing-
demand shifter A6 to change directly the consumption demand of both goods. The utility
index is given by U(fc, h, n) = min{6c, h} — an'*"/(1 + ). This corresponds to the extreme case
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of perfect complementarity; but only some degree of complementarity (less than unitary
elasticity of substitution between c and h) is sufficient for the mechanism to operate. With
this utility function consumption is given by

A A, —€ 8, .
(Ah+ey)+9(Ay+sh)

=

and the demand for housing is just 4 + 6¢. In the model without interlinkages (¢, = 0),
employment is allocated in the two sectors according to 7™ = (Ay / (Ay + 9Ahj n.
Solving for the aggregate level of employment yields

< |~

a (Ah+ey)+9(Ay+eh)

>

whereas in the absence of interlinkages the employment level is

1
}jlnolink — Q A}’Ah Y )
a{ A,+6A,

Measured economic activity is given by
AA —€E, |..
VA=c+ph=| 2L 0 15i(g).
A, +eg,

Notice that value added is proportional to total employment, and the scaling factor does not
depend on the parameter 6. The change in value added due to a change in housing demand
driven by A0 is

ava_[ A,4,-2,¢, (o)
20 A, +g, 0

We ask next, how do changes in the preference parameter 0 affect aggregate employment,
n, and value added, VA? Notice first, from the formulas above, that the economy with inter-
linkages and the one without them have different levels of aggregate employment. Hence, we
will compute the two elasticities of employment with respect to variations in 6.
In the economy with linkages, this elasticity is
ink__ 1 A, +g,

ne—

Y (Ah+ey)+0(Ay+sh)

>0,

and in the economy without linkages it is

€ nolinkz l A)’ >0
" y| A +0A,
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The presence of interlinkages amplifies the effect of any given preference shock when
els> €™, which reduces to A, > A ¢, after abit of algebra.l! This condition is clearly satis-
fied when the construction sector purchases intermediate inputs from the rest of the economy
(g,> 0), but not the other way around (sy =0). Hence, in general, the condition holds (for given
levels of sectoral productivities) when the construction sector absorbs lots of inputs from the
other sector but the other sector does not use housing as an intermediate input, which does
not sound so unrealistic. Notice that when there is symmetry between both sectors the condi-
tion fails. This is consistent with the earlier theoretical results of Horvath (1998) and Dupor
(1999) cited in Section 2.

Is there some empirical evidence that supports this asymmetry? We have used the direct-
input requirement matrices to carry out a back-of-the-envelope test of these conditions. Our
procedure was simple: We aggregated the matrices into a 2 x 2 format: construction and every-
thing else. Next, we eliminated the “own intermediate inputs,” which the model assumes away
for simplicity, and collapsed all the value added of the two sectors into labor income. The
sectoral price indices were used to compute the relative price p during the available sample
period and then to compute, by simple algebra, the four parameters of our model. We found
that A, /A ¢, equals 636, after rounding up. The inequality is amply satisfied, thereby suggest-
ing, on the basis of this admittedly simplified model, that in the real world the magnification
effects of asymmetries are likely to be present.

Case 2: Preferences with Unitary Elasticity. To highlight the importance of the complementarity
between c and h, we consider the case of Cobb-Douglas preferences, u(c,h) =logc + 6logh.
This specification is very common in macro housing models (i.e., Davis and Heathcote, 2005,
and Iacoviello, 2005) and in the recent literature on production networks (i.e., Acemoglu et al.,
2012). It implies a total employment level

1
=0 ((1+6)/a)wr,

nolink __ link

where 0" =1 in the economy without linkages and @™ > 1 in the economy with them,
independently of 0. The level of aggregate employment is larger in the economy with linkages
than in the one without them; but in response to changes in housing (A6), the two economies

share the same aggregate labor elasticity,

. 1 ( 8
e
’ : 1+y\1+0

Even with Leontief technologies, the unitary elasticity eliminates the contribution of the
input-output multipliers. For this reason, in the quantitative exercise in Section 5, we explore
the importance of demand complementarities by adopting a more general class of preferences
that includes the Cobb-Douglas as a special case.
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5 QUANTITATIVE ANALYSIS

In this section we use the general model developed in the previous section to carry out
various quantitative exercises.

5.1 Parameterization

To proceed we need to specify functional forms and then assign parameter values. The
choice of functional forms is relatively general with the exception of the housing demand shifter,

1-o
LH1=mh P | P +6,h
u(ct,ht,Nt)zl:nCt + 717)_;_ ] - +6 ~+olog(1-N,),

where the parameter p controls the degree of demand complementarity between consumption,
¢, and housing services, h. The parameter o represents the intertemporal elasticity of substitu-
tion, and the parameter 7 represents the relative importance of consumption. The utility from
leisure is logarithmic, as is standard in the real business cycle literature with a representative
agent.12 Housing services enter as complementary to consumption goods but also as a linear
term scaled by the parameter 6, that shifts housing demand to generate a construction boom
and bust. This is interpreted as a “reduced-form housing market wedge” given by 6, that, when
measured relative to consumption goods, implies the housing price equation

h
Pth:Rt"'et'l' Prst >

1+1,

where the notion of rents comes from owner-equivalent rent given by

1+p
R = (l—n)(gj _
n \h

Housing services are obtained from housing structures and land according to a Cobb-
Douglas mixture,

1-e

h=H(s,l):zh(s)E(7) ,

where z, represents a transformation factor between stock and flow. The production of the
nonconstruction goods also uses a Cobb-Douglas technology:

1-oy—0,—0

F(k,ny,my’y,ms’y)=Ay(k)al (n”) (m ) (m*) ,

where a, represents the share in production for input i. Notice that the specification allows for
substitutability between intermediate goods. The technology used in the construction sector,
instead, is a constant elasticity of substitution with diminishing returns to scale:

7,
G(ns,ms’s,my’s>=As[%(”s)m+(1_y2)((mm)%(my’s)l_yl) n} y '
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Table 2

Parameter Values

Parameter o, a, o Y 7, V3 V4 A A z, € n g p
Value 0.18 050 0.035 0.62 0.40 0.04 1.5 24 1.74 0175 028 0435 1

The model parameters are set to match long-run averages of their data counterparts
between 1952 and 2000. The implied parameter values are relatively robust to the choice of
the sample period; however, during the housing boom some of the ratios and long-run aver-
ages departed significantly from their historical trends. Hence, to avoid stacking the cards in
favor of our model, we used data from only the period before the housing boom and bust to
calibrate our model.

The time unit is a year, as input-output tables are yearly at best. The discount factor is
B =0.96. The depreciation rates of residential structures and nonresidential capital are
0°=0.015and ¢ = 0.115, respectively. The weight on leisure, o = 0.33, is such that total hours
worked equal one-third of the time endowment in the steady state. The preference parameters
are set to match the consumption-to-output and housing-to-output ratios. The parameters
of the production functions are set to satisfy the following:

(i) the ratio of gross output in the two sectors, Y*/Y” = 0.08;

(ii) the average labor share in the construction sector = 0.7;

(iii) the average labor share in the nonconstruction sector = 0.65;

(iv) the ratio of consumption to nonconstruction gross output = 0.35;

(v) the observed shares of intermediates in gross output of own sector (m” and m™)
=0.4, 0.007;

(vi) time allocated to market activities, 7’ + n* = 1/3; and

(vii) the ratio of employment in the two sectors, #’/n’ = 16.

The values of the parameters not listed here are displayed in Table 2. The intratemporal
elasticity of substitution between consumption and housing services is determined by the
parameter ¢, = 1/(1 + p). Quantitatively, the value of p is an important determinant of the
spillover effects from housing into the rest of the economy. If consumption services are close
substitutes, a decline in the demand for housing services can generate an increase in the demand
for the consumption good; whereas if they are close complements, a decline in housing demand
can translate into a decline also in the demand for consumption. Various recent papers, part
of an extensive literature on the topic, estimate this elasticity to be less than 1. For example,
Flavin and Nakagawa (2008) use a model of housing demand and estimate an elasticity of less
than 0.2. Others (i.e., Song, 2010, and Landvoigt, 2017) use alternative model specifications
and also estimate values for the elasticity to be less than 1. The simulations consider elasticities
e, €1{0.17,0.25}.

To generate dynamics in housing demand and construction, households face unantici-
pated shocks to the demand shifter 6,. Households have some initial expectations about their
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Figure 7

Dynamics of the Construction Sector: The Model and Data
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housing demand set by the initial values 0, = 0, for all # > 2000. Looking forward, they assume
this parameter will remain unchanged in the future. In 2001, households are surprised by an
initial increase in 0 perceived as permanent going forward, 6, = 0,,,, > 0,,,, for all £ > 2001. In
each subsequent period, this parameter is adjusted. In 2007, there is a demand reversal that
generates a decline in housing demand until 2010; thereafter it remains constant forever.13
The dynamics of this parameter are calculated to generate equilibrium paths of valued added
and employment and hours in the construction sector that are in line with the data, as shown
in Figure 7.

5.2 Role of Residential Investment in Growth and Employment

The goal of this exercise is to measure the sectoral contribution of the construction sector
to the macroeconomy. The baseline case considers a boom and a bust in the construction
sector, which generates the total employment and aggregate value-added series summarized
in Figure 8. The shocks to the construction sector have nontrivial effects on total employment
and aggregate value added. To measure the ability of the model to mimic the data, we measure
the fraction of the changes in employment and GDP during the expansion period (2000-07)
and during the recession (2007-10) it generates. During the boom, the exogenous changes in
the demand for housing explain 60 percent of the change in total employment and 25 percent
of value added.4

Similarly, the housing crash, started by a sudden decrease in housing demand, generates
declines in the employment of the construction sector and the demand for intermediate inputs
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Figure 8

The Aggregate Implications of a Shock to Construction
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from suppliers. The input-output structure of the model once again lowers the demand for
the nonconstruction sector as demand for intermediates from the construction sector falls.
In the short run, the decline in the demand for housing generates a very small and short-lived
increase in nonhousing consumption that is consistent with the empirical evidence, as shown
in Figure 9. This temporary consumption increase is not sufficient to compensate for the decline
in other key macroeconomic aggregates. In the model, the collapse of the construction sector
(starting in 2007) generates a 3.8 percent decline in total employment and a 3.3 percent decline
in aggregate value added. Comparing the numbers with the data, the model can rationalize
44 percent of the decline in employment and 56 percent of the decline in total value added.

An important feature of construction in the business cycle is its leading role during both
booms and busts (see Leamer, 2007). Similarly, the data suggest that, during a boom, purchases
of housing and durable goods increase faster than purchases of food and services; during a
bust, purchases of housing and durable goods decline very sharply, while nonhousing related
purchases continue to increase for a few more quarters. Our model captures these lead-lag
patterns almost perfectly, as illustrated by the two panels of Figure 9.

In terms of prices, the model generates an 11 percent increase in the house price-to-rent
ratio (price-rent ratio) during the housing boom and a 15 percent decline during the bust, as
shown in the left panel of Figure 10. According to the OECD data, the price-rent ratio increased
40 percent during the boom and declined 25 percent during the bust. Relative to the data, the
model captures around 30 percent of the boom and 60 percent of the bust. The model performs
remarkably well given that this is a nontargeted moment and that there is only one force driving
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Figure 9

Lead-Lag Responses of Consumption and Housing Spending
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Figure 10
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Figure 11

Lead-Lag Responses of Consumption and Housing Spending
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the aggregate dynamics. For a detailed discussion on other drivers for house prices, see Garriga,
Manuelli, and Peralta-Alva (2019).

The model can also reconcile large movements in employment and hours with very modest
movements in real wages, as shown in the right panel of Figure 10. There is abundant research
arguing that a variety of different frictions affecting the labor market are important to gener-
ate significant movements in aggregate employment (see, for example, Boldrin and Horvath,
1995; Christiano, Motto, and Rostagno, 2010; Arellano, Bai, and Kehoe, 2019; Gertler and
Karadi, 2011; Hall, 2011; and Jones, Midrigan, and Philippon, 2018). Our model abstracts
from such features, but modeling the use of intermediates allows us to reduce the response of
wages to changes in the labor supply. Section 6 explores the connection of these findings with
the existing literature.

5.3 The Role of Demand Complementarities

In our model, the complementarity between consumption and housing is an important
driver of the employment dynamics. To compare the model implications for different levels
of complementarity, we calculate, in each case, a sequence of demand shifters {6,} that match
the dynamics of employment in the construction sector. The qualitative implications are the
same, but the calibration with stronger complementarity generates a more pronounced boom-
bust pattern. With a lower degree of complementarity, GDP falls 2 percent instead of 3.3
percent and total employment declines by 2.4 percent instead of 3.8 percent. The degree of
complementarity also has implications for other variables. Figure 11 emphasizes the different
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lead-lag responses of consumption and housing spending. When the elasticity of substitution
between consumption and housing is increased from 0.16 to 0.25, consumption declines sig-
nificantly less during a bust. With low elasticity, expenditures on goods respond with a lag
relative to housing but have similar dynamics. As the elasticity increases, the dynamics of
goods expenditures diverge from the declining path of housing. Increasing the elasticity to
higher numbers (p < 2) would generate a boom of the nonconstruction sector during the
collapse of the construction sector. A low elasticity of substitution magnifies the aggregate
responses of employment and capital investment.

5.4 The Role of Interlinkages and Supply Complementarities

In our view the interlinkages have been an important driver of aggregate output and
employment during the housing boom and bust. To isolate the effects of the interlinkages
from those derived purely from consumer demand for housing, we study two alternative
specifications. The first uses the same parametric calibration and shuts off interlinkages by
holding the sectoral demand of intermediates fixed at the level of the initial steady state in
1998 (mlf f=myt,m]” =m)t m] =ml m =my” ) This case is referred to as the “no inter-
linkages specification.” The second formulation completely ignores the role of intermediate
goods ( m”* =m)" =m)”" =m;” = O), and the production functions are specified for value added
and not gross output.!® In this “value-added specification,” the relevant technologies ignore
the use of intermediate inputs from other sectors in the economy. The nonconstruction sec-
tor satisfies

¢, +x; zAfF(kt,nty),

and the construction sector satisfies

For both specifications, we carry out the same simulation experiment under the assump-
tion that p = 5. The housing demand shifter is adjusted to generate movements in construction
employment consistent with the data. Figure 12 compares the key macroeconomic aggregates
in the three cases: the baseline model with interlinkages, a specification with no interlinkages,
and the value-added specification.

Consider first the case labeled “no interlinkages,” which is simpler because the interme-
diates are fixed to the initial steady-state levels. Both sectors are committed to producing the
same amount of intermediates every period. During the housing boom, the only way to pro-
duce more structures is to use more capital and labor. Since the quantity of intermediates
cannot adjust, prices adjust more relative to the baseline level. Qualitatively speaking, the
equilibrium dynamics of this version of the model are similar to those of the baseline one.
However, the quantitative implications are very different. Since intermediates are constant,
the marginal product of labor in the construction sector does not increase as much as in the
baseline experiment and employment also does not increase as much either. The construction
sector expands during the boom, but because the links to the other sector have been severed,
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Figure 12

The Impact of Construction: Role of Interlinkages (p = 5)
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the latter barely moves in spite of the consumption complementarity: All movements are less
than 0.5 percent. Consequently, the changes in GDP and employment are an order of magni-
tude smaller than in the economy with intersectoral links. The input-output links operate,
de facto, as total factor productivity changes in the manufacturing sector, turning the varia-
tions in the demand for houses into a variation in the marginal value of output for the second
sector.
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Figure 13

Lead-Lag Responses of Consumption, Housing Spending, and Investment
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In the value-added model, the change in the demand for housing also generates very small
booms and busts in output and employment. Here the propagation from housing to the rest
of the economy travels only on the demand side (via consumption complementarity), and
the effect is consequently small. For the value-added case, the adjustment via prices is more
severe because the only way to prevent individuals from purchasing more housing is to increase
house prices. In this case, the effects of a positive demand shock are a sizeable appreciation of
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Table 3

Quantitative Implications of Alternative Models

Share of changes accounted for by the construction sector (percent)

Expansion 2000-07 Recession 2007-10
Experiment Employment GDP Employment GDP
Baseline (p=5) 60.2 253 43.9 56.2
Lower complementarity (p = 3) 28.7 14.1 28.7 40.6
Value-added specific (p = 5) 14.9 3.2 14.5 8.5
No interlinkages specific (p = 5) 14.5 25 10.6 4.8

SOURCE: Authors’ calculations.

house values but small macroeconomic spillovers on the production side, as the construction
sector is not directly interconnected with the rest of the economy. The adjustment in relative
prices leads wages to remain relatively constant.

As shown in Figure 13, the responses of consumption, house spending, and investment
are very different in each specification. In the model with fixed interlinkages, the dynamics
are similar to those in the baseline model presented in Figure 9. However, the magnitudes are
significantly smaller. The dynamics of the value-added specification are very different and
resemble the case of high elasticity of substitution.

The study of these three alternative specifications illustrates an important point. The
presence of interlinkages is necessary to generate large aggregate changes from fluctuations
in construction. In fact, both alternative models generate very small changes in output and
employment (for given shifts in the demand for housing) even though both maintain the com-
plementarity between consumption and housing. Complementarity between housing and
consumption, alone, delivers only very small aggregate fluctuations, which instead appear when
the input-output structure of the economy is accounted for. Interlinkages are also crucial for
the behavior of investment. In response to demand shocks, the model with interlinkages gener-
ates a simultaneous increase in consumption (housing and nonhousing) as well as investment
(residential and nonresidential), whereas the value-added specification fails to account for
such strong comovements. No asymmetric input-output structure, no business cycle action.

5.5 Quantitative Implications of Alternative Models

The different specifications studied lead to a general conclusion: The aggregate importance
of the construction sector is significant despite its relatively small share in terms of employment
and value added. Table 3 presents a summary of all the results discussed above. The table shows,
for each of the model specifications considered, the fractions of the changes in employment
and GDP accounted for by shocks to the construction sector during the expansion (2000-07)
and the recession (2007-10). In light of the previous discussion, the numerical values should
be easy to interpret at this point. The left side of Table 3 considers the role of the construction
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sector in the expansion. Regardless of the complementarity between housing and consump-
tion goods, the model with interlinkages reveals that the construction sector accounts for a
very significant share of the growth in total employment: between 29 and 60 percent. It also
reveals that the contribution of construction to GDP is also much larger than its share: between
14 and 25 percent, which is somewhat smaller than its contribution to employment.

According to our model, the contribution of construction to employment and output
was arguably even more important during the Great Recession. Depending on the specifica-
tion, the decline in employment generated in the models with interlinkages is between 28 and
44 percent of the actual decline during the recession. In the case of GDP, the model generates
between 41 and 56 percent of the observed changes. The model suggests that construction has
been an important macroeconomic driver during the housing boom and bust and also high-
lights the asymmetry of its contribution between the expansion and the recession. During
expansions the spillover on employment is larger than on output, but during recessions it is
the opposite.

6 INTERLINKAGES AND BUSINESS CYCLE ACCOUNTING

An alternative methodology to identify the sources of economic fluctuations, within the
context of a one-sector growth model, is “business cycle accounting,” based on Chari, Kehoe,
and McGrattan (2007). Recent works, including Arellano, Bai, and Kehoe (2019) and Ohanian
and Raffo (2012), document that the Great Recession can be accounted for, mostly, by a wors-
ening of labor market distortions. Both of these studies find that the labor wedge worsened by
about 12 percent during the 2007-09 recession. Different explanations have been proposed
to rationalize the measured increase in distortions in the labor market. For instance, Arellano,
Bai, and Kehoe (2019) propose a model of imperfect financial markets and firm-level volatility.
Such a model captures about half of the worsening in the labor wedge.

The wedge can be computed using data on employment, consumption, and wages gener-
ated by any model. It is defined as

U
Xt=—i/wt,
UC

t

where Uy, is the marginal disutility measured at the aggregate level of employment, U is the
marginal utility of consumption measured at the aggregate level of consumption, and w, is
the aggregate wage rate. Assuming wages are flexible and considering an aggregate Cobb-
Douglas production function with capital share «, the wage can be replaced with

Y,
w, =ﬁt(1—a).

Furthermore, using a log utility function for consumption and the following function for the
disutility of employment,
N 1+v

UWN)=B—— ,
() 1+v
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Figure 14

Business Cycle Accounting of the Model with Interlinkages
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the wedge can be written as

B 9 1+v
(1-a)y,

S

Notice that the parameters B and « are not important to understand fluctuations in the
labor wedge; only the time series for aggregate consumption, output, and employment, and a
value for v, are required. We consider three values of v = {0.5, 1, 2} and compute the labor
wedge implied by our model using simulated data for consumption, output, and employment.
Since our model has multiple sectors, several adjustments in the data are necessary. Consump-
tion of goods and housing services are aggregated using relative prices C, = ¢, + R,h,. Aggregate
outputis Y, = C, + X}, and total employment is N, = n + n.

In the context of our model, any action in terms of implied distortions must be derived
from the input-output structure and changes in relative prices. Figure 14 displays the changes
in the labor wedge for our benchmark simulation. Its behavior is consistent with the data:
The labor wedge worsens during the recession and does not recover quickly. For the case
computed with v = 1, which is consistent with the value used by Ohanian and Raffo (2012),
the labor wedge worsens by 7.4 percent; this is about 62 percent of the total change in the labor
wedge during this period. Notice that our computation of the labor wedge assumes that wages
are perfectly flexible. If this condition does not hold, the labor wedge has another component,
referred to as the “firm-side” labor wedge in Arellano, Bai, and Kehoe (2019).16 This wedge is
basically the difference between the marginal product of labor and the wage. These authors
refer to the other component of the labor wedge as the “consumer-side” labor wage, which is
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basically our I',. Arellano, Bai, and Kehoe (2019) find that (i) the firm-side labor wedge has
been fairly flat since 2006 and (ii) a worsening of the consumer-side labor wedge accounts
for most of the Great Recession. Recall that there are no frictions in our model, so wages equal
the marginal product of labor in every period. Thus, not only the behavior of the labor wedge
during the Great Recession but also its decomposition in the data are consistent with what
our model predicts. It can also be shown that our model would be consistent with a large and
fairly persistent negative shock to total factor productivity. The combination of these two
would rationalize the model-predicted Great Recession.

7 CONCLUSIONS

This article analyzes the contribution of the construction sector to U.S. economic growth,
particularly during the Great Recession, using a two-sector input-output model. Historically,
the construction sector has been relatively small in terms of its contributions to employment
and GDP, but it is highly interconnected with other sectors in the economy and highly volatile.
Our empirical analysis reveals how these sectoral interlinkages propagate changes in housing
demand, greatly amplifying their effect on the overall economy. In our model, construction
accounts for 52 percent of the decline in employment and 35 percent of the decline in output
during the Great Recession and for similar, albeit slightly smaller, shares during the preceding
boom.

The importance of the sectoral interlinkages is illustrated first using a simple static multi-
sector model. We prove that, in our model, changes in housing demand have a much larger
effect on aggregate activity when the sectors are asymmetrically interconnected. Also, the
presence of irreversibility constraints on investment introduces an asymmetry between the
expansion and the recession in the dynamic model. The simulation exercise is calibrated to
reproduce the boom-bust dynamics of construction employment in the period 2002-10. In
the model, during the housing boom all sectors expand and contribute 2 percent and 2.5 per-
cent to the growth of output and employment, respectively. During the housing bust, the
irreversibility constraint binds, amplifying the asymmetric response: The declines in output
and employment are 3.3 percent and 3.8 percent, respectively. With a lower degree of com-
plementarity, the asymmetric effect is not as large but still significant. These numbers can be
used to calculate the contribution of construction in the data. The model suggests that during
the expansion (2002-07), the construction sector accounted for a significant share of the growth
in employment (between 29 and 60 percent) and GDP (between 14 and 25 percent). The con-
struction sector’s contribution was more important during the Great Recession (2007-10):
Our calibrated model suggests that movements in housing demand—propagating through
the economy—accounted for 29 to 44 percent of the variation in aggregate employment and
41 to 56 percent of the variation in GDP.

The presence of intersectoral linkages substantially amplifies the impact of changes in
housing demand. In the model specifications without this mechanism, changes in housing
demand consistent with the dynamics in construction employment have only a small effect
on macroeconomic quantities. This is true even when the complementarity between consump-
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tion goods and housing services is high. A direct implication of this result is that the presence
of interlinkages is necessary to generate large aggregate variations from changes in construc-
tion, and a high degree of complementarity is not sufficient to obtain the propagation of adjust-
ments in housing demand to the rest of the economy we obtained in our model. To capture
the intricacies of this mechanism it is necessary to formalize the aggregate economy with a
multisector model with asymmetric interlinkages.

Since in our model the equilibrium is efficient, the behavior of output is also the behavior
of potential output. Taking into account that both output and potential output were affected
during the Great Recession, we perform a business cycle accounting exercise on simulated data
from the model using the now common “wedge” approach. Despite the lack of any friction
or distortion, the data our model generates attribute the recession to a worsening in the labor
wedge. The magnitude generated by the model accounts for 62 percent of the total change
observed in the data. Clearly, in our model, the metrics of the wedge measures are explained
by the fact that we account for sectoral linkages, irreversibilities, and the movements of rela-
tive prices between sectors; they are not explained by frictions. This approach shows how
multi-sector models of the business cycle can improve, or at least challenge, our understand-
ing of the factors driving aggregate fluctuations.

A direct policy implication of our findings is that the output gap could be lower than his-
torical estimates suggest. The historical anomalies in the events that took place between 2007
and 2013 can be accounted for by the equally anomalous evolution of housing demand in the
six years before 2007 and in those following it. As far as policy is concerned, the basic implica-
tion of our research is simple: Estimations of output gaps using pre-2007 trends, and aggre-
gate one-sector models, may lead to misleading policy prescriptions. m

APPENDIX
A1 MICROFOUNDATIONS FOR THE HOUSING DEMAND SHIFTERS

The modeling strategy used in the article uses changes in “effective” housing demand as
the driver of the amplification mechanism that affects sectoral interlinkages. There are many
potential drivers of the changes in housing demand during the period we study. This particular
episode witnessed sizeable changes in home ownership and significant innovations in housing
finance at the household level (i.e., new mortgage products) and the industry level (i.e., the
use of mortgage-backed securities as a liquid asset). This section provides a microfoundation
of housing demand shocks using two different specifications. The first one uses credit con-
straints in housing finance, where changes in collateral requirements (i.e., loan-to-value ratios)
are isomorphic to variations in the relative weight that housing has on preferences (intensive
margin). The second one considers the case where a large number of new households enter
into the owner-occupied housing market. At the aggregate level this is also captured as an
increase in the aggregate demand for housing (extensive margin). Either specification would
be consistent with the approach used by Chari, Kehoe, and McGrattan (2007) that reduces all
the frictions in the model to distortions/wedges in the equilibrium conditions.
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A1.1 “Effective” Housing Demand and Credit Constraints

The first specification relates housing demand to the presence of credit constraints. Con-
sider a simple two-period version of the household optimization problem to allow for borrow-
ing and collateral constraints of the form b < Aph. This is the standard constraint that restricts
the amount of housing finance to be proportional to the value of the house, A € [0,1]. The cost
of borrowing, R > 1, is paid in the second period and can differ from the return of other
assets,” r. For ease of exposition, consider the case where housing fully depreciates at the
end of the second period and labor is inelastically supplied. The optimization problem of the
representative consumer is

max u(c, )+ Bu(c,)+0v(h),
coiphisi
st. ¢ +s+ph=w, +b,
b< Aph,
¢, =w,+(147)s+bR.

The optimality condition for housing measured in terms of ¢ = 1 consumption goods can
be written as'8

0 ey =l1-20+0)]

When the solution is interior, increases in the value of A reduce the cost of housing relative
to the cost of consumption goods. This is observationally equivalent to an exogenous increase
in 0. Similarly, a tightening of credit conditions reduces housing demand. From this perspec-
tive, the relevant value is =6 / [1 -1 +¢)]. When housing finance is not present, A = 0,
the expression for housing demand is the same as in the previous model and 8= 6.

A1.2 “Effective” Housing Demand and Home Ownership

Part of the housing boom was fueled by an increase in the home ownership rate.l* The
second specification relates the aggregate change in housing demand to increasing participa-
tion in the housing market, using a model based on Garriga, Manuelli, and Peralta-Alva (2019).
Consider an economy where households are ex-ante heterogeneous in their labor ability
S [ E,€ ] and the ability distribution is uniform € ~U(g,€) = f(€). Preferences are repre-
sented by a utility function u(c,h) = c(0 + h), where consumption goods are perfectly divisible,
¢ € R,, and housing is a discrete good with only one size of home available, i € {0,1}. The
implicit assumption is that renters consume zero housing and homeowners consume a fixed
positive amount; we could allow for the purchase of different size homes at the cost of intro-
ducing unnecessary notation. The parameter 6 > 0 can be interpreted as a reservation value
for rental housing, and as 6 — 0 owner-occupied housing becomes more desirable.

The optimization problem for the consumer is
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where w is the wage, p is the house price, and the price of consumption goods is 1. The term ¢
represents an exogenous transaction cost associated with buying a house, measured in terms
of consumption goods. The optimal decision rule determines a cut-off level of ability necessary
to purchase a house. For the specified preferences and under the necessary assumptions for
an interior solution, the threshold for homeownership, €', is characterized by

(o7 Plo. 7). 2
£'(6.h.0,p,w)2 W(0+h)+ .
In the model, the determinants of ownership are the cost of housing relative to income,
p/w; the house size, h; transaction costs, ¢; and the reservation value of rental housing,2? 6.
The comparative statics are straightforward. Increases in the house price, minimum house
size, and transaction costs increase the income threshold required for home ownership, whereas
an increase in wage income decreases it. Notice that the demand shifter changes the number
of individuals buying houses, as the size of the latter is fixed.
Given this threshold, aggregate housing demand and the home ownership rate are in fact
proportional:

£ w

e B R TP
H(p)—hé[U(g,s)de—(g_g)[e (6+1) _}.

Despite its simplicity, the expression shows the connection between housing demand and
the key individual variables. A reduction in the rental threshold, 6, affects the total quantity
demanded from the construction sector but also reduces the transaction costs, ¢, affecting
housing demand.

A2 ALTERNATIVE SPECIFICATIONS QUANTITATIVE MODEL:
FIXED INTERLINKAGES AND VALUE-ADDED ECONOMIES

In our quantitative analysis, we made an effort to disentangle the role of interlinkages. It
is always challenging to compare different models, but the quantitative analysis suggests sim-
ilar results from the various alternatives. The first alternative considers an economy calibrated
to the same initial steady state (parameters and targets) and compares the economy with inter-
linked production with an economy where the amount of intermediates is fixed at the initial
steady-state level. The second alternative compares the value-added economy with the linkage
economy. Both are calibrated to the same target values for the baseline year, but the underly-
ing parameters are different.

For a given sequence of land {Tt }: , there is an optimization problem that solves for the
equilibrium in each case. In the baseline case with interlinkages, the social planner chooses a
sequence of quantities {ct bt n! ol m m) S s m? m }Zo to maximize
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maxzzoﬂt[u(c,,et,ht)+}/v(1—nty—nf)},
st corxfem!” +m)* = AF(kon!m)?m?), VL,
= AG(nfmy (mtm?*)), L,
xf =k, —(1-6; )k, 20,  Vt,
x;=s,,—(1-6,)s,20, Vt,

h=H(s.}), vt

So5ky =0.

s 5,8 s
Xy + m, + m,

In the model with no interlinkages, the production of intermediate goods is fixed at the
steady-state level before the boom. In this case, the social planner is forced to produce the
same quantity of intermediates each period (mf T=myt,m] =m)tm] =mi m] =my” )

To satisfy this constraint, the social planner picks a vector {ct,xtk X0, ny }Zo to maximize
w o y
maxztzoﬁ [u(ctﬁthz)+yv(l—nt —nf)],
st ¢ +x) :AtyF(kt,nty,mg’y,mg’y)—(mé”y +mg’s), vt,
x; =AfG(nf,mg(mS’s,moy’s))—(mf,’s+m3’y), vt,
k
xf =k, —(1-6,)k, =0, Vt,
X =s5,,—(1-68,)s,20, V¢,
h=H(s.L), vt
SorKos g,y g 1y 20.

The last case studied is that of a value-added economy, where intermediate goods are

.. . .. k s s1%
completely eliminated. The social planner chooses a vector of quantities {ct,xt X;,n!n, } -0
to maximize

max),~ ' [u(ct,etht)+j/v(1—nty -n; )],

st c+xf=AF(k.n)), Vi,
X =AG(r), VY,
xf =k, —(1-6,)k 20, V¢,
x;=s,,—(1-6,)s5,20, Vt,
h=H(s,}), Vt,

So-ky 20.
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A3 CALIBRATION OF INTERLINKAGES

Interlinkages are calibrated using input-output data. In particular, the information shown
in Table A1 is used to calibrate the parameters of the two production functions and is calcu-
lated from the BEA’s 2010 use input-output table. The use table shows the uses of commodi-
ties by intermediate and final users; rows present the commodities or products, and columns
display the industries and the final users. The sum of the entries in a row is the output of that
commodity. The columns show the products consumed by each industry and the three com-
ponents of value added—compensation of employees, taxes on production and imports less
subsidies, and the gross operating surplus. Value added is the difference between an industry’s
output and the cost of its intermediate inputs; total value added is equal to GDP.

Table A1 displays input-output values (which are originally in millions of dollars) as a
fraction of each industry’s output. Construction receives most of its inputs from other indus-
tries (48.3 percent of its gross output) and less than 1 percent from itself. The reverse is true
for the other industries, as they receive most of their inputs from themselves (43.0 percent of
their total gross output).

Table A1

Coefficients with Respect to Column Industries

Commodities/industries Construction Other industries
Construction 0.0009 0.0058
Other industries 0.4828 0.4301
Compensation of employees 0.3625 0.2802
Taxes on production and imports, less subsidies 0.0072 0.0471
Gross operating surplus 0.1466 0.2368
Total 1.0000 1.0000

SOURCE: BEA 2010 use input-output table.

NOTES

1 Davis and Heathcote (2005) construct a real business cycle with housing and interlinkages. In the baseline econ-
omy with Cobb-Douglas preferences, the presence of interlinkages generates a relatively small contribution to
aggregate fluctuations in response to productivity shocks. Our theoretical model shows that Cobb-Douglas pref-
erences completely eliminate the role of interlinkages because of insufficient complementarity. This is true even
when the sectoral linkages are asymmetric. lacoviello (2005) generates house price fluctuations using shocks to
Cobb-Douglas preferences, but the productive structure of the economy does not have interlinkages, so most of
the action is driven by the presence of binding collateral constraints and price rigidities.

N

The appendix provides two microfoundations for the drivers of housing demand. We show that this shock is iso-
morphic to a model that relaxes collateral constraints or a model with housing demand at the extensive margin.

lw

The analysis abstracts from both the increase in the burden of debt brought about by the decline in home prices
(which is the focus of Garriga, Manuelli, and Peralta-Alva, 2019) and the reduction in credit activity it implied, two
factors that are likely to have played a major role in the overall process. Although these factors could interact with
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the sectoral interlinkages, abstracting from them captures the contribution of the real side of the economy in the
recession.

2 ltis often argued that the housing sector is of great relevance to the aggregate economy because housing wealth
is a major determinant of consumption demand (see Carroll, Otsuka, and Slacalek, 2011; Case, Quigley, and Shiller,
2005; and Mishkin, 2007, which are among the most cited articles). An ample and somewhat more recent literature
(e.g., Calomiris, Longhofer, and Miles, 2009, and lacoviello, 2011, and the references therein) has cast serious doubts
on the quantitative relevance of this channel for business cycles analysis. While the housing sector is certainly very
cyclical, this is most likely not due to a causal chain going from housing wealth to consumption and aggregate
demand to output, but to a host of other common factors driving such comovements. Further, the same literature
also reveals that, when empirical evidence of a causal link is found, the latter is not only quantitatively weak but its
magnitude is also dependent on demographic and financial variables.

2 The traditional view of the business cycle literature is that idiosyncratic sectoral shocks are likely to average out
and have no aggregate effects as the number of sectors in the economy gets larger (i.e., Lucas, 1981; Kydland and
Prescott, 1982; Long and Plosser, 1983; and Dupor, 1999).

© In the analysis hereafter, the definition of the construction sector does not include the real estate and leasing sector,
because the two sectors are quite different. Including it in the definition of the construction sector would substan-
tially increase the construction sector’s significance in accounting for the Great Recession.

£ For employment, we use the employment requirements matrix from the Bureau of Labor Statistics (BLS).

S For expositional purposes, in this section we assume that the diagonal coefficients of the requirement matrix A in
the Leontief model are zero. The general formulvatlon would be c+m,, +m,, =Y = Ayf(ny,syymyy,syhmhy) and
h+my, +m,, =H= Ahg(nh,ehymyh,shhmhh), wherein each m

i» the first subscript denotes the origin (i) and the second
denotes the destination (j).

2 Ase— 0, the required quantity of the intermediate good converges to zero, m,— 0. When both coefficients con-
verge to zero, the technologies become c = A n,and h = A n,, respectively. In this case, the interlinkages disappear.

10 This condition is the well-known “all or nothing” property of Leontief input-output models. When it is met, the
economy is productive and any nonnegative value added is reachable if enough labor input is available.

11 This condition is related to the irrelevance result in Dupor (1999).

12 This specification implies a Frisch elasticity of labor equal to 2. Keane and Rogerson (2012) argue that this elasticity
can be reconciled with lower elasticity estimates at the micro level.

13 The long-run value of 8 has small quantitative implications for the short-run dynamics discussed in this article.

14 The magnitudes of these numbers vary with the time interval considered, but the overall magnitudes are within
reasonable bounds.

15 See the appendix for model details.
16 They follow Gali, Gertler, and Lépez-Salido (2007) in this decomposition.

17 |n this class of model, the consumer usually has an incentive to borrow to purchase the house when the cost of
borrowing is lower than the return of other assets, R/1 + r = ¢ < 1 (additional conditions are discussed later in the
article). In many countries, interest payments are tax deductible, reducing the effective cost of borrowing relative
to other assets. Under this assumption, the Lagrange multiplier of the collateral constraint binds, and housing
demand directly determines the amount of borrowing.

18 For an interior solution with borrowing it suffices that A < 1/(1 + ¢).

19 See Chambers, Garriga, and Schlagenhauf (2009a,b) for a detailed discussion on the home ownership rate boom
between 1994 and 2007.

20 When the transaction cost is proportional to the value of the house, the budget constraint of the buyer is slightly

different, ¢ =we—(p+¢)h, and the homeownership threshold is &' ZM(OHT).
w
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