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Department of Economics

University of Georgia

Robert Lester†

Department of Economics

University of Notre Dame

First Draft: January 30, 2013
This Draft: March 20, 2013

*Preliminary, comments welcome. Please do not cite without permission.*

Abstract

This paper incorporates home production into a standard labor search-and-matching

model. Incorporating information available from the American Time Use Survey, we

find estimates of time spent at home production. Capturing these empirical measures as

exogenous benefits received by unemployed workers, does not significantly increase the

volatility generated by a standard model. We show, however, that endogenous home

production acts as an amplification mechanism, considerably improving the ability of

a standard model in generating fluctuations of labor market variables.
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1 Introduction

The finding that the baseline Mortensen-Pissarides (Mortensen and Pissarides (1994)

and Pissarides (2000)) model of labor market search and matching implies counterfactual

labor market volatilities under conventional parameterizations, colloquially referred to as

the Shimer puzzle, is well documented.1 A common theme in the extensive literature ad-

dressing this question is that one way of resolving the puzzle is raising the outside option

of unemployed workers. This has the effect of raising the equilibrium wage and lowering

profits; thereby making firm’s hiring decisions more sensitive to productivity shocks and

raising the volatility of labor market variables. Despite this implication from the model,

finding reasons for why the worker’s outside option should substantially exceed measured

unemployment benefits, which is required for this mechanism to have quantitative signifi-

cance, have remained elusive. In this paper we allow unemployed individuals to engage in

home production. We discipline the theoretical framework by obtaining empirical measures

of home production and ask to what extent such an addition can resolve the Shimer puzzle.

Until recently, high frequency data on home production was unavailable and researchers

had to rely on irregular time use surveys. Aguiar and Hurst (2007) and Ramey and Francis

(2009) summarize the findings from some of these surveys and show that a broadly defined

measure of home production occupies a substantial proportion of the average person’s time

endowment. With the advent of the American Time Use Survey (ATUS) in 2003, the par-

ticulars of which are discussed in the next section, researchers now have access to home

production data for a large cross section of individuals at a monthly frequency. To the best

of our knowledge, data from the ATUS has not been used in the search and matching lit-

erature. Consequently, our contribution is three fold. First, we empirically document how

much additional time unemployed workers spend working from home relative to employed

workers. Second, we introduce a method for calibrating home production’s share of the

worker’s outside option. Finally, we build a model with endogenous home production and

variable search intensity that amplifies the effects of productivity shocks on labor market

variables.

We find that using multiple measures of home production and definitions of unemployed,

employed workers spend anywhere from 38-53 percent less time on home production than

unemployed workers. Additionally, following Shimer (2005)’s calibration as closely as pos-

sible we show that unemployment is nearly three times as volatile as productivity, which

represents a substantial improvement from the baseline model. The intuition for this result

can be decomposed into a static and a dynamic effect. The static effect comes from the

1See Shimer (2005), Hagedorn and Manovskii (2008), or Hornstein et al. (2005) for summary treatments.
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increase in the worker’s outside option in steady state. As mentioned above, this reduces

the firm’s profits and makes vacancies more sensitive to productivity shocks. The dynamic

effect comes through the complementarity in search intensity and vacancy posting. Follow-

ing a positive productivity shock, firms post more vacancies which raises the worker’s job

finding rate and induces a substitution away from home production and towards greater

search intensity. Since the firm’s job filling rate is increasing in worker’s search intensity,

an increase in search intensity causes firms to post even more vacancies, which increases

search intensity even more, etc. This complementarity significantly amplifies the effects of

productivity shocks.

The addition of home production adds to a long list of potential explanations to the

Shimer puzzle. Perhaps the most influential is the work by Hagedorn and Manovskii (2008)

(HM, henceforth), who argue that the Shimer puzzle is a calibration problem, not a problem

inherent in the model. They show that an alternative calibration significantly improves the

performance of the model. By constructing empirical estimates of home production, we pro-

vide micro-founded support to some of the key parameters in HM calibration.2 Hall (2005),

Hall and Milgrom (2008), and Gertler and Trigari (2009) show that changing the bargaining

process can bring the model closer to the data. Adding on the job search, as in Krause and

Lubik (2010), dampens the increase in wages following an increase in productivity, thereby

inducing firms to post more vacancies. Finally, Pries (2008) includes worker heterogeneity

as a way of increasing the volatility of labor market variables. Adding home production can

complement, rather than substitute, these alternative explanations

The paper proceeds as follows. Section 2 describes the data from the ATUS and section

3 outlines the basic MP model. Next, section 4 introduces the model with variable search

intensity, calibrates the model, and presents the results from the simulation. Section 5

concludes.

2 Data

We collect data on vacancies, unemployment, and productivity at a quarterly frequency

from 1951-2004. The sources are described in detail in Appendix C.

Our second main data source in the paper comes from the American Time Use Survey

(ATUS) which is conducted by the BLS at a monthly frequency. The ATUS began in 2003

and is affiliated with the Current Population Survey (CPS). Households participate in the

CPS for eight months and at the end of the eighth month a fraction of households are asked

to participate in the ATUS for which one member of the household, aged fifteen or over,

2We discuss HM’s contribution in more detail in Section 3.
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is randomly selected to be the subject. Subjects schedule a day for which they are called

by the ATUS interviewers and are asked detailed questions about how they allocated their

time the prior day.3 Subjects are interviewed only once and results are published monthly

by the BLS. The data contains 124,517 observations from 2003-2011. It is important to

distinguish between the multi-year file and the year specific files. The latter have variables

and weightings that occasionally changed over the years. In particular, the BLS changed

the method of weighting responses between 2003 and 2006. Since 2006 the same weighting

method has been used. The multi-year files compile all yearly data using the same weighting

and variables for each year.

Time allocation is broken down into 18 categories, distinguished by a two digit identifica-

tion code.4 Respondents are asked how many minutes they spend on each activity. Activities

are further divided into a finer second level category (four digits) and a still finer third level

category. For example, household activities has code 02. A subset of household activities is

housework which has code 0201. A subset of housework is laundry and has code 020102.

In addition to asking the number of hours the household member spends on each activ-

ity, extensive demographic data is also collected. For instance, we know each participants

age, gender, and labor force status. The labor force status is comprised of five categories:

employed - at work, employed - absent, unemployed - on layoff, unemployed - searching, and

not in the labor force (NLF). All observations for which the day in reference is a holiday are

removed from the sample.

Following Aguiar et al. (2012), we separate home production into several categories. Child

care measures all the time spent with children, including children outside the household. Core

home production includes activities such as cleaning, laundry, and meal preparation. Exam-

ples of home ownership activities are lawn care are home repair and time spent obtaining

goods and services includes time spent shopping for goods, researching purchases, and con-

sulting specialists like doctors and lawyers. Finally, others care includes time spent caring

for non-children. To control for life-cycle issues, we only include subjects between 18 and 65.

Also, anyone who refused to participate, counted two activities during one time slot, had

any missing data, or participated in a category that could not be classified are excluded. We

are left with 83,758 observations. Table 1 displays the results conditional on employment

status.

3The interview is actually automated.
4The categories include: personal care activities, household activities; caring for and helping household

members; caring for and helping non-household members; work and work related activities; education;
consumer purchases; professional and personal care services; household services; government services and
civic obligations; eating and drinking; socializing, relaxing, and leisure; sports, exercise and recreation;
religious and spiritual activities; volunteer activities; telephone calls; and travel.
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Table 1: Means for the Period 2003M01-2011M12

Core HP Core HP + Cons. Purchases Total HP

Everyone 9.41 14.45 22.46
Employed (Full time) 7.06 11.61 18.05

Unemployed (Searching) 12.41 18.17 28.64
Total Unemployed 12.61 18.33 29.03

There are several things to note. First, individuals who have full time jobs spend the

least amount of time on home production activities. Second, whether we focus exclusively

on people who are unemployed and actively searching, which is more consistent with the

definition of unemployed in the model, or the total unemployment pool makes little difference

for average home production. Finally, in percent terms, the biggest difference in time spent on

home production activities between employed and unemployed is in core home production

and caring for others, with the unemployed spending 79% and 111% more time on the

respective activities.

3 Accounting

As surveyed in the first section, there have been many attempts to solve the Shimer puzzle.

One approach that has been particularly successful entails adding additional calibration

targets to pin down parameters that are hard to estimate, the value of remaining unemployed

chief among them. Indeed, Hagedorn and Manovskii (2008) show that a recalibration of

the model produces cyclical volatilities that are in line with the data. Unfortunately, the

flow benefit of unemployment implied by the calibration, which is over 90 percent of the

bargained wage in steady state, “seems implausibly large,” (Mortensen and Nagypal (2007)).

One argument in favor of higher unemployment benefits in the model is that in addition to

unemployment insurance, it captures all additional benefits of being unemployed like added

home production. Unlike unemployment insurance, however, home production, at least at

business cycle frequencies, has hitherto been unmeasurable. With the advent of the ATUS

in 2003 this is no longer the case.

In this section we first solve the basic MP model breaking the unemployment benefit into

a government insurance term and a residual term. Next, following Hornstein et al. (2005),

we calibrate a steady state version of the model using targets originally suggested by HM.

The analysis in this section is purely analytical, as we focus on steady state properties of the

model. We save quantitative work for the next section where we provide microfoundations

for home production in the basic MP model.
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3.1 Model

Time is discrete and indexed by t = 0,1,2, .... There is a measure one of infinitely

lived workers and a continuum of infinitely lived firms. Workers can either be employed or

unemployed and have lifetime utility

E0

∞
∑
t=0
δtyt (1)

where yt is income in period t and δ is the discount factor common to workers and firms.

Firms produce using a constant returns technology that has labor as its only input. Each unit

of labor produces pt units of output. Firms can post a vacancy at a flow cost of c. Free entry

of firms implies that the value of posting a vacancy is zero in equilibrium. Mathematically,

firms preferences can be expressed as

E0

∞
∑
t=0
δt (pt −wt − cvt) . (2)

The matching of workers to firms occurs via a constant returns to scale matching function

m(ut, vt) that is increasing and concave in both arguments and satisfies the usual Inada

conditions. The ratio of vacancies to unemployment, θt = vt
ut

, is referred to as labor market

tightness. Define f(θt) = m(ut,vt)
ut

= m(1, θt) as the job finding rate and q(θt) = m(ut,vt)
vt

=
m ( 1

θt
,1) as the job filling rate.

The value functions for an employed worker, an unemployed worker,a firm matched with

a worker and a firm with an open vacancy are given respectively by

Wt = wt + δEt [sUt+1 + δ(1 − s)Wt+1] (3)

Ut = zg + zr + δEt {f(θt)Wt+1 + [1 − f(θt)]Ut+1} (4)

Jt = pt −wt + δEt [sVt+1 + (1 − s)Jt+1] (5)

Vt = −c + δEt {q(θt)Jt+1 + [(1 − q(θt)]Vt+1} (6)

where wt is the period t wage, zg and zr are unemployment insurance and residual unem-

ployment benefits respectively, and s is the probability that the matched worker and firm

are separated.

The wage is a solution to a generalized Nash Bargaining problem. That is, wt solves

argmax
wt

(Wt −Ut)β(Jt −Vt)1−β (7)
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where β is the worker’s bargaining power. The model’s solution in summarized by a wage

equation, the free entry condition, and flow unemployment equation given by

wt = β(pt + cθt) + (1 − β)(zg + zr) (8)

c = (1 − β)q(θt)EtSt+1 (9)

ut+1 = s(1 − ut) + [1 − f(θt)]ut (10)

where St is the surplus of the match and is given by:

St =Wt −Ut + Jt
= pt − zg − zh + δEt [(1 − s)St+1 − βf(θt)St+1]

All other variables can be backed out conditional on knowing wt, θt, and ut.

HM and others stress that several steady state comparative statics provide deep insight on

how labor market variables respond to persistent, but transitory, shocks. Since productivity

shocks will be the only source of uncertainty in the model and the behavior of labor market

variables can be inferred from movements in θt, the most critical comparative static is the

percent change in θt in response to a one percent change in pt. In other words, it is the

elasticity, εp,θ. In steady state the free entry condition is

c =
(1 − β)δq(θ)(p − zg − zr)

1 − δ(1 − s − βf(θ))
.

Differentiating this expression with respect to p and rearranging yields

∂θ

∂p
[δβcf ′(θ) − (1 − β)δ(p − zg − zr)q′(θ)] = δ(1 − β)q(θ)

⇔ ∂θ

∂p
= [ β

1 − β
c(1 + η) − (p − zg − zr)

η

θ
]
−1

where η = q′(θ) θ
q(θ) and the second line uses the fact f(θ)/q(θ) = θ. Substituting for c in the

last expression and multiplying both sides by p
θ gives

εθ,p = [ βδf(θ)(1 + η)
1 − δ(1 − s − βf(θ))

− η]
−1

p

p − zg − zh
. (11)

Since η < 0, the entire expression is positive. If steady state productivity is normalized to 1,
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we have

εθ,p = κ
1

1 − zg − zh
.

For given values of f, η, δ, and s, changing β leads to small fluctuations in κ. In particular, for

the parametrization we consider, for anyβ between 0 to 1, κ fluctuates between 1 and 1.39.

Hence, the determinant of the response of labor market tightness to productivity crucially

depends on zg + zr. Differentiating the flow unemployment equation in steady state shows

εu,p =
−θ
s + f

f ′(θ)εθ,p (12)

which means the magnitude of unemployment’s response to productivity depends monoton-

ically on the response of labor market tightness. In summary then, the responses of labor

market variables to productivity increase as the worker’s outside option increases.

The economics of this result can be understood from the firm’s perspective. If the worker’s

outside option is big, the equilibrium wage tends to be big which means equilibrium profits

tend to be small. Since equilibrium profits are small, a small percent increase in p induces

a large percent increase in profits. This big percent change in profits encourages the firm to

post more vacancies, thus amplifying the response of labor market variables to productivity

shocks.

This suggests that the way to increase the volatility of labor market variables is raise

the outside option. However a large value of the outside option defies the intuition that the

flow benefits of being unemployed are much lower than the flow benefits of being employed.

Some authors, most notably HM, argue that a large value of zg +zr can be justified once one

accounts for unmeasured components like home production. However, thanks to the ATUS,

home production is no longer unmeasured. The next section shows what contribution it can

make in accounting for the residual term zr.

3.2 Calibration of Home Production

The issue at the heart of the debate on the value for z is whether the Shimer Puzzle

is a model problem or a calibration problem. If the model is consistent with the true data

generating process as HM contend then using endogenous moments from the model, such as

the elasticity of wages with respect to productivity, to pin down parameters will produce the

correct values. Any difference between the calibrated value of z and observable components

of z, like unemployment insurance or home production, reflect measurement error. In this

subsection, we subtract HM’s calibrated value of z from Shimer’s value of z to obtain a

residual. Next, we propose a calibration target for the home production component of the
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unemployment benefit and calculate what proportion of the residual it accounts for.

As HM point out, although the value of z is a primary determinant of labor market

volatilities, one can use the elasticity of wages with respect to productivity to pin down its

value conditional on values for the other parameters. Hence, the other parameter values

influence the volatilities indirectly. HM use additional calibration targets to pin down values

for them. The result is a value of z equal to 0.955. Shimer’s value of z, which we call zg, is

0.4. Consequently, the residual zr, is 0.955 − 0.40 = 0.555.

Referring to Table 1, taking the broadest definition of home production, column 4, shows

that people who are not employed, row 5, spend on average 29.03−18.05 = 10.98 more hours

working from home than full time workers. Defining zh as the home production component

of the unemployment benefit, we propose

zh =
E(HP hours∣NE) −E(HP hours∣E)

E(hours at work∣E)
(13)

as a potential calibration target. In words, zh is the difference between average additional

hours not employed people spend working at home from the average of employed people

all divided by the average number of hours an employed person spends at work. Since a

transition from employed to not employed provides E(hours at work∣E) additional hours of

time each week, zh gives what proportion of this time is spent working from home. Im-

plicitly, it is assumed that home hours, like unemployment insurance, are turned one for

one into consumption. Using the ATUS data over the same sample period shows that

E(hours at work∣E) = 47.00. Hence,

zh =
29.03 − 18.05

47.00
= 0.23.

This means that home production accounts for (0.23/0.555)(100) = 41.4% of the residual

component of the worker’s outside option. Since there is nothing to compare this measure

too, its difficult to say how big this proportion is. However, on the surface at least, this

figure seems sizable. At the same time, the assumptions that hours at home can be turned

one for one into consumption and that the number of hours is exogenous are unsatisfying.

In the next section we make home production a choice variable for unemployed workers and

are explicit about the home production technology.
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4 Endogenous Intensity

Relative to the previous section, the main changes are associated with the value of an

unemployed worker. First, we assume that that home production depends on a decreasing

returns of scale function, g(n), whose specific functional form will be described later. Second,

we incorporate the empirical feature that unemployed individuals can decide the fraction of

time assigned to both home production and job search. We closely follow the approach

of Pissarides (2000) to model the worker’s decision of how much time to devote to search.

Clearly, under this framework the transition probabilities depend not only on the number

of vacancies and the unemployment rate, but also on the amount of time individuals devote

to job search. That is, if workers search more intensely, a given level of vacancies and

unemployment will translate in a greater number of matches. Denoting the intensity of

search by individual i in period t, as xi,t, we can express the efficiency of searching workers

xi,tut. The matching function at time t, will now be m(xi,tut, vt).
When deciding the time to devote to search, a worker takes aggregate probabilities and the

search intensity of other workers as given. In particular, and departing from the previous sec-

tion, workers are now moving from unemployment to employment at a rate m(xi,t, ut)/(xtut).
However, worker i can affect the probability of obtaining a match by modifying her individual

effort and his individual probability is given by xi,tm(xi,t, ut)/(xtut).
After incorporating these features, we can represent the value of an unemployed worker

as

Ut = max
{xi,t}

zg + g(1 − xt) + δEt {
xi,t
xt
f(θt, xt)Wt+1 + [1 −

xi,t
xt
f(θt, xt)]Ut+1} (14)

In a symmetric Nash equilibrium all workers will choose the same level of search intensity,

xi = x−i = x. Therefore, the former optimality condition can be expressed as

gx = δ
f(θt, xt)

xt
Et (Wt+1 −Ut+1) (15)

The firms’ value function of a filled vacancy, J, is given by

Jt = pt −wt + δEt [(1 − s)Jt+1 + sVt+1] (16)

The value of an unfilled vacancy is

Vt = −c + δ {[1 − q(θt, xt)]EtVt+1 + q(θt, xt)EtJt+1} (17)

The free-entry condition implies that in equilibrium V = 0, hence the surplus of a match, S,
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can be expressed as

St = Jt + (Wt −Ut)

= pt − zg − g(1 − x) + δ [(1 − s) − βf(θt, xt)]EtSt+1
(18)

As before, wages are determined through generalized Nash Bargaining and the solution

follows the one obtained in the previous section. However, in this case, the extra term that

captures the outside option of workers depends explicitly on the home production technology.

Formally,

wt = βpt + (1 − β) [zg + g(1 − x)] + δβf(θt, xt)EtJt+1 (19)

4.1 Comparative Statics

After taking into account the free-entry condition, equation (17) can be expressed as

c = δq(θt, xt)EtJt+1. (20)

Combining the steady state of equations (16) and (20) we can express

c

δq(θ, x)
= p −w

1 − δ(1 − s)
. (21)

Using (20) to substitute for J into the wage equation (19), and using the result to substitute

for the denominator of the right hand side of (21) we can write the first equilibrium condition

c

δq(θ, x)
=

(1 − β) [p − zg − g(1 − x)] − βθc
1 − δ(1 − s)

. (22)

The second equilibrium equation comes from the first order condition in the problem faced by

unemployed workers, equation (15). From the Nash bargaining we have β/(1−β)J =W−U;

hence, we can solve equation (20) for J and substitute its steady-state value for W −U into

(15). This gives us

gx =
βθc

x(1 − β)
. (23)

Proposition 1 Under the assumption of a home production technology with decreasing re-

turns to scale, search intensity and labor market tightness are increasing in market produc-

tivity and so xp > 0 and θp > 0.

Proof See Appendix A.
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Perhaps a better way of understanding the intuition underlying the steady state compar-

ative static results is to replace the no arbitrage equation, (22), with the firm’s job creation

equation, which is simply (16) evaluated in steady state equilibrium. Doing so yields

[1 − δ(1 − s)]J = p −w (24)

Using the equilibrium wage and the firm’s share of the surplus implies

[1 − δ(1 − s)] c

δq(θ, x)
= (1 − β) [p − zg − g(1 − x)] − βcθ (25)

One can graph θ as a function of x in (θ, x) space. The function, labeled JC, is plotted

in Figure 1. The positive slope of the JC curve follows from taking the total differential of

(25) and solving for dθ/dx.

dθ

dx
= [(1 − β)gx(1 − x) + qxγ]

βc − qθγ
> 0 (26)

where γ = c [1 − δ(1 − s)] /δq2(θ, x). Similarly, using equation (23) one can graph θ as a

function of x. The function, labeled HPvac, is also plotted in Figure 1. The final curve

in Figure 1, labeled HPfix, depicts the case of exogenous search intensity. When search

intensity is fixed, x cannot respond to changes in θ. Taking the total differential of (23) and

solving for dθ/dx gives us

dθ

dx
= gx(1 − x) − xgxx(1 − x)

cβ
> 0 (27)

where the sign follows from gx > 0 and gxx < 0.

Proposition 2 Provided a steady state equilibrium exists, it is unique.

Proof See Appendix B.

In the appendix, we prove HPvac is everywhere steeper than JC implying that the curves

cross at most once. What is the intuition behind both JC and HPvac curves having a

positive slope? When θ is high, the chances of finding a job for a given search intensity

increase so workers devote less time to home production and more time to search. However,

since workers devote more time to search, firms find that posting vacancies is increasingly

profitable, which leads to more vacancies, and therefore, a higher θ. In other words, there is

a complementarity between workers’ search decisions and firms’ job creation decisions.

When there is a permanent increase in productivity, as depicted in Figure 1, the HP

curve shifts right and the JC curve shifts left implying a move to a new equilibrium (sn, θnn).
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Higher steady state productivity increases the match surplus which simultaneously induces

unemployed workers to search more intensely and firms to post more vacancies. However, if

search intensity is exogenous, as with HPfix, the new equilibrium is (s∗, θn). The fact that

workers cannot increase search intensity significantly dampens the response of labor market

variables, which follow from movements in θ.
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  Figure 1: Effects of Home Production

4.2 Calibration

One period in our model corresponds to one quarter in the data. We choose parameters

values that are either consistent with empirical estimates or are calibrated so the steady

state in the model matches features in the data. The values for the parameters used in the

baseline calibration are shown in Table 2.

We choose δ = 0.99 to match a risk free interest rate return of four percent and s = 0.1

so that jobs last two and a half years on average. Following most papers in the literature,

we take a constant returns to scale matching function, m(xu, v) = ν(xu)αv1−α, where the

novelty here is the appearance of the worker’s search intensity term. Following the discussion

in Section 3.2, we choose the worker’s steady state search intensity, x, so that the amount

of time spent working at home, 1 − x, equals the difference in home hours by employed

and unemployed people normalized by the average length of a work week for an employed

worker. This implies x = 0.77. While it might seem implausible that unemployed workers

spend 77% percent of their time endowment on search activities, we don’t take this literal

of interpretation. Rather, we think of time spent on home production as time workers are
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not eligible to bump in to a job. Indeed, in the standard framework, unemployed workers

implicitly devote all of their time to search activity. We follow Hagedorn and Manovskii

(2008) who match a monthly job finding rate, f(θ), and a monthly job filling rate, q(θ), of

0.45 and 0.71, respectively. For our quarterly calibration our targets will be f(θ, x) = 0.8336

and q(θ, x) = 0.9756. Normalizing ν = 1, this implies θ = 0.8544. With this value of θ we

can back out α by using the relationship q(θ, x) = (x/θ)α. In steady state we have x = 0.77,

therefore, α = 0.237.

As in Shimer (2005), we take zg = 0.4 and choose the worker’s bargaining power so that

the steady state solution satisfies the Hosios condition (Hosios (1990)).5 Satisfying the Hosios

condition requires β = α.
The home production function is given by g(1−x) = Ah(1−x)φ, with Ah > 0 and 0 < φ < 1.6

There are three remaining parameters to select values for: φ, c, and Ah. The curvature of

home production, φ, is chosen so that the unconditional standard deviation of the cyclical

component of time spent on home production in our model matches its empirical counterpart.

The latter is obtained from the ATUS data and is equal to 0.12, implying φ = 0.425. The

free entry condition and the unemployed worker’s first order condition evaluated in steady

state are

c = δq(1 − β)
p − zg −Ah(1 − x)φ
1 − δ(1 − s − βf)

Ahφ(1 − x)φ−1 =
θcβ

x(1 − β)

These two equations above pin down Ah and c whose respective values are 0.437 and 0.159.

Finally, we assume that log labor productivity has a mean of zero and follows the auto

regressive process

lnpt = ρp lnpt−1 + εp,t

with εp,t ∼ N (0, σ2
p). We select ρp and σp to match the autocorrelation and volatility of

HP filtered log output per worker with a smoothing parameter of 105. From 1951-2005 the

standard deviation and autocorrelation of output per worker in the nonfarm business sector

was 0.020 and 0.891 respectively. This requires σp = 0.00935 and ρp = 0.985.

5As shown in Rogerson et al. (2005), the Hosios condition generalizes to an environment of endogenous
search intensity that we consider here.

6Strict concavity of the production function is necessary for the existence of a solution.
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Table 2: Value of parameters

Parameter Description Value

δ Household’s discount factor 0.99
s Exogenous separation 0.10
c Cost of posting a vacancy 1.016
α Elasticity of matches w.r.t. unemployment 0.237
β Worker’s bargaining power 0.72
ν Efficiency of the match 1.573
zg Government provided unemployment benefits 0.40

Ah Home productivity 0.355
x Search intensity 0.770
φ Curvature of the home production function 0.425

ρp Persistence of productivity process 0.985
σp Standard deviation of productivity process 0.00935

4.3 Results

Table 3 presents the empirical business cycle statistics for the U.S. data spanning the

first quarter of 1951 to the first quarter of 2012. From the table it is evident that the

volatility of labor market variables are an order of magnitude larger than productivity. In

addition, unemployment, vacancies, and labor market tightness are also highly persistent

in the data. Table 4 reports the unconditional moments from the model with endogenous

home production, as well as, the model where it is exogenous in which households receive

an exogenous stream from working at home.

Table 3: Business Cycle Statistics

U.S. Data: 1951Q1 - 2012Q1
u v v/u f p

σ 0.1929 0.1651 0.3456 0.1269 0.0202
ρ 0.9427 0.9365 0.9430 0.9110 0.8971

u 1 -0.8624 -0.9703 -0.9410 -0.4152
v 1 0.9318 0.8147 0.4129

Correlation v/u 1 0.9146 0.4290
Matrix f 1 0.4437

p 1

How this was done.

The quantitative results from the model’s simulation are aligned with our previous dis-

cussion. Incorporating the empirical feature that unemployed workers choose the amount

of time that they work in home production, acts as an important amplification mecha-

nism. While the model with endogenous search intensity still falls short from generating the

volatilities observed in the data, it considerably improves the performance of the baseline
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model. In particular, relative to the baseline case, allowing workers to optimize over the

home production margin increases the volatility of unemployment by a factor of 4.4.

Alternatively, with the basic model presented in Section 3 in mind, one can ask how big

zh needs to be to generate the same unemployment volatility as in the model with home

production. Carrying out this experiment results in a zh=0.476. This is close to the implicit

value in Hagedorn and Manovskii (2008) of 0.55. It is clear, therefore, that in addition to

increasing the outside option in steady state, home production adds amplification over the

cycle as workers endogenously adjust to productivity shocks.

Table 4: Unconditional Moments

Exogenous Home Production
u v v/u f p

σ 0.0444 0.0333 0.0660 0.0503 0.0202
ρ 0.9045 0.3914 0.8917 0.8917 0.8915

u 1 -0.4286 -0.8895 -0.8895 -0.8883
v 1 0.7940 0.7940 0.7889

Correlation v/u 1 1 0.9966
Matrix f 1 0.9966

p 1

Model With Endogenous Search Intensity
u v v/u f p

σ 0.0844 0.0575 0.1155 0.0994 0.0202
ρ 0.9159 0.3471 0.8879 0.8873 0.8914

u 1 -0.2995 -0.8798 -0.8784 -0.8531
v 1 0.7169 0.7183 0.6665

Correlation v/u 1 0.9997 0.9554
Matrix f 1 0.9481

p 1

How this was done.

Although an environment with endogenous search intensity generates greater amplifica-

tion of productivity shocks relative to the standard framework without variable intensity,

it comes at the cost of reducing the propagation of vacancies. The intuition of the result

is as follows. Following a positive shock, firms increase the number of vacancies posted in

order to obtain more matches, and therefore, benefit from the temporary productivity boon.

During those periods, the opportunity cost of devoting time to home activities is higher.

Unemployed workers respond by devoting less time to home production and more time to

search, which increases the number of matches for a given combination of unemployment

and vacancies. Firms, taking advantage of the increase in search intensity, try to incorporate

workers into production in the earlier stages of the shock, when productivity is higher. Now,

the higher number of vacancies that are being posted on impact combined with an increase

in the number of matches, allows firms to obtain more matches in the earlier periods. Put
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differently, for a given unemployment rate, the increase in vacancies is at the same time more

‘efficient’ in translating into matches but, for analogous reasons, short-lived.

4.4 Illustrating the Mechanism

Figure 2 shows how endogenous home production amplifies productivity shocks. This

section explores how big these effects are quantitatively.

First, we simulate the model with the baseline parameter values in Table 2. Next, using

the same parameter values, we simulate the model keeping search intensity fixed at its

steady state value and compare the relative volatilities of labor market variables in the two

simulations. Table 5 displays the results.

As one might expect, the biggest difference between the two models is in the volatility of

unemployment. When search intensity is fixed households cannot take advantage of positive

or negative productivity shocks by adjusting how hard it looks for a job. Evidently, holding

the intensity margin fixed significantly dampens the response of labor market variables to

productivity shocks.
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Figure 2: Simulated Impulse Response

Table 5: Amplification of
Home Production

u v θ
xt = xss 0.61 1.72 2.23
Baseline 2.59 2.43 4.29
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Another way to see the impact of home production is to look at the impulse response

function of labor market tightness with and without endogenous home production. Table 2

displays the impulse responses to a positive one standard deviation shock to productivity.

Clearly, the model with endogenous intensity amplifies the shock.

5 Conclusion

This paper studies the effect of incorporating endogenous home production into an other-

wise standard labor search model. We discipline the quantitative exercise by using estimates

of the time spent on home production from the American Time Use Survey. We show that

there are important qualitative and quantitative differences of endogenizing home produc-

tion.

Once the empirical values of time spent at home are taken into account, the ability of

the model to match the data depends critically on whether unemployed workers can decide

how much time to devote to home production. A model in which the benefit obtained from

home production is exogenous does not significantly increase the amplification generated by

a standard labor-search model. Endogenous search intensity, on the other hand, significantly

improves the performance of a standard model in generating movements in unemployment,

vacancies, and labor market tightness.
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A Proposition 1

Start by differentiating the two equilibrium conditions, (22) and (23), with respect to

productivity to obtain

− c

δq(θ, x)2
(qθθp + qxxp) =

(1 − β) (1 + gxxp) − βcθp
1 − δ(1 − s)

(28)

and

(gx − gxxx)xp =
cβ

1 − β
θp (29)

where the notation yz represents the partial derivative of the function y with respect to

variable z. After arranging terms we can express equations (28) and (28) in matrix form,

⎡⎢⎢⎢⎢⎣

gx − gxxx − βc
(1−β)

(1 − β)gx + [1 − δ(1 − s)] cqx
δq(θ,x)2 [1 − δ(1 − s)] cqθ

δq(θ,x)2 − βc

⎤⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎣

xp

θp

⎤⎥⎥⎥⎥⎦
=
⎡⎢⎢⎢⎢⎣

0

−(1 − β)

⎤⎥⎥⎥⎥⎦
(30)

Using Cramer’s rule we have that

xp = −
βc

∣H ∣
(31)

and

θp = −
(1 − β) (gx − gxxx)

∣H ∣
. (32)

Since gxx > 0, in both expressions the numerators are positive. The determinant of the

Hessian is given by,

∣H ∣ = (gx − gxxx) [1 − δ(1 − s)]
cqθ

δq(θ, x)2
+ gxxxβc

cβ

1 − β
[1 − δ(1 − s)] cqx

δq(θ, x)2

Since qθ = −qx(x/θ), this expression can be further simplified:

∣H ∣ = gxxxβc + [1 − δ(1 − s)] cqx
δq(θ, x)2

[ cβ

(1 − β)
− (gx − gxxx)

x

θ
] . (33)

Finally, using the equilibrium condition for search intensity, given by equation (23) the

Hessian can be written as

∣H ∣ = gxxxβc + [1 − δ(1 − s)] cx2qxgxx
δθq(θ, x)2

(34)

Since gxx > 0 and qx < 0 the former expression is negative. This implies that both comparative

statics, (31) and (32) are positive. ∎
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B Proposition 2: Uniqueness of the Equilibrium

If the worker’s outside option is not too high, the curves cross at least once. Therefore,

we need to show that the curves cross at most once. This amounts to showing that the

HPvac curve, (23), is everywhere steeper than the JC curve, (25). The two slopes are given

respectively by (26) and (27), repeated here for convenience:

HPvac ∶
dθ

dx
= gx(1 − x) − xgxx(1 − x)

cβ
(35)

JC ∶ dθ

dx
= (1 − β)gx(1 − x) + qx(θ, x)γ

βc − qθ(θ, x)γ
(36)

where γ is a positive constant. As shown in the text, both of these slopes are positive.

Subtracting equation (36) from (35) and multiplying through by the denominators (which

are both positive) yields:

[βc − qθ(θ, x)] [gx(1 − x) − xgxx(1 − x)] − cβ [(1 − β)gx(1 − x) + qx(θ, x)] (37)

Since m(xu, v) is homogenous of degree one, q(θ, x) is homogenous of degree zero; there-

fore qθ(θ, x)θ = −qx(θ, x)x. Substituting this into (37),

[βc + γx
θ
qx(θ, x)] [gx(1 − x) − xgxx(1 − x)] − cβ [(1 − β)gx(1 − x) + γqx(θ, x)]

= gx(1 − x) [βc − βc(1 − β) + γ
x

θ
qx(θ, x)] − xgxx(1 − x) [βc + γ

x

θ
qx] − cβγqx(θ, x)

= γqx(θ, x) [
x

θ
gx(1 − x) − cβ] − xgxx(1 − x) [βc + γ

x

θ
qx] + β2cgx(1 − x)

= γqx(θ, x)βc [
β

1 − β
] − xgxx(1 − x) [βc + γqx(θ, x)

x

θ
] + β2cgx(1 − x)

> 0

where the first term in the last expression follows from (23). Since g(●) is strictly increasing

and strictly concave and q(θ, x) is increasing in x, the inequality follows. ∎

C Data Description and Sources

In addition to making use of the ATUS data described in the main text, we construct

vacancies, v, by using the method proposed by Barnichon (2010). To do so, we combines

job openings from the JOLTS data set (Series JTS00000000JOL), the Help-Wanted Online

Advertisement Index published by the Conference Board (Series HWOL), and the Help-
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Wanted Print Advertising Index that was discontinued in October 2008 and it was also

constructed by the Conference Board. Unemployment, u, is the quarterly average of the

monthly seasonally adjusted unemployment rate reported by the BLS (Series LNU04000000).

Finally, productivity, p, is defined as output per job in the Nonfarm Business Sector also

from the BLS (Series PRS85006163).
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