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1 Introduction

In his seminal work, Becker (1965) argues that consumption is ‘produced’ by two inputs: market ex-

penditures (market consumption) and time (home production). The relative price of time determines the

share of market expenditures and home production in the chosen consumption bundle. Hence, spending

on market consumption is a bad proxy for actual consumption as ‘time’ can be used to increase con-

sumption beyond market spending (Aguiar & Hurst, 2005). To the extent possible, market consumption

can be substituted by time without changing well-being. Moreover, the theory of home production of

Becker (1965) suggests that people will substitute away from market consumption as the opportunity

cost of time drops. Both intertemporarily and intratemporarily (Aguiar et al., 2012). Shifting away

from market consumption to home production makes people able to smooth consumption in response to

shocks in income (Hicks, 2015).

Firstly, the drop in consumption spending at retirement that was long assumed to be inconsistent

with the predictions of the Life-Cycle Hypothesis known as the Retirement-Consumption Puzzle,1 may

be explained by the increases in total time spent in home production during retirement. Hurst (2008)

finds a large heterogeneity in spending changes at retirement across different categories of consumption.

Especially food expenditures are found to fall sharply relative to other consumption components at

retirement (Aguila et al., 2011; Hurd & Rohwedder, 2013; Velarde & Herrmann, 2014). Aguiar &

Hurst (2005) and Velarde & Herrmann (2014) explain this phenomenon by showing that retired persons

use their additionally available non-market time to substitute purchased goods and services for home

production by substituting dining out for preparing meals. Stancanelli & Van Soest (2012) and Schwerdt

(2005) confirm this using a broader definition of home production.

Secondly, it is found that time spent in home production activities is higher in households with un-

employed individuals than in households with employed individuals (Ahn et al., 2008; Burda & Hamer-

mesh, 2010; Taskin, 2011; Colella & Van Soest, 2013). Conversely, Krueger & Mueller (2012) find

sharp drops in home production at the time of reemployment. Hence, home production is found to

fluctuate over the business cycle (Benhabib et al., 1991; Greenwood & Hercowitz, 1991; Rupert et

1Found by, among others, Mariger (1987); Robb & Burbidge (1989); Banks et al. (1998); Bernheim et al. (2001); Miniaci
et al. (2003); Battistin et al. (2009).
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al., 2000; Hall, 2009; Karabarbounis, 2014) as people become unemployed and reemployed. Burda &

Hamermesh (2010) explicitly find evidence that individuals generally offset market hours with home

production during times of high cyclical unemployment. Griffith et al. (2014) find that households low-

ered food spending by increased shopping effort during the Great Recession. Aguiar et al. (2013) find

that about 30% of lost working hours were absorbed by home production during the Great Recession.

Home production is even found to be able to mimic the role of formal unemployment insurance (Guler

& Taskin, 2013).

Thirdly, shocks in health are found to have consequences for time spent in home production. Health

shocks increase the total non-work time available, but may also decrease the healthy non-work time

available. Gimenez-Nadal & Ortega-Lapiedra (2013) find a negative relationship between health and

time devoted to home production activities in Spain, e.g. people with a relatively poor health spent

more hours in home production. In contrast, Halliday & Podor (2012) find that improvements to health

increase time spent in home production activities in the US. Despite the fact that health has consequences

for time spent in home production, the extent to which home production makes people partially able to

mitigate the consequences of a health shock for consumption remains unclear.

The three aforementioned shocks in the opportunity cost of time have two simultaneous effects:

1) decrease the monetary budget2 and 2) increase the time budget.3 Aforementioned studies do not

distinguish between these time- and substitution effects. To identify the substitution between home pro-

duction and market consumption Hicks (2015) uses permanent shocks to income, and more specifically

educational attainment, to estimate the intratemporal elasticity following Altonji (1986); Mroz (1987);

Gonzalez Chapela (2011). In contrast to the transitory shocks in income, identification comes from

cross-sectional differences between poorer and richer persons and not from within-person variation.

The current paper identifies the intratemporal substitution effect between market consumption and

home production from within-person differences, while solving the issues regarding the time budget

caused by identification from transitory shocks. We identify the elasticity by the unexpected and sub-

2The monetary budget is decreased by the difference in earnings and social insurance (e.g. pension, unemployment benefits,
disability benefits).

3The time budget is increased as retired, unemployed and disabled persons have considerably more non-market time avail-
able.
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stantial drop in houseprices observed during the Great Recession. This wealth shock implied substantial

decreases in the monetary budget (Christelis et al., 2015; Angrisani et al., 2015) without changing the

time budget. Therefore, we use the houseprice drop in the Great Recession as an instrument to estimate

the causal effect of consumption on home production. The responses in home production due to drops

in houseprice, as analyzed by Kuehn (2015), should be caused by their decrease in market consump-

tion possibilities.4 For identification, we rely on the subsample of retirees whose time budget does not

correlate with the Great Recession.

Using a unique panel data set with detailed information on both consumption spending and time-

use, we find an elasticity of home production with respect to market consumption of -0.65. The scope of

substituting market consumption for home production is fairly small though. Nonetheless, our analysis

suggest that the elasticity might be bigger among prime-age workers as they have a bigger scope for

substitution. The elasticity is mostly driven by persons with a drop in the value of their relatively cheap

home that is free of mortgage and who have a large scope to substitute market consumption for home

production.

Existing theoretical models of home production typically assume high substitutability between mar-

ket consumption and home production (Campbell & Ludvigson, 2001).5 Aguiar et al. (2012) describe

that most of the estimated elasticities exceed 1 in the literature. However, micro estimates seem to pro-

duce somewhat smaller elasticities (around 2) than aforementioned macro calibrations. Nonetheless,

smaller micro elasticities are not necessarily inconsistent with larger macro elasticities (Chang & Kim,

2006). It should also be remarked that most of the micro estimates are based on very specific subsam-

ples of the population such as (single) women (Gelber & Mitchell, 2012; Gonzalez Chapela, 2011). Or

estimates use disputable instruments to correct for endogeneity issues, like lagged consumption (Rupert

et al., 1995) or permanent income (Hicks, 2015). The current paper provides a reliable lower bound for

the micro elasticity.

The remainder of the paper is organized as follows. Section 2 describes the HRS/CAMS data.

4Kuehn (2015) does not differentiate between the two effects which may explain the ambiguity of his results.
5Baxter & Jermann (1999) indicate that a plausible range of the elasticity would be between 0 and 5. A commonly assumed

benchmark in theoretical models is 3 (Greenwood et al., 1995; Baxter & Jermann, 1999), while an elasticity of 5 is used as
well (Benhabib et al., 1991).
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Descriptive statistics of time-use and consumption spending are presented in Section 3. To analyze home

production formally, Section 4 presents a simple life-cycle model with home production and wealth

shocks. The econometric model is explained in Section 5. Estimation results are shown in Section 6.

Section 7 provides a discussion. Conclusions regarding the substitutability of home production and

market consumption can be found in Section 8.

2 Data

The data for our empirical analyses come from the Health and Retirement Study (HRS), a longitudi-

nal survey that is representative of the U.S. population over the age of 50 and their spouses. The HRS

conducts core interviews of about 20,000 persons every two years. In addition the HRS conducts supple-

mentary studies to cover specific topics beyond those covered in the core surveys. The time-use data we

use in this paper were collected as part of such a supplementary study, the Consumption and Activities

Mail Survey (CAMS).

Health and Retirement Study Core interviews

The first wave of the HRS was fielded in 1992. It interviewed people born between 1931 and 1941 and

their spouses, irrespective of age. The HRS re-interviews respondents every second year. Additional

cohorts have been added so that beginning with the 1998-wave the HRS is representative of the entire

population over the age of 50. The HRS collects detailed information on the health, labor force participa-

tion, economic circumstances, and social well-being of respondents. The survey dedicates considerable

time to elicit income and wealth information, providing a complete inventory of the financial situation

of households. In this study we use demographic and asset and income data from the HRS core waves

spanning the years 2002 through 2010.

Consumption and Activities Mail Survey

The CAMS survey aims to obtain detailed measures of time-use and total annual household spending on

a subset of HRS respondents. These measures are merged to the data collected on the same households

in the HRS core interviews. The CAMS surveys are conducted in the HRS off-years, that is, in odd-
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numbered years.

The first wave of CAMS was collected in 2001 and it has been collected every two years since. Ques-

tionnaires are sent out in late September or early October. Most questionnaires are returned in October

and November. CAMS thus obtains a snap-shot of time-use observed in the fall of the CAMS survey

year. In the first wave, 5,000 households were chosen at random from the entire pool of households who

participated in the HRS 2000 core interview. Only one person per household was chosen. About 3,800

HRS households responded, so CAMS 2001 was a survey of the time-use of 3,800 respondents and the

total household spending of the 3,800 households in which these respondents live. Starting in the third

wave of CAMS, both respondents in a couple household were asked to complete the time-use section,

so that the number of respondent-level observations on time-use in each wave was larger for the waves

from 2005 and onwards.

In this study we will therefore use CAMS data from 2005, 2007, 2009 and 2011. The CAMS data can

be linked to the rich background information that respondents provide in the HRS core interviews. Rates

of item nonresponse are very low (mostly single-digit), and CAMS spending totals aggregate closely to

those in the CEX (Hurd & Rohwedder, 2009). The time use data aggregate closely to categories of time

use in the American Time Use Study (Hurd & Rohwedder, 2007).

Respondents were asked about a total of 31 time-use categories in wave 1; wave 2 added two more

categories; wave 4 added 4 additional categories. Thus, since CAMS 2007 the questionnaire elicits

37 time-use categories. For most activities respondents are asked how many hours they spent on this

activity ”last week.” For less frequent categories they were asked how many hours they spent on these

activities ”last month.” Hurd & Rohwedder (2008) provide a detailed overview of the time-use section

of CAMS, its design features and structure, and descriptive statistics. A detailed comparison of time-use

as recorded in CAMS with that recorded in the American Time Use Survey (ATUS) shows summary

statistics that are fairly close across the two surveys, despite a number of differences in design and

methodology (Hurd & Rohwedder, 2007).

Of particular interest for this study are the CAMS time-use categories related to home production

following the definition of Aguiar et al. (2013):
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• House cleaning

• Washing, ironing or mending clothes

• Yard work or gardening

• Shopping or running errands

• Preparing meals and cleaning up afterwards

• Taking care of finances or investments, such as banking, paying bills, balancing the checkbook,

doing taxes, etc.

• Doing home improvements, including painting, redecorating, or making home repairs

• Working on, maintaining, or cleaning car(s) and vehicle(s)

Respondents were also asked about a total of 39 spending categories in the CAMS waves. For durable

goods, the respondent is asked to indicate whether the household purchased the item in the ”past 12

months,” and, to the best of their ability, provide the purchase price. For nondurable goods and services,

the respondent is asked how much was spent in each category and is sometimes given the option, de-

pending on the survey wave and category, of reporting the amount spent weekly, monthly, or yearly. For

frequent spending categories, such as gasoline and food, respondents are given the option of reporting

all three periodicities, while less frequent spending categories such as mortgage and utilities are only

given monthly or yearly options. Consumption categories that are of particular interest in this paper are

the consumption categories that have a direct substitute in terms of home production, so called ”home

production substitutable consumption:”

• Housekeeping services

• Washing/drying machine (durable)

• Gardening services

• Dining out
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• Dishwasher (durable)

• Homerepair services

• Vehicle maintenance services

To the best of our knowledge there is only a handful of papers that uses panel data with detailed infor-

mation on both consumption spending and time-use. The data in Colella & Van Soest (2013) is such

an example but is restricted to the Netherlands for the period 2009-2012. Some home production pa-

pers only have information regarding time-use (Burda & Hamermesh, 2010; Aguiar et al., 2013). Data

with information on both consumption and time-use are often imperfect because of a cross-sectional

setting (Ahn et al., 2008) or because of a focus on a very specific expenditure such as food (Velarde &

Herrmann, 2014; Griffith et al., 2014; Hicks, 2015).

3 Descriptive statistics

3.1 Consumption spending

Table 1 shows the household spending on consumption that can be substituted for by home production.

Here, we use the sample of persons aged 51-80, who own a house, who have not moved since the

previous period and who have a constant time budget since the previous period. The waves prior to the

Great Recession show that spending is on average more substantial than in the waves after the Great

Recession. Interestingly, comparing wave 2007 to wave 2009 shows that total consumption spending

decreased by about 7% while total substitutable consumption decreased by about 16%. This larger

drop in substitutable consumption implies that households’ spending on substitutable consumption has

a stronger cyclical reaction than total consumption. Households may have found it easier to shift away

from market consumption that is well substitutable by home production.

Substitutable consumption is about 11-12% of total consumption spending across the waves. This

makes the substitutable consumption spending a non-negligible part of total consumption spending. The

biggest component of the substitutable consumption spending consists of dining out expenditures. This

expenditure could be well substituted for by home production in the form of homecooking.6 Standard

6One might well argue that homecooking is not a perfect substitute to dining out as dining out might be viewed as a luxury
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deviations of the spending categories are relatively big compared to the mean. The relative size of

the standard deviation compared to the mean is much smaller for the total of consumption spending.

This suggest that there is especially large (cross-sectional) heterogeneity in consumption spending that

could be substituted for by home production activities. We observe that virtually all households have

expenditures that could be substituted for by home production.

3.2 Time-use

Table 2 shows the time spent in home production activities per wave by persons aged 51-80, who own

a house, who have not moved since the previous period and who have a constant time budget since the

previous period. These activities can be used as a substitute for the market bought goods and services

shown in Table 1. The aggregate of home production activities shows that a non-negligible part of the

weekly available time is spent on home production (about a day per week) and that virtually all persons

engage in some form of home production (about 99% of the respondents). Hence, issues regarding

left-censoring of the home production variable are negligible.

Most of the home production is devoted to the cooking of meals. Together with the house cleaning,

this accounts for about half of total time spent in home production. More than 80% of the subsample

spends some time on these two home production activities. About 90% of the people engage in shopping

activities although the average time spent in this activity is somewhat smaller than the time spent in house

cleaning and cooking. Unlike activities such as house cleaning, cooking and doing the laundry, it is

harder to buy the service for shopping on the market which may explain the relatively high percentage of

persons engaging in this activity. Approximately half of the people engage in gardening and maintenance

of the home and vehicles but the amount of time spent in these activities are fairly small. More than 80%

of the people spend time on managing their finances, but the amount of time spent in this activity is only

about an hour per week.

Despite the fact that a non-negligible part of the weekly available time is devoted to home production

activities on average, there is a lot of (cross-sectional) variation around this average as the standard

good. Nonetheless, Table 1 shows that about 85% of the sample has dining out expenditures. This 85% is fairly constant across
the business cycle, but spending is decreased in the downturn. This suggests that the frequency of dining out has decreased or
people have shifted towards cheaper alternatives which supports the idea that homecooking are a substitute for dining out.
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deviations of most activities are about the same size as the averages (or even bigger). However, the

variation across waves is only marginal despite the observed drop in substitutable market consumption

in Table 1. This might suggest that people do not adjust their time-use in home production that much as

a response to the consumption drops in the Great Recession.

Together, Table 2 and Table 1 give some cross-sectional evidence on the scope of substituting market

purchases for home production activities. To capture the possible substitution effects between the two

more formally, we present a theoretical framework including a simple life-cycle model augmented with

home production and wealth shocks in the next section. The theoretical framework justifies our empirical

identification method presented in Section 5 using within-person variation.

4 Theoretical framework

4.1 A simple Life-Cycle Model with Home Production

The extension of the life-cycle model proposed by Laitner & Silverman (2005) allows for complemen-

tarity or substitutability between time and consumption, but reduces to the standard life-cycle model for

persons whose leisure is fixed (retirees, unemployed, disabled). We explicitly incorporate home pro-

duction in the life-cycle model following, among others, Becker (1965); Gronau (1977); Apps & Rees

(1997); Rupert et al. (2000); Apps & Rees (2005). This introduces home produced goods cnt next to the

classical market consumption cmt and leisure lt such that individuals maximize

Uτ = maxcmt ,hmt ,hnt Eτ

[
T

∑
t=τ

(1+δ)τ−tu(cmt ,cnt(hnt), lt)ψ(vt)

]
(1)

where ct and lt denote consumption and leisure in time period t, respectively. Both consumption and

leisure are determined by working hours decisions hmt . δ is the discount factor and T the time horizon

of the person. vt are the personal- and household characteristics that influence utility directly known

as taste-shifters (e.g. age, household size, number of children). cnt(hnt) = gt(hnt) is being the home

production function with time spent in home production hnt . For simplicity, we assume that the home

production function is strictly concave in one variable input,7 namely the time spent in home production.

7Relaxing this assumption would give cnt(hnt) = gt(xt ,hnt) with xt as market purchased inputs used in home production.
Working with this relaxed assumption would give an additional expenditure term in the budget constraint.
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Individuals maximize Equation 1 under the time budget and monetary budget constraint respectively

hmt = H− lt −hnt (2)

At+1 = (1+ r)(At +(wt ·hmt)+bt − cmt) (3)

AT ≥ 0 (4)

where At is the amount of assets at time t, r is a constant real interest rate, wt is the (after-tax) wage

rate, H the total time-endowment (e.g. 24 hours per day) and bt non-labor income (e.g. pensions,

unemployment benefits, disability benefits and other unearned non-asset income).

Since not all consumption spending categories can be substituted by home production (e.g. utilities,

drugs, etc.) we assume that market consumption bundle consists of a component that is substitutable

(cs
mt) and a component that is not (cns

mt).

cmt = {cs
mt ,c

ns
mt} (5)

Additionally, we assume that hmt = 0. In this way, we only consider the corner solution of labor supply

or, more specifically, retired individuals. These retirees are most likely to respond to houseprice shocks

(Campbell & Cocco, 2007) and it can be assumed that the houseprice shock did not change the labor

supply decisions (see Section 5). So, basically we constrain the analysis to the maximization of utility

over the remaining life-time in retirement assuming retirement to be an absorbing state. Hence, the time

budget (2) and monetary budget (3) are reduced to:

hnt = H− lt (6)

At+1 = (1+ r)(At +bt − cmt) (7)

Solving equation 1 subject to equations 6 and 7 gives the following Euler Equations of marginal utility

with respect to hnt (home production) and cmt (market consumption).
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ucmt (cmt ,cnt(hnt), lt)ψ(vt) =

(
1+ r
1+δ

)
Et [ucmt+1(cmt+1,cnt+1(hnt+1), lt+1)ψ(vt+1)] (8)

uhnt (cmt ,cnt(hnt), lt)ψ(vt) = wt

(
1+ r
1+δ

)
Et
[
uhnt+1(cmt+1,cnt+1(hnt+1), lt+1)ψ(vt+1)

]
(9)

where
( 1+r

1+δ

)
Et [ucmt+1(cmt+1,cnt+1(hnt+1), lt+1)ψ(vt+1)] captures the marginal utility of wealth. The

marginal utility of wealth takes into account all future expectations. Hence, the optimal level of con-

sumption of market goods is where the marginal utility of consumption of market goods equals the

marginal utility of wealth (taking into account a fixed interest rate and discount factor).

Similarly, the marginal utility of home production depends on the marginal utility of wealth as well

as the wage rate. A higher wage rate decreases the marginal utility of home production for which the

wage rate is an opportunity cost similar to leisure. The model predicts that the marginal utility of home

production is equal across different activities.

Expressions 8 and 9 imply that market consumption and home production are functions of the indi-

vidual’s current characteristics that determine the wage as well as all relevant information about other

periods, including future periods. Only an unanticipated shock, such as a shock in wealth, can result

into a deviation from the optimal path.

4.2 A simple Life-Cycle Model with Home Production and Wealth Shocks

Since we are explicitly interested in how a wealth shock affects home production through its effect on

the monetary budget constraint, we add a stochastic component to the deterministic life-cycle monetary

budget constraint in Equation 3.

At+1 = (1+ r)(Et [At ]+bt − cmt) (10)

with

Et [At ] = At +ξt (11)
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Here, we assume that At = {A f
t ,Ah

t } consists of both financial (A f
t ) and housing wealth (Ah

t ). Although

financial wealth is more liquid, we assume that both are equally important in consumption decisions.

Campbell & Cocco (2007) argue that housing wealth is important for consumption decision primar-

ily through perceived wealth and borrowing constraints. For empirical evidence on the importance of

housing wealth for consumption decisions, see for example Case et al. 2005, 2013; Carroll et al. 2011;

Campbell & Cocco 2007; Angrisani et al. 2015; Christelis et al. 2015; Mian et al. 2013; Kaplan et al.

2016. This may especially be the case for our subgroup of retirees8 who generally tend to have a strong

bequest motive (Bernheim, 1991; Alessie et al., 1997, 1999; Skinner & Zeldes, 2002; Kopczuk & Lup-

ton, 2007) although in part these wealth holdings me be accidental (Hurd, 1989).9 Hence, shocks to

the value of the house can result in different consumption decisions. The theoretical framework also

assumes that housing is a pure investment good and that there is no consumption component to owning

a house.

ξt yields a shock in the value of wealth available at time t consisting of both permanent (ζt) and

transitory (ωt) shocks

ξt = ζt +ωt (12)

with persistence parameter of the permanent shock ρ and the permanent shock νt .

ζt = ρζt−1 +νt (13)

Both νt and ω are normally distributed. A negative shock (νt < 0) is unanticipated and has a permanent

effect on the life-time monetary budget constraint. As a consequence, it causes the future market con-

sumption possibilities cmt+p to decrease. Hence, retirees reoptimize hnt+p and cmt+p to the shock in the

monetary budget accordingly. Note that shocks to income and wealth are completely independent in this

theoretical framework. The theoretical framework predicts (∆cmt
∆νt

> 0) (marginal propensity to consume)

and (∆hnt
∆νt

< 0) (marginal propensity to produce at home) if ( ∆hnt
∆cmt

< 0).

8Campbell & Cocco (2007) find that consumption responses to changes in houseprices increase with age.
9This can also be explicitly modeled by allowing for a bequest function in the utility function. See, for example, Kopczuk

& Lupton (2007).
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5 Empirical model

Much of the literature estimates the Euler equations by assuming a simple functional form10 of the utility

function and log-linearizing the parameterization (Rupert et al., 1995, 2000; Gortz, 2006). Since we are

only interested in the elasticity of home production with respect to market consumption, and not in the

particular levels, we use a reduced form approach that allows for identification of the elasticity. In order

to stay close to the structural equation modeling that uses log-linearization of the Euler equations, we

use a first-differences approach. An advantage of the first-difference specification is that the estimation

is not affected by possible individual fixed effects that may influence the levels of market consumption,

market work and home production (Parker, 1999).

Since it is expected that the intratemporal elasticity between non-substitutable market consumption

(cns
mt) and home production (cnt(hit)) is zero, we focus on the intratemporal elasticity between substi-

tutable market consumption (cs
mt) and home production. To estimate this elasticity between home pro-

duction and market consumption, we need to estimate

∆ln(hint+1) = ∆Xit+1βn1 +∆ln(cs
imt+1)βn2 + εint+1 (14)

where βn2 =
∆hnt+1
∆cs

mt+1
is the elasticity between home production (hnt+1) and home production substitutable

consumption spending (cs
mt+1), X is a vector of control variables including individual- and household

characteristics, and ε is the error term which is distributed iid N(0,σh).

Here, hnt+1 and cs
mt+1 are simultaneously determined and therefore endogenous. Hence, estimates

of βn2 would be biased and we need a valid and relevant instrument, e.g. an instrument that affects

affects market consumption but not home production. Following our theoretical model in Section 4.2,

we argue that unexpected and persistent wealth shocks are both valid and relevant. A negative shock

in wealth decreases the market consumption possibilities ceteris paribus through the monetary budget

constraint (Equation 10), but it does not change the number of hours available for home production (the

time budget constraint, Equation 2). The effects of a wealth shock on home production run through its
10More sophisticated functional forms are used in macro calibration exercises such as in Benhabib et al. (1991), Greenwood

& Hercowitz (1991), Fang & Zhu (2012), Dotsey et al. (2010), Rogerson & Wallenius (2013) and Karabarbounis (2014). These
papers use a Cobb-Douglas period utility function as a CES parameterization of the utility function with home production.
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effect on decreased market consumption possibilities. Therefore, we propose the unexpected change in

(the log of) house prices due to the Great Recession (DGR∆ln(Wit)) as an instrumental variable capturing

ξt in Equation 11. Using a two-step IV-GMM with Equation 14 as the second-stage, we define the

first-stage as

∆ln(cs
imt+1) = ∆Xit+1βc1 +DGR∆ln(Wit)βc2 + εict+1 (15)

Angrisani et al. (2015) and Christelis et al. (2015) show that this unexpected and sufficiently large

and persistent shock decreased market consumption spending. In general it is found that consumption

responds to unexpected shocks in houseprices (Case et al., 2005, 2013; Carroll et al., 2011). Especially

among older households as these are most likely to gain and lose from houseprice changes (Campbell &

Cocco, 2007). Case et al. (2005) and Case et al. (2013) also argue that the sensitivity of consumption to

unexpected changes in housing wealth is greater than the sensitivity to unexpected changes in financial

wealth.

Compared to Kuehn (2015), who estimates a drop in houseprices directly on time spent in home pro-

duction, we explicitly use the fact that the effect of wealth runs through market consumption. Contrasting

Kuehn (2015) who uses state-level houseprice indices, we use individual-level houseprice values11 fol-

lowing Christelis et al. (2015). The average houseprices over the CAMS waves are shown in Figure 1.

The average year-to-year change in reported house prices is presented in Figure 2. The individual-level

change in the houseprice from 2007-2009 is used as the instrument in the IV-GMM regression. The

average reported houseprices follow a similar trend as other objective house price indices can be seen in

Figure 3.

To make sure that the wealth shock does not change the time budget because of consequences for

unemployment we estimate the model on the subsample of full retirees at time t and t +1 only. In this

way we make sure that ∆hmt+1 = 0, ∆wt+1 = 0 and ∆bt+1 = 0. For this sample of retirees, the mechanism

is most tractable. A shock in wealth decreases the monetary budget and, since the time budget does not

change, decreases market consumption possibilities by definition.

11From the RAND HRS Income and Wealth Imputation.
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Figure 1: Development of houseprices
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Figure 2: Year-to-year changes in houseprices
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Figure 3: Development of houseprice indices
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We condition the elasticity on a set of observable personal- and household characteristics Xit+1.

This vector includes age effects, health effects, period effects, marital status as well as information

regarding the health and retirement statuses of the spouse.12 Due to our first-difference specification

we therefore condition on shocks in health13 and marital status.14 We combine quadratic age-effects

with semi-parametric age effects in the age of 62, 65 and 70.15 At these ages, people can claim Social

Security benefits at the earliest possible age, without actuarial reductions16 and the latest possible age

respectively.

12Estimation results are highly robust to excluding information regarding the spouse
13Estimation results are highly robust to excluding changes in health.
14Estimation results are highly robust to excluding changes in marital status.
15Estimation results are highly robust to excluding such semi-parametric age effects.
16The Full Retirement Age is 65 for all persons born before 1938.
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6 Estimation results

6.1 Baseline estimates

Estimation results of the baseline specification are presented in Table 3 and indicate that the elasticity

between home production and substitutable consumption spending is -0.65.17 This means that a 10%

decrease in consumption spending that is substitutable for home production increases home production

by 6.5%. Home production is therefore found to be a (less than perfect) substitute for (substitutable)

market consumption.18

For comparison, the elasticity is bigger than the estimated elasticities of Hicks (2015) for Mexico

(0.049-0.064%) and the US (0.028-0.031%). It should, however, be noted that the estimated elastici-

ties of Hicks (2015) include prime age persons and are solely based on food consumption which is a

subgroup of our definition of home production substitutable consumption. Also, the econometric spec-

ification used by Hicks (2015) does not correct for simultaneity in consumption and home production

decisions. Neither does the specification of Hicks (2015) take into account possible changes in the time

budget.

The estimated elasticity is identified by the significant effect of the instrument DGR∆ln(Wit) on con-

sumption spending. More specifically, the estimated coefficient of the instrument implies that a 10%

decrease in the houseprice during the Great Recession decreased home production substitutable con-

sumption spending by 1.4%. This elasticity is somewhat bigger than the elasticity found by Christelis

et al. (2015) (0.56%). However, their elasticity is not recession-specific like ours, but accounts for the

whole time-span. Angrisani et al. (2015) estimate a non-recession and recession-specific elasticity. The

non-recession elasticity is not significant, the recession-specific elasticity is bigger than our elasticity

(about 4%). The elasticity found by Campbell & Cocco (2007) is most in line with our estimated elas-

ticity between market consumption and housing wealth (1.2%).

To facilitate the interpretation of the results, we can translate the effects into average effects for the

17The F-statistic of the excluded instrument is 5.6. Therefore, we test our estimation results with a Fuller-k estimator which
is more robust to possibly weak instruments. Estimation results of the elasticity are robust: -0.56*.

18The validity of our approach depends on keeping the time budget constant. Significance of the estimated elasticity disap-
pears when we do not restrict the sample to persons with a constant time budget (not reported here). Running a simple OLS
regression with potential endogeneity issues does not show a significant elasticity (not reported here).
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sample of persons used in the regression analysis. Average consumption spending on home production

substitutable goods and services is 3,970 dollars per year. The average number of hours spent in home

production is 22.6 hours per week. The elasticity implies that, on average, a drop in consumption

spending of 40 dollars (per year) on home production substitutable market goods and services increases

home production activities by about 9 minutes per week or about 7.6 hours per year. The combination

of these facts imply a shadow price of about 5.30 dollars per hour. For comparison, this shadow price

is somewhat smaller than most minimum wages in the US, except for the states Georgia and Wyoming

(both 5.15 dollars p/h). A shadow price below the minimum wage seems quite plausible for the group

of retired persons as the reservation wage drops in retirement (Ghez & Becker, 1975).

The average houseprice in the year before the Great Recession is 223,563 dollars. A houseprice

drop of 2,235 dollars due to the Great Recession decreased home production substitutable consumption

spending by about 5.6 dollars in 2009 compared to 2007.

6.2 Sensitivity

Table 4 indicates that the results are robust to different consumption spending definitions. Consumption

excluding durables excludes the expenditures on a dishwasher and a washing and/or drying machine.

Consumption including supplementary material includes expenditures on home repair supplements,

housekeeping supplements and gardening supplements. Defining home production substitutable con-

sumption solely by dining out (e.g. the biggest potential spending category with a substantial drop from

2007 to 2009, on average (Table 1)) gives an elasticity that is much smaller than the aforementioned def-

initions of substitutable consumption (-0.29). This might be explained by the relatively large amount of

time spent on cooking, on average (Table 2). Hence, there might be little scope to increase the time spent

in cooking. Excluding maintenance to the house from the home production substitutable consumption

spending might be relevant as as the drop in houseprices might change the propensity to fix the house.

This is also suggested by the large drop in spending on homerepair services in Table 1. The elasticity

in which homerepair services are excluded is fairly similar to the baseline elasticity (-0.74). The same

applies to additionally excluding gardening services.

In the baseline regression we assumed full sharing of the household market consumption spending.
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Table 3: Estimate of the elasticity be-
tween consumption spending and home
productiona

Second-stage ∆ln(hint+1)

Coeff. S.E.
Control variables
∆Age 0.46** 0.21
∆Age2(/100) -0.27** 0.14
∆1(Age≥ 62) 0.03 0.14
∆1(Age≥ 65) -0.14 0.12
∆1(Age≥ 70) -0.15* 0.09
∆Health(−) 0.04 0.07
∆Health(+) 0.05 0.08
∆ Partner retired 0.01 0.06
∆Health(−) partner 0.06 0.08
∆Health(+) partner 0.03 0.09
∆Single 0.99* 0.52
∆Partner -0.15 0.25
∆Wave2007 -0.29* 0.17
∆Wave2009 -0.54* 0.32
∆Wave2011 -0.84* 0.48

Elasticity
∆ln(cs

imt+1) -0.65* 0.37

First-stage ∆ln(cs
imt+1)

Coeff. S.E.
Instrument
DGR∆ln(Wit) 0.14** 0.06

Observations (N×T ) 2,500
a * Significant at the .10 level; ** at the .05 level; *** at the

.01 level using t-statistics. Standard errors reported are robust to
heteroskedasticity and autocorrelation. Time-use in Home Pro-
duction includes: Housecleaning, Laundry, Gardening, Shopping,
Cooking, Financial Management, Home improvements, Car im-
provements. Consumption spending includes spending on: Vehi-
cle maintenance, Dishwasher, Wash and drying machine, Home
repair services, Housekeeping services, Gardening services, Din-
ing out. Time-use in Home Production and Consumption spend-
ing are transformed using the inverse hyperbolic sine transforma-
tion. Changes in Home Production and Consumption spending are
trimmed for the top and bottom 1 percent of the sample in each
survey wave following Angrisani et al. (2015); Hicks (2015). The
sample for the estimation consists of persons aged 51-80, who own
a house, who have not moved since the previous period and who
have a constant time budget since the previous period.

22



Table 4: Elasticities with different definitions of (substitutable) consumption spendinga

Definition First-stage Second-stage
βc2 σ2

βc2
βn2 σ2

βn2
Obs.

ln(cs
imt+1) 0.14** 0.06 -0.65* 0.37 2,500

ln(cs
imt+1) excl. durables 0.12** 0.06 -0.71* 0.44 2,500

ln(cs
imt+1) incl. suppl. material 0.14** 0.06 -0.61** 0.31 2,504

ln(cs
imt+1) dining out only 0.30*** 0.11 -0.29* 0.17 2,489

ln(cs
imt+1) excl. homerepair services 0.12** 0.06 -0.74* 0.45 2,491

ln(cs
imt+1) excl. homerepair/gardening services 0.12** 0.06 -0.74* 0.45 2,490

a * Significant at the .10 level; ** at the .05 level; *** at the .01 level using t-statistics. Standard errors reported are robust to heteroskedasticity and
autocorrelation. Time-use in Home Production includes: Housecleaning, Laundry, Gardening, Shopping, Cooking, Financial Management, Home im-
provements, Car improvements. Consumption spending includes spending on: Vehicle maintenance, Dishwasher, Wash and drying machine, Home repair
services, Housekeeping services, Gardening services, Dining out. Time use in Home Production and Consumption spending are transformed using the
inverse hyperbolic sine transformation. Changes in Home Production and Consumption spending are trimmed for the top and bottom 1 percent of the
sample in each survey wave following Angrisani et al. (2015); Hicks (2015). The sample for the estimation consists of persons aged 51-80, who own a
house, who have not moved since the previous period and who have a constant time budget since the previous period. All regressions control for changes
in age (including non-linearities), health, single/couple household, shocks to the partner and wave.

Nonetheless, the estimated elasticity is highly robust to a variety of equivalence scales to correct mar-

ket consumption spending such as the Oxford equivalence scale,19 OECD equivalence scale20 and the

Square root scale (all show an elasticity of about -0.65).21

Regarding individual- and household characteristics we find substantial differences in the estimated

elasticity between age-groups and health status (Table 5). We do not find such heterogeneous elasticities

for single versus couple households and males versus females (Table 5).

Different identification strategies to estimate the elasticity were proposed by Rupert et al. (1995)

and Hicks (2015). Using permanent income as an instrumental variable as proposed by Hicks (2015)

is not identified in our IV-GMM setting because permanent income is time-invariant. Rupert et al.

(1995) proposed using lagged consumption as an instrumental variable. Estimation results using this

identification method are shown in Table 6 and indicate an elasticity of zero.22 However, drawback of

19Assigning a value of 1 to the first household member and 0.7 to each additional adult.
20Assigning a value of 1 to the first household member and 0.5 to each additional adult.
21Dividing consumption spending by the square root of household size.
22This applies to both subsamples including and excluding non-homeowners.
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Table 5: Elasticities for subgroupsa

Subsample First-stage Second-stage
βc2 σ2

βc2
βn2 σ2

βn2
Obs.

Age
Age ≤ 62 0.16*** 0.06 -0.63* 0.34 2,328
Age ≤ 65 0.17*** 0.06 -0.57* 0.31 2,152
Age ≤ 70 0.18** 0.08 -0.39 0.25 1,547
Age ≤ 75 0.24* 0.14 -0.21 0.16 771

Health
Fair or poor 0.22** 0.11 -0.32 0.25 689
Non-poor 0.15** 0.06 -0.60* 0.34 2,309

Household
Single 0.07 0.06 -0.64 0.91 989
Couple 0.20* 0.11 -0.76 0.49 1,511

Gender
Male 0.04 0.09 -3.74 7.94 917
Female 0.16** 0.07 -0.43 0.31 1,583
a * Significant at the .10 level; ** at the .05 level; *** at the .01 level using t-statistics.

Standard errors reported are robust to heteroskedasticity and autocorrelation. Time-use
in Home Production includes: Housecleaning, Laundry, Gardening, Shopping, Cook-
ing, Financial Management, Home improvements, Car improvements. Consumption
spending includes spending on: Vehicle maintenance, Dishwasher, Wash and drying
machine, Home repair services, Housekeeping services, Gardening services, Dining
out. Time use in Home Production and Consumption spending are transformed using
the inverse hyperbolic sine transformation. Changes in Home Production and Con-
sumption spending are trimmed for the top and bottom 1 percent of the sample in each
survey wave following Angrisani et al. (2015); Hicks (2015). The sample for the esti-
mation consists of persons aged 51-80, who own a house, who have not moved since
the previous period and who have a constant time budget since the previous period.
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Table 6: Identification from lagged
consumptiona

Second-stage ∆ln(hint+1)

Coeff. S.E.
Elasticity
∆ln(cs

imt+1) -0.05 0.04

First-stage ∆ln(cs
imt+1)

Coeff. S.E.
Instrument
∆ln(cs

imt) -0.49*** 0.05

Observations (N×T ) 1,519
a * Significant at the .10 level; ** at the .05 level; *** at the .01 level

using t-statistics. Standard errors reported are robust to heteroskedas-
ticity and autocorrelation. Time-use in Home Production includes:
Housecleaning, Laundry, Gardening, Shopping, Cooking, Financial
Management, Home improvements, Car improvements. Consump-
tion spending includes spending on: Vehicle maintenance, Dish-
washer, Wash and drying machine, Home repair services, House-
keeping services, Gardening services, Dining out. Time-use in Home
Production and Consumption spending are transformed using the in-
verse hyperbolic sine transformation. Changes in Home Production
and Consumption spending are trimmed for the top and bottom 1
percent of the sample in each survey wave following Angrisani et
al. (2015); Hicks (2015). The sample for the estimation consists of
persons aged 51-80, who own a house, who have not moved since
the previous period and who have a constant time budget since the
previous period.

this approach is that the instrument might not be valid as it is well-possible that persons with structurally

high levels of consumption spending generally engage less in home production. Our baseline estimates

are therefore preferred.

6.3 Heterogeneous elasticities

To get an idea of what drives the elasticity found in Table 3, Table 7 presents estimated elasticities for

a subsample of retirees with characteristics that might influence the strength of their home production

reactions to drops in substitutable market consumption. The estimated elasticity of the complementary

subsample of the regressions shown in Table 7 are not significantly different from zero.

The results suggest that much of the home production responses to drops in home production substi-

tutable market consumption found in Table 3 stem from persons who report a decline in their houseprice

value due to the Great Recession. Persons with a relatively low houseprice value prior to the recession

react more strongly than the average person. The same goes for the people that repaid their mortgage.
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Interestingly, we do not find heterogeneous elasticities for differences in financial wealth (e.g. stocks,

bonds, savings deposits, checking accounts, IRA’s).

Regarding household income, we find that persons with a medium household income substitute more

strongly. It is likely that these persons are sufficiently well off to be able to buy market consumption that

can be substituted for by home production, unlike households with a low income.

Compared to persons with a high household income, they are likely to be more responsive for sub-

stitution. Not surprisingly, the strongest reaction is found for persons whose market consumption bundle

consisted of a relatively large share of home production substitutable market consumption prior to the

Great Recession. These persons have a relatively large scope to use home production. Similarly, the

scope of using home production to substitute market consumption is strongest among people who have

not fully utilized their home production possibilities. The estimation results indicate that persons with

relatively low levels of home production react more strongly than the average person in the sample.

The estimation results also indicate that the elasticity is not driven by differences in credit lines, e.g.

we do not find different effects for persons with and without debt (other than mortgage) and IRA/Keogh

accounts. The regressions also show that only a few people have a negative net housing equity (e.g.

housing value minus mortgage debt) and that the estimation results are highly robust to taking into

account persons with a positive net housing equity only.

All in all we can conclude that the elasticity is mostly driven by persons with a drop in the value

of their relatively cheap house that is mortgage free and who spent relatively much of their medium

household income on market consumption and who have enough scope to increase their effort in home

production.

7 Discussion

Table 3, showing that home production is a less than perfect substitute to market consumption (elasticity

of -0.65), and Table 1 showing the small amount of total market spending that is substitutable (about

12%), indicate that substitution possibilities between market consumption and home production exist

although the scope for doing so is fairly small. One should keep in mind that, for identification purposes,
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Table 7: Heterogeneous elasticitiesab

Subsample First-stage Second-stage
βc2 σ2

βc2
βn2 σ2

βn2
Obs.

Housing value
∆ Houseprice < 0 0.14** 0.06 -0.60* 0.37 2,255
Housepricet−1 < Medianc 0.15** 0.08 -0.77* 0.48 1,347
Housepricet−1 < P(90)d 0.14** 0.06 -0.56* 0.34 2,309
P(25)e< Housepricet−1 < P(75)f 0.18 0.13 -0.18 0.24 1,299
∆ Houseprice < 0, Housepricet−1 < Medianc 0.17** 0.08 -0.73* 0.43 1,184

Wealth
Mortgage= 0 0.14** 0.06 -0.59* 0.36 1,877
Financial wealth < Mediang 0.11** 0.05 -0.89 0.63 1,095
P(25)h< Financial wealth < P(75)i 0.12** 0.06 -0.61 0.49 1,171

Income
Household income < Medianj 0.12* 0.07 -0.53 0.44 1,418
P(25)k< Household income < P(75)l 0.23** 0.10 -0.53* 0.30 1,480

Scope
Substitutable consumptiont−1 (% total) > Medianm 0.09** 0.04 -1.32* 0.76 1,277
P(25)n< Home production < P(75)o 0.19*** 0.05 -0.53* 0.30 1,263
Home production < P(75)p 0.14*** 0.05 -0.87* 0.45 1,778

Financial
Debtt−1 = 0q 0.18** 0.07 -0.40 0.28 1,813
Net housepricet−1 > 0r 0.13** 0.06 -0.67* 0.40 2,484
Net IRA, Keogh accounts = 0 0.13** 0.05 -0.66 0.50 1,287
a * Significant at the .10 level; ** at the .05 level; *** at the .01 level using t-statistics. Standard errors reported are robust to heteroskedasticity

and autocorrelation. Time-use in Home Production includes: Housecleaning, Laundry, Gardening, Shopping, Cooking, Financial Management,
Home improvements, Car improvements. Consumption spending includes spending on: Vehicle maintenance, Dishwasher, Wash and drying
machine, Home repair services, Housekeeping services, Gardening services, Dining out. Time use in Home Production and Consumption
spending are transformed using the inverse hyperbolic sine transformation. Changes in Home Production and Consumption spending are
trimmed for the top and bottom 1 percent of the sample in each survey wave following Angrisani et al. (2015); Hicks (2015). The sample for
the estimation consists of persons aged 51-80, who own a house, who have not moved since the previous period and who have a constant time
budget since the previous period.

b The complements of the regression constraints do not show elasticities that are significantly different from zero.
c 178,523 dollars.
d 522,378 dollars.
e 100,419 dollars.
f 313,427 dollars.
g 46,304 dollars.
h 4,701 dollars.
i 206,313 dollars.
j 32,773 dollars.
k 17,852 dollars.
l 59,136 dollars.
m 8.52%.
n 10.12 hours per week.
o 28.09 hours per week.
p 28.09 hours per week.
q Debt excludes mortgage debt.
r Houseprice minus mortgage debt.

27



Table 8: Substitution possibilities retirees and non-retireesa

hn cs
m

Mean S.E. Mean S.E.
Non-retired 19.8 0.26 5,177.5 103.4
Retired 23.2 0.23 3,747.8 64.0
∆ 3.4*** 0.35 -1,429.7*** 115.3
Non-retired men 16.1 0.29 6,013.6 175.9
Retired men 19.1 0.23 3,992.8 96.3
∆ 3.0*** 0.50 -2,020.7*** 194.9
Non-retired women 22.6 0.39 4,540.6 122.1
Retired women 25.2 0.28 3,624.5 83.0
∆ 2.6*** 0.47 -916.0*** 143.1
Non-retired < 65 19.4 0.27 5,247.1 133.6
Retired < 65 23.6 0.47 3,766.0 126.9
∆ 4.2*** 0.51 -1,481.1*** 199.2
Non-retired 65+ 20.6 0.55 5,029.1 153.8
Retired 65+ 23.0 0.27 3,740.8 73.9
∆ 2.4*** 0.58 -1,288.3*** 158.6
a * Significant at the .10 level; ** at the .05 level; *** at the .01 level using t-statistics.

this conclusion is based on a subsample of retired homeowners.

This specific subsample may have a different elasticity than non-retirees. The heterogeneous elas-

ticities in Table 7 suggest that persons who spent more of their total budget on market consumption that

is substitutable have a relatively big elasticity. Also, persons with a relatively small amount of time

spent on home production have a relatively big elasticity. These results imply that the endowment of

consumption and home production has consequences for the elasticity. Since retirees are expected to

be more well-endowed in terms of home production than non-retirees (because of total non-work time

available), it is expected that non-retirees may have a bigger elasticity.

By comparing groups of retirees and non-retirees, Table 8 confirms that retirees have higher levels

of home production and non-retirees have higher levels of substitutable market consumption. Based on

these descriptives non-retirees have a bigger scope to increase home production when necessary. Hence,

it is highly likely that the sample of non-retirees have a bigger elasticity than retirees since retirees have

used more of their substitution possibilities. The elasticity estimated in this paper can therefore be seen

as a lower bound of the elasticity for the whole population. However, it should also be kept in mind that

non-retirees have more possibilities to smooth shocks in income by adjusting their labor supply decision.
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8 Conclusion

The theory of home production suggests that people will substitute away from market consumption as

the opportunity cost of time drops (Becker, 1965). Shifting away from market consumption to home

production makes people able to smooth consumption in response to income decreases (Hicks, 2015).

This is relevant as home production might be used to mitigate the consequences of shocks for well-being

(Aguiar & Hurst, 2005).

Prior studies have found that people respond to shocks in unemployment (Aguiar et al., 2013), health

(Gimenez-Nadal & Ortega-Lapiedra, 2013), retirement (Aguiar & Hurst, 2005) or wealth (Kuehn, 2015)

by increasing their home production. Shocks in retirement, unemployment and disability have two si-

multaneous effects 1) it decreases the monetary budget and 2) it increases the time budget. Therefore, the

extent to which home production is a substitute to market consumption remains unclear as the increases

in home production might be due to considerable increases non-work time available.

Compared to these prior studies, the current paper estimates the intratemporal elasticity between

home production and consumption spending from within-person variation. Earlier attempts to esti-

mate the intratemporal elasticity econometrically are based on subsamples of single women (Gelber

& Mitchell, 2012; Gonzalez Chapela, 2011), use debatable instruments (Rupert et al., 1995) or use

between-person variation (Hicks, 2015). We propose using a wealth shock as instrumental variable as

shocks in wealth affect the monetary budget constraint (e.g. market consumption) but not the time bud-

get constraint (e.g. home production). More specifically, we use the persistent and unanticipated shock

in houseprices during the Great Recession (Christelis et al., 2015; Angrisani et al., 2015; Kuehn, 2015)

to identify the elasticity. To exclude any possible effects of the Great Recession on the non-market time

available, we estimate elasticities for retirees only.

We find that a 10% decrease in substitutable market consumption increases the time spent in home

production activities by about 6.5%. The elasticity implies that a part of the decreased market con-

sumption possibilities can be replaced by home production to mitigate the consequences of shocks for

well-being. The scope for doing so remains rather limited, however. Home production substitutable

market consumption makes up 12% of total market consumption, on average, which makes it small but
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non-negligible. The elasticity we find is largely driven by persons with a drop in the value of their

relatively cheap home, that is free of mortgage, and who spent relatively much of their medium house-

hold income on market consumption that can be substituted for by home production prior to the Great

Recession.

The micro elasticity estimated is much lower than the typically assumed high substitutability be-

tween market consumption and home production in existing macro models (Campbell & Ludvigson,

2001). This, however, does not need to be inconsistent (Chang & Kim, 2006). Also, it should be kept

in mind that our results are identified by a sample of retirees. Responses of prime age workers may be

different as their endowments in home production and substitutable market consumption are different.

Our elasticity is therefore to be seen as a lower bound for the whole population.
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