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Abstract
This article derives a new approach for estimating the elasticity of labor supply
using Becker’s allocation of time framework and household choices concerning
time and monetary expenditures. Labor supply elasticities with respect to market
wages and the opportunity cost of non-market time are calculated using data from
France and Canada. They are found to be coherent with those obtained by classic
methods on individual data while avoiding usual econometric problems. The
estimates of the elasticity of labor supply fare lower for couples with children as
expected.
JEL Codes: J22, D11, D13

Introduction
Estimation of the elasticity of the labor supply with respect to market wages has produced
abundant literature in many countries (see Bargain and Peichl, 2013), with results varying
according to the methods and the datasets (country, macro or micro data) used. Among the
econometric problems encountered in these estimations, endogeneity and observability of
wages and unearned income are among the most prominent, while explicit functional form
assumptions or structural models are also sometimes employed.
An alternative approach involves recognizing that market labor supply is the complement of
domestic production, their sum being equal to total time available (after deducting time
devoted to sleep and other activities necessary to survive). This suggests that it should be
possible to estimate labor supply elasticities indirectly, through the estimation of time use
functions for home production and consumption.
This paper exploits the framework developed by Gardes (2014), which combines monetary
expenditures (observable in data such as Family Expenditure Surveys) with time use data in a
model that generates distinct values for time devoted to market work (supposed to depend on,
but not be equal to, the household’s wage rate net of taxes 𝑤) and time used in domestic
production. This model is used in the first section to derive the opportunity cost of time and
formulas for elasticities of monetary expenditures and time use with respect to the “full”
prices of goods and to the opportunity cost of time. The second section presents the derivation
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of the labor supply function while the third section presents the dataset. These are used in
section 4 to estimate the elasticity of the labor supply with respect to the opportunity cost of
time and to the wage rate. Section 5 concludes.
1. Domestic production and consumption
In Gardes (2014), the household is supposed to divide its monetary income and total
disposable domestic time (excluding its necessary time for sleeping and the working time)
between a set of activities (final goods) 𝑖 which are supposed to be produced by the
consumption of 𝑥𝑖 units of an aggregate market good (with unit price 𝑝𝑖 ) and an amount of
time equal to 𝑡𝑖 =𝜏𝑖 𝑥𝑖 , where 𝜏𝑖 is the time it takes to covert 𝑥𝑖 units of the market good into a
unit of final good 𝑖3. The “full” price 𝜋𝑖 for one unit of the final good (domestic activity) 𝑖 is
written: 𝑝𝑖 𝑥𝑖 + 𝜔𝑡𝑖 = (𝑝𝑖 + 𝜔𝜏𝑖 )𝑥𝑖 , in which 𝜔 is the opportunity cost of time spent outside
the labor market. The full price and income budget constraints, with 𝑇 being total time and 𝑡𝑤
being working time, can thus be written:
∑𝑖(𝑝𝑖 𝑥𝑖 + 𝜔𝑡𝑖 ) = 𝑦 𝑓 + (𝜔 − 𝑤)(𝑇 − 𝑡𝑤 ) = 𝑦 𝑓 + (𝜔 − 𝑤) ∑𝑖 𝜏𝑖 𝑥𝑖

(1)

In order to simplify the derivation of the opportunity cost of time, a Cobb-Douglas structure is
chosen both for the utility and the domestic production functions of the final goods 𝑄𝑖 which
depend on the monetary and time inputs 4 . The optimization program is, according to the
assumptions of section 1 (all variables correspond to a household whose index is omitted in
the equations):
𝛾

𝛼

𝛽

max𝑚𝑖 ,𝑡𝑖 𝑢(𝑄) = ∏𝑖 𝑎𝑖 𝑄𝑖 𝑖 𝑤𝑖𝑡ℎ 𝑄𝑖 = 𝑚𝑖 𝑖 𝑡𝑖 𝑖

(2)

under the full income constraint (1).
Note that 𝑇 − 𝑡𝑤 = ∑𝑖 𝑡𝑖 and that both the market wage and the shadow wage (i.e. the
opportunity cost of time 𝜔) appear in the budget equation: the shadow wage corresponds to
the valuation of time in domestic production, and differs from the market wage 𝑤 whenever
there exists imperfections on the labor market or if the disutility of labor is smaller for
domestic production.
In order to estimate the opportunity cost for time, the utility function can be re-written:
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(3)

The production of the final good 𝑖 is modeled by a Leontief technology with respect to time, based on the
amount of market good used in production (or equivalently based on the amount of the final good, as each unit of
final good necessitates, assuming the absence of economy of scale, the same consumption of the market good).
4
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with 𝑚′ and 𝑡 ′ the geometric weighted means of the monetary and time inputs with weights
𝛼𝑖 𝛾𝑖
𝛽𝛾
⁄∑ 𝛼 𝛾 and 𝑖 𝑖⁄∑ 𝛽 𝛾 . Deriving the utility over income 𝑌 and total available leisure and
𝑖 𝑖
𝑖 𝑖
domestic production time 𝑇 gives the opportunity cost of time:
𝜔=

𝜕𝑢
𝜕𝑇
𝜕𝑢
𝜕𝑌

=

𝜕𝑢 𝜕𝑡′
𝜕𝑡′ 𝜕𝑇
𝜕𝑢 𝜕𝑚′
𝜕𝑚′ 𝜕𝑌

𝜕𝑡′

=

𝑚′ ∑ 𝛽𝑖 𝛾𝑖 𝜕𝑇
𝑡′ ∑ 𝛼𝑖 𝛾𝑖 𝜕𝑚′

(4)

𝜕𝑌

All parameters of the utility function are estimated locally (for each household) so that the
household’s welfare will depend both on the set of parameters (𝛼, 𝛽, 𝛾) and on its monetary
and time expenditures 𝑚𝑖 and 𝑡𝑖 . In order to calculate the parameters of the utility and
domestic production functions, Gardes (2014) considers the substitutions between time and
money resources for the production of each activity and between money expenditures (or
equivalently time expenditures) for two different activities5. The substitution between time
and money in the domestic production function of activity 𝑖 generates the first order
condition:
𝜔𝑡

𝑚

𝑖𝑖
𝑖
𝛼𝑖 = 𝜔𝑡 +𝑚
𝑎𝑛𝑑 𝛽𝑖 = 𝜔𝑡 +𝑚
𝑖

𝑖

𝑖

𝑖

(5)

under the constraint of a constant returns to scale for each production function: 𝛼𝑖 + 𝛽𝑖 = 1,
while the substitution between times 𝑡𝑖 and 𝑡𝑗 in the domestic production of two different final
goods 𝑖 and 𝑗 implies another condition between the parameters of the domestic production
functions and the utility function:
𝑡 𝛼1

𝛾𝑖 = 𝛾1 𝑡 𝑖

1

𝛼𝑖

(6)

The estimation of parameters 𝛼, 𝛽, 𝛾 allows one to define both the opportunity cost of time 𝜔
and the welfare index 𝑢(𝑄𝑖 ) at the household level.
Appendix A discusses two methods for the estimation of these parameters. The estimation is
made on six activities (food consumption, dwelling expenditures (including imputed rent), clothing
expenditures, leisure expenditures, transport expenditures and miscellaneous goods and services),
excluding expenditures on health and education, which contain many zeros. The estimation of
the opportunity cost of time is made for data grouped into cells (defined by household size,
the education level and the age of the head) in order to obtain robust estimates of the
parameters 𝛼, 𝛽 and 𝛾 of the utility and domestic production functions. Using equation (4),
an estimate of the opportunity cost of time is obtained for each household. It averages 6.72,
with a range between 5.3 and 10.3. It is thus significantly smaller than the average net wage
rate (9.64), with 73% of households having an opportunity cost more than 25 percent lower
than its net wage rate.
The average estimate of the opportunity cost of non-market time is close to the minimum
wage rate (6.92). It corresponds qualitatively to individuals’ responses in direct surveys of
5
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their substitution between time and money, which usually generate an opportunity cost of
time lower than the agent’s wage rate net of taxes. Moreover, 𝜔 is positively related to the
household’s net wage (with an elasticity of 0.85) and to income conditional to net wage
(elasticity of 0.19). It is also positively related to the household relative income, defined by
the ratio of the household’s average income to the average income of a reference population,
defined by the aggregation used in the estimation of the parameters of the utility and domestic
production functions. It increases until the household’s head is 45 years old, then decreases 15
years later (just as observed by Aguiar and Hurst, 2007, in their estimation of the opportunity
cost of time for shopping activities). It also increases with family size, especially with respect
to the number of adults, which may show that home production is more valued in large
families because of economies of scale (i.e. production of public goods).
This estimate of the opportunity cost of time allows one to define the full price of each
activity and to estimate full price elasticities for these expenditures. As the monetary price is
not observed, the full cost for activity i is proxied by the ratio of the full expenditure over its
monetary component (see Gardes, 2014, for a discussion):
πi =

(𝐩𝐢 +𝛚𝐡 𝛕𝐢𝐡 )𝐱𝐢𝐡
𝐩𝐢 𝐱𝐢𝐡

= 𝒑𝒊+𝝎𝒑 𝒉𝝉𝒊𝒉 = 𝟏 + 𝝎𝒉𝒑𝝉𝒊𝒉
𝒊

𝒊

(7)

Using the full price elasticities 𝐸𝜋 estimated with these proxies, the elasticities with respect to
the monetary price 𝐸𝑝 , the time used for the consumption activity 𝐸𝑡 and the opportunity cost
of time 𝐸𝜔 are easily recovered (see for instance De Vany, 19746) and can be calculated by
means of the expression for full expenditures and its monetary and time components:
𝑝

𝑝𝑥

𝑚

𝑖
𝐸𝑥𝑖 /𝑝𝑖 = 𝐸𝜋𝑖 𝑖 𝜋𝑖 = 𝐸𝜋𝑖 𝑖 𝜋𝑖 𝑥𝑖 = 𝐸𝜋𝑖 𝑖 𝑚 +𝜔𝑡
𝑖

𝑖 𝑖

𝐸𝑥𝑖 /𝑡𝑖 = 𝐸𝜋𝑖 𝑖
𝐸𝑥𝑖 /𝜔 = ∑𝑗 𝐸𝜋𝑖 𝑗

𝜔𝜏𝑖
𝜋𝑖

𝜔𝜏𝑗
𝜋𝑗

𝑖

𝑖

𝜔𝑡

𝑖
= 𝐸𝜋𝑖 𝑖 𝑚 +𝜔𝑡
𝑖

𝑖

= ∑𝑗 𝐸𝜋𝑖 𝑗 𝑚

𝜔𝑡𝑗

𝑗 +𝜔𝑡𝑗

(8)
(9)
(10)

2. Labor supply
The relation between the allocation of time for market work, home production, investment
activities (education, health care…) and leisure can be written as:
∑𝑖 𝑡𝑖 = ∑𝑖 𝜏𝑖 𝑥𝑖 = 𝑇 − 𝑡𝑤

(11)

Taking the derivative of (10) with respect to the opportunity cost of time gives:
−

𝜕𝑡𝑤
𝜕𝜔

=

𝜕 ∑𝑖 𝑡𝑖
𝜕𝜔

𝜕𝑥

𝜕𝜏

= ∑ (𝜏𝑖 𝜕𝜔𝑖 + 𝑥𝑖 𝜕𝜔𝑖 )

which can be written in terms of elasticities as:
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(12)

−𝐸𝑡𝑤 /𝜔 = ∑𝑖

𝜏𝑖 𝑥 𝑖
𝑡𝑤

(𝐸𝑥𝑖 + 𝐸𝜏𝑖 )
𝜔

(13)

𝜔

The elasticity of 𝜏𝑖 (which is the time used per unit of market good 𝑖) with respect to the
opportunity cost of time can be calculated in terms of the elasticity of the market good and the
elasticity of substitution between the monetary (market good) and time factors used to home
produce the final good (activity) 𝑖:
𝜎𝑖 =

𝑥
𝜕ln ( 𝑖⁄𝑡 )
𝑖

𝜕ln(𝜔)

= 𝐸𝑥𝑖⁄ − 𝐸𝑡𝑖⁄
𝜔

𝜔

so that 𝐸𝜏𝑖⁄ = 𝐸𝑡𝑖⁄ − 𝐸𝑥𝑖⁄ = −𝜎𝑖 . This elasticity of substitution has been estimated by
𝜔

𝜔

𝜔

Canelas et al. (2014) as 0.276 ( 𝜎 = 0.031) for Food and 0.584 (𝜎 = 0.023) for other
expenditures7. We obtain finally the formula for the elasticity of labor supply with respect to
the opportunity cost of time:
−𝐸𝑡𝑤 /𝜔 = ∑𝑖

𝜏𝑖 𝑥 𝑖
𝑡𝑤

(𝐸𝑥𝑖 ⁄𝜔 − 𝜎𝑖 )

(14)

3. Dataset
We use a French dataset from INSEE which combines monetary and time expenditures at the
individual level into a common, unique goods and services consumption structure by a
statistical match of the information contained in two surveys: the Family Expenditure Survey
(FES, INSEE BDF 2001) and the Family Time Budget (FTB, INSEE BDT 1999). We define
8 types of activities or time use types compatible with the available data both from the FES
and FTB: Eating and cooking time (FTB) and food consumption (FES), cleaning and home
maintenance and dwelling expenditures (including imputed rent), clothing maintenance and
clothing expenditures, education time and education expenditures, health care time and health
expenditures, leisure time and leisure expenditures, transport time and transport expenditures,
miscellaneous time use and miscellaneous goods and services.
Two matching methods were used: first, by clustering (into 40 cells) the whole population in
terms of age, education, and location as key variables, one obtains a good treatment of
measurement errors and zero expenditure problems. For each activity and for each household
we compute the corresponding time use and then take the cell weighted average8. This allows
us to create comparable cells of base information for the full time and money expenditure
nomenclature from both surveys. The addition of both will be possible once the individual
time value is estimated. This method was used in Gardes et al. (2013) and was shown to allow
for robust estimation of the full cost of a child (which is estimated to be greater than the
monetary cost). However, it seems more appropriate to use an alternative method, calculating
the time component of each activity at the household level rather than for a cell that groups
7
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many different households. The second matching method, used in this article, is based on an
individual matching by regression: time used in each activity is regressed on household
characteristics (see Gardes, 2014). Time use equations for all selected activities are estimated
on households characteristics for all observation units in the FTB survey and these estimations
serve to predict the time spent on these activities in the corresponding units in the FES survey.
4. Results
Table 1 contains the estimates of the elasticities of monetary expenditures with respect to full
prices and the opportunity cost of time9, which are used to compute (table 2) the elasticity of
the labor supply for the whole population and for various sub-populations (bachelors, couples
without children, couples with children).
Table 1
Income and full price elasticities

Food
Housing
Clothing
Transport
Leisure
Other

Monetary
income
0.774
(0.0207)
1 .023
(0.0167)
1 .131
(0.0346)
1.021
(0.0240)
0.920
(0.0280)
1.081
(0.0117)

Full
income*
0.210
(.0082)
0.550
(.0135)
0.532
(.0158)
0.469
(.0151)
-0.463
(.0092)
0.531
(.0206)

Opportunity
Cost
0.875
(0.0170)
0.899
(0.0204)
0.876
(0.0327)
0.913
(0.0222)
1.213
(0.0144)
0.958
(0.0182)

Full Own-price
elasticities
-0.975
(0.0065)
-1.286
(.0156)
-0.973
(.0058)
-0.851
(.0057)
-1.104
(.0092)
-1.796
(.0128)

Elasticity of
substitution
0.276
(0.031)
0.584
(0.023)
0.584
(0.023)
0.584
(0.023)
0.584
(0.023)
0.584
(0.023)

Source: Gardes, 2014, tables 1 and 2. See Appendix B and C.
N.B. *Formula (12) in Gardes (2014). For the calculation of full own-price elasticities: quality effect corrected
by Deaton’s method, the monetary budget share and income are used, and the full price is calculated with the
estimated opportunity cost of time.
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Table 2
Elasticity of the labor supply
∑
𝑖

Whole
Population
Singles without
children
Singles with
children
Couple without
children
Couple with
children

𝜏𝑖 𝑥𝑖
(𝐸𝑥𝑖 )
𝑡𝑤
𝜔

∑
𝑖

𝜏𝑖 𝑥𝑖
𝜎
𝑡𝑤 𝑖

-0.116

0.977

0.216

1.227

-0.136

0.842

-0.225

1.268

-0.236

0.827

𝑬𝒕𝒘 ⁄𝝎

𝑬𝒕𝒘 ⁄𝒘

0.861
(0.0038)
1.443
(0.0107)
0.706
(0.0159)
1.043
(0.0096)
0.590
(0.0064)

0.732
(0.0032)
1.227
(0.0091)
0.600
(0.0135)
0.887
(0.0082)
0.502
(0.0054)

Table 2 shows that, on average, the estimated elasticity of hours of labor supplied with respect
to the opportunity cost of time is 0.861, while the elasticity with respect to wages is 0.732.
This result derives mechanically from the relation between wages and the opportunity cost of
non-market time (the latter elasticity being multiplied by a factor of 0.85). This relation makes
intuitive sense as well, as the difference between the opportunity cost of time and wages
derives from the other income sources conditional on wages, and increasing other available
income allows the household to substitute purchased final goods for own-produced final
goods, freeing up the corresponding time for more market work.
Another result worth noting is that labor supply elasticities are estimated to be systematically
lower when children are present, regardless of whether the household is a single or a couple.
If there is an incompressible minimum amount of time that must be spent on child care in
households with children, this will necessarily leave less time available for market work, and
this less possible variation in the amount of time spent working in response to any given
variation in wages or the opportunity cost of time.
As a point of reference, Bargain and Piechl (2013) identified many studies (including five
studies for France) that estimate the elasticity of labor supply with respect to wages. Using a
meta-analysis to consolidate information across studies and controlling for a series of study
specific variables10, they find that average married women’s hour elasticities with respect to
wages are 0.454 and have been trending down by 0.012 per year. With an estimated standard
error of 0.089, one cannot reject the hypothesis that their estimate is the same as our estimate
for couples with children (0.502, with a standard error of 0.0054).
The same model has been estimated on a similar dataset in Canada (matching a Time
Use survey with a Family Expenditure survey in 199811). The elasticity of the labor supply
10

Their meta-analysis includes controls for year, model type, whether the outcome was desired instead of actual
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11
Dataset prepared by P. Merrigan.
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with respect to the opportunity cost of time is estimated as 0.17 (s.e. 0.019) for the whole
population (which corresponds to an elasticity with respect to the market wage rate around
0.14 using the proportion between the two elasticities calibrated for France, a value coherent
with the estimation proposed in the litterature). Contrary to the estimation on French data, the
elasticity does not differ significantly between couples with one child and couples without
children.

Conclusion
Labor supply is one use of time among many, and time allocation models provide a means of
estimating the sensitivity of consumption and time allocation to wages and the opportunity
cost of non-market time. Using the Gardes (2014) model, one can use time and monetary
expenditures on consumption goods to derive indirectly the elasticity of labor supply with
respect to the opportunity cost of non-market time and wages, which are shown to differ. This
approach leads to estimates of wage and opportunity cost elasticities that, although slightly
higher than those found elsewhere in the literature, are not significantly different from those
found elsewhere. These elasticities, being derived at the household level, can be decomposed
along many dimensions and highlight important behavioral substitutions in terms of time
allocation that take place when the price of time changes.
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Appendix A
Estimation of the opportunity cost of time in the domestic production model
In order to calculate the parameters of the utility and domestic production functions,
we consider the substitutions which are possible, first between time and money resources for
the production of some activity, second between money expenditures (or equivalently time
expenditures) concerning two different activities12. First, the substitution between time and
money in the domestic production function of activity i generates the first order condition:
𝜕𝑢
𝜕𝑡𝑖
𝜕𝑢
𝜕𝑚𝑖

𝛼

𝑚

𝜔𝑡

𝑚

𝑖𝑖
𝑖
= 𝜔 → 𝛽𝑖 = 𝜔𝑡𝑖 which implies: 𝛼𝑖 = 𝜔𝑡 +𝑚
, 𝛽𝑖 = 𝜔𝑡 +𝑚
𝑖

𝑖

𝑖

𝑖

𝑖

𝑖

(5)

under the constraint of a constant economy of scale for each production function: 𝛼𝑖 + 𝛽𝑖 =
1 . We suppose also that all marginal productivities are positive: 𝛼𝑖 , 𝛽𝑖 , 𝛾𝑖 ≥ 0 and we
normalize the utility: ∑ 𝛾𝑖 = 1.
Consider now the substitution between times 𝑡𝑖 and 𝑡𝑗 in the domestic production of
two different final goods i and j: this substitution implies another condition between the
parameters of the domestic production functions and the utility function:
𝛾𝑖
𝛾𝑗

𝛽𝑡

𝛼 𝑚

𝑚 𝛼1

= 𝛽𝑗𝑡 𝑖 = 𝛼𝑗𝑚 𝑖 so that: 𝛾𝑖 = 𝛾1 𝑚 𝑖
𝑖 𝑗

𝑖

1

𝑗

𝛼𝑖

for all i ≠ 1

(6)

All other substitutions between monetary and time resources devoted to different final goods
can be derived from (9) and (10).
In order to estimate these parameters, a possible method (C) consists in the calibration of
the opportunity cost of time in a first stage, for instance at the minimum wage rate which is
constant over the population. Equations (5) thus gives an estimate of 𝛼𝑖 and 𝛽𝑖 for each
household, which gives 𝛾𝑖 by equation (6). In the second step, an estimate of the opportunity
cost of time 𝜔 is given by equation (4) which allows the computation of the individual values
of the parameters 𝛼, 𝛽, 𝛾 for each household using equations (5) and (6). These values enter
equation (4) to give for each household the second step estimate of 𝜔. The estimations on the
French data as well as simulations 13 tends to show that this procedure may not converge
rapidly to the true value of the opportunity cost of time.
Another method can be directly based on equations (5) and (6) which imply for all
activities i:
𝑚𝑖 𝛾𝑗 = 𝑚𝑗 𝛾𝑖 + 𝜔𝛾𝑖 𝑡𝑗 − 𝜔𝛾𝑗 𝑡𝑖

12
13

(15)

See estimates of the elasticity of substitution between time and monetary expenditures in Gardes et al ., 2014.
performed by J. Boelaert.

10

This can be estimated as a system of (n-1) equations for j=1, i=2 to n, calibrating 𝛾𝑗 at the full
budget share for food14 or under the homogeneity constraint of the utility function: ∑ 𝛾𝑖 = 1.
In this system, the opportunity cost of time is over-identified, as well as all 𝛾𝑗 , 𝑗 > 1.

14

Note that taking together equations 8, 9 and 11 to calculate the value of 𝜔 gives rise to a highly non- linear
equation in 𝛾𝑖 and 𝜔 which cannot be solved algebraically.
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Appendix B
Econometric methodology for the estimation of the demand system (Gardes, 2014)
The Almost Ideal Demand System is the most commonly used model to estimate
demand elasticities. One of the main advantages of the model is that even if the model is
nonlinear, one can use a Stone price index to approximate the AI model to its linear version
LAIDS, so as to facilitate estimation. As pointed out by Pashardes (1993), the errors coming
from that approximation can result in biased parameter estimates, as it can be seen as an
omitted variable. The bias is bigger when the AI model is applied to micro-data, because in
this case the expenditure effects are highly correlated with the demographic characteristics of
the household and thus very heterogeneous between households. In order to correct this bias,
Pashardes proposes a simple re-parameterization of the price parameter that circumvents the
problem created by the Stone price index. In the estimations presented in table 3 (3rd column),
the full price elasticities are computed in a linear Almost Ideal demand system specification
on full budget shares (corrected from the income effect by formula A1 below with income
proxied by total expenditure ∑ 𝜋𝑖 𝑥𝑖 ) and full prices (defined by equation 13). The own-full
price elasticity for consumption i writes:
𝐸𝑖𝑖 =

𝛾𝑖𝑖
𝑤𝑖

+ 𝛽𝑖 − 1

with 𝛽𝑖 the income coefficient of the AI demand system equation for consumption i and 𝛾𝑖𝑖
the coefficient of the own logarithmic price 𝑙𝑜𝑔𝜋𝑖 .
Four specific problems appear in the estimation of this demand system on matched
data: first, supposing that full expenditures follow an independent optimization scheme, based
either on a utility function or a cost function, implies a total substitution between time and
monetary household’s expenditures. It is also plausible to suppose that two independent
optimizations exist for monetary and for time allocations, but in this case the demand system
for full expenditure cannot in general be similar to the equations for monetary and time
expenditures. If for instance the cost functions for the monetary and the time expenditures are
supposed to be Piglog, both demands are specified as an Almost Ideal demand system (with
different parameters). But in that case, the budget share for full expenditures 𝑤𝑖𝑓 depends on
𝑦 𝑤 +𝑦 𝑤
the monetary and time budget shares: 𝑤𝑖𝑓 = 𝑚 𝑦 ℑ +𝑦𝑡 𝑖𝑡 and the resulting demand equation for
𝑚

𝑡

full expenditure cannot be written under as Almost Ideal specification because of the nonlinearity in the income variable.
Following this hypothesis of two separate optimizations for the components of the full
expenditure, we can calculate the full income elasticity 𝐸𝑖𝑓 in terms of the monetary and time
elasticities 𝐸𝑖𝑚 and 𝐸𝑖𝑡 :
𝑤

1

𝑤

𝑘

𝐸𝑖𝑓 = 𝐸𝑖𝑚 . 𝑤 ℑ . 1+𝑘 + 𝐸𝑖𝑡 . 𝑤 𝑖𝑡 . 1+𝑘
𝑖𝑓

𝑖𝑓

(B1)

with k the derivative of the temporal income over the monetary income. The income
coefficient is fixed by equation (A1) in the estimation of the full expenditures demand system
in the second column of Table 3.
Second, quality effects are likely to exist in full price and expenditure data. Indeed, an
increase (in the cross-section dimension i.e. between two households) of the full price for
12

commodity (activity) i may result either from the difference (between the two agents) of the
opportunity cost ω or from the difference of their time allocated to activity i. Both causes may
increase the quality of this activity, by means of an increased productivity (which can be
supposed to be positively related to ω) or of the time devoted to i. This endogenous quality
appears in the same form as in Deaton’s technique to estimate price-elasticities on local prices
after removing the quality incorporated in unit values (which is the ratio of expenditures over
quantities consumed). In our matched dataset, local prices are replaced by the individual full
prices for each household.
Deaton (1988) shows that the elasticity of expenditures Qi over its unit value Vi writes
𝜺𝒊𝒑 =

𝝏𝒍𝒏𝑸𝒊
𝝏𝒍𝒏𝑽𝒊

=

𝑬𝒊𝒑
𝟏+𝜼𝒊

𝑬𝒊𝒑
𝑬𝒊𝒚

with Eip the true price-elasticity, Eiy the income-elasticity and ηi the income-elasticity of the
unit value. This formula allows to calculate the true price-elasticity in terms of the other
𝒊
parameters. In order to estimate 𝜼𝒊 = 𝝏𝒍𝒏𝑽
, the two equations model (Deaton’s equations 14
𝝏𝒍𝒏𝒚
and 15) is written for household h in cluster C:
𝑤ℎ𝐶 = 𝛼1 + 𝛽1 𝑙𝑛𝑦ℎ𝐶 + 𝑍ℎ𝐶 𝛾1 + 𝑢1ℎ𝐶
𝑙𝑛𝑉ℎ𝐶 = 𝛼2 + 𝛽2 𝑙𝑛𝑦ℎ𝐶 + 𝑍ℎ𝐶 𝛾2 + 𝑢2ℎ𝐶

(B2)
(B3)

I define clusters as households which are supposed to have the same opportunity cost of time
and the same domestic production (thus the same 𝜏𝑖 ) for instance by means of a common age
class, location and education of the head. I thus estimate η= β2 by (B3) within clusters and
Eip=𝛾1 and β1=Ey by (A2) with the full individual prices included in Zhc.
The third problem concerns the correction of variances necessitated by the fact that
budget times are generated regressors being predicted for each household of the Family
Expenditures survey from the time budgets recorded in the Time Use survey. These estimated
times are added to the household’s monetary expenditures to form the household’s full
expenditures. These expenditures serve to calculate indices of scarcity which are used as full
prices 𝜋 in the estimation of the demand system ℎ(𝑥, 𝛽, 𝑊, 𝜋) where W is the set of variables
used in the first step to predict 𝜋, 𝛼 and 𝛽 and the parameters of the demand functions. Thus,
the full prices are generated in a first step before the estimation of the demand system, which
necessitate to correct the estimated variances. Murphy and Topel (1985) proposed a method
adapted to this case. Their theorem states that the second step estimator 𝛽 is consistent and
asymptotically normal with an asymptotic covariance matrix (as stated by Greene, 2008):
𝑉𝛽∗ = 𝜎 2 𝑉𝑏 + 𝑉𝑏 [𝐶𝑉𝑐 𝐶 ′ − 𝐶𝑉𝑐 𝑅 ′ − 𝑅𝑉𝑐 𝐶 ′ ]𝑉𝑏
where 𝑉𝑏 is the covariance matrix given by the second step of the estimation,
1
𝜕ℎ(𝑥,𝛽,𝑤,𝜋)
1 1
𝜕𝑔(𝑤,𝜋)
∑𝑖=0 𝑥𝑖0 𝜖̂(
𝐶 = 𝑛 𝑝𝑙𝑖𝑚 𝑛 ∑1𝑖=0 𝑥𝑖0 𝜖̂𝑖 2 (
)
and
𝑅
=
𝑛
𝑝𝑙𝑖𝑚
) with g depending
𝑖
𝜕𝜋
𝑛
𝜕𝜋
on the log-likehood function. In the case where 𝜋 is predicted by a linear regression, C can be
written:
𝐶 = 𝑑 ∑𝑛𝑖=1 𝑒𝑖 2 𝑥𝑖 𝑤𝑖
with 𝑒𝑖 the error term of the demand function in the second step and d the coefficients in the
estimation of 𝜋 in the first step. R is null if the regression disturbances of the regression in the
13

first and second steps are uncorrelated, which is the case of our model since full prices are
predicted from the Time Use surveys and used as a regressor on the family Expenditures
survey. Finally, we obtain 𝐶 = ∑𝑖,𝑗 𝑑𝑖 𝑑𝑗 𝑑𝑖𝑗 depending on the coefficients and covariance
terms of the first step regression.
A simple bootstrap procedure is an alternative to the Murphy-Topel method. Consider
that the full prices are estimated using the activity times predicted by the actual times
observed in the Time use survey and can be considered as instrumented values of the actual
full prices. The usual method to correct the variances in case of instrumentation compares the
residuals 𝜀^1 = 𝑦 − 𝑋𝛽^ − 𝑙𝑛𝜋 𝐼𝑉 𝛾^𝐼𝑉 estimated in the second step regression using the logarithmic
prices defined by the predicted times with the residuals 𝜀^2 computed with the parameters 𝛽^,
𝛾^𝐼𝑉 issued from instrumentation and the actual value for full prices ln𝜋:𝜀^2 = 𝑦 − 𝑋𝛽^ − 𝑙𝑛𝜋𝛾^𝐼𝑉 .
In our case, actual full prices 𝜋𝑖 are not observed in the monetary statistics. We can however
simulate them knowing the distribution for the set of prices for household h issued from the
prediction of prices: 𝑙𝑛𝜋𝑖ℎ ~𝑁(log[𝜋𝑖𝐼𝑉 (ℎ), 𝑉𝑖 ] supposed to be normal (as indicated by the
distribution of the logarithmic full prices) with the estimated price as the mean of the
distribution. The variance 𝑉𝑖 = 𝑉(𝑙𝑜𝑔𝜋𝑖 ) of the logarithmic price for activity i is estimated by
the empirical variance of the logarithmic full prices 𝑙𝑛𝜋𝑖 𝐼𝑉 computed on the monetary
expenditures survey. Therefore, this residual writes for household h:
𝜀^2 (ℎ) = 𝜀^1 (ℎ) + ∑ 𝛾^𝑖 [𝑙𝑛𝜋𝑖𝐼𝑉 (ℎ) − 𝑙𝑛𝜋𝑖 (ℎ)]

so that: 𝑉(𝜀^2 ) = 𝑉(𝜀^1 ) + ∑ 𝛾^𝑖2 𝑉𝑖 .
This procedure will be preferred because of its simplicity and the fact that it takes fully
into account the non-linear nature of predicted logarithmic full prices. Both procedures give
similar inflation of standard errors (for instance 156% and 165% for housing expenditures,
119% and 152% for transportation).
Finally, endogeneity may appear in the full demand equations because the opportunity
cost of time (and the unit time for activity 𝜏𝑖 ) appear both in the full expenditure for i, in the
full total expenditure and in the vector of full prices for all commodities. This problem exists
because full prices are endogenous, depending on the household type and characteristics (in
classic demand systems, prices are on the contrary pre-determined and generally supposed to
be constant across the population). This possible endogeneity bias can be taken into account
by instrumentation of full prices and full total expenditure or GMM. Also, it is possible to
calibrate the full income elasticity by formula (B1), using monetary and time elasticities
estimated by two demand systems written respectively on monetary and time expenditures. In
our estimations, we check that defining prices by an alternative valuation of time than the
opportunity cost of time used to define the household’s expenditures and full income (for
instance, full prices are defined using the minimum wage rate as the opportunity cost of time
while full expenditures are computed with an econometric estimate of the household’s
opportunity cost) gives close estimates (up to a 20% difference) to those using the opportunity
cost to value all variables. Another way to estimate full price elasticities consists in estimating
the demand system on monetary expenditures and full prices. It gives price elasticities similar
to those obtained by the estimation on full expenditures which we use in the empirical
application (Table 3, 3th column).
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Appendix C
Table C1 includes the price elasticities estimated by LAIDS on monetary budget
shares with quality correction (see Gardes, 2014). They are compared to the parameters
estimated under separability restrictions by the Frisch method (Theil et al.,1987, Selvanathan,
1993). The price elasticity estimates under strong separability are estimated for two
calibration of the inverse of the income flexibility at -0.5 and -1.18 which is the estimated
value for this dataset obtained by the estimation of a Rotterdam model (GArdes, 2014, section
III).
Full price elasticities estimated on full budget share by a LAIDS system (calibrating
the full income elasticity by formula B1 in Appendix B) are very similar to those obtained on
the equation using monetary expenditures. The estimation of price elasticities over the index
of scarcity defined by equation (7) is robust to the specification of the demand system, either
on full expenditures or on their monetary components and does not differ much according to
the method used to compute the opportunity cost.
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Table C1 (table 2, Gardes, 2014)
Income, price and opportunity cost Elasticities
Monetary
income

Full
income*

Full
price**

Monetary
price

Time

Opportunity
Cost

Mon.
price :
Grouping
method

***

Mon. price :
Strong
separability****

𝜔
̌ −1
-0.5
-1.18

Food
0.774
(0.0154)

0.875
(0.0170)

-0.977
(0.033)

-0.350
(0.012)

-0.627
(0.021)

0.210
(.0062)

-0.810
(0.169)

1 .023
(0.0129)

0.899
(0.0204)

-0.537
(0.440)

-0.368
(0.301)

-0.169
(0.139)

0.550
(.0104)

-0.383
(0.150)

-0.680 -1.136
(.0082) (.0118)

1 .131
(0.0242)

0.876
(0.0327)

-0.565
(0.183)

-0.363
(0.117)

-0.202
(0.066)

0.532
(.0110)

-0.527
(0.066)

-0.635 -1.281
(.0170) (.0369)

1.021
(0.0174)

0.913
(0.0222)

-0.526
(0.055)

-0.282
(0.030)

-0.244
(.025)

0.469
(.0109)

-0.549
(0.010)

-0.543 -1.191
(.0234) (.0234)

0.920
(0.0190)

1.213
(0.0144)

-0.795
(0.031)

-0.218
(0.008)

-0.577
(.023)

-0.463
(.0062)

-1.306
(0.032)

-0.532 -1.074
(.0144) (.0278)

1.081
(0.0082)

0.958
(0.0182)

-0.990
(0.049)

-0.562
(0.028)

-0.428
(0.021)

0.531
(.0206)

-0.953
(0.142)

-0.592 – 1.245
(.0178) (.0366)

-0.459 -0.924
(.0111) (.0218)

Housing

Clothing

Transport

Leisure

Other

* combining the monetary income and time elasticities, equation (A1) in Appendix.
** LAIDS specification with full budget share; income parameter calibrated by formula A1; full price calculated
with the estimated opportunity cost of time 𝜔
^ (method D, estimation on 40 cells, table 1). Quality effect
corrected by Deaton’s method (see Appendix).
***Hicks-Lewbel grouping method (Ruiz, 2006).
**** Frisch formulas for the own-price and cross-price elasticities 𝐸𝑖𝑖 and 𝐸𝑖𝑗 (𝜔ˇ−1=-0.5 or -1.18; 𝐸𝑖 =income

elasticity; 𝛿𝑖𝑗 = 0, 𝑖 ≠ 𝑗; 𝛿𝑖𝑖 = 1): 𝐸𝑖𝑗 = 𝜔ˇ−1 𝛿𝑖𝑗 − 𝑤𝑗 𝐸𝑖 (1 + 𝜔ˇ−1 𝐸𝑗 ); see a discussion of the calibration of
the income flexibility 𝜔ˇ in section III.

Some important results come out from these estimations: first of all, we observe that all
the (compensated) monetary own-price elasticities are significantly negative. The estimates
range from -0.6 and -0.2 and average -0.35, perhaps a little larger than those of the
macroeconomics estimates that oscillate often between -0.1 and -0.3 for semi-aggregate
commodities. As we already pointed out, elasticities derived from macroeconomic data face
measurement errors and aggregation bias.
Second, we observe that the correction of quality decreases by 24% in average the
magnitudes of the elasticities estimates, for both full price elasticities and monetary
16

elasticities. This is consistent with the theory as the quality is included in the price, so once
the quality effect is corrected the elasticity is smaller.
Third, regarding the estimation under a strong separability assumption on utility, we
observe a significant distance with the LAIDS estimations. The price elasticity parameters
under strong separability (for 𝜔ˇ−1 = −0.5) have a larger magnitude than those estimated
without the latter restriction for ( among the 6 commodities. By the way, the estimation under
separability depends heavily over the calibration of the income flexibility. We can therefore
strongly suspect this hypothesis of strong separability 15 . The monetary price elasticities
estimated by our method differ also from those indicated by the grouping method16.
Fourth, all time elasticities are negative, and their magnitudes are not related to the
income elasticity nor to price elasticities. Their definition (equations 7 to 9) shows that this is
caused by the absence of systematic relationship between the monetary and time component
of the full expenditures (as shown by Table C1). The elasticity of expenditures as regards the
opportunity cost of time are positive for all items except leisure expenditures: this is probably
explained by the fact that time plays a prominent role for these expenditures (the proportion
of time in the full expenditures for leisure is equal to 81% compared to 57% for all other
expenditures).
Fifth, price and time elasticities change significantly between different types of
households, for instance between bachelors, couples without children and families with
children: all price effect (as well as the elasticities over time or against the opportunity cost
for time) increase with the family size. The larger sensibility for prices for large families can
be related to the notion that of household’s needs increase (conditional to income) with their
size.

Note however that the Pigou’s law (which relates the direct price elasticity with the income elasticity |𝐸𝑖𝑖 | =
0.5𝐸𝑖 ) applies rather well to the average estimate of this ratio (column 4 over column 1): 0.57, very close to the
average Pigou’s ratio (0.60) for the calibration of 𝜔ˇ−1 at -0.5
16
Individual prices for detailed items (such as bread, suggar…) are aggregated into semi-aggregates (food) using
the houshold’s budget-shares. The corresponding price index (for food) thus changes between households (see a
critical view on this method, which appear as not robust, for instance in the recent application by Ruiz, 2006, in
Gardes, 2014).
15
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Appendix D
Estimations for the whole population in France
Final good

Elasticity of Average Time Use
Expenditure
by Expenditure
Over the O.C.
0.1379***
1060.33
Food
(0.0084)
(424.57)
0.5993***
566.29
Housing
(0.0191)
(282.44)
0.5756***
170.63
Clothing
(0.0305)
(100.03)
0.4591***
561.58
Transport
(0.0190)
(124.77)
-0.4434***
1671.00
Leisure
(0.0091)
(567.12)
0.3955***
333.63
Other
(0.0279)
(86.32)
6582
6582
Number of observations
Standard Errors and Standard Deviations in Parentheses
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