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Abstract
In this paper, we differentiate consumption from expenditure by incorporating price search
decision into an otherwise standard life-cycle model. In our model, households can pay lower
prices for the same consumption good if they allocate more time for price search. We first
analytically show that under very general conditions, poorer (both income and wealth) households search more and pay lower prices compared to wealthier ones. As a result, consumption
inequality is smaller than expenditure inequality and the gap between them increases over
the life-cycle. Next, we quantify these mechanisms by calibrating our model to the US data.
We find that the life-cycle increase in consumption inequality is about 30 percent lower than
the increase in expenditure inequality. We also show that the availability of price search option provides a large insurance mechanism against adverse income shocks and increases the
welfare of a new born by 3.9 percent in consumption equivalent terms.
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Introduction

Most of the earlier literature that studied the life-cycle dynamics of consumption inequality implicitly assumed that consumption and expenditure are equivalent.1 Theoretical models take consumption good as numeraire and assume its price does not vary across households. Accordingly,
empirical studies commonly use expenditure data to measure consumption. However, there is a
growing literature that documents a significant dispersion in prices paid for identical goods, implying a difference between consumption and expenditure.2 Our hypothesis is that to the extent
that prices paid covaries with age, wage and wealth, consumption and expenditure will diverge
over the life-cycle.
To quantify the significance of this price search channel, we use a standard life-cycle model
with incomplete markets and endogenous labor supply. We assume that households face idiosyncratic wage shocks. However, they can insure themselves against these shocks through a risk-free
asset and flexible labor supply. Different from the standard models, we also allow households to
search for lower prices to mitigate the effects of adverse shocks. When households search more,
they pay less and consume more. However, they enjoy less leisure due to their time constraint.
We analytically show that when labor supply is exogenous or zero, price search is a decreasing
function of wealth. When labor supply is endogenous, price search becomes negatively correlated
with wage. We then analyze the effect of price search on expenditure inequality and consumption
inequality. The model allows us to get a closed-form expression for the gap between expenditure
inequality and consumption inequality. This gap crucially depends on the return to price search
technology, wage inequality and the covariance of consumption and wage, which are both positive
and increasing over the life-cycle. This implies that the gap between expenditure inequality and
consumption inequality widens over the life-cycle.
We calibrate our model and quantify the magnitude of the difference for the U.S. economy.
Our results show that the increase in the variance of consumption is 30 percent lower than the
increase in the variance of expenditure over the life-cycle. The rise in the covariance of wage and
consumption over the life-cycle can explain about 85 percent of this difference. The rest is due to
the rise in the variance of wages.
1 In this literature, studies usually estimate the life-cycle profile of inequalit y, and conclude that it rises around 30
log points over the life-cycle. A partial list of studies in this line of research includes Deaton and Paxson (1994), Blundell and Preston (1998), Gourinchas and Parker (2002), Storesletten et al. (2004), Krueger and Perri (2006), Guvenen
(2007), Blundell et al. (2008), Kaplan and Violante (2010), Heathcote et al. (2014), and Aguiar and Bils (2015).
2 Baye et al. (2006) provide a detailed survey of the dispersion in prices paid for identical goods. Aguiar and Hurst
(2007) show that richer people pay higher prices for identical goods in the U.S. Also, they report that prices paid for
identical goods change over the life-cycle, which is a result of a change in price search due to a change in the cost of
time. Similar results are also shown by Kaplan and Menzio (2015). Using the U.S. data, Sorensen (2000) reports a
significant dispersion in prices paid for the same medicine. Dahlbay and West (1986) show that there is substantial
price dispersion among automobile insurance companies in Canada. Pratt et al. (1979) document price dispersion for
several categories of goods. Woodward and Hall (2012) find that mortgage borrowers loose at least $1000 in brokerage
fees by visiting too few brokers. Kaplan and Menzio (2016) show that the existence of price search can result in selffulfilling unemployment fluctuations.
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We show that the rise in the variance of prices and search effort implied by the model is supported by data. We use AC-Nielsen data and show that the variance of price paid is small (compared to the variance of consumption and expenditure) and increases over the life-cycle as the
model predicts. We do not have perfectly comparable data for the search effort. Instead we use
proxies, such as shopping frequencies, number of different stores, trips per stores and coupon
usage. We show that the variances of all proxies increase over the life-cycle.
Our findings suggest that the link between average income and average consumption growth is
significantly weaker than the one between income and expenditure (Carroll and Summers (1989)
and Guvenen (2007)). The reason is that households with higher wage growth will pay increasingly higher prices over their life-cycle. As a result, their expenditure will grow faster than their
consumption. To quantify the mechanism we compare two groups of households, one with 1 percent higher annual wage growth rate than the benchmark economy and the other with 1 percent
lower wage growth rate than the benchmark economy over the life-cycle. We show that the difference between average consumption differential at the age 65 is 23 percent is lower than the
expenditure differential.
In addition to its impact on consumption and expenditure, price search enables consumers to
insure themselves against stochastic income shocks. We follow the formulation of Blundell et al.
(2008) and Kaplan and Violante (2010), and quantify the partial insurance role of price search
by computing the consumption insurance coefficients with respect to transitory and persistent
shocks. The computed insurance coefficient of consumption for persistent shocks is 29 percentage
points higher in the model with price search compared to the one with no price search. The same
coefficient is 10 percentage points higher for the transitory shocks. We also show that price search
improves the welfare of the households. A comparison of the benchmark economy and the one
with no price dispersion shows that the new-born households gain 3.1 percent in consumption
equivalent terms by living in the benchmark economy.
Surprisingly, our results suggest that the availability of price search increases asset holdings
(by 14 percent). Absent any other mechanisms one would expect that as price search improves
insurance, it would reduce the need to hold large amount of assets. However, price search modifies
the return dynamics of the risk free bond and transforms it to a more favorable asset. Intuitively,
a household would search more and pay lower prices when he/she receives a low income shock.
Given an asset level, he/she can afford more consumption with the lower prices. Therefore, price
search generates an idiosyncratic return dynamics for the bond that has a negative correlation
with his/her income, which increases the demand for the asset. This mechanism outweighs the
less need for assets due to improved insurance, and asset holdings increase in equilibrium.
Our results are robust to several perturbations of the model. But there are two parameters that
deserve discussion. First, the return to search effort seems to change our results significantly. In
the benchmark, we use the estimates provided in Aguiar and Hurst (2007) to calibrate this param-
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eter. However, Aguiar and Hurst (2007) use micro data on grocery store transactions. Given that
grocery shopping composes a limited part of consumption bundle and that the return to search
could vary across categories, the value of this parameter requires a meticulous attention.3 Second,
in our model time cost of search effort increases with the size of consumption bundle. The benchmark calibration assumes a linear relationship between the two to be on the conservative side,
whereas some empirical studies (e.g. Stroebel and Vavra (2019)) suggest a convex one without an
estimate pertinent to our case. Given the lack of empirical consensus, we solve the model with
alternative values of these two parameters, and report the robustness of results in section 6.
The findings we present in this paper have several implications. First, they suggest that consumption inequality is not as high expenditure inequality. However, to have a more precise estimate of consumption inequality, it is necessary to analyze price and quantity data jointly for the
full set of goods. Second, a better access to search technologies, such as internet, would improve
price search options and lower consumption inequality further. Third, the increase in internet
based sales during the last two decades, such as Amazon, would again lower consumption inequality.
Related Literature Among many other studies in the quantitative life-cycle literature, our paper
is closely related to Guvenen (2007), Storesletten et al. (2004), and Karahan and Ozkan (2010).
Those papers study the role of income processes in the age-inequality profile of consumption.
Kaplan (2012) extends a similar model with unemployment risk to better match age-inequality
profiles of consumption and labor allocations over the life-cycle. There is a common implicit
assumption in those models that the price of a consumption good is unique, and therefore consumption is equal to expenditure. However, as we mentioned above, there is also a large empirical
literature that rejects this assumption. Our paper differs from standard life-cycle studies in that
it differentiates consumption from expenditure.
In a contemporaneous study Pytka (2018) follows a similar strategy to ours and studies the
search and consumption decisions jointly. While in his framework price dispersion is endogenous,
we take the distribution of retail prices as given. A distinguishing feature of our framework is that
labour supply is endogenous. We consider it to be an important margin to consider while studying
the life-cycle dynamics of prices and consumption.
The paper continues as follows. In Section 2, we present the model and our theoretical analysis. In Section 3, we explain the details of the calibration strategy. We discuss our results in
Section 4. Section 5 presents the role of price search as an insurance mechanism. We report the
robustness results in Section 6, and conclude in Section 7.
3 For example, one can argue that the return to search is higher for online shopping as consumers can check prices

without visiting stores.
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2

Model

Our model is an extension of a standard life-cycle consumption-saving problem with endogenous
labor supply and a price search technology. The price search technology allows households to
search for lower prices and partially insure themselves against adverse income shocks.4 The asset
markets are incomplete due to uninsurable idiosyncratic wage shocks. The population consists
of a continuum of households who work for T periods and afterwards enjoy retirement until
period T ∗ . Retirement is imposed exogenously at period T . We study the age-inequality profiles
of consumption and expenditure in this environment. Each component of the model is explained
in detail below.

2.1

Households

In each period, households make two decisions: first, the consumption/saving decision, and second, the time allocation between leisure, labor supply and price search decision. households can
enjoy higher consumption by searching for lower prices in exchange of less time for leisure and
labor supply. They maximize the expected lifetime value of discounted utility:

E

T∗
X

β t u(ct , lt )

t=0

subject to the budget and borrowing constraints:

p(st )ct + at+1 = wt nt + (1 + r)at
at+1 ≥ 0
where, u(·) is periodic utility, β is time discount factor, ct is consumption, lt is leisure time for the
household at period t, at+1 is saving and wt is the wage of the household at age t. We use a utility
function similar to Kaplan (2012) that is standard in the literature and is specified as follows:
u(ct , lt ) =

ct1−σ
(1 − lt )1+γ
− φt
1−σ
1+γ

where σ is risk aversion, γ is the inverse of the Frisch elasticity.5 We assume that the disutility
4 See Becker (1965) and Becker and Ghez (1975) for a benchmark theory on the role of time allocation over the
life-cycle.
5 To be more precise, due to the presence of price search, 1/γ is not equal to Frisch elasticity. However, we computed
the implied Frisch elasticity in the model, and current benchmark calibration implies Frisch elasticity very close to
1/γ. Despise this caveat, for expositional reasons, we refer γ as the measure of Frisch elasticity in the remaining of the
paper.
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from labor, φt , evolves with experience.6
The main departure of our model from standard life-cycle models is that we distinguish consumption from expenditure. Expenditure is the product of price paid and the size of the consumption bundle, i.e. et = pt ct , where ct is consumption and et is expenditure, and pt is the price of the
consumption good. In standard models, p is normalized to 1 since every other price is relative to
the price of the consumption good.
We assume that households can lower the price of their consumption bundle by searching for
lower prices. We follow Aguiar and Hurst (2007) and assume that price and search effort have a
loglinear and negative relationship:
log (pt ) = θ0t + θ1 log (st )
with θ1 < 0.

78

(1)

This particular price technology implies that doubling the search effort lowers the

price paid by θ1 percent.
While higher search effort decreases prices paid, it is costly. Specifically we assume that it
takes time effort to find lower prices. a household with one unit/variety of consumption who puts
effort s to search prices needs to dedicate s amount of her time in a period. Extending this to
ψ

whole consumption basket, a household with a consumption level of ct spends st ct of her time
searching. Here, ψ measures how much search time increases with the size of the consumption
bundle. Together with the time spent on working, this implies the following time constraint on
households:
ψ

st ct + nt + lt = 1

(2)

Modeling time cost of price search in this way has several advantages. First, as the variety of
goods increases with the size of the consumption bundle (Li (2013)), it is more realistic to assume
that one should devote additional time for each variety to get lower quotes. For example, one
should search among grocery stores to pay lower prices for groceries and search for electronics
stores to pay lower prices for computers. Second, if we were to assume that time cost of search
is independent of the size of consumption basket, the model would have unrealistic implications.
In that case, as consumption increases, price search will also increase. The reason is that with
the same amount of price search, households will lower the price of a larger consumption bundle.
Hence, they will have a higher return on price search.
The functional form of time cost of price search used in this paper also generates consistent
results with the empirical counterparts documented in Pytka (2018): among employed, higher
6 We make this assumption to match the model implied life-cycle labor supply dynamics with the data.
7 Notice that we assume that θ t is age dependent. This assumption is useful in matching the life-cycle profiles
0

average prices paid.
8 See Appendix 7 for a justification of this reduced form functional form.
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earners spend more time on shopping, however with an important difference. While Pytka (2018)
assumes that higher shopping effort has a direct utility cost, in our specification it increases the
time cost. Therefore, it lowers the available time for both labor and leisure. Given the endogenous
labor supply decision in our model, we find the current specification–time cost rather than utility
cost for search effort– to be a better fit for our question.
We follow the literature for the evolution of the wage, wt , over the life-cycle. In each period, a
household receives both persistent and transitory wage shocks. The log wage follows:
log(wt ) = β0 + β1 t + β2 t 2 + zt + t where t ∼ N (0, σ2 )
where β0 is a scale parameter, β1 is the return to experience, t is age, zt is the persistent and t is
the transitory components of the wage shock. The persistent wage shocks follow an AR(1) process
where ρ measures persistence:
zt = ρzt−1 + νt , where z0 = 0 and νt ∼ N (0, σν2 )

2.2

Theoretical Analysis

To get some insight of the mechanisms in the model through the lens of closed form theoretical
relationships, we focus on the static part of the model where a household chooses the optimal
level of labor supply and price search given the current wealth and the next period saving choice.
2.2.1

Price Search

We first analyze how search effort changes with wage and wealth. We study positive and zero
labor supply cases separately.
Positive labor supply

When households have wealth below a threshold and/or do have a large

disutility from working, they choose to have positive labor supply. The following lemma characterizes the price search as a function of wealth and wage when labor supply is positive.
Lemma 1 When labor supply is endogenous and positive, the equation characterizing price search becomes:
p0 (s) = −wcψ−1 .
If consumption is a normal good and p00 (s) > 0, then we have




> 0

ds 

= 0

dy 



< 0

if ψ < 1
if ψ = 1
if ψ > 1
7

(3)

With positive labor supply, the effect of wealth on price search depends critically on the parameter, ψ, which determines how the size of consumption bundle affects time cost of price search.
When wealth increases, the marginal value of leisure increases and labor supply declines. As
available time for search increases, the marginal cost of price search declines. This channel increases the incentive for price search. However, higher wealth increases consumption as well.
This implies that each unit of extra search becomes more costly as total time spent on search will
increase with a larger consumption bundle. Relative sizes of these two forces depend critically on
the curvature parameter for consumption in the time cost of price search, ψ. When ψ = 1, these
two forces cancel each other and price search becomes independent of wealth. However, if ψ < 1,
then price search increases as wealth increases since the increase in the time cost of higher search
is less than linear with respect to consumption. On the other hand, if ψ > 1, then the increase in
the time cost of higher price search becomes more costly, and price search becomes a decreasing
function of wealth. It is important to emphasize that this result does not depend on the functional
form of the preferences and price search technology.
Given equation 1, we can also express the price search explicitly as a function of wage and
consumption:
log (s) =

log (−θ1 ) + θ0 − log (w) − (ψ − 1) log (c)
.
1 − θ1

(4)

It is possible to infer several insights from equation 4. When ψ > 1, equation 4 implies a loglinear
negative relationship between search and wage, the elasticity being inversely related to the return
of price search, θ1 . The intuition is that when labor supply is positive, the opportunity cost of
search time is foregone earnings. As a result, an increase in wages lowers search time. At the
same time, search effort becomes less sensitive to the changes in wages when the return on search,
θ1 , increases. Also, when ψ > 1, an increase in consumption lowers search time as it increases the
time cost of search. To proceed in our theoretical analysis, we assume that ψ = 1. In the calibration
section we discuss our parameter choice and in the robustness section, we do several analysis to
determine the quantitative importance of this parameter.
Zero labor supply Next we analyze the case in which there is no labor supply, n = 0. This
corresponds to the cases where households have sufficiently large wealth and/or are retired, or
have a large disutility from labor. In this case, it is possible to solve for price search explicitly as a
function of fundamental parameters of the model:
log s = A −

where A =

σ − 1 + ψ (1 + γ)
log (y)
1 + γ − θ1 (σ − 1 + ψ (1 + γ))

 

θ0 (σ −1+ψ(1+γ))−log φ ψ− θ1
1
.
1+γ−θ1 (σ −1+ψ(1+γ))
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(5)

Equation 5 implies that when labor supply is zero and the return to price search is positive, i.e.
θ1 < 0, then price search decreases with wealth, i.e.

ds
dy

< 0 if ψ ≥ 1 or σ > 1 and ψ ≥ 0. There are

three reasons for this. First, there is the usual wealth effect; as wealth increases marginal value of
leisure increases and that in turn decreases price search. Second, there is the substitution effect; a
decrease in price search increases price paid and results in lower consumption. When ψ = 0 and
σ = 1, these two effects cancel out and price search becomes independent of wealth. However,
when σ > 1, wealth effect dominates and price search decreases as wealth increases. Third, when
ψ > 0, an increase in wealth increases consumption, which raises the time cost of price search.
Consequently, price search declines. When ψ ≥ 1, price search becomes a decreasing function of
wealth as long as σ ≥ 0.
Equation provides some further insights about the importance of some of the key parameters
of the utility function. For instance, when the risk aversion, σ , increases the elasticity of search to
wealth increases. Similarly, a rise in γ, the inverse of Frisch elasticity, lowers this elasticity. One
implication is that these parameters can potentially be important in differentiating consumption
from expenditure over the life-cycle. We will illustrate the significance of these parameters in the
robustness analysis .
2.2.2

Expenditure vs. Consumption Inequality

After deriving the optimality conditions for price search, we can now discuss the effects of price
search on consumption and expenditure inequality. Since expenditure is equal to price times
consumption, it is possible to express the connection between expenditure and consumption inequality as follows:
V ar (log e) = V ar (log c) + V ar (log p) + 2Covar (log p, log c)
This relationship suggests that the difference between expenditure inequality and consumption
inequality depends on the variance of log prices paid and the covariance of log prices and log
consumption. We next analyze these terms for exogenous and endogenous labor supply cases
separately.
Endogenous Labor Supply When labor supply is endogenous and ψ = 1, the relation between
consumption and expenditure inequality becomes:
θ1
V ar (log e) =
1 − θ1

!2
V ar (log w) + V ar (log c) − 2

θ1
Cov (log c, log w)
1 − θ1

(6)

The statistical properties of the estimated wage process imply that V ar(log w) is an increasing
function over the life-cycle. Similarly, the covariance of consumption and wages, Cov(log c, log w),
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is positive and increases over the life-cycle. As a result, the difference between V ar (log e) and
V ar (log c) should be positive and increase over the life-cycle.
Zero Labor Supply

In this relatively simpler case, it is possible to derive an analytical expression

defining the relation between expenditure and consumption inequality. When ψ = 1, expenditure
inequality, defined by the variance of log expenditures, becomes a constant proportion of consumption inequality:
σ +γ
V ar (log e) = 1 − θ1
1+γ

!2
V ar (log c)

(7)

This finding suggests that when labor supply is zero, the variance of log expenditures is higher
than the variance of log consumption as long as the return to price search is positive, i.e. θ1 < 0.
This result is an immediate consequence of equation 5, from which we know that price search is
a decreasing function of wealth. That in turn implies that wealthier households (or, equally, high
consumption households) pay higher prices compared to the poorer ones. This mechanism makes
the difference between expenditure levels larger compared to consumption that makes the expenditure variance larger. Equation 7 also implies that as risk aversion, σ , and the Frisch elasticity,
1/γ, increase, the gap between expenditure and consumption inequality widens. Moreover, as the
return to price search increases, i.e. absolute value of θ1 , increases, again, the gap between expenditure and consumption inequality increases. We will return to these observations in Section 6
where we conduct several robustness analysis with respect to important parameters of the model.
Taking Stock The model shows that price search decreases as wealth increases when labor supply is zero. That is, wealthier households search less for the prices and pay more for the same
consumption bundle. When labor supply is positive, we find that price search is independent
of wealth but decreases with the wage. This also implies that the gap between expenditure and
consumption inequalities is mainly driven by the evolution of wage and the covariance of consumption and wages, both of which increase over the life-cycle in standard models. Given these
theoretical observations, in the following sections we aim to quantify the difference between expenditure and consumption inequalities using a calibrated version of the life-cycle model.
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Calibration

We calibrate the model in two stages. In the first stage, we directly use the values of certain
parameters that are well-established in the related literature. This gives us an opportunity to
understand the role of price search in the standard life-cycle models. The model period is set to
one year, and each household starts working at age 21, retires at age 65 and dies at age 90. Each
household starts her/his working life with zero asset. We set r = 0.03. The value of the relative
10

risk-aversion parameter for consumption, σ , is set to 2, a standard value in the literature. The
value of parameter γ, which pins down the intratemporal elasticity of substitution for leisure, is
usually set greater than the value of σ in the literature. Therefore, we set the value of γ to 4, which
implies Frisch elasticity of 0.25, consistent with the estimates reported by Chetty et al. (2011).
We borrow the parameters of the deterministic and stochastic component of the wage process β0 , β1 , β2 , ρ, σν2 , σ2 from Kaplan (2012). For the pension process, we follow Guvenen (2007),
which mimics the U.S. Social Security system. After retirement, the pension of each household
is determined by the ratio of his wage in the last working period to the average wage in the last
working period.
We set the return on price search parameter, θ1 = −0.19, as reported in Aguiar and Hurst
(2007).9 One concern with this estimate is that it reflects the return on price search for only
grocery store products. However, we have a composite consumption good in the model and the
corresponding return may be different. We do a robustness analysis to address some of these
concerns.
An important parameter that we do not have precise information is ψ. It has strong implications about how the time cost of search effort changes with the size of the consumption bundle.
While we do not have point estimates, there is strong evidence that it is larger than 1. Stroebel and
Vavra (2019) document from a large panel of households that homeowners reduce their search effort (i.e. the use of coupons and sales) when house prices increase. In our model, this happens
when ψ is larger then 1 (Lemma 1). For the quantitative analysis we choose ψ=1. This choice is
on the prudent side as larger values amplify our results (see the robustness analysis).
In the second stage, we estimate the remaining parameters to match particular moments in the
data. Two specific assumptions we make needs further discussion. We assume that the constant
in the price search technology, θ0 , and the disutility of time cost, φ, change deterministically
over the working period. We impose these assumptions to better match the life-cycle evolution of
prices paid and labor supply we observe in the data. These assumptions can be rationalized due
to several factors such as experience, access to better technologies, or higher time endowment due
to marriage. We should note that the model with constant price search and disutility parameters
produce almost identical results for the evolution of consumption and expenditure inequality.
However, it generates an increasing price paid and decreasing labor supply over the life-cycle.10
We choose to match the life-cycle prices paid to avoid any confusion that may result from
unrealistic life-cycle price dynamics. To keep the number of parameters small, we assume that θ0
and φ follow a monotone path over the life-cycle, and represent these functions with only three
parameters which govern the curvature, and the levels at the beginning and end of working stage
of the household. More specifically, we impose the following functional form for these parameters
9 Appendix 7 provides further justification for this parameter supported by theory and empirical evidence on price

dispersion reported by Kaplan and Menzio (2015).
10 See Section 6 for details.
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Table 1: Benchmark Model Parameters
Parameter

Explanation

Value

Externally Set
r

Risk-free interest rate (U.S. data)

0.03

σ

Intertemporal elasticity of substitution for consumption (various sources)

2

γ

Intertemporal elasticity of substitution for leisure (various sources)

4

θ1

Return to price search

-0.19

ψ

Elasticity of search time wrt. the size of consumption

1

β0

Constant of the wage process

0.4

β1

Return to experience

0.035

β2

Return to experience-squared

-0.00042

ρ

Persistence of wage process

0.958

Variance of persistent wage shock

0.017

Variance of transitory wage shock

0.081

σν2
σ2

Internally Calibrated
β

Discount factor

0.967

φ1

Disutility-age 1

372.1

φT

Disutility-age T

72.0

φp

Disutility-curvature

7.56

θ01
θ0T
p
θ0

Price search constant-age 1

-0.267

Price search constant-age T

-0.444

Price search constant-curvature

2.25
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Table 2: Benchmark Model-Moments
Moment
Wealth-to-income ratio
Average price paid

Data
3.5
1.0

Model
3.5
1.0

as a function of age:

 p


t−1 x


(x
)
x
+
−
x
T
1 T −1
 1
xt = 


xT .

if t ≤T
if t > T

where x1 is the level of the parameter at the beginning of the period, xT is the level at the time
of retirement and xp is the curvature parameter.11 This gives us six parameters, φ1 , φT , φp , θ01 ,
p

θ0T , θ0 , to be estimated. We assume that after retirement these parameters stay constant at their
corresponding levels at the time of retirement.
p

In total, we jointly estimate seven parameters, β, φ1 , φT , φp , θ01 , θ0T , θ0 to match the following
moments: the wealth-to-income ratio (3.5) as documented in Heathcote et al. (2010), the average price paid (1.0) as normalization, the life-cycle profiles of hours worked and prices paid, as
documented in Kaplan and Menzio (2015).12
Table 2 presents the model generated moments against the data counterparts. The model
matches the targeted moments very well. Figure 1 shows the life-cycle profile of average prices
paid by households in the model. This pattern is consistent with the estimates documented in
Aguiar and Hurst (2007) and Kaplan and Menzio (2015).
The model matches the life-cycle price of average price paid and average hours worked closely.
The right panel of Figure 1 shows the life-cycle profile of average hours worked. The model
generated hours worked follows the empirical counterpart closely, and matches the peak at age
group 41-45. The drop in hours worked toward retirement in the model falls slightly short of
the empirical counterpart. Factors such as early retirement options can help reconcile the model
output with the empirical data, however we find the model’s current match sufficient and do not
pursue further improvement.

11 The term x corresponds to either θ or φ.
0
12 We construct five-year averages of hours worked and price paid for the life-cycle (before retirement) and target

these moments. This will result nine separate moments for hours-worked and nine separate moments for price-paid.
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Log Deviation from Age range 21-25

Figure 1: Price Paid and Hours over the Life-Cycle: Model vs. Data
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Notes: The figure on the left panel plots the life-cycle profile of average prices paid over the life-cycle both in the model and the data.
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4

Results

As we showed in the theoretical section, the presence of price search can potentially generate a
difference between consumption and expenditure inequality profiles, for a given saving and labor
supply decision. However, price search can also alter the asset accumulation and labor supply decisions of households, since it can serve as an additional insurance mechanism for adverse shocks.
In this section, we quantitatively evaluate the significance of price search.

4.1

Age-Inequality Profiles of Consumption and Expenditure

Our model predicts a substantially lower consumption inequality than expenditure inequality
throughout the life-cycle. As Figure 2 shows the cross-sectional variance of log expenditure increases by about 13.6 log points over the life-cycle, whereas the variance of log consumption
increases by about 9.5 log points. This is close to a 30 percent reduction in the rising inequality
over the life-cycle.
To understand the drivers of the gap between consumption and expenditure inequalities throughout the life-cycle, we decompose the variance of expenditure as follows:
var(log e) = var(log c) + var(log p) + 2cov(log c, log p)
We calculate each component of var(log e) from the model-generated data. As can be seen from the
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Figure 2: Expenditure and Consumption Inequality
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Notes: The figure on the left plots the life-cycle profile of consumption and expenditure inequality measured by the
variance of log of the variables. The figure on the right decomposes the expenditure inequality into two components:
the variance of price paid and the covariance between consumption and price paid.

right panel of Figure 2, the bulk of the difference between expenditure and consumption inequality is due to the increase in the covariance between consumption and price paid. The variance of
price paid almost triples over the life-cycle, but the level is very small. As it starts from a low level,
it contributes around 15 percent to the increase in the difference between expenditure and consumption inequality. These findings suggest that the gap between expenditure and consumption
inequality arises primarily due to the increase in the covariance of price paid and consumption.
It is also possible to understand the dynamics of the gap between expenditure and consumption inequality from the perspective of the search behavior. Figure 3 plots the life-cycle profile of
the covariance between consumption and price search. As would be expected, it is negative, and
it becomes even more negative as the household ages. This is because average wealth and wealth
inequality increase with age. The number of people who decrease their search as their wealth
increases is larger for the older people (see Figure 3).
Lastly, in the theory section, we showed that the variance of log expenditure can be decomposed into the variance of log consumption, the variance of log wages, and the covariance of log
wages and log consumption.
θ1
V ar (log e) − V ar (log c) =
1 − θ1

!2
V ar (log w) − 2
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θ1
Cov (log c, log w)
1 − θ1

Figure 3: Decomposition of Expenditure Inequality
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The right panel in Figure 3 shows the evolution of wage inequality and the covariance of wages
and consumption over the life-cycle. Wage inequality substantially increases over the life-cycle
similar to the data. On top of that, the covariance of wages and consumption is also positive
and increases significantly over the life-cycle. However, given the calibration of θ1 = −0.19, the
coefficient of the contribution of the change in wage inequality is multiplied by a small num θ 2
1
= 0.03, and whereas the change in the covariance of the wage and consumption is
ber, 1−θ
1

θ1
multiplied by a much larger number, −2 1−θ
= 0.32. Our results reveal that, in particular, the co1

variance of consumption and wages is much more important in the evolution of the gap between
consumption and expenditure inequality. We find that the contribution of the increase in the covariance of consumption and wage on the gap between expenditure inequality and consumption
inequality is 85 percent, whereas the contribution of the increase in the variance of wage is 15
percent.
Price and search inequality over the life-cycle in the data In this subsection, we document the
cross-sectional variance of prices and search over the life-cycle using the A.C. Nielsen Homescan
data. This is a transaction-level dataset, and we follow Aguiar and Hurst (2007) to define an
average price measure for each household. Specifically, let total expenditure during month m
defined as follows:13
13 See Aguiar and Hurst (2007) for further details about this price index. An alternative price index, defined as the
average of the ratio of price to average price for each good, is highly correlated (0.8) with the benchmark price index.
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j

j

j

(8)

Xm = Σi∈I,t∈m pi,t qi,t ,
j

j

where pi,t is the price of good i purchased by household j on shopping trip t, and qi,t is the
corresponding quantity. Price paid to the same good at a given time might vary across households.
Therefore, average price paid for a given good during a month is calculated by taking the weighted
(by quantity purchased) average across households:
j

p̄i,m = Σj∈J,t∈m pi,t qi,t / q̄i,m ,

(9)

where the denominator of the weights is calculated as follows:
j

q̄i,m = Σj∈J,t∈m qi,t .

(10)

Next we calculate the monthly expenditures of a household at average price for the consumed
bundle as follows:
j

j

Qm = Σi∈I,t∈m p̄i,t qi,t .

(11)

Then, the price index for household j is computed as the ratio of her/his actual expenditure to the
cost of his/her consumption bundle at average prices:
j

j

j

p̃m = Xm /Qm ,

(12)

which is normalized by the average price index across households within the month:
j
pm

j

=

p̃m
k
1
J Σk∈J p̃m

,

(13)

equating average price to unity. If a household’s price index is higher (lower) than 1, s/he pays
higher (lower) than average to the identical consumption bundles.
Using this price index, we document the life-cycle profile of inequality in prices paid across
households in A.C. Nielsen Homescan data. Inequality is measured as the standard deviation of
log price after controlling for shopping needs, specifically number of product categories, number
of UPCs (universal product code), and the size of consumption basket (i.e. expenditures at average
prices, Q). Left panel of Figure 4 illustrates the increase life-cycle profile of inequality in prices
paid across households. We use a similar approach to measure the life cycle profile of inequality
in price search in the data.
The model implied variance of price and search behavior are in line with empirical data.14
14 As the level of search and prices paid are already documented in the literature (Aguiar and Hurst (2007); Kaplan

and Menzio (2015)) we do not report them here.
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Figure 4: Standard Deviation of Prices and Shopping Behavior over the Life-Cycle
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Notes: This figures plot the variance of prices and search behaviour over the life-cycle. We use AC Nielsen data from Aguiar and
Hurst (2007). See the text for details.

Data suggests that the cross-sectional variance of prices paid increases over the life-cycle (the topleft panel of Figure 4). Despite the rise, similar to the model, the variation in price paid is smaller
compared to the expenditure inequality. As a result, it can explain only a small part of the rise in
expenditure inequality.
While price could be measured precisely with the scanner data, search time and effort are
more difficult to pin down accurately. Nevertheless, several variables can be used as proxies.
In Figure 4 we report the dynamics of several of them. For instance, the variance of shopping
frequency increases until 35-39 and then has a declining trend. The cross-sectional variance of
trips to different stores and trips per store keeps rising over the life-cycle (middle panel of Figure
4). All these search measures are obtained after controlling for shopping needs, therefore can be
interpreted as shopping for lower prices. Similarly, the increase in the cross-sectional variance
of coupon usage (arguably a less noisy measure of price search) over the life-cycle also supports
the model output on price search. Taken altogether, data confirms model implications that the
variance of time allocated to price search increases over the life-cycle (right panel of Figure 4).

4.2

Price Search, Expenditure and Consumption Growth over the Life-Cycle

Our main focus is on the dynamics of inequality, however price search can also alter the lifecycle dynamics of average expenditure and consumption. As households get older their wages
and wealth increase on average, both of which make them search less and pay higher prices. In
the quantitative analysis, we calibrated the search technology to match the changes in the life18

cycle prices paid. Our results suggest that consumption grows by about 4 percent more than
expenditure over the life-cycle in the baseline economy (Figure 5).
The difference between expenditure and consumption increases if one considers households
with different wage growth patterns. Facing the same search technology, households with higher
income growth will pay higher prices as their income and wealth increases. As a result, their
expenditure will grow faster than their consumption. Figure 5 suggests that this channel might
be quantitatively important. To test this hypothesis, we solve the model with higher annual wage
growth (3 percent) and lower annual wage growth (1 percent) profiles as well as the benchmark
annual wage growth rate (2 percent).
We find that expenditure growth is about 4 percent faster than their consumption growth over
the life-cycle for the high-wage-growth households. However, for low-wage-growth households,
consumption grows 11 percent more than expenditure over the life-cycle. This creates more than
15 percent difference in expenditure and consumption growth rates between the two groups.
These findings provide a partial explanation to the empirical observation that expenditure
growth parallels income growth in the data (Carroll and Summers (1989) and Guvenen (2007)).
As the empirical literature uses expenditure data rather than the consumption, a systematic deviation of prices paid across different income growth groups will cause an overestimation. Our
results suggest that consumption still follows income over the life-cycle, but the comovement is
weaker. As a result, consumption patterns of different income groups do not diverge as much as
expenditure does over the life-cycle (the left and middle panels of 5).

4.3

The Determinants of Search Behavior

Wage, wealth and age are the key drivers of search and prices paid in the model. In our theoretical
analysis we showed that price search should be negatively correlated with wage. With respect to
wealth, we showed that when ψ = 1 and labor supply is positive, which happens when wealth
is not very high, price search depends only on wage and is independent of wealth. However,
when labor supply becomes zero, which happens when wealth is sufficiently large, price search
becomes negatively correlated with wealth. Figure 6 confirms these results. The left panel of
Figure 6 shows that, consistent with the predictions of the theoretical analysis, as wealth increases
price search initially remains unchanged. However, after a sufficiently large accumulation of
wealth, depending on wage and age, price search starts declining. The wealth level at which price
search starts declining corresponds to the wealth level where labor supply becomes zero. The
same figure also shows the effect of the wage on price search.15 A higher wage implies lower
price search confirming our theoretical results. Another important observation is that as wealth
increases price search for different income groups converges to a low level. Therefore, the role of
15 Wages correspond to different levels of persistent shock. The plot with transitory shocks generate the same quali-

tative results.
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Figure 5: Average Income, Expenditure and Consumption over the Life-Cycle
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of 21 for different income growth economies. Average annual wage increase is 2 percent in the benchmark economy, 3 percent for
the “high income growth” case and 1 percent for the “low income growth” case. The right panel plots the difference between average
expenditure and consumption.

wealth becomes the dominant determinant of price search as households become wealthier.
The right panel Figure 6 plots search effort as a function of wealth and age. It shows that as
household ages, price search declines as a result of increase in wage.

5
5.1

Price Search, Self-Insurance and Welfare
Quantifying the Partial Insurance with Price Search

Consumers can insure themselves against income risk by several ways. The most common channels studied in the literature include accumulating precautionary savings and adjusting labor
supply to insure against adverse shocks. Our framework provides price search as an additional
insurance channel. In this section, we compute the extent of partial insurance obtained through
price search.
In order to quantify the partial insurance role of price search, we solve the model without price
search. To separate the effect of price search, we recalibrate all the parameters of the model except
the ones governing the price search technology to match the same statistics as in the benchmark
calibration except the ones targeting the price paid over the life-cycle.16
Following Blundell et al. (2008) and Kaplan and Violante (2010), we calculate the insurance
16 This calibration results β = 0.962, φ = 819, φT = 176 and φp = 7.96.
1
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Figure 6: The Determinants of Price Search
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at the age of 45, and the figure on the left is for a household with median level of the persistent shock.

coefficients as follows:
φ = 1 −

cov(∆cit , it )
var(it )

(14)

where the insurance coefficient of shock  is denoted by φ . In the complete markets framework,
φ = 1 due to the fact that idiosyncratic shocks do not affect consumption, that is cov(∆cit , it ) = 0.
In an autarky environment, consumption is one-to-one mapped to idiosyncratic shocks, and thus
φ = 0. Under incomplete markets, one would expect the insurance coefficients to be between 0
and 1.
Using U.S. micro-level consumption data, Blundell et al. (2008) estimate the insurance coefficients as 0.36 and 0.95 for permanent and transitory shocks, respectively.17 Kaplan and Violante
(2010) generate similar coefficients in a simulated economy using a life-cycle model with incomplete asset markets, inelastic labor supply, and idiosyncratic income shocks.
We use equation (14) and first compute the insurance coefficients for the entire population in
our benchmark economy. As shown in Table 3, in the case of no price search, the insurance coefficients are 0.42 (persistent shock) and 0.83 (transitory shock) for both consumption and expenditure.18 With price search, the corresponding insurance coefficient for consumption increases to
17 They use the Panel Study of Income Dynamics (PSID) and Consumer Expenditure Survey (CEX) data. See Blundell
et al. (2008) for details.
18 Note that consumption in this case is equal to expenditure by definition.
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Table 3: Insurance Coefficients

Transitory
Persistent

w/ Price Search
Expenditure
Consumption
.75
.91
.38
.54

w/out Price Search
Expenditure
Consumption
.83
.83
.42
.42

Notes: The insurance coefficients are calculated using equation (14) for the entire population.
See the text for details.

0.54 for the persistent shock and 0.91 for the transitory shock. The corresponding coefficients for
expenditure are 0.38 and 0.75, respectively.19 In the model with price search, the consumption
insurance coefficients of persistent and transitory shocks are improved by 0.12 (28.6 percent) and
0.08 (9.6 percent), respectively. The main reason for such an increase in insurance coefficients
is that price search can serve as an additional mechanism to insure against adverse shocks. In
response to adverse wage shocks, not only can households use assets to avoid a drop in consumption, they can also increase price search and still be able to smooth consumption at the expense of
leisure.
Next we study the life-cycle properties of insurance coefficients. Overall, our findings confirm
the findings in Kaplan and Violante (2010) and suggest that insurance coefficients rise over the
life-cycle for both transitory and persistent income shocks (Figure 7). For the transitory income
shocks, insurance coefficients are large and peak much earlier than the permanent shocks. The
insurance coefficients for permanent shocks keeps rising over the life-cycle.
Price search shifts insurance coefficients upwards for all ages. For instance, for the persistent
shock case (Figure 7, the right panel) insurance coefficients for consumption and expenditure are
0.36 and 0.20 (a difference of 0.16), respectively. As consumers get older, the difference stays
stable, but the relative contribution of price search to insurance declines. The reason is that when
consumers are young, price search is the primary way that they can insure themselves as they do
not have much wealth. As they get older, they accumulate wealth, which then becomes a more
important insurance mechanism.

5.2

Price Search and Welfare

To study the welfare implications of price search, we solve the benchmark model by closing the
price search channel. However, completely eliminating price search from the model as we did in
Section 5.1 would produce a biased comparison between the two cases since there is no disutility
of search in the model without price search, resulting in an unambiguously higher welfare for
19 Assuming zero borrowing limits, Kaplan and Violante (2010) compute insurance coefficients for consumption in
the range of 0.27-0.42 (depending on the persistence of the shocks) for persistent shocks and 0.81-0.82 for transitory
shocks.
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Figure 7: Insurance via Price Search over the Life-Cycle
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cov(∆cit ,it )
, for both expenditure and consumption. The
var(it )

left and the right panels plot the insurance coefficients for the transitory and permanent income shocks, respectively.

households. Instead, we solve the benchmark economy by assuming each household searches
such that they all pay the same price of 1, which is the average price paid in the benchmark
economy. Comparing the welfare of this economy and the benchmark economy, we find that newborn households gain by 3.9 percent in consumption equivalent terms in the benchmark economy
as opposed to the counterfactual without price search.

5.3

Price Search, Savings and Labor Supply

As is shown above, price search is a powerful mechanism to insure against income shocks. Therefore, one would expect that its availability should reduce the demand for savings. However, there
is an additional channel which works in the opposite direction. Consider a household with a low
income shock with a certain level of savings. With price search, the household has the opportunity
to pay a lower price for consumption. That means, with the same amount of assets s/he can afford
more consumption. This corresponds to a higher return on savings during a bad time. As a result,
the availability of price search option makes the risk free bond a more favorable asset compared
to the case without price search. Similarly, one would expect a similar effect on labor supply as
price search functions as a non-market activity reducing average price paid by the household.
To quantify these mechanisms, we solve a variant of the model where we close the price search
choice and keep the benchmark calibration unchanged. For this exercise as in Section 5.2, we fix
the search amount of each household to make them pay a price of unity, which is the average price
23

Figure 8: The Influence of Price Search on the Saving and Labor Supply Behaviors
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Notes: The graph compares the dynamics of wealth and labor supply with (benchmark) and without the price search option. The “no
price search” case is calibrated to have an average price paid of 1, the same as the benchmark economy.

paid in the benchmark economy. As a result, households in both economies, on average, pay the
same prices.
Figure 8 plots the effect of price search on savings and labor supply. The availability of price
search option increases saving through out the life-cycle (Figure 8, left panel). Comparing both
economies, average wealth holdings declines around 14 percent once we close the price search
option. These results suggest that the second mechanism mentioned above dominates.
Price search option affects labor supply decision as expected. Once we close the price search
flexibility, average hours increase, by about 0.5 percent (right panel of Figure 8).

6

Robustness Analysis

In this section, we provide several robustness analysis with respect to the parameters of price and
utility functions. In all these exercises, we recalibrate the discount factor (β), the disutility of labor
p

parameters (φ1 , φT , φp ), and parameters related to price search technology (θ01 , θ0T , θ0 ) to match
the wealth-to-income ratio, moments related to hours worked and price paid over the life-cycle as
in the benchmark economy.20
Risk Aversion (σ ) In the models with incomplete markets, risk aversion is an important parameter in determining the desire for consumption smoothing. As risk aversion increases, consumption
20 The parameter estimates for each case can be found in the Appendix.
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Figure 9: Robustness: Difference between Expenditure and Consumption Inequality
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Notes: The graph plots various robustness analysis for the difference between expenditure and consumption inequality over the lifecycle. For all the exercises the parameters are recalibrated to match the same targets as in the bechmark economy. Each figure plots
the difference between expenditure and consumption inequality.
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inequality decreases, a well established result in this framework. However, the same mechanism
also decreases the expenditure inequality. So, it is not clear what happens to the difference between expenditure and consumption inequality. That said, equation (6) implies that an increase in
the risk aversion lowers the difference between expenditure and consumption inequality through
its effect on the covariance of consumption and wages. Higher risk aversion makes households
less responsive to wage shocks, which results in a smaller covariance of consumption and wage.
The upper left panel of Figures 9 illustrates the role of risk aversion on the difference between
expenditure and consumption inequality. The results confirm the intuition explained above: with
the increase in risk aversion, the difference between expenditure and consumption inequality
decreases, but remains sizable, suggesting a significant quantitative role for price search across
different values of the risk aversion parameter.
Frisch Elasticity( 1/γ) Frisch elasticity, which approximately corresponds to

1
γ

in our model,

determines the flexibility of labor supply in response to wage fluctuations. This flexibility, in
turn, will have an influence on the insurance role of labor supply so as to avoid the fluctuations
in consumption generated by exogenous and stochastic movements in wages. As Frisch elasticity increases, labor supply becomes more elastic, and as a result, labor supply can play a more
significant role in insuring against wage fluctuations. Therefore, higher Frisch elasticity should
imply lower consumption and expenditure inequalities, again through its effect on the covariance
between consumption and wage. Higher elasticity makes consumption less responsive to wage
shocks since labor supply plays a more significant role in insuring against wage shocks.
The upper right panel of Figures 9 shows the quantitative results. The results suggest that that
a decrease in γ, an increase in the Frisch elasticity, decreases the difference between expenditure
and consumption inequality. More importantly for the purposes of this exercise, the difference
remains large and changes gradually across different values of the Frisch elasticity parameter.
Return on search (θ1 ) If θ1 = 0, there would be no return on price search, resulting in no time
allocated to search and a unified price across households. In that case, consumption and expenditure would be equal to each other. This reasoning implies that return on search effort is crucially
important for the results. For the quantitative exercise we calibrate this parameter from the estimates provided in Aguiar and Hurst (2007). However, these estimates are obtained using data
for grocery store items, not for the whole consumption basket. Therefore, it may not be perfectly
suitable for an comprehensive consumption analysis.
For instance, one can argue that return on price search may be even higher for non-grocery
store items. One reason is that non-grocery store items are more likely to be sold online, where
the return on search is probably larger.21 For example, Baye et al. (2004) show that exactly same
21 A consumer will not need to incur the cost of travel, for instance.
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items are offered at different prices in different online marketplaces. More importantly, the price
dispersion is large.: a consumer could pay about 12.5 percent less than the average price if s/he
searches for the lowest price. In parallel, consumers can significantly lower their prices, by about
20-47 percent, by buying larger sized items of the same product (Nevo and Wong (2018)). On the
other hand, it is possible that some market structures, e.g. monopolistic markets, could limit the
returns on price search. For instance, there is not much price dispersion in local energy markets
and, as a result, there is no room for consumers to search and pay less.
Given the heterogeneous nature of return on search across product categories, we perform a
robustness analysis by solving the model with three different values of θ1 . The results suggest
quantitatively sizable effects of return on price search on the difference between expenditure and
consumption inequality (the lower left panel of Figure 9). As equation (6) indicates, higher return
on price search implies a larger difference between consumption inequality.
These results also suggest that in sectors or product categories where return on search is higher,
the gap between expenditure and consumption inequality would be higher as well. An improvement in search technology and/or expansion of online marketplaces, as happened during the last
20 years, would arguably have a similar effect on consumption and expenditure. In addition, heterogeneity in access to search technologies (for instance older people use internet less often than
younger) across the population would imply variation in the levels of insurance through price
search in different groups of population. In this paper, we choose not to delve deeper into these
potentially important extensions, and left them for future research.
The elasticity of search time wrt. the size of consumption (ψ)

The parameter ψ measures how

time cost of price search increases with the size of consumption bundle. In the benchmark model,
we set the value of ψ to 1, as larger consumption levels are usually associated with higher variety of
goods. Indeed, as mentioned earlier, Li (2013) shows that the variety increases almost linearly for
food consumption. If consumers dedicate separate times for different goods then it is reasonable
to expect that ψ is close to 1. However, one can suggest other scenarios where ψ is higher than 1.
For example, if the variety of goods consumed increases, it could be more difficult to search for
each additional variety separately, in the presence of fixed costs. Plus, recent empirical evidence
in Stroebel and Vavra (2019) suggest that ψ is larger than1.
Having these concerns in mind, we find it useful to do a robustness analysis for three different
values of ψ : 1 (our baseline parameter), 1.5 and 2. The value of ψ has considerable effects on
our results (the lower right panel of Figure 9). Expenditure inequality increases more and consumption inequality increases less for greater values of ψ. Combining these two effects results
in an even larger role for the functional form of search cost function, which is pinned down by
parameter ψ, on the gap between consumption and expenditure inequality.
The model allows us to derive an analytical expression for the relation between expenditure
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and consumption inequality as a function of wage inequality, covariance of wage and consumption
and two crucial parameters of the model, θ1 and ψ:


!2
!2


(ψ
2θ
−
1)
ψ
−
1
θ1
1
 V ar (logc)
V ar (loge) =
V ar (logw) + 1 + θ1
−
1 − θ1
1 − θ1
1 − θ1 


!2

θ1 
θ1

−
+ 2 (ψ − 1)
 Covar (logw, logc)
1−θ
1−θ 
1

1

As ψ gets larger, the role of the covariance of consumption and wage decreases, whereas the pass
through from consumption ineqaulity to expenditure inequality increases. The intuition is as follows. As ψ gets larger it becomes more costly to search for higher prices for wealthier and higher
income groups as they are the ones who can consume more. Therefore, households with more
wealth and higher income will spend less time on price search and will consume less compared
to lower ψ levels. As a result, the upper part of the consumption distribution shifts down making the consumption inequality smaller compared to expenditure inequality. The same reasoning
also implies larger expenditure inequality as prices paid by higher wealth and income groups will
increase with ψ. Our analysis reveals that the value of ψ is crucial to precisely quantify the role of
price search on expenditure and consumption inequality.
Indivisible Labor In our baseline economy, we assume households can allocate their time for
work, price search and leisure flexibly to maximize their utility. However, in practice this is not
the case, as workers usually cannot adjust their hours in a way that suits them the best.22 In this
section, to explore the consequences of our flexible labor formulation, we assume that households
only have three labor supply options: full time (40 percent of time endowment), part time (20
percent of time endowment) or not work at all. The rest of the time allocation problem remains
the same as the benchmark economy. With these indivisible labor supply choices, we recalibrate
the model with the same targets that we use in our benchmark analysis.
Figure 10 plots our findings. The left panel shows the mean hours worked over the life-cycle.
Other than the early periods of working life, the model matches the labor supply behavior in the
data: the mean hours worked peaks much earlier than the baseline economy. The middle panel
shows that despite different life-cycle dynamics, both models imply very similar expansion in
the difference between consumption and expenditure inequalities. The right-panel shows that
the covariance of consumption and wages, an important determinant of the difference between
consumption and expenditure, is almost the same in both cases. We conclude that our results are
robust to the alternative labor supply modeling choice.
22 See Hansen (1985) for an early reference for the role of indivisible labor on the business cycle dynamics.
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Figure 10: Expenditure and Consumption Inequality with Flexible Labor Supply
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Notes: The graph plots the results of a version of the model where labor supply is indivisible. Households have three options: work
for full time (40 percent of time endowment), part time (20 percent of time endowment) or not work at all.

Age-Dependent Parameters Our model assumes that disutility of time-spent outside of leisure,
φ, and the price-search return parameter, θ0 , are both age dependent. We impose these assumptions to better match the life-cycle patterns of hours worked and price paid. To test whether these
assumptions have any effect on our main results, we recalibrate the model with constant disutility
parameter and constant price-search return parameter, separately. Figure 11 shows the comparison of these two counterfactuals with the benchmark results. In both cases, the gap between
expenditure inequality and consumption inequality remains broadly same with the benchmark
economy. However, with constant disutility parameter, as shown in Figure 11 (middle panel),
the model predicts monotonically decreasing labor supply over the life-cycle. Similarly, when we
assume a constant θ0 over the life-cycle, price paid counterfactually increases as the households
age Figure 11 (right panel) . These results show that our assumptions about these age-dependent
parameters allow us to capture the life-cycle dynamics of hours worked and prices paid without
any significant effects on the main results of the paper.

7

Discussion and Conclusion

In this paper, we have studied the role of price search on the age-inequality profiles of consumption and expenditure by introducing price search decision into a life-cycle model, featuring idiosyncratic risk and incomplete markets. Our quantitative exercise, using an estimated wage
process and price search functions from the empirical literature, predicts that consumption in29

Figure 11: Robustness to Age-dependent Parameters
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Notes: The graph plots the results of a version of the model where we do not match the life-cycle dynamics of prices and hours. In
the benchmark analysis we assumed ϕ to be age dependent to match the model’s labour supply dynamics to the data. For the prices
we assumed age dependent θ0 . The robustness analysis fixes both parameters to a constant.

equality is significantly lower than expenditure inequality when households are allowed to search
for lower prices. A plausibly calibrated version of the model predicts that the increase in crosssectional variance of log consumption is about 30 percent smaller than that of the log expenditure
throughout the life-cycle. This result is fairly robust to various specifications examined in the
paper.
Not only the inequality but also the dynamics of average expenditure and consumption differs
due to the life-cycle dynamics of prices paid. This finding has particularly important implications
for the literature that documents and studies the joint dynamics of income and consumption.
We argue that if consumption data were used in those studies, consumption would still move
with income, but the comovement would be weaker. The reason is that, relative to low income
growth households, high income growth ones will increase their expenditure more relative to
their consumption as the prices they pay increase more. As a result, consumption differential will
be less than that of expenditure.
Our results also suggest that the availability of price search allows for better insurance for
households and increases their welfare. It also affects labor supply, and consumption/saving decisions. As households can insure themselves better by searching prices, it lowers the need for
saving. The price search option also lowers the average hours worked since households can increase their consumption by lowering prices via search, allowing for additional purchasing power
through a non-market activity.
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The model can potentially be extended further to explain other empirical observations. For instance, Aguiar and Hurst (2013) document different inequality patterns for different expenditure
categories. If, for example, different categories of goods feature different returns on search, then
price search could be helpful in explaining the different expenditure patterns. It is also possible
to analyze how improved search technology could change model’s implications. A proper analysis, however, requires modeling firms as the changes in search technology may affect price setting
behavior.
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NOT FOR PUBLICATION
Supplemental Appendix
Proofs
When labor supply is positive, the FOCs with respect to price search and

Proof of Lemma 1
labor supply become

s : αu2 = λp0 (s)
n : u2 = −wλ
Combining these two equations results in
p0 (s) = −w
If we take the total derivative of this equation with respect to s and c, we arrive at
p00 (s) ds = (1 − ψ) wcψ−2
which can be written as

dc
dy
dy

ds
wcψ−2 dc
= (1 − ψ) 00
dy
p (s) dy

If consumption is normal good, then

dc
dy

> 0, and if p00 (s) > 0, then the sign of

ds
dy

is equal to the

sign of 1 − ψ .
Derivation of Equation 7

Expenditure is defined as
e = pc
log e = log p + log c

Substituting equation (1) into the above equation, we have
log e = θ0 + θ1 log s + log c
Taking the variance of both sides, we get
V ar (log e) = θ12 V ar (log s) + V ar (log c) + 2θ1 Cov (log s, log c)
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(15)

The FOC for price search evaluated at n = 0 results in

log s = −




log φα 1+γ 1 − θ1
1

1+γ

−

σ +γ
log (c)
1+γ

Using this equation, we can write the V ar (log s) as
!2

σ +γ
V ar (log s) =
1+γ
and Covar (log s, log c) as
Covar (log s, log c) = −

V ar (log c)

σ +γ
V ar (log c)
1+γ

Substituting these expressions into (15), we get


!2

σ +γ
σ + γ 

V ar (log e) =  θ1
+ 1 − 2θ1
 V ar (log c)
1+γ
1+γ 
!2
σ +γ
= 1 − θ1
V ar (log c)
1+γ
Derivation of Equation 6

When labor supply is positive, as expressed in equation (4) , we have
log (s) =

θ0 + log (−θ1 ) log (w)
−
1 − θ1
1 − θ1

Taking the variance of both sides, we arrive at
1
V ar (log s) =
1 − θ1

!2
V ar (log w)

Substituting this into (15) we have
θ1
V ar (log e) =
1 − θ1

!2
V ar (log w) + V ar (log c) − 2

θ1
Cov (log c, log w)
1 − θ1

Price Search Technology
While there are several empirical studies that estimate effects of price search on prices paid, literature provides limited guidance on how households search for prices in the market. Here, we
provide a justification for the reduced form price search technology we assumed in equation 1
based on exogenous price dispersion posted by producers in the market. We follow the seminal
paper by Stigler (1961).
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We assume that households can affect the price they pay by spending more time on shopping. More specifically, we assume that the distribution of prices is given by an exogenous
h i
commonly known non-degenerate distribution F (p) on p, p̄ . At the beginning of each period
households decide on the amount of time that they will devote to price search. Denoting s as
the amount of price search per unit of consumption (or variety), they receive price quotes from
s stores, and pick the lowest price quote. That is, the price households pay upon receiving s
quotes is min {p1 , p2 , ..., ps }. It can be shown that the distribution of the lowest of s draws is
Fmin (p; s) = 1 − [1 − F (p)]s . Expected price paid by the household upon obtaining s quotes beR p̄
R p̄
comes E (pmin ; s) = p pdFmin (p; s) = p + p [1 − F (p)]s dp, where the second equality is obtained
from integration by parts. We assume that in a given period households pay the following price:23
Z
p (s) = E (pmin ; s) = p +

p̄

[1 − F (p)]s dp

(16)

p

Using detailed grocery data, Kaplan and Menzio (2015) find that typical price distribution households face is symmetric, unimodal and leptokurtic. They estimate the standard deviation of prices
to be between 19 to 36 percent depending on how goods are classified. At the UPC level it is 19
percent whereas when products are aggregated with different brands and sizes it becomes 36 percent. If we assume F follows a normal distribution with mean 1 and standard deviation 0.235, a
regression of log(p(s)) = β0 + β1 log(s) results in β1 = −0.19 with an R2 = 0.999. If we keep the same
standard deviation but increase the kurtosis of the distribution by keeping the skewness at zero
(which is essentially the observed price distribution reported by Kaplan and Menzio (2015)), the
estimated return to search increases.24

Robustness Estimation
In each of the robustness analysis, we recalibrate the parameters to match the same moments as
in the benchmark economy. Only in the case of the model without price search, fixed disutility
and fixed price search technology, the set of the parameters and their corresponding moments to
23 This assumption can be supported by assuming households repeat the process of obtaining a fixed amount of price

quotes sufficiently many times within a period. As long as each quote is independent from each other, households pay
this expected price within a period.
24 This can be achieved by assuming Pearson type VII distribution such as
 p − µ 2 !−m
1
p
f (p) =
1+
αB (m − 0.5, 0.5)
α
√
where B is the Beta function α = σp 2m − 3 and m = 25 + ς3 with ς is the excess kurtosis, µp is the mean of the distribution
and σp is the standard deviation of the distribution. When ς approaches to 0, the distribution converges to normal
distribution. If we use set µp = 1, σp = 0.235 but ς = 10, then the same regression results β1 = −0.24 with an R2 = 0.986.
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be matched change. Table presents the parameter estimates for each robustness case.
Parameter
Risk Aversion

Frisch

ψ

Search Return

Fixed Labor

No Search

Constant φ

Constant θ0

σ =1

σ =3

γ =2

γ =6

ψ = 1.5

θ1 = −0.1

θ1 = −0.3

β

0.965

0.970

φ1

0.966

0.968

0.967

0.966

0.968

0.967

0.962

0.968

0.966

169.3

781.2

49.8

2746

337.7

545.4

239.8

552.3

819.5

92.5

337.8

φT

69.3

75.6

13.0

390

66.4

109.1

44.7

72.9

176.3

-

72.7

φp

10

9.3

6.8

θ01

8.3

7.4

4.0

7.5

7.4

7.96

-

7.7

-0.27

-0.27

θ0T
p
θ0

-0.28

-0.26

-0.19

-0.18

-0.33

-0.33

-

-0.27

-0.41

-0.44

-0.45

-0.46

-0.44

-0.45

-0.28

-0.60

-0.44

-

-0.45

-

2.25

2.25

2.24

2.25

2.52

2.26

2.24

2.81

-

2.25

-
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