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Abstract

This paper considers data quality issucs to analyze the pattern of con-
sumption inequality in the 1990s exploiting two complementary datasets
from the US Consumer Expenditure Survey. The Interview sample fol-
lows survey households over four calendar quarters and consists of ret-
rospectively asked information about monthly expenditures on durable
and non-durable goods. The Diary sample interviews houschold for two
consecutive weeks and includes detailed information about frequently pur-
chased items (food, personal cares and household supplies). Each survey
has its own questionnaire and sample. We exploit information from one
sample as an instrument for the other to derive a correction for the mea-
surement error affecting observed measures of consumption. We use the
implications of our findings as a test for the permanent income hypothesis.

1 Introduction

The aim of this paper is to shed more light on the comparison between recall-
based and diary-based data on household consumption using US micro-level
data.

There is some evidence that measurement errors in recall consumption data
lead to potentially misleading results in analyzing household saving behavior
(Battistin, Miniaci and Weber, 2001). Recent studies show how available data
can be unsuitable for the analysis of the permanent income (life-cycle) hypothe-
ses and how adjustments provide greater consistency concerning the time series
properties of consumption (Wileox, 1992, Slesnick, 1998, and Rosati, 2001).

Validation data, that is data on the variables of interest collected from an
independent assessment of validity study (such as payroll records), are useful -
whether available - to infer on the error structure of observed variables (see for
example Rodgers, Brown and Duncan, 1993, and Pischke, 1995).

*Preliminary and incomplete. This paper benefited from useful discussions with O. Attana-
sio, J. Banks, R. Blundell, H. Ichimura, H. Low, E. Rettore, U. Trivellato, G. Weber and from
comments by audiences at Padova University, Cemmap (London), ESPE 2002 and at the 10th
International Conference on FPanel Data, Berlin 2002. Address for correspondence: Institute
for Fiscal Studies, 7 Ridgmount Street, London WCI1E 7AE - UK. E-mail: erich_b@ifs.org.uk.




In what follows we jointly exploit diary and recall data from two independent
samples from the US Consumer Expenditure Survey to define a new measure of
non-durable consumption.

Recall data are deemed to be reliable for bulky items (major consumer
durables: real property, automobiles and major appliances) or for those com-
ponents either having regular periodic billing or involving major outlays (trans-
ports, fuel and rent). Recall data on frequently purchased goods are more likely
subject to non-negligible measurement error. For this reason diary surveys are
designed to obtain detailed recordings of expenditures on small, frequently pur-
chased items, which are normally difficult to recall.

It turns out that neither diary nor recall-based data provide a reliable ag-
gregate measure of total non-durable consumption. On the basis of evidence
reported in a number of previous studies, we split the set of commodities en-
tering non-durable consumption into two groups indicating which one of the
two survey methodologies (diary or recall) leads to more accurate data quality.
This identification strategy allows us to define an improved measure of total
non-durable consumption considering for each commodity the source presenting
higher quality data.

We account for the measurement error on each commodity entering non-
durable expenditure exploiting information from one sample as an instrument
for the other; we derive a correction for the bias affecting observed measures
of consumption and we derive bounds for the within cohort inequality of con-
sumption. We use the implications of our findings as a test for the permanent
income hypothesis,

The remaining of this paper is organized as follows. Section 2 describes
the two data sources and some data collection issues. Section 3 reviews very
briefly the economic set-up we will use as a motivation for our exercise. Section
4 compares the two datasets with respect to household characteristics already
found to be relevant for data quality in previous studies of expenditure surveys.
Section 5 presents a puzzle implied by the comparison of means and inequality
indicators of total non-durable expenditure exploiting the information in the
two surveys. Section 6 analyzes such discrepancies looking at the contribution of
different non-durable goods. Qur restrictions to define an improved measure of
expenditure combining recall and diary information on non-durable commodities
are discussed in Section 7 and Section 8. Section 9 and Section 10 present
the econometric background to derive error adjusted bounds on consumption
inequality over the life cycle. Results are presented in Section 11 and Section
12 concludes.

2 Data

The Consumer Expenditure Survey (CEX in the following) is a national survey
with two separate components: the Diary, completed by respondents for two
consecutive weeks, and the Interview, with four quarterly interviews. Each
of the two components has its own questionnaire and sample. Tt is currently
the only micro-level data set reporting comprehensive measures of consumption
expenditures for a large cross-section of households in the US.

Each component of the survey addresses an independent sample of house-
holds. The Interview sample is selected on a rotating panel basis targeted at




5000 units each quarter; each consumer unit is interviewed about own monthly
expenditures every three months over four consecutive quarters. It turns out
that for each household we observe the monthly time series of purchases on
different goods over one year (12 observations overall). After the last interview,
the sample unit is dropped from the survey and replaced by a new consumer
unit. )

Diary data are referred to repeated cross sections of households (around
4500 per year) receiving two weekly diaries during a separate visit by a census
interviewer over the two-week period interview. Both for the Interview and the
Diary sample a number of questions are asked concerning household charac-
teristics (demographics, work-related variables, education and race) and very
detailed income information.

The two surveys are designed to collect different types of goods and services.
While some items are collected exclusively in only one survey, there is a set of
commodities (basically non-durable goods) for which expenditures are captured
by both surveys. However, the comparison is not always straightforward. For
example, expenditures incurred by members while away from home overnight
or longer (for trips or vacation) are not collected in the Diary survey. Moreover,
changes in survey instruments characterize the data over the period covered by
this analysis. The Interview survey does not collect expenses for housekeeping
supplies, personal care products, and nonprescription drugs, which are meant
to contribute about 5 to 15 percent of total expenditures.

In the Interview survey hiouseholds are retrospectively asked for their usual
expenditure via two major questions. The first type of question asks for the
weekly /monthly purchase directly for each reported expenditure; the exact
wording is ‘What has been your usual weekly/monthly expense for ... in the
last quarter?’. Amongst non-durable goods households are asked to report
their usual weekly expenditure only for tobacco products and for food and non-
aleoholic beverages consumed at home. The expenditure on the latter category
is obtained as the difference between the usual weekly total expenditure at gro-
cery stores or supermarkets and how much of this amount was for non-food items
(specified as ‘paper products, detergents, home cleaning supphes, pet foods, and
alcoholic beverages’). Expenditures on alcoholic beverages and food away from
home (but not food consumed on vacation) are referred to the ‘usual’ monthly
amount.

The second type of question asks for expenses in the last quarter by a detailed
collection of expenditures on a list of separate goods (referred to clothing, food
consumed on vacation and entertainments). Recall data are collected by a
trained interviewer asking questions and providing examples of items in each
category.

In the Diary survey respondents are asked to record their purchases made
each day for two consecutive one-week periods. Diary respondents are assisted
by cues printed on the diary and - whether needed - by interviewers at pick-up;
the daily expense record is designed as a self-reporting, product-oriented diary
on which respondents keep track of a detailed description of all expenses for two
consecutive weeks.




3 The economic background

The permanent income hypothesis implies that, for any cohort of people born
at the same time, inequality in both consumption and income should grow with
age (see, for example, Deaton and Paxson, 1994). In what follows, we will
investigate such implications using cohort data from both the surveys. The aim
of this section is to review the economic theory that motivates our exercise.

The simplest formulation of the conventional model of consumption under
uncertainty (Deaton, 1992) assumes that, in each period E individuals maximize
expectation of a time-separable utility function

T
r (o) + Z 81 (0s)s

s=t+1
subject to expectation of an intertemporal budget constraint
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Throughout this section r will denote an utility function invariant over the life
cycle, 4, the individual’s rate of subjective preference, n; the real interest rate
and w,; the accumulated wealth al time E The length of the life cycle is u, while
o, and i, represents log real consumption and income in each period.

The first order conditions to solve this problem imply that marginal utility
of consumption obeys the following equation

r ’(Ot) = ,Btl' ,(Ot—l) + U8

where 14 is a shock to consumption resulting from new information at time Eand
Bt =:6 vy (see Hall, 1978). Otherwise stated, the last expression implies that
only the actual level of consumption is informative to predict future values of
consumption. In particular, future consumption is independent of actual income
and wealth related variables given actual consumption.

The relationship between the evolution of consumption and the evolution of
marginal utility depends on the function r. If r (0,) is approximately linear in
o (that is if each subperiod’s utility function is quadratic up to discounting by
the rate of time preference §;), the intertemporal choice of consumption over
the life cycle is given by

or = Bioi—1 + 8

The lagt expression has some testable implications once we are willing to
make assumptions on the evolution of the 3, terms over time. To see that,
consider the case where B, = 1, as in the original Hall (1978) model. First,
under such condition individual’s variance must increase over time, since

e yn(o:) = e yn(or—1) +e yn(wv:)8

Secondly, since
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individual’s consumption is a sample average of independent shocks and hence
asymptotically normal by means of the central limit theorem. Note, however,
that this result applies when Egrows to infinity; since individuals have finite
lifespans, the distribution of consumption is expected to be normally distributed
only amongst older people (see Blundell and Lewbel, 1999).

When f3; varies over time, the implications of the model might be different.
The distribution of individual's consumption at time Eis more disperse than
the distribution of consurnption at time E— 1 when §, is greater that one. If
the rate of interest is greater than the rate of time preference (i.e. if incentives
to postpone consumption dominate impatience), the distribution of individual’s
consumption can either concentrate or disperse depending on the variance of v;.

On the other hand, consumption in older age can be normally distributed
only if 3, is always centered around one, to avoid having the sum of shocks in
(1) be zero or infinity as Egrows to infinity.

4 Descriptive analysis

Clearly household characteristics (occupation and economic activity of the head,
household composition, region of residence) affect the share of spending and the
quality of reporting own expenditures. Table 1 shows t-statistics from a logis-
tic regression of the binary indicator Interview/Diary household over a set of
variables including work-related information and characteristics found to be rele-
vant for data quality in previous analysis of CEX data (Tucker, 1992). Weighted
results are presented, using population weights from each survey. The specifica-
tion adopted includes polynomial terms in the age of the reference person and in
the proportion of children and members within certain age bands (these terms
are not reported because not statistically significant).

Data exploited in this analysis cover ten years between 1988 and 1998. We
excluded from our sample households residing in student housing, households
whose head is unemployed and households with single women. The family head
is conventionally fixed to be the male in all the H/W families (representing the
56% and 53% of the whole sample for Interview and Diary data, respectively).
Furthermore, we considered only households headed by individuals aged at least
23 and no more than 73 and not self-employed. These restrictions leave us with
a sample of 145178 and 36095 units, for Interview and Diary data respectively.

Although the two surveys are designed to be representative of the same
population, significant differences are found along several dimensions and with
a different pattern over time. For example, the amount of weeks worked per
vear by the reference person is higher in the Diary sample.

5 Evidence on consumption behavior

A standard way to analyze the dynmamic properties of consumption with re-
peated cross-sections is to rely on cohort analysis. In what follows we will
group households into cohorts on the basis of the year of birth of the reference
person (defining six 10-year bands) and we will produce some descriptive graphs
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for total non-durable consumption using average cohort techniques’.

The components of non-durable expenditure we consider are the ones al-
ready considered by Attanasio and Weber (1995; see the first column of Table 5
below): food and non-alcoholic beverages (both at home and away from home),
alcoholic beverages, tobacco and expenditures on other non-durable goods such
as heating fuel, public and private transports (including gasoline), services and
semi-durables (defined by clothing and footwear). Health and education expen-
ditures do not enter total expenditure on non-durables.

We account for the difference in reference period defining monthly expendi-
tures in the Diary sample as 26v12 = 236 times the expenditure observed over
two weeks, assuming equally complete reporting?.

Because of the small within-quarter variation in reporting Interview expen-
ditures (less than 2% of the total variation in our sample), we consider only the
expenditure figure for the month preceding the interview (thus taking only four
observations for each houseliold). It has been found that expenditures for many
iterns are reported more frequently for this month than for earlier months (Sil-
berstein and Jacobs, 1989). This could obviously mean a partial recollection of
past events (mainly less important purchases) increasing with longer reference
period and/or a telescoping effect for the month nearest to the interview.

Since differences in consumption across the two surveys might reflect differ-
ences in the composition of the samples with respect to household characteris-
tics, we re-weight diary households exploiting a weighting scheme based on the
regressions in Table 1 (see for example Battistin, Miniaci and Weber, 2001)%.
Under the assumption that sampling differences are adequately captured by
this weighting scheme, the remaining differences reflect solely the nature of the
instrument exploited in each survey (ie. diary vs recall questions).

Our analysis will closely follow Deaton and Paxon (1994). To summarize the
evidence from this section, we find that both the surveys highlight an increasing
within cohort dispersion of total disposable income and wages over time. On
the other hand, the pattern of consumption inequality turns out very different
depending on the source we consider. Part of the current economic literature
is working to explain why a rising income inequality in 1990s has not been
accompanied by a corresponding rise in consumption inequality. This pattern
has already been pointed out by several papers both exploiting US data (Krueger
and Perri, 2001) and UK data (Blundell and Preston, 1998, and Attanasio,
Berloffa, Blundell and Preston, 2001). On the other hand, only few papers
motivate such a pattern looking at the quality of data exploited in the analysis.

5.1 Expenditure levels

Figure 1 reports age profiles of log non-durable consumption using the Con-
sumer Price Index published by the Bureau of Labor Statistics. Each data

1\e will tend to use ‘cxpenditure’ and ‘consumption’ as two synonyms since the distinction
is not relevant in this context.

2 Attanasio, Battistin and Ichimura (2002) consider alternative definitions of monthly fig-
ures to account for the frequency of purchasing pattern over the two-weeks diary.

3Intuitively, the aim is to down-weigh (up-weigh) thosc households in the Interview sample
exhibiting characteristics in Table 1 over represented (under represented) with respect to the
Diary sample. Such a weighting scheme depends on the conditional probability of observing
those characteristics in the population represented by the Interview sample (the well known
propensity score), that is on the binary regressions reported in the table.
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Figure 1: Logs of mean non-durable consumption by cohort
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Figure 2: Logs of mean family income by cohort




point represents mean total expenditure on non-durables of the generic cohort
in the generic year over the period 1988 — 1998. We present results only for
four different cohorts of individuals: those born in 1951-60 (the mid-age of this
cohort is 33 in 1988), those born 1941-50 (aged 43 in 1988), those born in 1931-
40 (aged 53 in 1988) and those born in 1921-30 (aged 63 in 1988)*. Since the
weighting scheme adopted reweighs Diary households so that the distribution
of characteristics in Table 1 is the same across the two samples within each
year, the composition of the two samples is comparable across time. Figures re-
ported refer to per capite expenditures, exploiting the well established measure
of equivalent adults per household - that is the number of adults (older than
18) plus half the number of children (aged up to 18) -, leads to similar results.

The profile obtained exploiting Diary data is always below the profile for
Interview data for all the cohorts over the entire life-cycle. In the absence of
time effects, vertical distances between broken lines within each survey can be
interpreted as cohort effects; these differences don’t have the same sign across
the two surveys and their absolute value looks smaller exploiting Diary data.
Consumption drops after retirement as already found in previous studies on
US and UK data (see for example Banks, Blundell and Tanner, 1998). Non-
durable consumption is likely to fall as cohorts age because of reduced family
size, reduction in work related expenditures (transports and meals, amongst
others), investments on durable goods, drops in the cost of leisure.

Figure 2 presents the same statistics referred to available family income,
defined as the monthly average income obtained from the amount reported
by each household for the whole year. It turns out that Diary data lead to
considerably higher values of saving rates over the life cycle.

5.2 Within cohort consumption inequality

In this section we discuss observed differences across the two samples with re-
spect to the dispersion of non-durable expenditure by cohort. We will consider
lifetime profiles of the variances of log consumption since the observed pat-
tern of such an indicator discriminates between alternative theoretical models
of consumer behavior.

As discussed in Section 3, according to Permanent Income Hypothesis (see
Deaton, 1992) the variance of consumption within a fixed-membership group of
people should increase over time, since the process describing the intertemporal
choice of consumption is distributed as a random walk (provided that inno-
vations to consumption are not perfectly correlated among people within the
group). Increasing consumption inequality is financed by an increasing disper-
sion in total income, defined as the sum of earnings and asset income®.

Figure 3 shows the pattern of inequality both for Diary and Interview data.
We find inequality (defined as the variance of log monthly non-durable expen-
ditures) to be higher for Diary as compared to Interview data. This may be

ANote that - here and in the following graphs - cach Interview household appears four
times with consumption referred to different months over its one-year interview (the attrition
problem is not particularly strong in our data).

5However, it is not necessary that there be increasing dispersion in both of these compo-
nents of total income, and rising consumption inequality will be observed even if the cross
sectional distribution of earnings is constant. See for example Attanasio, Berloffa, Blundell
and Preston (2002).
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Figure 3: Variance of log non-durable consumption by cohort

due to respondent issues, but is definitely related to the time periods of the
two surveys being different: the shorter time period results in data with greater
volatility (the Diary reference period is one week). Figure 4 reports the same
inequality measure referred to total disposable income. Figure 5 reports hourly
wage inequality for the same cohorts.

The information contained in each sample leads to contradictory results
with respect to the consumption inequality pattern: Diary inequality increases
over time while the recall counterpart gets pretty flat after age 50°. Inequality
seems to be most pronounced exploiting Diary data for all groups. The bump-
shaped pattern peaking before retirement could be explained by the effect of an
increasing leisure time due to the retirement age.

Moreover, as pointed out by Deaton (1992), the theoretical behavior of in-
equality within cohorts depends on people’s attitude toward risk and on avail-
able mechanisms for sharing risks between people and periods. The Permanent
Income Hypothesis assumes that people have certainty equivalent preferences,
allows them to lend and borrow as much as they want and permits no direct
sharing of risk between people. Changing any of these assumption will generally
affect the way in which risk is filtered into consumption inequality un thus its
evolution over the life cycle.

Consumption inequality might not have increased over time in spite of the
rise in income inequality because spending captures permarent income and in-
come got more volatile. Blundell and Preston (1998) provide some evidence
for this using UK data for repeated cross-sections of household over the period
1968-1992 showing a. strong growth in transitory income inequality and small
variation for the variance of permanent income shocks.

8We checked the robustness of this analysis exploiting different measures of inequality
selected from the Generalized Entropy family (see for cxample Shorrocks, 1983) coming out
with a picture consistent with the one presented here. Results available on request.
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Figure 4: Variance of log family income by cohort
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Another reasonable explanation which has not been deeply investigated so
far is the measurement error variation in reporting own income and expenditures
over time. The reported spending could be less lumpy because of different
methods of payment introduced over time (e.g. direct debit) and income might
be more error affected because of the increased self-employment (inducing better
quality in consumption data and worse quality in income data).

5.3 Aggregate consumption inequality

To conclude this section, we present results on aggregate inequality, without
controlling for cohort effects. Figure 6 and Figure 7 report the evolution of
inequality over time for Diary and Interview data, respectively. These figures
also report the bootstrap 5% critical region resulting from the null hypothesis
of constant inequality over the time period 1988-98.

The same figures for income inequality (not reported in this paper) show an
increasing pattern both for Diary and Interview data after 1990.

6 Inequality decomposition by factors

In this section we seek to describe how marginal changes in expenditures for
specific commodities can affect the inequality of total expenditure.

Table 2 presents reporting rates for Diary and Interview data, that is the
proportion of non-zero expenditures for a specific commodity’. There is a size-
able proportion of households who have zero recorded expenditure in the Diary
sample because of the shorter reference period (two weeks instead of one month).
For goods not frequently purchased the expenditure distribution has a spike at
zero corresponding to non-consumers. The frequency of purchasing on food at
home, clothing and (particularly) heating fuel is lower in the Diary sample; the
higher reporting rate for food away from home (which by definition does not
include expenditures on vacation) could suggest that many purchases are missed
in the Interview sample. The overall pattern remains the same uniformly over
time, across samples and for each commodity; this we take as an evidence that
changes in consumption habits are well reflected in both the samples®.

Possible conjectures on the sources of reported zero expenditure for a certain
good in one or both components include (1) under reporting the expenditure in
an acknowledged purchase, (ii) non-identified item non-response (i.e. not re-
porting a purchase that was made) and/or (iii) variation in preferences across
the sample. It is actually clear that demographic characteristics may have differ-
ent impact on the share of spending at different expenditure levels. Households
may simple not consume some commodities (due, amongst others, to price and
income variation); for example, it is reasonable that families with more chil-
dren allocate more expenditure to - say - food and a lower fraction to alcohol.
Because of the weighting scheme adopted, differences in the two data sources
across time in Table 2 presumably reflect only two of the three sources of zero

"By definition, those households presenting null expenditure on total food (both at home
and away from home) are dropped from the analysis (less than 1% in each sample).

8Excluding goods with higher proportion of zeros (tobacco, alcobol and heating fuel) from
non-durable expenditure confirms the different pattern of aggregate Diary and Interview in-
equality presented in Scction 5.
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Figure 6: Variance of log non-durable consumption over time in Diary
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Figure 7: Variance of log non-durable consumption over time in Interview
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expenditures (infrequent purchasing and misreporting) because the variation of
preferences (as a function of observable characteristics) is likely to affect in the
same way the two samples®.

Results in Section 5 rise the problem of identifying the contribution in over-
all inequality attributable to each commodity defining non-durable consump-
tion. The problem is related to an unique decomposition rule as suggested by
Shorrocks (1982), since the inequality contribution assigned to each source can
vary arbitrarily depending on the choice of decomposition rule. Particularly
important for our purposes is the ability to meaningfully decompose the index
into inequality between and-within different commodities. The decomposition
must be consistent, in the sense that commodities’ contribution should add up
to the overall amount of inequality.

Table 3 and Table 4 report the percentage contribution of each commodity to
total inequality using the ‘natural’ decomposition rulee yn(R) = 3-.p tf(C;sR),
both for Diary and Interview data and separately for . The contribution of each
commodity C ; to total inequality is then expressed as the slope coefficient of the
Engel-type regression of C; on non-durable expenditure R. Alternative proce-
dures based on decompositions of the Gini coefficient (see for example Garner,
1993) lead to the same result’®.

7 Modelling inaccuracies

The goal of this section is to derive error-adjusted measurements of the inequal-
ity indices presented in Section 5. Exploiting jointly the two surveys we (i) dis-
cuss on the quality characterizing each commodity entering total non-durable
expenditure and (ii) define an improved measure of overall consumption.

A first possible explanation for the evidence we found in Section 5 is due
to definitional and collection methodology differences between the two surveys.
While the Diary survey collects detailed disaggregated data and then sums these
up to get total spending, the Interview survey asks a global retrospective ques-
tion about total spending. Differences in levels and variances for the considered
inequality indices might be determined by different monthly expenditure esti-
mates on each category as a result of this aggregation. Additional effects might
depend on periodic changes in the survey instruments over the years: one ex-
ample of this is that a new diary form with more categories and expanded use
of cues for respondents has been introduced in the Diary survey since 1991.

Changes in data quality over time, which may be positive when related to
respondent’s learning curve or negative when stemming from declining interest
as time increases, can affect both the surveys. With regard to the Interview
sample, it might be the case that people report similar values of consumption
over the four waves conditioning on what reported in the first interview, implying

9 Attanasio, Battistin and Ichimura (2002) discuss the frequency of purchasing problem
looking at Diary data. In particular, they show that the number of days over the two-week
diary when expenditures occur gets more concentrated over time. Changes in buying habits
over time might be related to the evidence from Section 5 and to the figures of the following
two tables.

10However, under suitable constraints, it can be proved that there is an unique decompo-
sition rule for any incquality measurc for which the proportion of inequality attributed to
each commodity is the proportion obtained in the natural decomposition rule of the variance
(Shorrocks, 1982).
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a Aat pattern of the within-household variance over the interview period (one
year). Indeed, several papers have shown that the negative effect of poor quality
information as the interview-time increases is bigger than the positive effect
due to respondent’s learning-by-doing process, both for recall and diary data.
Turner (1961) and Silberstein and Scott (1991) find that the average of reported
food expenditures for diary data decreases across day and week of participation,
probably reflecting under-reporting related to a declining interest. Silberstein
and Jacobs (1989) find similar results with respect to the time-in-sample (i.e.
the number of cycles of participation) for the Interview survey!l.

Let n and mbe the two potential reported expenditures as the result of be-
ing interviewed exploiting a recall or a diary based questionnaire, respectively.
Clearly, the difference between these two terms is informative about the effect
of reporting expenditures exploiting recall rather than diary based question-
naires. Since the two surveys are referred to separate samples, an identification
problem arises from the fact that - by design - we do observe only one of these
measurements on each household.

In what follows we proceed approximating the counterfactual measurement
at cohort level, that is as if we knew what Interview (Diary) cohorts would
have reported had they been interviewed using Diary (Interview) questionnaire.
Under this assumption n and mare two measurements of the same latent variable
of interest (non-durable expenditure) for each cohort over the time 1988-98'2.

More precisely, reported expenditures might be thought as the sum of two
separate components: the first component is due to respondent’s failure to cor-
rectly report the amount of goods actually purchased (we will refer to this
component as the measurement or reporting error characterizing each survey).
The second component is the true (unobserved) individual consumption on that
good. The evidence we produced in Section 5 about differences in means and
variances across the two surveys suggests that the error processes leading to n
and mare likely to be not identically distributed across samples and over time.
If the distribution of measurement errors is not stationary over time we cannot
separately identify the effect of a real change in the inequality level from the
effect induced by variation in the quality of reporting'3.

A possible approach is to represent the association between n and m by
a suitable model that embodies latent expenditures in such a way that n is
independent of mgiven the true value of consumption (the resulting analysis is
known as factor analysis; see for example Kim and Mueller, 1978).

111y the following we will not consider any bias arising from measurement effects in self vs
proxy response questions, interviewers effect on data collection or measurement errors affecting
the considered deflator.

12Rattistin (2002) estimates counterfactual measurements at household level by matching
Interview houscholds to a set of ‘twin’ Diary households presenting similar characteristics.

13To give a flavor of such a problem, think about the case of a multiplicative error affect-
ing real expenditures ¥ whose intensity is given by a parameter o (Chesher and Schluter,
2001). If we assume indcpendence between Y and the reporting error process, a second-order
approximation for the Gioi coefficient of the error-contaminated consumption is given by

2 EY2 iy (%))
E[Y]

where Gy is the Gini coefficient associated to Y. It follows that the distance betwecn ‘true’
and observed Gini coefficients might be different over time because of variations in o or in
the shape of expenditure distribution (indeed, the incidence of the measurement error is not
particularly high when Y is heavily right skewed).

Gy +o
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If the latent expenditure and the measurement errors affecting each of the
two surveys were mutually independent and we observed both n and mon the
same household, the joint distribution (nsm) would uniquely determine the den-
sity functions (i) of the ‘true’ unobserved non-durable expenditure and (ii) of the
measurement errors in n and m(for example, under the additional assumption of
their symmetry about the origin)!{. Based on this identification result, several
nonparametric procedures could be implemented to estimate all the densities
involved (see, for example, Horowitz and Markatou, 1996, and Li and Vuong,
1998).

While the assumption of a ‘classical’ measurement error (i.e. zero mean
error independent of the true unobserved variable) on total non-durable expen-
diture can be a reasonable starting point in any model specification exploiting
diary data, it has been largely criticized when using recall data. There is a
clear evidence that several kinds of non-classical error can affect the precision
in reporting work-related variables (Rodgers, Brown and Duncan, 1993, and
Torelli and Trivellato, 1993, Manning and Dickens, 2001, Bound, Brown and
Mathiowetz, 2001), earnings (Pischke, 1995) and non-durable expenditures. In
particular, Battistin, Miniaci and Weber (2001) provide some evidence for the
case in which the magnitude of reporting errors is endogenously determined by
the real amount of expenditure (allowing higher expenditure levels to increase
the probability of large errors), so that the independence assumption is no longer
valid.

8 Restrictions

In our analysis we make the following identifying assumptions.

Condition 1 Either diary or recall data identify correctly (i.e. report with-
out any error) true expenditures for all the commodities amongst non-
durables.

Condition 2 We know which source (Diary or Interview) provides the actual
amount of spending on each commodity.

Indeed since the two survey components of the CEX - the Interview survey
and the Diary survey - are targeted to collect different types of expenditures,
errors affecting the non-durable measurements (151 result from reporting errors
affecting those categories ‘less reliable’ in each survey component. It follows
that those categories either having regular periodic billing or involving major
outlays easily recalled for a period of three months or longer are better described
exploiting the Interview Survey. On the other hand, those categories referred

11T he result follows immediately considering the characteristic functions ®-(t), ®4(t) and
$,_q(t) and assuming - for example - a symmetric reporting error in the Diary sample. If ur
and 7y are the reporting errors associated to Interview and Diary data, respectively, it follows
that

er(t) _ Du(8)
24()  Bu()’
b_qlt) = Bu, (OBu, (D),

where the last equality is derived exploiting the symmetry of ug.
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to frequently purchased smaller items are presumably more reliable exploiting
the Diary Survey.

Even if potentially the sign of bias in recall and diary data could be in
both directions depending on different commodities (over- or under-reporting of
true expenditures, respectively), the available evidence from several countries
suggests that under-reporting is more likely to affect the great part of items in
expenditure surveys. Complete information on small expenditures is likely to
be not always available since the respondent may forget to report less important
purchases below a certain amount (see for example Van Praag and Vermeulen,
1993, or Alessie, Gradus and Melemberg, 1990, for a model based approach to
this problem).

The magnitude of partial recollection of past events varies for different com-
modities exploiting recall and diary keeping methods. Those components having
regular periodic billing are more likely to be well reported by respondents in the
Interview Survey. Indeed, exploiting validation data from the National Income
and Product Accounts (NIPA) recall expenditures for trensports, fuel and rent
expenditures have been found to be reliable and heavily under-reported by diary
data (Gieseman, 1987).

Spending on alcoholic beverages and tobacco traditionally has been under-
reported in household surveys; sormne authors refer to this evidence as a ‘puritan’
element in household data. Diary were found to give more reliable information
about alcohol consumption than recall data (see Poikolainen and Kakkainen,
1983, and Atkinson, Gomulka and Stern, 1990); comparisons on tobacco ex-
penditures based on mean squared error methods exploiting NIPA data suggest
better quality from recall data (Branch and Jayasuriya, 1997).

Clothing is a category which requires fuller investigation. Several studies
reveal heterogeneity in results exploiting diary or recall information amongst
goods within this category. As expected, recall data seem to be more reliable
for costly and salient apparel items (with quite variable results exploiting dif-
ferent methods of source selection), but diaries generally capture more apparel
spending (Silberstein and Scott, 1991).

Expenditures on food need particular attention. We take as a meaning-
ful indicator for the quality in reporting Diary food at home expenditure the
difference between (log-)weekly expenditure derived from diaries (as the sum
of detailed food data) and (log-)weekly ‘usual’ expenditure for food and non-
alcoholic beverages at grocery stores given by respondents. This information
is collected for each household at the beginning of the (two-week) diary period
and its accuracy is therefore not influenced by how respondents learn about own
expenditures during the interview (see Figure 8)'%.

It is worth noting that the average of this indicator over households con-
ditional on each month (to control for seasonal effects) is always negative for
the period of time covered by this analysis, with values generally decreasing
in absolute value over time'®. There is a mild effect of the interview month

15Note that ‘food and non-alcoholic beverages’ is the only commodity entering non-durable
cxpenditure for which we observe on the same household both a recall and a diary-based
measurement. This would enable us to exploit also the information on the joint distribution
{r,d) as described above. This additional information is used by Attanasio, Battistin and
Ichimura (2002).

16This might be related to the introduction of new cues in early 1990’s; Tucker (1992)
studies the effect of such procedural variations on non-sampling errors.
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Figure 8: Median of food at home consumption by cohort for Diary households:
usual weekly expenditure and reported expenditures for the 1st week and the
2nd week of the diary

on the magnitude of under-reporting, since households interviewed in Decem-
ber usually present values closer to zero. This evidence supports the idea that
recall questions overestimate the real spending on food-related items probably
because in their reporting households include more goods!?. Indeed the recall
question about food expenditure in the Interview survey is derived subtracting
to the usual amount spent at the grocery store the usual amount on non-food
items.

Finally, we know that even if by definition the Diary Survey does not in-
clude purchases during trips or vacation, food away from home expenditure is
greater than the one reported in the Interview Survey. Because of the nature
of the two instruments, it would be reasonable thinking at diaries as the most
reliable source to measure food away from home purchases (Stanton and Tucci,
1982). See also Lyberg et al. (1997) for a review of data quality in survey
measurements.

To summarize, following the literature about official statistics recall data
will be considered more reliable to identify expenditures on those components
having regular periodic billing or involving major outlays. Diary data will be
exploited as the reference source for expenditures on grocery items and personal
care, entertainments and other services. Table 5 summarizes the discussion of
this section.

17Battistin, Blow and Smith (2002) find a similar pattern comparing recall and diary in-
formation using data from the BHPS, the Family Expenditure Survey and the National Food
Survey.
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Table 5: Survey selection

Factors in D Survey
food and non-alcoholic beverages at home Diary
food and non-alcoholic beverages away from home Diary
alcoholic beverages (at home and away from home) Diary
personal care, entertainments and other services Diary
Factors in 7 Survey
clothing and footwear Interview
tobacco and smoking accessories Interview
transport services (including gasoline) Interview
heating fuel, light and power Interview
housing (rent and services) Interview

9 Error correction

To summarize the contents of Section 8, we motivate the different pattern of
means and inequality indices in the two samples as the aggregate result of inac-
curacies affecting both the surveys (Interview and Diary) in reporting spending
habits. These inaccuracies are mainly referred to those components of non-
durable expenditure each survey is not targeted to: frequently purchased smaller
items and services (Interview Survey) and large expenditures occurring on a reg-
ular basis such as rent or utilities (Diary Survey). The aggregate effect of these
inaccuracies is likely to vary over time, because it depends (i) on significative
changes in the structure (i.e. design and collecting strategies) of the two surveys
and (ii) on time-in-sample effects.

The aim of this section is to formalize the restrictions presented in Table 5.
Let

(CJ‘-‘SC;) (2)

be the two outcomes that result from being interviewed on commodity C; via
a diary or a recall based questionnaire, respectively, and let C be the ‘true’
expenditure on the same commodity we don't observe.

Tt is worth stressing again that only one of the two variables in (2) is observed
for each household since they are potential outcomes resulting from using al-
ternative survey instruments to collect information on household consumption.
Measurement errors on each component would be identified if we observed the
counterfactual expenditure for each household, that is what the same household
would have reported had it participated the other survey.

What we would like to observe is

R"zZC}‘s
]

that is the sum of ‘true’ expenditures on commodities entering non-durables
expenditure R (i.e. those commodities reported in Table 5). What we actually
observe are instead two error affected measurements of R* given by aggregate
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expenditures that result from Diary and Interview data

ZC;’S

J

R™ = ) CJs
b

Note that - by sampling design - (R"sR?) don’t refer to the same units.
By means of the assumption we discussed in Section 8, the measurement error
affecting R™ and R depends on the measurement error on different subsets of
commodities entering total expenditure (i.e. those commodities either in D or in
Z, respectively) . That is, total expenditure from Interview data can be written

as
PILIEDIH

JET s€D

= > C;+).Cls

jeT S€D

R?

R‘r‘

and the last expression follows since expenditures reported on those commodities
in I are - by assumption - not affected by measurement error. By analogy, it

follows that
RY = T+ Yot

j€T s€D

da *

- Seteyer
JET €D

Thus, the error components affecting (R"sR9) are the aggregate result of
the reporting error on different subsets of commodities, so that we can write

recall error

R" = R*+ Y (C;—C})=R"+r"s 3)
j€D

R = R+ (C§-C;)=R"+1% (4)
JET

diary error

where r ™ and r @ represent the measurement error due to recall and diary inter-
views, respectively. Moreover, note that by definition (r"sr %) are likely to be
dependent of R* since they depend on a common set of commodities.

The following of this section exploits restrictions reported in Table 5 to de-
rive error corrected figures for consumption levels and variances over time. We
will focus on means and variances because the identification of higher moments
(and percentiles) of the distribution would require modelling the relationship be-
tween true expenditures and reporting errors (see Battistin, 2002, or Attanasio,
Battistin and Ichimura, 2002).
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Figure 9: Logs of mean non-durable consumption after correction

9.1 Consumption means

The aim of this section is to derive the analogue of Figure 1 correcting for the
reporting errors (r "sr ¢). Since by definition

x Ro) =x (3 C5lo)+x (3 C;lo)

JER JjED

recall data diary data

we can use either Interview or Diary means according to the identification rule
described in the last column of Table 5. Results are reported in Figure 9.

9.2 Consumption inequality

The goal of this section is to derive the analogue of Figure 3 correcting for re-
porting errors. Throughout our analysis, we will consider figures for the squared
coefficient of variation of total expenditure and not for the variance of logs. The
reason for this choice will be clear from what follows.

The variance of total expenditure can be expressed as a function of the
variance of commodities in D or in T and between-group covariances

eyn(R*o) = e yn(z C;—‘|O)+e vn(z C;IO)

. J€T L jED .
recalr data diar;rda,ta
+ 2ptf(D_Cjsy_Cilo)S (5)
. je€T jen ' |
rest;i;tians
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The ratio of the previous quantity to the squared mean of total consumption
represents a first order approximation for the variance of log consumption®®,
The assumptions we made in Table 5 identify only the first two terms in the
previous expression, using either Diary or Interview data. On the other hand,
the covariance term cannot be identified from the available information since by
definition P NZ = @ and we cannot observe true expenditures on D and Z for
the same individuals.

We actually observe two measurements of such covariance in our data. The
first one is derived by taking the covariance between commodities in D and
commodities in T from the Interview sample; the second one is derived from
the Diary sample. However, neither of these two covariances identify the true
covariance in (5), since the difference between true and observed covariances
represents the correlation between commodities in Z (in D) and recall errors
(diary errors, respectively). In fact, using (3) and (4) we can write

ptf()_C7sd Cllo) ptf (3 C1sd Cllo) (6)

JEL  jED Jj€L  jED
= ptf(ZC;sZC;‘IO)+ptf(ZC;srr|o)s
JEZ  jeD jeT

and by analogy

pti(} . CisYy Cllo) = ptf(D_Cfs> CJlo) (7

JET J€D jeT JED
= ptf(D_Cs) Clo)+ptf (D Clsro)S
JET JED JED

Figure 10 reports the difference between observed Interview and Diary co-
variances (multiplied by a scaling factor). Figure 11 reports the squared coeffi-
cient of variation of consumption obtained from (5) when the covariance term
is estimated by taking (6) or (7). It turns out that the within cohort inequality
is increasing over time with the exception of those individuals born in 1931-40
(i.e. those aged 53 in 1988). Such variance growth is particularly evident for
the oldest cohort of individuals.

10 Bounds on inequality

The pattern observed in Figure 11 can be driven by the error components af-
fecting (6) or (7). The strategy we will take to infer the covariance term in (5)
consists of three different steps.

18 A Taylor expansion of InY* in a neighborhood of its mean gives

Y*—E¥*) [Y*-EX")?
E(Y")  2B(Y)?

InY* =InE(Y") + + error

so that the variance of logs is approximated by taking the squared coeflicient of variation

Var(Y*|e)

B = OV & VariaY o).
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Figure 10: Differences in observed covariances

Diary observed covariances —=—— Interview observed covariances
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Figure 11: Consumption inequality using observed covariances
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oW ¢ will be at first non-informative about the magnitude of such covari-
ance and we will bound it using Cauchy-Schwartz bounds. For simplicity,
assume that we have expenditures only on two commodities C; and C,
where d € 7 and € D. The absolute value of their covariance can be
bounded by the root of the product of their variances (that turns out
identifiable using restrictions in Table 5)

Ip t£(CJsCJlo)] < y/e yn(CFlo)e yn(C §[0)3

e«The previous bounds can be tightened by a regression adjustment on a set
of characteristics  (thus considering the residual variation after control-
ling for ). The set includes family income and a bunch of household
characteristics common across the two surveys. We define the following
regressions

C;=x(Cjl)+e;

Co=x(CJl)+e;
so that the £ terms are orthogonal to the corresponding regression func-
tions x (C*| ) that we estimate (semi-)parametrically using Interview or

Diary data. We then consider Cauchy-Schwartz bounds for the residuals
of each equation

Ip tf (5, £310)] < /e yn(e;lo)e yn(e}]0)S

oW e assume that the sign of p tf (€], ¢;[0) is correctly identified when ob-
served Diary and Interview covariances have the same sign. This corre-
sponds to assuming that the error components affecting (6) or (7) are not
that big to reverse the sign of the true covariance. Combining this assump-
tion with the Cauchy-Schwartz bounds derived in the previous point, we
obtain one-tail bounds for the covariance, since the lower bound (upper
bound) is zero when the sign is positive (negative, respectively).

11 Results

Cauchy-Schwartz bounds, regression adjusted bounds and one-tail bounds on
inequality are reported in Figure 12, Figure 13 and Figure 14, respectively'?.
Figure 15 combines the within-cohort information of Figure 14 and presents
result for consumption inequality over time.

12 Conclusions

In this paper we have discussed how to account for the measurement error at-
fecting both diary-based and recall-based data on non-durable consumption. In

19The regression functions to adjust for the observable characteristics Z are estimated by a
semiparametric specification

X* = BZ + Y(income) + &*,

where v is unknown but suitably smooth.
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Figure 12: Cauchy-Schwartz bounds on inequality
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Figure 13: Regression adjusted bounds on inequality
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Figure 14: Regression adjusted bounds on inequality assuming known correla-
tion

———— upper bound ——a— lower bound
.6
4
2
0 —
T T T T T T
1988 1990 1992 1994 1996 1998
reference year

Figure 15: Regression adjusted bounds on inequality assuming known correla-
tion
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fact, it is likely that not all the commodities entering non-durable consumption
are well reported exploiting only one of these two components. Commodities
made of frequently purchased, smaller items are presumably correctly measured
using diaries while commodities made of large expenditures or expenditures oc-
curring on a regular basis are presumably more accurate exploiting recall data.
It turns out that neither diary nor recall-based data provide a reliable aggregate
measure of non-durable consumption.

Integrating different datasets presents the problem of determining the ap-
propriate survey component from which to select the expenditure items. On
the basis on evidence reported in a number of previous studies, we split the
set of commodities entering non-durable consumption into two groups indicat-
ing which one of the two survey methodologies (diary or recall) leads to more
accurate data quality.

If data from both the survey sources were available on the same unit, we
would be able to define a new measure of non-durable expenditure at micro-level
just considering the more reliable source for each commodity. If the samples
are referred to different units as for the CEX case, we can provide improved
aggregate measures of consumption looking at its mean and - under suitable
conditions on the covariance between commodities - its variance following macro-
units (i.e. cohorts of households presenting the same observable characteristics).

Our procedure allows us (i) to define an improved measure for mean and
variance of non-durable expenditure over the 1990s and (ii) to characterize the
measurement error affecting the commodities whose quality is doubtful accord-
ing to other studies in the literature. We have presented the implications of
our findings for the estimation of inequality indices. We show that - exploiting
jointly diary and recall data to account the measurement problem - we come
out with an inequality pattern not completely against the permanent income
hypothesis.

Further considerations

oIn this paper we consider the estimation of non-durable expenditures at
household level. Estimating the true expenditure level on frequently pur-
chased items for the recall sample (and on bulky items in the diary sam-
ple) can be seen as the problem of inferring counterfactuals: what is the
counterfactual diary (recall) expenditure measure for recall (diary) re-
spondents? A possible solution requires using information on common
observable characteristics at household level to predict recall expenditures
in the diary sample and viceversa. Battistin (2002) exploits Diary infor-
mation to approximate - even if the samples are different - counterfactual
measurements in the Interview survey coming out with pictures similar to
those presented in this paper.

e Can we characterize the measurement error affecting non-durable com-
mo dities? If we observed both recall and diary outcomes for commodity
C on the same household, according to the assumptions we made the error
on that commodity would be (non-parametrically) identified. In fact, if
we write
£= — s

we could identify the distribution of £ by taking the difference between
observed diary and recall outcomes depending on the rule discussed in
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Table 5. In our case, we can easily recover the first moment of £ by taking

x(@=x()-x(7)8

The variance of the error (and by analogy its higher moments) is not
identifiable, since it depends on the correlation between and *

evn(§) =cyn( )+eyn( ) —2ptf(s *)8 (8)

Again, we could bound (8) as we did in Section 10; such bounds can be
tightened by imposing the restriction that ptf(s *) 0, that is impos-
ing that the correlation between what individuals report and their real
expenditure is non-negative (or, eventually, not below a given threshold).
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