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Abstract

In this paper, we look at the evolution of consumption and wage inequality from
1980 to 2016 in the US. We use data from the Consumer Expenditure Survey
(CEX) and the Current Population Survey (CPS) to look at differences in
consumption and wages across groups in the population defined by educational
attainment of the household head and year-of-birth cohort. We show that the
results obtained by Attanasio and Davis (1996) for non-durable consumption
still hold in more recent decades. In addition to non-durable consumption and
services, we look at inequality measured in terms of expenditure on and stock
of vehicles. The advantages of looking at these measures are that information
on cars is typically measured more accurately than other components of
expenditure and consumers are more likely to react by adjusting their stock of
vehicles on the basis of long-term expectations about their economic prospects.

I. Introduction

Discussion of inequality in the US and elsewhere has tended to focus on rising
disparities in income — it is generally recognised that income inequality, at
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8 Fiscal Studies

least as measured by official statistics, has increased substantially over the
past half-century. The importance attached to this trend arises partly from an
interpretation of inequality in income as being a useful proxy for inequality in
economic well-being more broadly.

There are, however, a number of reasons why changes in income inequality
might not accurately capture changes in the inequality of long-run resources
that households or individuals have access to.! At the simplest level, official
income statistics do not take account of taxes and transfers, but this is
possible to rectify. Harder to disentangle is the fact that income measures may
reflect transitory changes in income rather than changes in the distribution
of people’s lifetime income, which may be more relevant for economic
well-being. For example, those experiencing temporary income volatility
may be able to offset such fluctuations by borrowing or saving or might
receive countervailing transfers from family members.” In principle, even
permanent shocks could, ex ante, be insured. In addition, measures of income
inequality may miss the effects of financial or other wealth, or debt burdens,
on well-being — such effects could well be independent of changes in
income.

As recognised by Blundell and Preston (1998) among others, consumption
may be a better guide to expected lifetime resources than income, and it is for
this reason that it may be more informative to study consumption patterns to
learn about changes in economic well-being than it is to study income patterns.
Furthermore, the simultaneous study of income and consumption fluctuations
can also be informative about the ability of individual households to insure
certain types of shocks and, therefore, the types of formal and informal markets
individuals have access to. This approach is pursued in Blundell, Pistaferri
and Preston (2008) and, more recently, extended to consider female labour
supply by Blundell, Pistaferri and Saporta-Eksten (2016). This framework has
been extended by Blundell, Pistaferri and Saporta-Eksten (2018) to consider
children and by Attanasio, Meghir and Mommaerts (2019) to consider extended
families. Arellano, Blundell and Bonhomme (2017) have moved away from
(log) linear models of income and considered more complex models of earnings
in conjunction with consumption.

Motivated by these insights, a number of papers have also looked
specifically at consumption inequality in the US, mostly using the Consumer
Expenditure Survey (CEX), to examine whether trends in consumption
inequality have mirrored those in wage or earnings inequality. The findings
of earlier work were mixed, although some studies suggested that the

!Or, more generally, changes in inequality in well-being.

2If a certain market structure is assumed, then it becomes possible to decompose transitory and permanent
shocks to income, which is key in literature that aims to test consumption smoothing and the permanent
income hypothesis — see, for example, Blundell, Pistaferri and Preston (2008).
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Consumption and wage inequality in the US 9

increase in consumption inequality towards the end of the 20" century
and in the early years of the 21% was relatively modest by comparison
with the increase in income inequality.’ More recently, mounting evidence
that there is considerable non-classical measurement error in the CEX has
resulted in a number of papers that employ various methods to address this
issue. These papers have tended to find that consumption inequality in the
US since the 1980s has tracked increases in income inequality relatively
closely.*

In this paper, we contribute to the literature that has looked at consumption
(and income) inequality in three ways. First, we document trends in the
distribution of both wages and income on one hand and consumption on
the other across birth cohorts and education groups between 1980 and 2016,
contributing to knowledge on how patterns of inequality in economic well-
being have evolved over that period.

Second, we frame the relationship between relative wage movements
and relative household consumption across groups in terms of tests of risk
sharing models. In particular, we frame the study using perfect insurance
as a benchmark. Risk sharing may happen through a variety of explicit and
implicit insurance mechanisms that insulate the distribution of consumption
from shocks to the distribution of income. The literature that this paper thus
contributes to aims to test whether observed consumption corresponds to the
predictions of such models — that growth in household consumption should
be cross-sectionally uncorrelated with idiosyncratic variables that are also
uncorrelated with consumers’ preferences. Unsurprisingly, previous work has
tended to reject full consumption insurance® but the underlying theory can
still provide a useful benchmark against which to examine the extent to which
income shocks are reflected in shocks to consumption. Our analysis updates
that of Attanasio and Davis (1996), who study how relative hourly wage
movements across birth cohorts and education groups affected the distribution
of household consumption and economic welfare, by extending the data to
2016. The extended time frame for the sample allows us to add 25 years to
the original 10-year sample and also incorporates the Great Recession. As in
Attanasio and Davis, we test the full insurance hypothesis over a range of
specifications, each emphasising co-movements of different frequencies. We
also quantify the extent to which our results are driven by education and by
cohort separately.

Third, we look at the evolution of inequality in the stock of and expenditure
on cars. Cars are particularly attractive for our analysis for several reasons.

3See, for example, Krueger and Perri (2006).

4 Attanasio, Battistin and Ichimura, 2007; Meyer and Sullivan, 2010; Attanasio, Hurst and Pistaferri,
2014; Aguiar and Bils, 2015.

>For example, Cochrane (1991), Mace (1991), Altonji, Hayashi and Kotlikoff (1992), Townsend (1994)
and Dynarski and Gruber (1997).
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First, the quality of the micro data we use is very high. There are virtually no
issues in replicating aggregate data sources by aggregating the individual data
on car expenditure (by contrast, there is substantial evidence that it is difficult
to match figures from National Income and Product Accounts by aggregating
CEX data®). Second, cars are very salient to individual choices: they are large
and adjusting the value of their stock can be costly. Decisions on car stocks
and car purchases, therefore, are likely to reflect individual expectations of
income for several years into the future. Finally, if the utility from cars and the
utility from non-durable consumption are non-separable, tests of risk sharing
based on variation of the marginal utility of consumption should take such non-
separability into account. Thus we derive an augmented test of risk sharing
that accounts for this non-separability using data on households’ stocks of and
expenditures on cars.

Section II describes the data that we make use of in this paper. Section
III documents relative consumption, income and wage changes across cohort—
education groups between 1980 and 2016 as well as describing the recent
evolution of inequality in both car ownership and expenditures on car
purchases.

Section IV begins with a perfect insurance model and derives implications
in terms of changes in marginal utility. Based on these results, we detail the
test of perfect insurance that we are able to carry out by using synthetic panel
data to examine the impact of systematic shifts in the hourly wage structure
on the distribution of household consumption. We also discuss specification
issues that might arise from preference non-separabilities, and set out how we
address these by including durables (in particular, cars) as a non-separable
argument of the utility function.

In Section V, we carry out the tests of perfect insurance described in the
previous section at different frequencies — which serves to provide some
indicative evidence relating to consumption smoothing and the permanent
income hypothesis. In Section VI, we augment our tests of perfect insurance to
account for possible non-separability of preferences with regards to durables.

II. The data

Following Attanasio and Davis (1996), our empirical analysis makes use of
consumption data from the Consumer Expenditure Survey (CEX) and income
data from the Current Population Survey (CPS), both of which are large survey
data sets collecting information on individuals and households in the United
States.

The CEX collects data on expenditure, income and demographic
characteristics of consumer units — which are defined as a group of individuals

®See McCarthy et al. (2002).
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living in the same household who are related or share at least two of three major
expenditure categories. It surveys approximately 5,000 households each year.
The CEX is in fact made up of two distinct surveys — the diary survey and
the interview survey. We make use in this paper of the interview survey,
in which respondents are sampled every three months for a total of four
quarters. We construct a measure of consumption that is equal to household
expenditure on non-durable goods and services, which excludes expenditure
on durables, health, education and housing. As in Attanasio and Davis (1996),
we exclude non-urban households, those residing in student housing, those
with a male head older than 59 or younger than 23, and those with incomplete
income responses.” The CEX samples each household four times, so that each
household reports up to 12 monthly observations. When a household does not
have the complete 12 observations in a given calendar year,® we compute
annual consumption measures weighting each household in proportion to the
number of monthly observations that fall into that calendar year, taking into
account seasonal effects.

The CPS collects data on household income, demographic characteristics
and the labour market outcomes of individual members. This information is
collected for roughly 40,000-60,000 households per year —hence the advantage
of using income data from the CPS rather than the CEX to construct our relative
wage measures. In addition to the substantially larger sample size, CPS income
and earnings data are superior to the corresponding CEX data.” We construct
a measure of hourly earnings from the CPS, computed as annual earnings
divided by the product of number of weeks worked and usual hours per week.
We apply the same age restrictions as for the CEX, and also exclude persons
who were students or in the military for at least part of the year and those who
earned less than 75 per cent of the minimum wage.

In both sets of data, we form synthetic panel groups by combining cohort
groups with educational attainment groups, and from a sample restricted to
households with a male head. Birth cohorts are defined in terms of five-year
bands, and we consider four educational attainment categories: fewer than 12
years of schooling, exactly 12 years, more than 12 but fewer than 16 years,
and 16 or more years of schooling.

"Younger heads and those in student housing are excluded to minimise migration to higher education
attainment categories as a cohort ages. Excluding old heads minimises the impact of retirement and retirement
choices on our sample. We exclude non-urban households because the CEX did not sample them in 1982
or 1983. While this introduces a potential bias, we follow common practice here, both because it is not
possible to correct the sample and because we do not think it would make a big difference, given the size of
the excluded population.

8Either because the household does not respond to all four interviews or because the monthly observations

span two different years.
Cutler and Katz, 1991.
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II1. Changes in relative wages, incomes and consumption
1. Inequality in income and relative wages

In Figures 1 and 2, we report how inequality in (equivalised) total post-tax
family income'® changed between 1980 and 2016. Figure 1 plots the standard
deviation of log equivalised total family income, which shows a substantial
increase across the period, with three periods of particularly sharp increase
in the early 1980s, the first half of the 1990s and since 2008. As shown on
the graph, increases in the early 1980s and increases between 2008 and 2010
coincided with periods of recession in the US economy. After an increase in
the early 1990s, there was little sustained change in the standard deviation until
the Great Recession — the standard deviation in 2008 was even slightly lower
than it was in 1996. Figure 2 shows further how the distribution of income
changed over this period — in particular, it shows the ratios between various
percentiles of the distribution of family income in each year. The ratio between
the 90" percentile and the 10" percentile exhibits very similar trends to those
shown in Figure 1 — sharp increases in the early 1980s, the early 1990s and
since 2008. The 50:10 ratio also exhibits a similar increase in the early 1980s,

FIGURE 1

Standard deviation of log equivalised total family income
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Note: Grey bars denote when the US economy was in recession (rounded to the nearest year), according to
the National Bureau of Economic Research (NBER) Business Cycle Reference Dates. Total family income
is defined as described in Section II and in footnote 10, and equivalised according to Betson (2004)’s
widely-supported update to the National Academy of Sciences (NAS) recommended equivalence scale.
Source: Authors’ calculations using the CPS, various years.

1%For this we use the variable ffotval from the CPS. The questionnaire text defines this as ‘money from

jobs, net income from business, farm or rent, pensions, dividends, interest, social security payment and any
other money income received by members of this family who are 15 years or over’.
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FIGURE 2

Ratios of percentiles of log equivalised total family income
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Source: As for Figure 1.

FIGURE 3

Real hourly wage movements for men by birth cohort and education group
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Note: Each graph describes real wage movements for a different birth cohort.
Source: Authors’ calculations using the CPS, various years.

and remained mostly flat from 1995 until 2008, after which it began to increase
once more. The ratio between the 90" percentile and the 50" percentile instead
shows a steadier increase across the whole period.

We also document the evolution of inequality in relative real wages. In
particular, Figure 3 shows the evolution of real hourly wages for the four

© 2020 The Authors. Fiscal Studies published by John Wiley & Sons Ltd. on behalf of Institute for Fiscal Studies
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cohorts that are in our sample for the longest period of time (since we exclude
from our sample those aged under 23 or over 59). What can be clearly seen is
that the gap between those with 16 or more years of education and those with
fewer widened over time in each of the cohorts shown.

Table A1 in the online appendix shows real hourly wage movements for men
between 1980 and 2015 by birth cohort and education group across all cohorts.
The vast majority of cohort—education groups are shown to have experienced
rising average real wages over the period we are considering. However, across
all cohorts presented, differences by educational attainment are shown to have
widened markedly during this period. This result is consistent with what is
reported by Attanasio and Davis (1996) for the period between 1980 and 1990.
To take the 195560 birth cohort as an example, real wages among college-
educated men grew by 41 log points relative to those with fewer than 12
years of education between 1985 and 2010. The real wage gap between those
with some post-secondary education and those with fewer than 12 years of
education can also be shown to have increased across all cohorts.

2. Inequality in non-durable consumption

In Figure 4, we report the standard deviation of log equivalised household
consumption between 1980 and 2015. We observe a sharp increase in inequality
in the early 1980s, which mirrors that shown with regards to income in Figure 1.
After that early period, however, there is a much slower gradual drift upwards.
Since 2000, the figure shows that the standard deviation has remained relatively

FIGURE 4

Standard deviation of log equivalised household non-durable consumption
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Note: Measure of consumption constructed as described in Section II. Equivalisation as for Figure 1. Grey
bars denote periods when the US economy was in recession, as for Figure 1.
Source: Authors’ calculations using the CEX, various years.
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FIGURE 5
Ratios of percentiles of log equivalised household non-durable consumption
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flat, and certainly does not appear to reflect the spikes in income inequality
shown in the early 1990s and since 2008. Notably, both of the prolonged periods
of recession coincide with increases in the standard deviation of consumption
— the early 1980s and 2008-10.

We also show, in Figure 5, how household consumption at different points
of the distribution evolved between 1980 and 2015. There appears to be
considerably less dispersion in the consumption distribution than in the income
distribution. For example, the 90:10 ratio in 2015 was nearly 2.5 times higher
for household income than for household consumption.

Furthermore, across the whole period, the 90:10 ratio in consumption
increases by around 30 per cent compared with a near doubling of the
corresponding ratio for the income distribution. There does appear to have
been a more consistent increase in the ratio between consumption at the 90™
and 10™ percentiles than there was in the standard deviation of consumption,
although this again increases most sharply at the very beginning of the period.

Although we appear to show a substantially larger increase in the 90:10
ratio for consumption than some other work using the same data — for example,
Meyer and Sullivan (2017) — the differences are not as stark as they first look.
In fact, a large part of the increases in the standard deviation and the 90:10 ratio
between 1980 and 2015 that are shown in Figures 4 and 5 took place in the early
1980s, a period that Meyer and Sullivan do not cover.'! Furthermore, broadly

"'This is because between 1981 and 1984 the survey only includes respondents from urban areas. Meyer
and Sullivan thus leave out these years, whilst, as mentioned in footnote 7, we restrict our sample in all
years to urban households in order to construct continuous but consistent measures.
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FIGURE 6

Real non-durable consumption for households
by birth cohort and education group of household head
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Note: Each graph describes movements in real non-durable consumption for a different birth cohort.
Source: Authors’ calculations using the CEX, various years.

speaking, our findings reflect their work in that both the standard deviation and
the 90:10 ratio of household consumption have been relatively flat compared
with the evolution of income inequality over the same period.

The 90:50 ratio also shows a steady, but much slighter, increase over the
whole period, whilst the ratio between the 50" and 10" percentiles increases in
the early 1980s but shows little overall change thereafter — it was at a similar
level in 2015 to that in 1985 (although there are some mild fluctuations shown
in between, including a shallow but sustained decrease during the second half of
the 1980s). This can be compared with a 50:10 ratio in the income distribution
that increases considerably across the whole period.

Figure 6 shows how the evolution of real non-durable consumption has
differed between education groups in the cohorts in our sample for the longest.
As with real wages, it is clear that the gap between those with 16 or more years
of education and those with fewer grew across the period. However, it can also
be seen that consumption for all four education groups grew by considerably
less across the period than real wages did.

Table A2 in the online appendix describes the evolution of real non-
durable consumption between 1980 and 2015 for all cohort groups. It shows
that growth in real consumption has differed dramatically between education
groups. Taking the 1955-60 birth cohort as an example once more, real non-
durable household consumption for those with college education rose by 21 log
points relative to those with fewer than 12 years of education between 1985 and

© 2020 The Authors. Fiscal Studies published by John Wiley & Sons Ltd. on behalf of Institute for Fiscal Studies
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2010. Among some of the older cohorts, there are in fact substantial falls in the
household consumption of those with fewer than 12 years of education. This on
its own suggests that the consumption insurance hypothesis is unlikely to hold.

Of course, there are a number of issues in using CEX data on total
consumption to track inequality in consumption.'? Whilst earlier work often
found that consumption inequality did not track changes in inequality in income
over the period as a whole (as shown in Figures 4 and 5), more recently
researchers employing various strategies to overcome issues of measurement
error in the CEX have refuted this — finding much more substantial increases
in consumption inequality over the period in question than those shown here.
Aguiar and Bils (2015), for example, make use of the relative expenditures of
high- and low-income households on luxuries versus necessities to correct for
measurement error and find that increases in consumption inequality mirror
those in income inequality to a much greater extent than implied by reported
total expenditure. Attanasio, Hurst and Pistaferri (2014) employ a number of
methods to overcome measurement error, including focusing on consumption
categories where measurement error has been found to be less of an issue.
They find that consumption inequality between 1980 and 2010 increased by
nearly the same amount as income inequality.

3. Decomposition of inequality in income and consumption

In order to explore further the evolution of inequality in income and
consumption documented above, we construct a Theil index for each year and
exploit its decomposability. Theil indices are a particular case of generalised
entropy measures, and allow one to decompose inequality into the part that
is due to between-group inequality and the part that is due to within-group
inequality. In particular, the Theil index is defined as

1 Ko X;
(D) Theil = — “In (—l> ,
v 2

where x; is the income or consumption of household i and w is the mean of x.
This can be decomposed such that

m m

@  Theil=) sT. +) sln (x—>
"
c=1 c=1

where s, is the income share of group ¢, x. is the average income or consumption
of households in group ¢, and 7. is the Theil index for group c. The first term

12A discussion of some of these issues can be found in Attanasio and Pistaferri (2016).
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FIGURE 7

Theil index of inequality in household income
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can then be seen to represent within-group inequality and the latter term to
represent between-group inequality.

Building on this, we are able to decompose the Theil index for each year
into four components. Simple decomposition allows us, for each year, to
separate out variation between households into inequality between cohort—
education groups and inequality within cohort—education groups. Having done
this, we are able to further decompose the first of these terms to separately
identify inequality between cohorts (this will capture both age and cohort
effects), inequality between education groups, and a component reflecting the
composition of our sample in each year with regards to cohort and education.

Figure 7 shows the evolution of these components for household income
between 1980 and 2015. The decomposition shows that the increase in the
Theil index is mirrored by a substantial increase in the element due to inequality
between education groups, as well as an increase in inequality within cohort—
education groups. By contrast, the part of inequality relating to the composition
of the population in each year with regards to cohort and education is shown
to reduce over time. This may reflect the increase over this period in the
proportion of people with higher levels of education.

Figure 8 shows the evolution of the Theil index for household consumption
between 1980 and 2015, decomposed in the same way. Whilst the Theil index
for household consumption is shown to have remained relatively flat across
this period, it can again be seen that there is a rise in inequality between

© 2020 The Authors. Fiscal Studies published by John Wiley & Sons Ltd. on behalf of Institute for Fiscal Studies
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FIGURE 8

Theil index of inequality in household consumption
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Source: As for Figure 4.

education groups. Once again, the component due to the composition of the
population declines over time, whilst the within-group element closely tracks
overall inequality — remaining relatively flat. This last observation suggests
that there does seem to be some within-group consumption insurance, since
Figure 7 showed that within-group income inequality rose across the period.
Between education groups, however, the trend in inequality in consumption
seems to reflect that in income — suggesting that there is little consumption
insurance between education groups.

4. Inequality in stock of and expenditure on cars

Figure 9 shows how the mean value of the stock of vehicles held by households
has changed over time (in 2016 prices). It shows an increase of nearly 20 per
cent between 1984 and 2004 — from $10,000 to a peak of around $12,000.
Between 2007 and 2010, this increase was reversed, with stocks falling to just
above $9,500, almost as low as they had been at any point over the period
shown. Notably, around the time of recessions in the early 1990s and 2008—
10, the mean vehicle stock fell — in both cases, this decline began before the
economy entered recession. As would be expected, these falls were not overly
dramatic, but their existence is unsurprising given the cyclical nature of car
purchases.'® The lack of a decline in stocks during the 2001 recession reflects

3See, for example, Greenspan and Cohen (1996).
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FIGURE 9
Mean equivalised stock of vehicles held by households
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Source: Authors’ calculations using the CEX, various years.

what others have noted — that purchases of durables held up uniquely well
through that particular recessionary period.'*

Over the same period, inequality in car ownership, as measured by the
standard deviation, is shown in Figure 10 to have increased substantially. The
figure shows that it increased sharply around the mid 1980s and again from
around 1997. A steep fall between 2004 and 2008, however, brought its level
by the time of the Great Recession back to where it had been in the mid 1990s."

We are also able to document expenditure on cars during this period.
Figure 11 shows the mean value of car purchases per household between
1980 and 2015. It shows that, whilst mean car expenditures per household
doubled between 1980 and 2002, there was a sustained decline between 2002
and 2009 in overall (net) car expenditure that more than reversed this, with
some limited recovery since then.

Figures 12 and 13 attempt to decompose this pattern — showing,
respectively, the percentage of households purchasing a car for each year and
the average net value of car purchases conditional on positive net expenditure
on cars in that year. Bar-Ilan and Blinder (1992) note that fluctuations in car
purchases tend to be driven by changes in the number of people buying cars
rather than by the average expenditure per purchase. However, whilst Figure 12
does show that the percentage of households buying at least one car fell in the

“For example, Leamer (2007).

SWe also plotted the standard deviation of households’ residualised car stocks, regressing on region,
state, age of household head, number of children and number of adults in the household. The resulting graph
was very similar to Figure 10.
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FIGURE 10
Standard deviation of households’ equivalised car stocks
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FIGURE 11
Mean (equivalised) car purchase expenditure per household
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Source: Authors’ calculations using the CEX, various years.

two years leading up to the Great Recession, that percentage had been falling
since the late 1980s. Furthermore, Figure 13 shows that households’ average
expenditure conditional on purchasing was falling between 2007 and 2010.
Whilst an investigation into this pattern is beyond the scope of this paper,
explanations put forward have included the collapse of credit (both generally
and in affecting the financing of purchases by car manufacturers) and the size

and persistence of the shocks experienced during the Great Recession.
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FIGURE 12

Percentage of households buying at least one car
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FIGURE 13
Mean net value of household car purchases conditional on purchasing a car
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Source: As for Figure 11.

Finally, Figure 14 shows inequality in (net) car expenditures among those
with positive net expenditure on cars in each year. Although the pattern is
relatively flat across the period, the coefficient of variation is mostly over 100
per cent, implying significant variance in car expenditures between households.
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FIGURE 14
Coefficient of variation of car expenditures (conditional on purchasing in that year)
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IV. Are relative changes in wages reflected in consumption
changes? A conceptual framework

Changes in the between-group elements of inequality demonstrated by the
Theil decompositions in the previous section provide obvious motivation for
investigating between-group insurance more systematically. In this section,
therefore, we derive the tests that enable us to do this.

As mentioned in the introduction, tests of consumption insurance consider
an important implication of perfect insurance — namely, that in such an
environment, growth in household consumption should be cross-sectionally
uncorrelated with idiosyncratic variables that are also uncorrelated with
consumers’ preferences. Such an implication can be derived from the first-
order condition of a planner’s problem that considers the optimal allocation
of resources across individuals and over time, given a fixed set of Pareto
weights given to the individual households. In particular, it is assumed that,
given N individuals and an infinite horizon, at time ¢ the planner maximises
the following expression:

N oo
3) max Z TT; Z ,BkEt[U(Ci.an Zit+ks U)i,t+k)]

i=1 k=0

N N
S.t. St = (1 + Ry) S + Z}Gywk - Zci,t+k’

i=1 i=1

where ; is the Pareto weight for household i, 8 is the discount factor, and c;,
and y; , are consumption and income for household i at time ¢. S is consumers’
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wealth and R the rate of return it generates. z;, is a vector of observable
variables that affect utility, while w;,, is a vector of unobservable variables;
either of these two sets of variables can be a choice variable (although, for
notational simplicity, we are not including them in the budget constraint). A
first-order condition for the planner problem in equation 3 is

4) 7Ti,3k

= l’LZJrk V k Z Oa
0Ci i1k

where w,,, denotes the Lagrange multiplier associated with the aggregate

feasibility constraint at time ¢+k. The marginal utility afi’H may depend on

z; 1vr and/or w; ;4.

As in this version of the model there is full information and insurance
contracts are fully enforceable, it should be noted that equation 4 does not
hold in expectation but for every possible history up to time #+k and every
possible realisation of the state variables that govern the evolution of the
economy. Empirically, that implies that any ‘residual term’ one would include
when bringing equation 4 (or its log version) to the data would reflect either
measurement error or unobserved (to the econometrician) taste shifters such as
w; 1+~ We also notice that the right-hand side of the equation does not depend
on the individual index i. That is the key implication of full risk sharing, as the
only relevant constraint is that of aggregate resources.

1. Level and difference specifications

If we consider equation 4 for £ = 0 and £ = 1, and take the ratio of the two
expressions, we get

U
ACi 141 M1
(5) 18 a;jr = = Vigr-
3(,’1", l’Ll
. eqe Ci I-y
Assuming power utility, so that U (¢;,, z;,, w; ;) = G 7 exp(8'z;, + wiy),

1-y
and taking the log of the resulting expression, equation 4 becomes

(6) In(m;) + kIn(B) — y In(ci4x) + 8/Zi,t+k + @k = In(rgi)

which, when being considered for £ = 0 and £ = 1, subtracting one from the
other, yields

(7) In (B) — y[In(c; 1) — In(c;, )]+ 8" Az iy + Aw;py = Aln ().
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When considering equation 7, we notice that it does not need to be written in
first differences (as it is), as one would get a similar expression even when
considering non-adjacent time periods. In this case, equation 7 becomes

(3 kIn(B) — y Adn(ci i) + 8 Azipok + Dii e = A (1)
For empirical purposes, it is convenient to rewrite equations 6 and 8 as follows:

) In(c;45) = @i + S/Zi,tJrk + [+ @i gy

(10)  Agdn(ci i) =« + § Aizi vk + D@ e — Arn ().

Equation 4 and its corresponding equation 9 state that log consumption for
individual i depends on a fixed effect ¢;, which reflects the discount factor and
the individual Pareto weight in the social planner problem, on observable and
unobservable taste shifters z; ., and @;,., and on a time fixed effect fi, that
does not depend on the index i.

By considering different time periods, equation 5 eliminates the fixed effect
@; and states that the planner allocates resources so that discount-weighted
growth in marginal utility is equal across individuals. Equations 8 and 10,
which correspond to equation 5 for a specific utility function, imply that
any variable that is cross-sectionally uncorrelated with preference variation
and measurement error in consumption growth is also uncorrelated with the
cross-sectional distribution of consumption growth. Therefore, they imply
that if a variable is cross-sectionally uncorrelated with preference variation
and measurement error, then consumption insurance implies that that variable
has no explanatory power for the cross-sectional distribution of consumption
growth.

These equations reflect the essence of the perfect insurance hypothesis,
under which changes in log marginal utility are constant in the cross section as
individuals diversify idiosyncratic risk. The equations and the model are silent
on the specific mechanisms through which risk is diversified and focus on
the cross-section dynamics of consumption allocation. Tests of consumption
insurance are thus based around regressions of this form.

In particular, the literature has often considered these specifications:

(11) In(ci ) =@ + 8z + i +2In Dii4k) + Digii
(12)  Adn(ei) = b+ 8 Nzigor + AN Diis) + Di@y i,
where perfect insurance implies that A = 0 and A = 0. In equations 11 and 12,

the variable y;,.; typically represents individual income or some sorts of
shocks to individual resources which are assumed not to affect the marginal
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utility of consumption. Such shocks to resources, once one controls for
aggregate time effects and (in equation 11, which is specified in levels)
individual fixed effects, should not affect the level of or changes in the marginal
utility of consumption, which, conditional on the taste shifters z; , , is proxied
by log consumption.

We note that analysing different frequencies (by changing the £ in A;)
allows us to construct tests of different power under different hypotheses.
Suppose the log of individual income y; , ,, expressed in deviation from group
levels, is made of two components — temporary and permanent — as is often
assumed in the literature:

(13) In (yi.,t+k) = vi’,71+k F U

p P
(14) Vi ik = Vipho T 5i,x+k»

where &, , ., andu, ., arei.i.d.'° over time and across individuals and represent
the permanent and temporary shocks to individual resources respectively. Such
an income process implies

k—1

(15) Ailn (yi.t+s) = Z vi{)t+57j + Agld s

J=0

When analysing first differences (or higher frequencies), the test focuses
on short-run shocks and gives more weight to temporary shocks than when the
value of k is relatively high. In this latter case, the measure of idiosyncratic
shocks to resources gives more weight to permanent shocks and relatively little
weight to temporary shocks. The same applies to the levels equations, if one
expresses the level of income as the accumulation of all past permanent shocks.
If temporary shocks are easier to smooth (for instance, via dis-saving) than
the permanent ones, the insurance tests that rely more on variation induced
by permanent shocks might be more powerful at detecting deviations from
first-best and perfect insurance.

2. Non-separabilities

The presence of taste shifters such as z; ,,, makes the approach very flexible and
potentially powerful. Such variables could reflect demographic effects (such
as changing needs induced by changes in family composition), but could also
reflect non-separability of non-durable consumption and other determinants
of utility, such as leisure or durables. The theory delivers implications for

"“Independent and identically distributed.
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the marginal utility of consumption and, therefore, if non-separabilities of
consumption with other determinants of utility are important, they should be
reflected in the tests of perfect insurance.!” At the same time, however, the
presence of such variables makes the identification of deviations from perfect
risk sharing particularly difficult, especially if the parameter vector § is not
known. A good example of such difficulty is the case where one considers real
wages as a potential variable that should appear in equation 11 or 12. If one
allows the marginal utility of consumption to depend on leisure, one ends up
with an equation that relates (log) consumption, (log) leisure and (log) wages,
which can then be interpreted as the first-order condition of a labour supply
problem that relates the marginal rate of substitution between consumption
and leisure to real wages.

In what follows, we consider two potentially important non-separabilities:
one in which we let the marginal utility of consumption depend on female
labour supply and the other where we let it depend on the stock of cars held by
the household. We will consider the identification issues just discussed when
we interpret the results obtained with these extensions.

Preferences that are non-separable between consumption and leisure could
lead to false rejections of the consumption insurance hypothesis, in particular
by giving rise to a correlation between measured consumption growth and
relative wage movements. In order to control for non-separability between
consumption and women’s leisure, we augment our benchmark specification
with the group mean of log female leisure hours. This is aimed at controlling for
shifts in the marginal utility of household consumption. As mentioned above,
the presence of non-separabilities can make testing full insurance difficult.
In our case, while we allow female leisure to affect the marginal utility of
consumption, we identify shocks to resources using male wages. The implicit
assumption is that male leisure is separable from consumption and, therefore,
under perfect risk sharing, changes in male wages should not be reflected in
equations such as 11 or 12.

Another possible specification issue arises from the fact that the measure
of consumption we use to test the perfect insurance hypothesis is consumption
of non-durable goods and services. This means that if preferences are non-
separable between consumption of non-durables and consumption of durables,
the marginal utility of non-durable consumption, and therefore equations 11
and 12, should include among the taste shifters the stock of durables. Looked at
another way, the log of non-durable consumption is no longer proportional to

17 As we discuss below, the lack of longitudinal data forces us to consider pseudo panels, which we obtain
by aggregating equations such as 11 and 12 or 11" and 12’ across the individuals belonging to a predefined
group. This approach forces us to work with expressions that are linear in parameters, as will be apparent
below. Therefore, when considering non-separabilities, we work with specifications that yield expressions
linear in parameters (for the log of marginal utility of consumption).
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the marginal utility of consumption — which is mismeasured as a result. In this
paper, we use the detailed data on both car purchases and ownership that are
available in the CEX to condition on the consumption derived from ownership
of durable goods. In order to derive a suitable specification by which to do this,
we assume a utility function in which durable and non-durable consumption
are non-separable, and durable consumption enters as an exponential — for
example,

1—y

(16) U(c,K,z):lc exp (9K +8'z),

where K is the stock of durables (cars) and z represents other taste shifters.
This approach allows us to carry out a test of consumption insurance with non-
separability between durables and non-durables using a similar specification
to that used in deriving equations 11 and 12 but controlling for durable
consumption (proxied by car consumption) in levels:

(11 In(cih) = @i + S/Zi,t-i-k + UK, 1+ A I (i) + D

(12")  Agn(cirqh) = k€ + S,Akzi,wrk +OAK, 1+ AAIn Vi)
+ A @i gk

Of course, there is a distinction between stocks and flows of durable goods
that does not exist for non-durable goods. In particular, whilst the flow of non-
durable goods is broadly equivalent to the consumption of those goods, it is
the stock of durable goods that is likely to be more informative regarding
consumption of the services provided by those goods. Thus our primary
robustness check uses data on households’ stock of cars. Such a test would be
consistent with specifications 11" and 12".

To estimate equations 11’ and 12’, we will need measures of the stock of cars
held by each household in the sample. Although we do have such information
for a considerably long period, our data do not cover the entire period we
analyse for non-durable consumption. In order to replicate our main analysis
over the full time frame, we also carry out a robustness check that conditions on
households’ car purchases. While we will be considering group averages (by
year-of-birth cohort and education), a structural interpretation of the results we
obtain by adding the average purchase of cars to equations such as 11 and 12
is difficult. However, the presence of adjustment costs, and more generally the
saliency of cars, makes expenditure on them particularly sensitive to income
shocks, especially permanent or long-lasting shocks. Controlling for such a
variable can therefore be quite informative.
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3. Risk-sharing groups and aggregation

Until now, we have not specified the risk-sharing group for which we consider
the social planner problem sketched above. In some situations, such as that
considered in Townsend (1994), a risk-sharing group is naturally defined in
the context one is considering. It could be a village (as in Townsend (1994))
or an extended family (as in Hayashi (1996) and Attanasio, Meghir and
Mommaerts (2019)). And even if one states the implications of risk sharing
for the whole economy, as an empirical strategy one can define a well-defined
group and aggregate equations 11 and 12 for such groups to fit the available
data. In particular, consider group g, with fixed and observable membership.
Aggregating equations 11 and 12 over the members of such groups, one
obtains

1 | R 1
7 % Z In (C§r+k) =@’ +6 % Zzig,wrk + @ + )‘% Zln (yig,t+k)

ieg iceg ieg

~g
+ Wk

1 o 1 -1
18) - > Adn(cf,,) =« + (mk% Dzt mk% > In (v, )

g ieg ieg ieg

~¢
+ Aka)i,t-HC’

where #g is the size of group g and the sums are taken over all the members of
group g. Equations 17 and 18 are essentially aggregations over group members
of equations 11 and 12: the quantities that appear in them (consumption,
income, demographics) are group means of the variables that appear in
equations 11 and 12. For this reason, these equations can be extremely useful
in the absence of longitudinal data. The group means in both equations can be
estimated using time series of repeated cross sections, using the fact that the
samples that make these cross sections can provide unbiased and consistent
estimates of the means considered in equations 11 and 12. A similar argument
applies for specifications that allow for other generalisations (such as equations
11" and 12'), as long as they imply expressions for the log of marginal utility
that are linear in parameters. For proper inference, the presence of this type of
measurement error, which arises from the fact that the samples in the repeated
cross sections are finite, has to be taken into account. The structure of the data
allows the construction of appropriate instruments, as in Attanasio and Davis
(1996). Furthermore, the computation of the standard errors for the estimated
coefficients can take into account the presence of such a measurement error,
which, in the case of equation 17, induces a moving average (MA) structure of
the residuals of the equation. Below, we follow Attanasio and Davis in focusing
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on systematic relative wage movements across cohort—education groups of
households.

This approach has several advantages. Unlike individual wage movements
(which are likely to be correlated with individual preference shifts), systematic
relative wage movements across large groups of workers are uncorrelated with
idiosyncratic components of individual preference shifts. The focus on groups
therefore allows us to deal with the presence of unobserved idiosyncratic
shifts and measurement error. Furthermore, a focus on publicly observable
relative wage movements means that evidence against consumption insurance
cannot be explained by theories stressing the role of unobserved shocks
in an informationally constrained optimal consumption allocation.'® Finally,
focusing on relative wage movements across groups of households allows
us to make use of two (or more) rich cross-sectional data sets, one that
contains high-quality information on consumption (which, however, lacks a
longitudinal dimension'?) and the other on earnings. This would not be possible
without a single panel data set, containing information on both consumption
and earnings, if our tests were carried out at the individual level.

While the focus on groups is very useful, the approach we use is not without
problems. The biggest shortcoming lies in the fact that equations 17 and 18
test for the presence of risk sharing across groups. They are completely silent
about the ability of insuring idiosyncratic shocks within groups. Indeed, purely
idiosyncratic shocks are averaged within groups in equations 17 and 18 and
are not considered at all.

V. Changes in relative wages, incomes and consumption
1. Testing consumption insurance

In this section, we detail the results of estimating the synthetic panel
specifications derived in Section IV. We do so first using levels specifications,
and then we report the results of difference specifications over various time
frames.

Our baseline specification, estimated over cohort—education groups,
contains the mean log pre-tax hourly wage among men, a polynomial in age,
year effects and fixed effects for each cohort—education group for the levels
specifications.

We also carry out estimation including household controls — which are
the mean of log family size, the number of children under 3 years of age,

!8For example, Green (1987), Townsend (1988), Phelan and Townsend (1991) and Atkeson and Lucas
(1992).

The CEX has a short panel dimension, in that the households in the sample report information for four
consecutive quarters, but no households are followed for more than one year.
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the number of other children and the number of adults. Doing so is intended
as a way of capturing life-cycle preference variation that differs over time
and across groups, which could be seen to drive a wedge between marginal
utility growth and measured consumption growth. However, it is also plausible
that to the extent that life-cycle consumption requirements do vary over time
and across groups, this could itself be driven by variation in relative wages.
Including these controls may thus make it less likely that we are able to reject
consumption insurance.

In order to account for possible inconsistency of the ordinary least squares
(OLS) estimator that could be caused by sampling variation or measurement
error in our explanatory variables, we estimate specifications that instrument
for wages and demographic variables. Since we use different data sources
to construct the dependent and explanatory variables, sampling variation
and measurement error in the explanatory variables will be uncorrelated
with equation error in our regression model. We make the assumption that
measurement error in each of our explanatory variables is uncorrelated with
lags and leads, and with measurement error in other years. Our instruments in
the levels specifications are thus constructed using a flexible combination of
lags and leads, designed to avoid loss of observations due to instrumenting.
Since measurement error and sampling variation in the levels induce a moving
average error structure in differenced data, certain lags and leads are no
longer valid instruments. For the one-year difference specification, we use
an instrument that brackets the time interval of the true change (but does
not involve the lagged measurement error); for multi-year specifications, we
instrument with the lagged multi-year change.?® Because this entails some loss
of observations, the results reported below restrict estimation to a sample
that is common across all specifications, given a particular differencing
interval.

The first panel of Table 1 shows results for the levels specifications.
Similarly to the Attanasio and Davis (1996) results for the period 1980 to
1990, we find a significant positive coefficient on male wages across all our
levels specifications. In particular, the table shows a positive coefficient of 0.82
from OLS estimation not including demographic controls and a coefficient
of 0.51 when demographic controls are included. When estimated instead
using instruments (IV) as described above, both coefficients are higher —
at 0.92 and 0.74 respectively — which is to be expected in the presence of
measurement error. Full insurance against relative wage movements would
imply coefficients equal to zero, so these estimates provide strong evidence
against that hypothesis.

2Further details can be found on pages 1237-9 of Attanasio and Davis (1996).

© 2020 The Authors. Fiscal Studies published by John Wiley & Sons Ltd. on behalf of Institute for Fiscal Studies



32 Fiscal Studies

TABLE 1

Synthetic panel regressions

No controls No controls Controls Controls
OLS 4 OLS 4
Levels specifications (N = 920)
Mean log wage 0.819*** 0.920*** 0.508*** 0.738***
(0.036) (0.036) (0.048) (0.100)
Annual difference specifications (N = 764)

Mean log wage 0.108 0.295 0.070 0.235

(0.082) (0.183) (0.071) (0.195)
Eight-year difference specifications (N = 492)

Mean log wage 0.764* 0.877* 0.488** 0.840*
(0.048) (0.059) (0.063) (0.124)

Note: ** denotes that the effect is significantly different from zero at the 1 per cent level, ** at the 5 per cent
level and * at the 10 per cent level. Standard errors are shown in parentheses. Household controls are the
mean of log family size, the number of children under 3 years of age, the number of other children and the
number of adults.

Next, Table 1 shows the results from difference specifications with an
interval of one year. In contrast to the levels results, estimated coefficients
across all four specifications are not significantly different from zero (although
IV estimates are again larger). However, when the differencing interval is
extended to eight years, estimated coefficients reflect those from the levels
specifications — across all four estimates, they are statistically significantly
different from zero, and the hypothesis of full insurance against relative wage
movements is rejected.

Results from difference specifications with intervals of two and five years
are shown in Table A3 in the online appendix. Both show estimated coefficients
on the mean log wage that are significantly different from zero, with those from
the five-year specification generally larger and significant at a higher level (the
estimated coefficients from the difference specifications with an interval of
eight years shown in Table 1 are larger still).

Taken together, these results seem to strongly reject the consumption
insurance hypothesis. In fact, the results from both the eight-year difference
specifications and the levels specifications are (excluding the eight-year
OLS specification with demographic controls) closer to 1 than 0, suggesting
substantial pass-through of relative wage movements into relative consumption
growth. It is worth also noting, however, that the annual difference estimates
suggest that the extreme alternative hypothesis of no consumption smoothing
should also be disregarded.
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2. Perfect insurance and non-separability with female labour supply

Tables 2 and 3 present a similar series of regressions, but add measures of
female leisure and female wages respectively to the benchmark specifications.
We instrument for these in a manner analogous to that described in the previous
subsection. The coefficients on female leisure are imprecisely estimated in
most specifications, but the OLS coefficients in both the levels and annual
difference specifications are significantly negative whether or not household
controls are included. These coefficients imply that increases in female
leisure are associated with decreases in household consumption expenditures,
suggesting preference non-separability in the form of a substitution relationship
between leisure and consumption goods. Nevertheless, controlling for female
leisure does not meaningfully impact on the size or statistical significance
of coefficients on male wages in any of our specifications. Similarly,
adding female wage measures as a control does not substantially change
the size or significance of coefficients on male wages in any of our
specifications.

TABLE 2

Synthetic panel regressions with female leisure

No controls No controls Controls Controls
OLS w OLS w
Levels specifications (N = 920)

Mean log wage 0.819** 0.919* 0.508"* 0.743"
(0.036) (0.036) (0.047) (0.101)

Female log leisure —0.699** -0.370 —0.491* 0.292
(0.275) (0.448) (0.236) (0.458)

Annual difference specifications (N = 764)

Mean log wage 0.118 0.288 0.079 0.240
(0.082) (0.185) (0.071) (0.196)

Female log leisure —0.732** 0.522 —0.753** -0.253
(0.361) (1.250) (0.318) (1.091)

Eight-year difference specifications (N = 492)

Mean log wage 0.777** 0.858** 0.762** 0.838**
(0.048) (0.061) (0.047) (0.209)

Female log leisure -0.397 0.537 —0.349 0.209
(0.355) (0.542) (0.347) (0.505)

Note: *** denotes that the effect is significantly different from zero at the 1 per cent level, ** at the 5 per cent
level and * at the 10 per cent level. Standard errors are shown in parentheses. Household controls are the
mean of log family size, the number of children under 3 years of age, the number of other children and the
number of adults.
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TABLE 3

Synthetic panel regressions with female wages

No controls No controls
OLS 4
Levels specifications (N = 920)
Mean log wage 0.707* 0.877
(0.053) (0.068)
Female log wage 0.153% 0.053
(0.052) (0.069)
Annual difference specifications (N = 764)
Mean log wage 0.104 0.121
(0.085) (0.229)
Female log wage 0.013 0.294
(0.067) (0.211)
Eight-year difference specifications (N = 492)
Mean log wage 0.676** 0.819**
(0.066) (0.098)
Female log wage 0.130** 0.074
(0.062) (0.091)

Note: ** denotes that the effect is significantly different from zero at the 1 per cent level, ** at the 5 per cent
level and * at the 10 per cent level. Standard errors are shown in parentheses. Household controls are the
mean of log family size, the number of children under 3 years of age, the number of other children and the
number of adults.

VI. Car stocks and expenditure: testing consumption insurance
with non-separability between durables and non-durables

As discussed in Section 1V, if preferences are non-separable between non-
durable and durable consumption, the estimation above relies on a measure
of the marginal utility of consumption that is mismeasured (the log of non-
durable consumption). In this section, therefore, we augment our benchmark
specifications with both the stock of cars and, separately, the expenditure on
cars among each cohort—education group.

As shown in Table 4, adding in these measures changes the size of OLS
estimates on male wages from the levels specifications only slightly, and
they are still significantly different from zero, whether including household
controls or not. Similarly, estimates from eight-year differencing intervals are
broadly similar to those from the benchmark specifications, and all are still
significantly different from zero. Annual difference specifications show no
statistically significant estimates on male wages, again just as in the benchmark
specifications. Similar observations can be made when comparing instrumental
variable results, which are shown for specifications with car measures in
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TABLE 4

Synthetic panel regressions with cars

No controls No controls Controls Controls
OLS OLS OLS OLS

Levels specifications
(N = 688 [stocks]; 920 [expenditure])

Mean log wage 0.667* 0.803*** 0.348*** 0.506***
(0.039) (0.036) (0.049) (0.047)
Stock of cars® 0.014** 0.013**
(0.001) (0.001)
Car expenditure® 0.017* 0.013*
(0.003) (0.002)

Annual difference specifications
(N = 604 [stocks]; 764 [expenditure])

Mean log wage 0.057 0.099 0.000 0.066
(0.090) (0.081) (0.075) (0.070)
Stock of cars® 0.013* 0.012%*
(0.001) (0.001)
Car expenditure® 0.013* 0.011*
(0.002) (0.002)

Eight-year difference specifications
(N = 348 [stocks]; 492 [expenditure])

Mean log wage 0.689*** 0.752%** 0.411% 0.500***
(0.055) (0.047) (0.065) (0.062)
Stock of cars® 0.014** 0.014**
(0.002) (0.001)
Car expenditure® 0.020™* 0.017*
(0.003) (0.003)

In $ thousand.

Note: *** denotes that the effect is significantly different from zero at the 1 per cent level, ** at the 5 per
cent level and * at the 10 per cent level. Standard errors are shown in parentheses. Household controls are
the mean of log family size, the number of children under 3 years of age, the number of other children and
the number of adults. Regressions including data on car stocks only cover years 1984 to 2010 due to data
availability.

Table A4 in the online appendix. Thus, even when accounting for non-
separability of preferences between durable and non-durable consumption,
we find large and statistically significant departures from the consumption
insurance hypothesis in both levels and eight-year differencing intervals, but
not over annual differencing intervals. Our results also indicate that across
the levels specifications and both differenced specifications, higher/increasing
stocks of and expenditures on cars are associated with increases in household
consumption non-durable expenditures, although the association is barely
statistically significant.
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VII. Conclusions

In this paper, we have observed, as has been established elsewhere, that
inequality in family income rose substantially between 1980 and 2015, with
the large part of this increase occurring in the early 1980s, the first half of
the 1990s and since 2008. Relatedly, we have also noted that there have been
pronounced changes in the structure of relative wages over the same period. We
have shown, as Attanasio and Davis (1996) did for the 1980s, that relative wage
movements among cohort—education groups of men drove large changes in the
distribution of household consumption between 1980 and 2015. In particular,
among households where the male head had less than 12 years of education,
real household consumption fell through the 1980s and 1990s, particularly
sharply in the early 1980s. This mirrors declines in real wages for most cohorts
of these men across the same period. By contrast, real wages rose substantially
across the period for college-educated men — reflected in their strong growth
in real household consumption across the same period.

We have shown that Attanasio and Davis’s rejection of the hypothesis of
between-group insurance for non-durables across the 1980s holds when the
estimation period is extended to cover 1980-2015. The estimated coefficients
on male wages in the specifications derived are statistically significantly
different from zero in both the levels specifications and in specifications of
eight-year differences, indicating that relative wage changes do translate into
relative consumption changes. Similarly to Attanasio and Davis, we find the
coefficients are not significant in the annual difference specifications. These
results hold across alternative specifications that include, variously, household
demographics, female wages and female leisure as controls.

Furthermore, we extend this econometric analysis in order to overcome
the potential issue of non-separability between durable and non-durable
consumption. We do so by augmenting our benchmark specifications with
car stocks and expenditures separately. Even after doing so, the consumption
insurance hypothesis continues to be comprehensively rejected by our between-
group analysis.

Supporting information

Additional supporting information may be found online in the Supporting
Information section at the end of the article.
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