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1. Introduction

Income inequality and household debt-to-income ratio have been rising since before the
2008 financial crisis. The income share of the top 10% of the U.S. income distribution rose from
33.49% to 49.74% from 1978 to 2007 (Piketty and Saez 2003, Figure 1). Notably, there was a six
percentage-point jump during the five-year economic expansion before the 2008 financial crisis.
At the same time, the household debt-to-income ratio was also increasing. The ratio increased
from 80% to over 170% from 1978 to 2007 (Mian and Sufi 2010, Figure 1), and there was also a
jump by nearly 50 percentage points between 2001 and 2007. There is a consensus in the
literature that a larger credit-to-GDP ratio, especially a larger household debt-to-income ratio,
can lead to a larger probability of a financial crisis®>. Whether rising income inequality was the
cause for the increasing household leverage is still under debate?.

According to the expenditure cascade hypothesis (Frank, Levine, and Dijk 2014),
households have the preference for comparing themselves with the people right above them in
the income distribution (“comparing upwards”). This preference can cause over-consumption
and financial distress of the non-rich as the income concentration at the top of the income

distribution rises*. There is empirical evidence for this hypothesis when the distribution sample

! Interestingly, the level of this share in 2007 was about the same as the level was in 1928, right before the Great
Depression.

2 Schularick and Taylor (2012), Bordo and Meissner (2012), and Perugini, Hélscher, and Collie (2015) show that debt-
to-GDP ratio is the best predictor of a financial crisis. Jorda, Schularick, and Taylor (2016), Bliylikkarabacak and Valev
(2010), Mian and Sufi (2010) and Mian, Sufi, and Verner (2017) show that household credit is more important than
business credit or public debt to predict a financial crisis.

3 For international data, see Bordo and Meissner (2012), Perugini, Holscher, and Collie (2015), and Stockhammer and
Wildauer (2018); for U.S. household data, see Wildauer (2016), Thompson (2018), Coibion et al. (2016), and
Georgarakos, Haliassos, and Pasini (2014).

4 See Alvarez-Cuadrado and Japaridze (2017), Belabed, Theobald, and van Treeck (2018), and Cardaci (2018) for



is restricted to a small geographic area in which there is enough social interaction between the
households®. The hypothesis may not be able to apply if the geographic area of the distribution
sample is big enough so that the rich and the non-rich are socially isolated from each other.
Besides, any two groups of households may not be able to affect each other if the geographic
distance and the social distance between them are too large.

This paper investigates whether the average income per household of an expenditure
group in a geographic area as big as a census division can affect an individual household’s
expenditure. Using data from the Consumer Expenditure Survey (CEX) from 1996 to 2017, | find
no evidence that the growth in the average income of the top group in the expenditure
distribution of a census division can affect the expenditure growth of a household in another
group from the same division over the same period. Moreover, | find no evidence that the
household expenditure growth in any group can be affected by any other group’s income growth,
with the exception that there is evidence that households in the middle 20% can be affected by
the households in the bottom 20% to 40%.

My methods are different from the common strategies in the literature of consumption
emulation in three ways so that my results are more suitable to explore the role of the preference
for comparing upwards in the interplay between income inequality and household leverage in
the macroeconomy.

First, | define the distribution at a bigger geographic level. The distribution is defined

at the census division level so that | can test the effects of the macro Joneses. The preference

theoretical models.
5 See Quintana-Domeque and Wohlfart (2016), Maurer and Meier (2008), Bellet (2017) for household consumption,
and Coibion et al., (forthcoming.) for household debts.



for emulating other’s consumption is also called the preference for “keeping up with the
Joneses.” The current literature on this preference does not distinguish between the macro
Joneses from the micro Joneses. In some literature, the Joneses are micro. The micro Joneses
are those whom a household personally knows and compares itself with. For example, De
Giorgi, Frederiksen, and Pistaferri (2016) show that people compare themselves with their co-
workers. Kuhn et al. (2011) show that people compare their car consumption with their
neighbors’. In some literature, the Joneses are more likely to be macro. For example, the
Joneses are the households at the top 20% of the state income distribution in Bertrand and
Morse (2016) and the ten consumption classes of Germany in Drechsel-Grau and Schmid
(2014). In other papers, we cannot tell if the Joneses are micro or macro because they are
defined as a representative agent in a small region regardless of their social distance or the
people who share certain characteristics with the household in question, regardless of their
geographical distances. In this paper, the Joneses are macro. There are only nine census
divisions in the U.S. Macro Joneses are the imaginary representative agents that are
categorized by the expenditure quantiles in the whole local economy as big as a census division
and that a household perceives and compares itself with. The representative agents could be
the bottom, lower-middle, middle, upper-middle, and top. Those representative agents
constitute the expenditure reference system for all individual households in the local
economy. A representative agent is a household’s macro Joneses if the household compares
itself with the representative agent. An individual household cannot influence its macro
Joneses. It is the macro Joneses who fit in the story that rising income inequality in a country

could induce increasing household debt-to-income ratio.



Second, | construct the ranking variable, the dependent variable, and independent
variables in different ways. | include debt payments into a household’s total expenditure. |
divide households into five groups according to their ranks in the total expenditure. A greater
group index indicates a higher expenditure rank. For example, group 1 represents the bottom
expenditure group, and group 5 represents the top expenditure group. | run separate
regressions for each group of households so that | can know which expenditure group has the
preference for comparing. | look at whether the expenditure of an individual household from
one expenditure group can be affected by the aggregate income of another expenditure
group. The independent variables of interest are from all the other four groups. Therefore, |
can know which group can be a household’s macro Joneses.

Third, | disable the ranking mechanics by utilizing the survey design of the CEX. For each
household, the CEX records its quarterly expenditure over four consecutive quarters. The CEX
also records households’ annual income at the first interview and updates this information at
the last meeting. | fix a household’s position in the expenditure distribution by using the
information from the first interview and look at the changes between the first and the fourth
interviews. Therefore, my estimation will not be biased by the serial or the cross-sectional
correlation between quantiles that is caused by ranking mechanics.

My results based on the new methods show no evidence for the expenditure cascade
hypothesis in the macroeconomy. In the ordinary least square (OLS) estimations, | show that
only the people in the middle 20% of an expenditure distribution have a macro Joneses.
Surprisingly, the macro Joneses for the middle 20% is the second group. The instrumental

variable (IV) estimations confirm the results of the OLS estimations. Once the growth in the



reference expenditure is instrumented by the growth in reference income, it is still true that
only the households in the third group have a macro Joneses and their macro Joneses are the
second group. The results of the OLS and the IV baselines show that people in the middle want
to keep ahead of those who spent slightly less than themselves. There is no evidence that
households in groups other than the middle group compare themselves with another group in
the same census division, or the top expenditure can trickle down. As a robustness check, |
control for division-level housing price growth in the regression. The results do not change
from the IV baseline, which means that housing prices cannot be related to households’
expenditure growth and their references’ income growth at the same time. Also, | compare
the results of the period before the Great Recession with the results of the period after the
Great Recession. The results in these two sub-periods are not significantly different from the
baselines. Furthermore, | cluster the standard errors at the division level in the OLS baselines
in another robustness check. The results remain the same, which means that there is no
correlation between the independent variables or between the residuals within a division.
More importantly, robustness to clustering means that there is no social interaction between
the households in my sample and that the Joneses here are truly macro.

My results are different from Bertrand and Morse (2016). Those authors find that there
is evidence that the average of the 80" income percentile per yearinyeart,t —1,and t — 2
in a given state will increase the consumption of the households whose current annual income
is below the 80™ income percentile in the year-state cell. There are three potential
explanations for the different results: 1) | use first differences but those authors use levels; 2)

| fix household ranks but those authors allow household movement in the distribution; 3)



census divisions may be big enough so that the rich and the non-rich are separated, but states
may not be big enough.

My results contribute to the debate on whether income inequality caused the larger
household leverage and thus, the 2008 financial crisis. My results show that it is questionable
that income concentration at the top of the national income distribution can generate other
people’s motivations to consume and borrow because people look upwards. Economists may
need to seek other links between the two variables (income inequality and household
leverage) or other explanations for the rising household leverage instead of income inequality.
My results also contribute to the literature on the preference for “keeping up with the

4

Joneses.” My results show that only the people in the third group of a division-level
expenditure distribution are keeping up with the macro Joneses - the households in group 2.
My empirical results also have implications for future theoretical works. Current theoretical
works either have two or ten economic classes®. My results suggest that three classes might
be enough, with the middle comparing themselves with the representative agent of the
middle, and the rich and the poor not comparing themselves to the representative agent of
any other group. My results are also in line with the findings that national consumption
inequality mirrors national income inequality in the U.S. (Aguiar and Bils 2015) and the findings
that rising income inequality in a small region makes people less happy (Luttmer 2005; Daly,

Wilson, and Johnson 2013; Guven and Sgrensen 2012). Progressive income tax or consumption

tax at the geographic level that is equal to census divisions may not be relevant to the negative

6 Alvarez-Cuadrado and Japaridze (2017), Belabed, Theobald, and Treeck (2018), and Cardaci (2018) build models
using the upward-looking preference to link income inequality and household leverage. In Alvarez-Cuadrado and
Japaridze (2017), there are two classes: the rich and the poor. In the other two papers, there are ten income classes.



externality of high-end consumption because the problem may only exist at lower geographic
levels.

In the rest of this paper, section 2 reviews the most relevant literature, section 3
describes the data, section 4 explains the empirical method, section 5 presents the estimation
results, section 6 performs robustness checks, section 7 discusses the contribution to other

strands of literature, and section 8 summarizes the paper.

2. Literature Review

There are three milestones in the development of the expenditure cascade hypothesis. The story
of consumption emulation dates back to Veblen’s original work in 1899 (reprinted in 2009).
Duesenberry (1949) proposes the relative income hypothesis that a household’s saving rate is a
function of its position in the income distribution. Frank, Levine, and Dijk (2014) come up with
the expenditure cascade hypothesis that people compare their expenditure with those slightly
higher than them in the income distribution.

The current theory in favor of the notion that upward-looking comparison helps income
inequality increase household leverage is as follows: The rising income at the top increases the
consumption at the top. Because of the preference for “keeping up with the Joneses,” especially
the preference for upward-looking comparison, people below the top become less happy about
their situation. Therefore, some people choose to make up this loss of utility by consuming more,
which leads to two results. On the one hand, consumption inequality will not rise as much as
income inequality; on the other hand, as the income share of the non-rich declines, the

household debt-to-income ratio increases. Holding everything else constant, that leads to a



higher debt-to-GDP ratio of the entire economy. Eventually, it leads to a higher probability of a
financial crisis. This theory is related to five strands of literature. The first one is the research on
household indebtedness and the financial crises. The second one is the studies on income
inequality and household indebtedness. The third one is the studies on consumption inequality.
The fourth one is the empirical research on the preference for “keeping up with the Joneses”
using consumption data, which is the most related strand to this paper. The fifth one is about
relative income and human well-being. | will review the third strand here and discuss the
implications of my findings on the other literature in section 7.

I will begin with a less visible consumption: food. Then, | will proceed to more visible
consumption, such as cars and houses. Next, | will turn to the papers that look at total household
consumption and that are unambiguously about the micro Joneses or are unambiguously about
the macro Joneses. First, | will summarize the only paper that discusses the total consumption
and the micro Joneses (De Giorgi, Frederiksen, and Pistaferri 2016). Finally, | will discuss the
literature on total consumption and macro Joneses.

Visible consumption is subjected to the stronger preference for “keeping up with the
Joneses.” In terms of food, evidence shows that people will take others’ food consumption away
from home, instead of food at home, as a reference. Quintana-Domeque and Wohlfart (2016)
use data from the British Household Panel Survey over 1998-2008. They find that the growth of
the total food consumption of a household in the bottom 80% of the earnings distribution in a
county-year cell is not significantly correlated with the growth of the average food consumption
of the top 20% households. Their findings are still valid even if the top consumption is

instrumented by income. However, they find that food consumption away from home is



significantly positively correlated with that of the top 20%, especially in the counties with lower
inequality. Maurer and Meier (2008) also look at food consumption, but they find the reference
effect. They use data from the Panel Study of Income Dynamics over 1974-1987. They use the
Generalized Method of Moments and find that the consumption reference is significant at 1%
level. The reference group they choose are the group of people who share the same social
characteristics as the household in question. Those characteristics include age cohort, race,
gender, the presence of children, educational attainment, occupational status and size of the
nearest city as a measure for urbanity. Those social characteristics are also the instrumental
variables for the reference variable, which is the average food consumption in that group.

Food consumption has lower visibility, and some research shows that the reference effect
is more pronounced on more visible consumption. For example, Charles, Hurst, and Roussanov
(2009), using the data from CEX over 1986-2002, show that a Black or Hispanic individual will
increase the consumption of visible goods if the average consumption of all races in the state
rises. One of the most visible consumptions is the car, so it is subjected to more reference
pressure. Kuhn et al. (2011) use the data from Dutch Postcode Lottery over 2003-2006 and find
that a household is more likely to buy a new car if the neighbor wins a BMW or if its neighbor
wins a monetary prize that is mostly spent on cars. Another example of visible consumption is
housing. Bellet (2017) uses the data from the American Housing Survey Metropolitan Sample
(AHS-M) over the period of 1984 to 2009. The author finds that the larger the 90™" house-size
percentile of the houses newly built after a household moves into a suburb, the lower the
household's satisfaction of their own house is. The house-size reference will also lower the

household’s self-assessed house value and let the house owner upscale the house and take out
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more mortgages. This effect is larger for the households that are located nearer the big houses
and for the households whose house sizes are closer to the big houses.

Those findings above cannot say very much about the household debt-to-income ratio in
the economy. First, those finds are about a specific type of consumption. To better contribute to
the literature of financial distress, | need to look at total expenditure. Moreover, most of the
papers above are ambiguous about the two types of the Joneses. Some papers define the Joneses
as people who are similar to the household in question regardless of their geographical distance,
such as those who share the same characteristics as the household in question in Maurer and
Meier (2008) and Wildauer (2016). Some studies define the Joneses by using a distribution in a
small region regardless of their social distance, such as a county in Quintana-Domeque and
Wohlfart (2016) and a suburb in Bellet (2017). Either way, they are ambiguous which type of
Joneses they are talking about: the micro Joneses that are in a household’s social circle and that
a household is able to influence, or the macro Joneses that a household perceives in the entire
economy and that is too big for a household to influence.

De Giorgi, Frederiksen, and Pistaferri (2016) look at the effects of an unambiguous micro
Joneses on total household consumption. In their model, individuals are separated by
workplaces. Co-workers within the same workplace compare themselves with each other and do
not compare themselves with any person from other workplaces, or their families, friends, or
neighbors. The authors want to show that a household's consumption is affected by the average
consumption of all the family members' co-workers. However, the two variables suffer the
endogeneity problem. To deal with that, they point out the fact that an individual is indirectly

connected to a second workplace through their co-workers' employed spouses who work in

1"



those firms. Therefore, an individual's consumption will be indirectly affected by their co-
workers' spouses' co-workers' consumption, which is affected by the second workplaces'
characteristics. Now they can solve the endogeneity by using the co-workers' spouses' firms’
average characteristics as instruments for their own co-workers' average consumption. The
authors use official tax records for the Danish population throughout 1980 - 1996 for income and
assets and then calculate consumption. The authors use the Integrated Database for Labor
Market Research (IDA) to identify co-workers. The authors find that the growth of household
consumption is significantly correlated with the growth of the couple's co-workers’ average
consumption. Besides, this effect is stronger for low educated and male-dominated professions.
Instead of a micro Joneses, | define the Joneses as an expenditure group in a census division. It
can better fit in the story that rising income inequality in the country might cause higher
household leverage.

The literature about the total consumption and macro Joneses provides evidence for the
expenditure cascade theory. The most recent and influential research on this topic is Bertrand
and Morse (2016). They use the data from the Consumer Expenditure Survey over 1980-2008.
The authors show that the consumption of households in the bottom 80 percent of the income
distribution in a state-year cell is significantly positively correlated with the average income of
the 80th income percentile in the last three years. Also, they find that the bottom 80% does not
respond to the income of the 50th percentile or 20th percentile when top income is also
controlled for. They believe that this correlation is caused by the reference effects of the rich’s
consumption because the results do not change when they use the income threshold to

instrument consumption of top households.
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The approach in Bertrand and Morse (2016) may have one limitation and introduce a new
econometric problem to solve. First, the authors pool all the households below the 80" percentile
into one regression. By doing so, the authors cannot tell whether, say, the middle 20% has the
preference for comparing. Even if the middle 20% does, they may not share the top 20% as a
common reference as the people between the 60™ and 80t percentiles. Instead, | will divide
households into five groups and run separate regressions for each group. Second, their
independent variable of interest is the level of the 80" income percentile in a state-year cell. The
80" percentile may have a mechanically serial and mechanically cross-sectional correlation with
household income in the regression sample, which is defined as the household below the 80t
income percentile. These mechanics may cause a spurious correlation between the 80" income
percentile and household consumption since household consumption has a causal relationship
with household income. The authors’ solution is to use household income as another
independent variable to control for these effects. As another solution to this problem, | will fix a
household’s position and positions of their potential references at the beginning of a period and
then look at the correlation between the change in the household’s expenditure and the change
in its references’ income over the period.

The top income or consumption in Bertrand and Morse (2016) is an absolute reference
where the reference group’s position in the distribution does not change as the position of the
upwards-looking household changes. On the contrary, Drechsel-Grau and Schmid (2014) consider
relative references where the reference’s position changes as the positions of the household in
question changes. The authors use the data from the German Socio-Economic Panel (SOEP) for

2002-2011. The whole Germany population is divided into ten consumption classes. They put all
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the households into one regression. A household's consumption reference is the average
consumption of all the classes above its own class. Drechsel-Grau and Schmid (2014) find a
significantly positive correlation between a household's own consumption growth and the
growth of its reference group. The result still holds if the distribution sample is defined by age,
education, or region. In the robustness check, Drechsel-Grau and Schmid (2014) replace the
reference consumption with consumption of the next-higher consumption class in one
specification and consumption of all the higher classes except for the next-higher in another
specification. The authors conclude that both the adjacent class and the top class matter for a
household’s consumption. This relative reference approach makes the effects of re-ranking clear:
when a household moves upwards to a higher class and the consumption of its reference, which
is the consumption of all the classes higher than the household’s class, also raises. Drechsel-Grau
and Schmid (2014) control for this movement by interacting the change in reference
consumption with a binary variable indicating whether the class of the household in question
changes. Even though Drechsel-Grau and Schmid (2014) can solve the problems caused by re-
ranking, there is a fundamental limitation on the approach of relative reference: it cannot tell us
which class is comparing and which class they are comparing themselves with. Instead, | will do
regressions for each class separately. | will use absolute reference and put all the references into

one regression simultaneously. By doing so, | can answer that question.

In summary, | will address the following issues in the literature: 1) who is comparing, 2)

who is compared with (or who is the reference), and 3) the effects of ranking mechanics on

estimation.

14



3. Data and Summary Statistics
| use the data from the Consumer Expenditure Survey (CEX) of the Bureau of Labor Statistics (BLS)
from 1996 to 2017. The dataset is a rotating panel and has four panels at any given time. Each
panel of consumer units was interviewed for four consecutive quarters. Every quarter, one of the
four panels will finish their interviews, and a new panel will be rotated in. | use the data from the
first and fourth interviews. Each year, the CEX collects data from around 100 Primary Sampling
Units (PSUs). According to the U.S. Department of Labor (2008, page 292 and 293), a PSU consists
of “counties (or parts thereof) or group of counties,” and “to the extent possible, an unclustered
sample of units is selected within each PSU.” Each panel has around 1,500 consumer units.

| drop the households that have nonpositive income. | use the variable FINCBTAX’ as
household income. FINCBTAX is nominal income before tax in the past 12 months. The CEX only
records FINCBTAX in the first and the last interviews. Therefore, | only use the information from
those two interviews. | deflate all the monetary variables to the 2017 level using the quarterly
division-level Consumer Price Index from the BLS.

| drop the households that do not have location information. The smallest geographically
identifiable location information in the CEX available to the public is the state in which the
household is located. The location variable that | use is census divisions, partly because “[T]he CE
sample was not designed to produce precise estimates for individual states” (U.S. Department of

Labor 2008, page 294).

7 FINCBTAX itself is not topcoded in the CEX, but some of its compoments are. In the baseline, | keep observations
whose FINCBTAX is topcoded. In the appendix, | drop those observations and show that the results do not change.
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| also drop the households whose expenditure is equal to or less than 0. | use the variable
ETOTAL, which is the total outlay in the current quarter, as the measure of expenditure. | multiply
the quarterly expenditure by four to compare its mean with the annual income. The expenditure
not only includes the outlays on goods and services that are not financed, but also the financial
payments if the outlays are financed, including down payments, reduction in principle, interest
payments, and fees. The expenditure does not include residential investment?, i.e., the
purchasing price or the down payment for housing, or the financial payments for student loans.
| use financial expenditure instead of the flow of services for durable goods because it can help
us understand household indebtedness better. At the onset of the sub-prime crisis, some people
chose to stay at home even though they had defaulted on their mortgages. In this case, their
financial expenditure has decreased, but the flow of services remains the same.

Following Bertrand and Morse (2016), | also drop the households whose share of a type
of expenditure, except for food and shelter, exceeds half of the total expenditure in a quarter?;
the households whose expenditure on shelter exceeds the total expenditure; the households that
have 0 food expenditure; and the households that did not participate in the first or the last
interview. As shown in the appendix, by only keeping the household that finished both
interviews, | can avoid resampling errors.

To avoid the influence of outliers, | drop the top 1% and the bottom 1% in the distribution
of expenditure growth of the whole sample. Then, | drop the top 1% and the bottom 1% in the

distribution of income growth of the whole sample.

8 In the appendix, | add residential investment to total expenditure, and show that income is no longer a good
instrument for this new measure of total expenditure.
9 In the appendix, | relax the threshold for the share of transportation expenditure to 80%. The results are similar.
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Out of 107,433 observations who finished both interviews in the sample period, 32% are
dropped. | end up with 73,045 observations. On average, there are 95.86 observations left in
each division-quarter cell. Each baseline regression has around 14,500 observations. Table 1
presents the summary statistics of the whole sample. More summary statistics can be found in

the appendix.

4. Methods
4.1 Timeline
This section explains my methods to test the hypothesis that the income growth of an
expenditure group in a census division can affect the growth in the current expenditure of a
household, which is located in the same census division. | will describe the timeline that my
estimation strategies imply, how | rank households, the regression samples, and regressors.
Here is the timeline that my empirical strategies imply: at the end of a quarter, the
economic agent gets the information about her expenditure in the last three months. She also
gets that information for some random people that she picks in the entire census division'?. Using
this information, she forms a perception of the five levels of expenditure in her own census
division. Those five expenditures are the expenditures of the five imaginary representative
agents that the agent perceives and that have the potential to be the agent’s macro Joneses. The
five expenditure levels constitute the agent’s expenditure reference system. With that
information, the agent identifies her position and pins down her true macro Joneses. As time

goes by, she keeps watching the growth in the average expenditure of her macro Joneses that

10 This information must be the same as the CEX.
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she thinks is caused by the increase in the Joneses’ income and adjusts the growth of her
expenditure accordingly. Fixing positions at the first interview means that the agent does not
update the information about her reference system over the three quarters. In other words, her
believes about who the peers are, who the rich are, and who the poor are, are sticky, and she
updates these beliefs at least every three quarters. The choice of three quarters is due to the
limitation of data. Three quarters are the only time interval that is available from the CEX. The
reasons that | do not use the information from the fourth interview are as follows: if | were to
use the expenditure reported at the last interview to rank households, it means that agents know
where they will be in the distribution three quarters ahead. If | were to use the average
expenditure per quarter of the two interviews to rank households, it means that an agent can
mix their current information and their expectation about her future position. Besides, it means

that their expectation is correct.

4.2 Household Ranks

Consider a set of households i € {1,2, ..., I} in a division-quarter cell dt!!. | divide them into five
groups using the linearly interpolated expenditure quintiles. First, | rank, in ascending order, all
the households in the sample according to their expenditure at the first interview c;. | choose
expenditure instead of the income as the ranking variable because expenditure is more visible
than income. Households can use information about expenditure to form a perception of their

social status. | use the information from the first interview in order to hold household ranks

1 n this section, | suppress the subscripts d and t.
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constant and disable re-ranking mechanics, which avoids the instantaneous effects of re-ranking
and systematic resampling errors on estimation!?. Second, in each division-quarter cell, | use the
households’ weights from their first interviews w; to calculate the cumulative weight up to each
household and the total weight of the distribution sample. The cumulative weight; includes
the weight of household i. Then, a percentile rank p of a household in a distribution sample is
defined by

cumulative weight;
p; = , %X 100
total weight

Therefore, the 0™ percentile does not exist in the sample, and the 100" percentile is the
sample max. 0 < p; < 100 forany i.

An expenditure percentile c? is determined by its nearest two neighbors c; and c;,; such
that p; < p < p;4, and there does not exist a household j in the sample such that p; <p; <

porp <pj<Pit1

p—Di
: (ciy1 —Ci)
Pi+1 — Di

c? =¢ +

| use the 20, 40, 60, 80t™ and 100" percentiles to define groups. Groups are denoted

by q € {1,2,3,4,5}. Some households cross a boundary. A household i crosses the boundary p if
pi—1 < p < p;. Aboundary-crossing household is split into two sub-observations: a lower-ranked
sub-observation i;,,, and a higher-ranked sub-observation iy; 4 suchthatp; = pand Pinign =
p;. All the variables of these two sub-observations are a replication of the original household but

w; and w;, =222 o This procedure generates new
' thigh  pi-p;_y

their weights. w;,_ = %
i—Pi-1

12 In the appendix, | show these instantaneous effects.
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observations. A group of observations consists of those whose expenditure percentiles at the
first interview are less than or equal to the groups’ upper bound p;; = 20 - g and strictly greater
than the lower bound pgr =par—20 . Groupq=:{i |c2 < ¢; < cP wherep =20 -
qandp =p — 20}.

| do the linear interpolation and splitting to ensure that re-ranking mechanics will apply
smoothly, free from the effects of the discontinuity of data points. | want to show that re-ranking
cannot cause a problem once it is disabled, no matter how re-rankable the distribution sample
is.

As | mentioned above, to rank observations in a sample into correct groups, | need to
consider their weights in the true population. Therefore, | need to know how many households
that an observation represents in that census division. However, the weight of a household that
CEX publishes represents the number of the same “type” of households that is repeated in the
country so that the sample estimates are the same as the national population controls derived
from the Current Population Survey. Not only can | not get the weights for census divisions, but
also expenditure and income are not used to define household types. However, those “types”
are closely related to household expenditure. The types include fourteen age/race categories,
four regions, four region/urban categories, and house tenure (U.S. Department of Labor 2008).
Therefore, the preferred data set is the one with CEX weights. In the appendix, | redo the baseline

estimation without the CEX weights.

4.3 Regressions

In a regression, observations are indexed by observation IDs i, divisions d, and years t and

20



qguarters s when they entered the survey. All the observations that share the same group index

q are pooled into one regression no matter which division-quarter cell they come from.

p
dts

Group q =:{ilc;,. <¢; < cgts foralld,t,s wherep =20-qandp =p — 20}.
The five groups result in five regressions in total. A household has five references,

which are the five groups from the same division-quarter cell as the household in question. |

user € {1,2,3,4,5} to index reference groups. | include all the reference groups but the one

that is the same as the dependent group in each regression. The regression of a group q is

Aln(cl,) = z Br A (75 ) + BupAHHControlsys + fyHHCONtrols,qrs + BypAuges

r#q
+ Buttaes + Ve + 15 + 8 + Par + €y

A denotes the change in a variable from the first to the fourth interview. A variable
without A is its level at the first interview. Aln(cfdts) is the change in the natural logarithm of
the household’s expenditure between the two interviews.

Vats is the reference income of a group r in the division-quarter cell dts. 7}, is the
average income of observations in the cell, ¥3;¢, in most cases but not in the case in which
observation i appears in group r. On average, each group in a division-quarter cell only has 19
observations. The average income y};. that includes observation i has a strong correlation
with the observation’s income y;4:s and thus expenditure c¢;4;s. An observation i can appear
in a reference group intwo cases: 1) r = q — 1 and thereis a i;,,, € Group r, thatis when the
reference group is the next-lower group for the dependent group, and the observation at the

upper bound of group 7 is a lower-ranked sub-observation from an original household!3 that

13 Let us use i to denote households instead of observations for now.
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crosses the boundary of groups r and q. In this case, there must be a higher-ranked sub-

observation ip;4p in the dependent group such thatx; = Xinign for all the variables x but

weight. 2) r = q + 1 and there is a iy;45, € Group 1, that is when the reference group is the
next-higher group for the dependent group, and the observation at the lower bound of group
r is a higher-ranked sub-observation from an original household that crosses the boundary of
groups r and q. In this case, there must be a lower-ranked sub-observation i;,,, in the

dependent group such that x;, for all the variables x but weight.

= Xinign

Let us use y;4:s to denote the observation’s income. 7}, for observation i is defined
in the following way. J5;c = V5, if one of the three conditions are true: 1) |[r — q| > 1,2)r =
q — 1 and there is not an iy, € Group r for observation i, 3) r = g + 1 and there is not an
lnign € Group 1 for observation i. In the following three cases, J3,s # Yg.s for observation i.
1) ¥aes = ¥Li,, aes for observation i if ¥ =g —1 and there is an iy, € Groupr for
observation i. That is, the income of the lower-ranked sub-observation y;,_is excluded from

the group average when ¥y, is calculated for the higher-ranked sub-observation ip;gp in

dependent group q. 2) ¥}, = }_]Eihighdts for observation i if r = q + 1 and there is an ip;4, €
Group r for observation i. That is, the income of the higher-ranked sub-observation Yinign is

excluded from the group average when ¥} is calculated for the lower-ranked sub-
observation i;,,, in dependent group q.

Household controls HHControls;;;s include the age and the age squared of the
reference person of the household, indicator variables for the sex and the education level of
the reference person of the household, indicator variables for the number of children and the

number of adults in the household, and the logarithm of household income. The changes in
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household controls AHHControls; 4 include the changes in the age and age squared of the
reference person of the household, indicator variables for the changes in the sex and the
education level of the reference person of the household, indicator variables for the changes
in the number of children and the number of adults in the household, and the change in the
logarithm of household income. The division-level quarterly unemployment rates u;;s; and
their changes Aug;s are controlled for. y;, ng, 64, and Y, capture the effects of year
dummies, quarter dummies, division dummies, and dummies of the interaction between
division and year, respectively. The omitted case is division 1 in the first quarter of 1996. All
the regressions are weighted by the CEX weights. Standard errors are not clustered at any
level.

| use the first difference to “de-trend” the household expenditure and the reference
variables so that | can avoid the mechanically cross-sectional correlation between adjacent
groups. Consider two different sets of households i € {1,2}. Suppose each household set is a
continuum (0,100]. Households in each set are ranked in ascending order by the same
variable x. Let us use x{, to denote the level of x at the percentile rank p in set i. Suppose the
set of x{, is a continuum (x§, x%o,]. At each percentile rank, there is only one level of x, so x
can be written as a function of the percentile rank. x = fi(p). Since households are ranked
according to x in ascending order, f!is a non-decreasing function. Therefore, this situation
does not exist: the values from the two sets only differ in one position. In other words, there
does not exist a f such that x, = x7 if p # f and x, # x} if p = p. Specifically, If x; > x3,

2 .

then there must be a number € > 0 such that x5, > x5, and x5_. > x5_; if x5 < x, then

there must be a number € > 0 such that x5, < x5,

e and x5_. < x}_..Inwords, if a quantile
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(as a cutoff point) in distribution 1 is strictly greater than the same quantile in distribution 2,
there must be an interval such that 1) the interval contains the quantile, and 2) each position
in the interval has a greater value in distribution 1 than in distribution 2; if a quantile (as a
cutoff point) in distribution 1 is strictly less than the same quantile in distribution 2, there must
be an interval such that 1) the interval contains the quantile, and 2) each position in the
interval has a less value in distribution 1 than in distribution 2. Therefore, the values of
adjacent ranks in distribution over a continuum domain are cross-sectionally correlated if the
ranking variable is a continuous function of rank. Data is discrete, but the population is
massive. The fact that a quantile in sample 1 is greater than the same quantile in sample 2 is
likely to be associated with the fact that a position near the quantile in sample 1 is greater
than the same position in sample 2. In the appendix, | use graphs and examples to illustrate
those propositions. Because of these propositions, there may be a correlation in the group-
level expenditure between adjacent expenditure groups, and this between-group correlation
may become weaker as the two groups become further apart. Income has a causal relationship
with expenditure, so this correlation of expenditure may be transmitted to group-level income
even though the groups are defined by expenditure. In the appendix, | show the cross-
sectional between-group correlation matrix of expenditure and the cross-sectional between-
group correlation matrix of income when serial re-ranking mechanics are disabled. This
mechanically cross-sectional correlation only exits for levels, so | use first differences to avoid
it. In the appendix, | also show what will happen to the estimation if | do use levels instead.

| only have five groups. The reasons to choose five as the number of groups are as

follows: first, | need my variable of interest to capture a household’s perception of the general

24



expenditure levels in a region. Therefore, groups cannot be too narrow or too fluctuating for
households to perceive the difference. Second, | want to investigate if the top expenditure can
trickle down. If the groups are too wide, there will not be top expenditure anymore. At the
same time, | need to maintain a reasonable number of observations in a reference group.
Ultimately, there are about 19 observations per division-quarter group.

| choose census division as the location variable and quarter as time variable to define
the distribution samples. | want to see whether the top expenditure in the macroeconomy,
instead of one’s social circle, can trickle down. | want to test the expenditure cascade
hypothesis as an assumption in a macroeconomic model. Therefore, | do not use any
demographical characteristics to define the distribution sample. Census division is the
appropriate geographic level. There are nine census divisions in the United States. According
to the Census Bureau, the total population in the U.S. was 326,213,213 by the end of 20174,
Therefore, the average population per census division was 36,245,912 by then. State
information is also available, but state boundaries tear apart more local economies, such as
the New York metropolitan area.

| could have chosen the census region, but there are only four census regions, and |
would lose variation. More importantly, | do not believe that households can have a
perception of the general expenditure level in a huge area like a census region. Quarters are
chosen because each household only has data over four quarters. | could pool households
starting the first interview in different quarters together, but the seasonality of expenditure

would largely determine household ranks.

1 https://www.census.gov/popclock/
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Unlike Bertrand and Morse (2016), | choose not to cluster standard errors in the
baselines. The reasons are as follows: first, in the sampling process, according to the U.S.
Department of Labor (2008), “To the extent possible, an unclustered sample of units is
selected within each [Primary Sampling Unit] (PSU).” Second, there is unlikely to be any social
interaction between the sample households in a census division. There are, on average, 95.86
households in each division-quarter cell. Since there are four rotating panels in any given
guarter, the average number of households per division in any given quarter is 383.33. The
sample is too small for its observations to have any social interaction with each other
considering the large population in a census division. The absence of social interaction is true
even if | consider the potential clustering caused by the sampling method of the CEX. The BLS
only collects data from about 100 PSUs. Each PSU consists of several counties. On average,
there are 11 PSUs in each census division. Therefore, in the sample, only nine households live
in the same PSU per division-quarter cell. These households are still unlikely to know each
other considering the large population of a county, which was about 100,000 on average in
2017. If there were any correlation between the households in a sample through their
common references, it would be controlled for by those references in my specification. Third,
there is no time-series correlation within a household either because | look at the change from
the first to the last interview and thus each household only appears once in my dataset®®.
Fourth, if there were any correlation between the sample households in a census division, the

standard estimator for the variance of the coefficients would be (usually) biased downward

15 Recall that the subscript t represents the time when the household entered the survey. A new t represents a new
set of households.

26



from the true variance (Colin Cameron and Miller 2015). Failing to cluster standard errors
would not affect my conclusion that there is no evidence that top expenditure can trickle
down. However, the regressors of interest, i.e., the growth in the income of the five division-
level expenditure groups, might be correlated cross-sectionally or serially. To make sure that
the correlation that | found between the individual expenditure growth of households in group
3 and the growth in reference expenditure of groups 2 is not biased by clustering, and that
there is not any other type of correlation unknow to the econometrician, | have a version of

clustering as a robustness check in section VI.

5. Results
In this section, | present the estimation results and discuss their interpretation and limitations.

The results of the OLS baseline are presented in Table 2. In the table, a column presents
the group of the observations (dependent group) and a row represents the group of the
reference (reference group). From Table 1, we can see that only one cell is statistically significant:
reference group 2 for the dependent group 3.

The results show that there is no evidence that the income at the top of a division-quarter
expenditure distribution trickles down to the expenditure of the people with lower ranks. The
reference group 5 is not significant for any dependent group. The standard errors of reference
group 5 are around 0.023 in all the regressions, but the absolute values of the estimated
coefficients on reference group 5 are less than 0.023 in all the regressions. In the regression of
group 3, for example, the 95% confidence interval is [—0.02278,0.06510], which contains the

estimated coefficients, 0.02116.
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The results show that only the households in group 3 “keep up with the macro Joneses,”
and their macro Joneses is the average household in group 2. If the percentage change in the
average income of group 2 of a division increases by 1 percentage point, the percentage change
in the expenditure of the households in group 3 in the same division will increase by 0.06689
percentage points at the same time, holding everything else constant. It is statistically significant
at 1%.

These interpretations can be verified by the IV estimation, where |, following Bertrand
and Morse (2016), use percentage changes in the reference income
An(§};) to instrument for percentage changes in the reference expenditure AIn(Ej;s). €l is
defined in the same manner as J;. . Table 3 presents the results of IV estimation. Again, there
is no evidence that the top expenditure that was caused by income trickled down. The standard
errors of reference group 5 are around 0.4 in all the regressions, but the absolute values of the
estimated coefficients on reference group 5 are less than 0.4 in all the regressions but the
regression of group 3. In the regression of group 3, the estimated coefficient on reference group
5 is 0.4527, but the 95% confidence interval is [—0.28483,1.190322], which covers the
estimated coefficient. We can see from Table 3 that only one cell is statistically significant and
the cell is the same as the OLS estimation: reference group 2 for dependent group 3, which

suggests that the correlation between household expenditure and their reference income shown

18There is no reverse causality because a household is too small to affect its macro Joneses. With household income
controlled for, if r = g, there do not exist an omitted variable such that 1) it can raise an individual household’s
expenditure and the average income of everyone else in the group without raising the individual household’s
income, and 2) the first condition is true for all the households in the group. Simply put, if a variable cannot raise the
income of every single household, it cannot raise the group average. If r # g, there may exist an omitted variable
that can affect the average income of group r and everyone’s expenditure in group g without affect everyone’s
income in group q. For the discussion of those potential omitted variable, please refer to section 5.
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in OLS is caused by the effects of reference income on reference expenditure. 1 percentage point
increase in the percentage change of the average expenditure in group 2 caused by the reference
income will increase the percentage change in the expenditure of a household in group 3 by
0.5317 percentage points. The estimated coefficient is statistically significant at 1%. The F
statistics of all the instrument variables in all the regressions are greater than 10 in the first stage.
In the Appendix, | show that there is no evidence that the effects of the reference group are
originated from another group.

My results do not contradict the evidence that people compare themselves with those
who are close to them in terms of social distance, such as neighbors and co-workers. Instead, my
results contribute to the macroeconomics literature. The average expenditure per household in
five groups of a division-quarter expenditure distribution may serve as a household’s perception
of five general expenditure levels in the entire region. Members of a group are scattered all over
a census division, and a household does not necessarily know them personally. The five groups
are five imaginary representative agents. Their expenditure levels define the lowest expenditure,
the lower-middle expenditure, the middle expenditure, the upper-middle expenditure, and the
top expenditure. These levels constitute the expenditure reference system with which a
household can find its own place. One caveat is that the perception of the five references must
be as accurate as the estimation according to the CEX data. If this estimation is not equivalent to
perception, this paper, at least, shows that there is no evidence that the actual expenditure at
the top of a division-quarter expenditure distribution can trickle down. This paper also shows
that there is no evidence that every expenditure group has the preference for “keeping up with

the macro Joneses”. This paper also identifies that only the people in the middle 20% of a division-
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guarter expenditure distribution may have this preference, and their macro Joneses may be the
average person from the 20" to the 40" expenditure percentile in a division-quarter cell.

One limitation of this paper is the sample size. On average, each division-quarter cell has
95.86 observations, and each group in a division-quarter cell has 19 observations. This sample
may not be large enough to serve as an estimation of the true division statistics. This small sample
size also may cause a considerable amount of fluctuations in the quarterly average expenditure
per group because of the resampling error, as suggested in Figure Al and Figure A2. Partly
because of that, the average income of a higher expenditure group can be smaller than the
average income of a lower expenditure group.

Another limitation is the limited number of times that a household gets interviewed.
Because each household is only interviewed four times, and income information is only recorded
in the first and the last interview, | can only look at the change over three quarters. It would be
better if | could track the change multiple times. In that case, | could look at how the expenditure
growth in the reference group in a previous period affects a household’s expenditure growth in

the current period.

6. Robustness Checks

6.1 Wealth Effect

In this section, | explore other channels that could explain the correlation between the growth in
individual expenditure of households in group 3 and growth in their reference income of group
2. In this version, | check whether my results are driven by the wealth effect of rising housing

prices. Other possible explanations, such as the permanent income channel, the precautionary
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saving channel, the local price pressures, and the supply-driven demand, will be discussed in
future versions. In this version, | also check whether my results differ in two sub-periods: the
period before the Great Recession and the period after the Great Recession. Moreover, | check
whether my results will change if | cluster the standard errors in the OLS baseline

Following Bertrand and Morse (2016), | examine whether the housing price drives the
correlation between the growth in individual expenditure of households in group 3 and growth
in their reference income of group 2.

| test this hypothesis in two ways: first, | add the change in the log of quarterly division-
level housing price index into the IV baseline regressions; second, | run the IV baseline
regressions for homeowners and non-homeowners separately. The data for housing price is the
guarterly all-transactions house price index for each census division from the U.S. Federal
Housing Finance Agency. A household’s homeownership is defined at its first interview.
Homeowners include the households that own the houses with mortgages, the households that
own the houses without any mortgage, and the households that own the houses and the
mortgages are not reported. Non-homeowners include households that rent the houses, the
households that do not own the houses but occupy the houses without any payment of cash
rent, and the households that live in student housing. The only difference between the second
strategy and the baseline is in the regression sample. Households are still ranked according to
their total expenditure, including both housing and non-housing expenditure, in the division-
guarter total expenditure distribution whose population includes both homeowners and
renters. | do not rank homeowners and renters separately because 1) | want my references to

capture people’s perception of the general expenditure levels in the entire economy instead of
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their neighborhood, considering that renters and homeowners tend to live in separated
neighborhoods, and 2) homeownership of a random person on the street is not visible to the
household in question. Tables 4, 5, and 6 present the results for the regressions with housing
price, the regressions for homeowners, and the regressions for non-homeowners, respectively.
The results show no evidence that the housing price drives my findings. Table 4 shows that
controlling for a division-level quarterly housing price index does not change the results.
Reference groups 2 for dependent group 3 remains the only significant cell. The estimated
coefficient, 0.5677, is very similar to the coefficient in the IV baseline, 0.5317. The new
estimated coefficient is still significant at 1% as the baseline. Table 5 shows that homeowners
in group 3 have a weak preference for keeping up with the macro Joneses of group 2. The
estimated coefficient is 0.4677 at the 10% significance level. Table 6 shows that the non-
homeowners in the third group may respond to group 2. The estimated coefficient is 0.9854,
which is greater than that in the IV baseline, 0.5317, but the coefficient is statistically significant
only at 5%. The regressions of non-homeowners are not able to provide evidence for group 5
because the F statistics in the first stage are less than 10 for dependent group 5 and reference

group 5 in the first stage in most cases.

6.2 The Great Recession
In this section, | investigate whether my results differ in the two sub-periods: the period before
the Great Recession and the period after the Great Recession.

The pre-recession sample only includes the households that completed the fourth

interview during or prior to the third quarter of 2007. In the post-recession sample, only the
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households that started the first interview during or after the third quarter of 2009 are included.
The results of the pre-recession sample are presented in Table 7, which are very similar to the IV
baseline. Reference group 2 remains significantly positive for dependent group 3, and its
coefficient is 0.5711, which is statistically significant at 5%. However, there is an additional
significant cell: reference group 2 for dependent group 4. The coefficient is 0.315 at 10%
significance level. Table 8 shows that this significant coefficient is generated by its collinearity
with the fixed effect. In Table 8, all the fixed effects are dropped, and reference group 2 no longer
has a significant correlation with dependent group 4. The results of the post-recession sample
are presented in Table 9. Reference group 2 remains significantly positive for dependent group
3, but its significance level increases to 10%. For group 5, income growth is no longer a strong
instrument for expenditure growth, which might be the reason why reference groups 3 and 5 are
significantly negative for dependent group 1. Table 10 presents the results of the OLS estimation.
Reference group 2 remains significantly positive for dependent group 3 at the 5% significance
level, but reference groups 3 and 5 remain significantly negative for dependent group 1. Table 11
shows that those significantly negative coefficients result from the collinearity between the
reference variables and the fixed effects. In Table 11, all the fixed effects are dropped. Reference
group 2 remains significantly positive for dependent group 3 at the 5% significance level, and the

reference groups 3 and 5 become insignificant for group 1.

6.3 Clustering

In this section, | explore whether the results in the OLS baseline are affected by clustering.

There are only nine census divisions in the U.S. In order to deal with the problem of a few
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clusters, |, following Colin Cameron and Miller (2015), use the wild cluster restricted method in
Roodman et al. (2019) to bootstrap the t-statistics in the OLS baseline at the division level. The
STATA command is the BOOTTEST from the package BOOTTEST. | choose the Webb (2014) six-
point distribution and generate 999,999 bootstrap samples. The results are presented in Table 9,
which are consistent with the OLS baseline. Only one cell is significant: reference group 2 for

dependent group 3. The estimated coefficient is 0.06698, which is statistically significant at 1%.

7. Discussion
In this section, | discuss how my results contribute to other strands of literature.

My results suggest that theoretical economists who want to study the effects of income
inequality on the financial crisis may need to construct three classes of agents in their models:
the poor who do not compare themselves with any representative agent, the middle who
compares themselves with the representative agent of the middle class, and the rich who do not
compare themselves with any representative agent. In Alvarez-Cuadrado and Japaridze (2017),
there are two income classes: the top and the bottom. The bottom agents compare themselves
with the top agents. In Belabed, Theobald, and van Treeck (2018) and Cardaci (2018), there are
ten income classes, and all agents compare upwards. All three papers’ assumptions of the
preference for comparing upwards are not consistent with my results. Theoretical economists
may explore whether the assumption that households in the middle class compare themselves
with the representatively middle is sufficient for income inequality to induce higher household
leverages and a higher financial crisis probability.

My results complement the literature on the impact of reference income on human well-
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being. Luttmer (2005) uses the data from the National Survey of Families in two waves: 1987-
1988, and 1992-1994. The author shows that married or cohabiting couples' self-reported
happiness is positively correlated with their own income, but negatively correlated with the
average income of their Public Use Microdata Areas ("PUMAs") at the significant level of 5%.
Daly, Wilson, and Johnson (2013) use the data from National Longitudinal Morality Study. The
authors find that a working-age adult's suicide risk decline with his/her own income, but rises
with the county's per family income. Guven and Sgrensen (2012) use the data from the General
Social Survey (GSS) from 1972 to 2004. The authors look at how the average income of one's
reference group affects his/her self-reported happiness. The reference group is defined as the
people who share the same region, occupation, and age cohort. The authors find that reference
income significantly negatively affects one's self-reported happiness. All the reference income in
the literature of well-being above is the average income in a relatively small reference group
where there could be social interaction between households. Luttmer (2005) suggests that the
government should use the Pigouvian tax to internalize the negative externality from the
consumption at the top, but there may be two caveats. First, progressive income tax at the
federal level may be irrelevant to the problem because the income and consumption at the top
of the national income distribution may not affect people’s happiness at all. Second, there may
be some side effects. In the appendix, | show that there is evidence that the income of people in
the middle of the division-level expenditure distribution might be correlated with the income or
the income-induced expenditure of the top.

My results are also in line with the literature on consumption inequality. Aguiar and Bils

(2015) show that from 1980 to 2010, consumption inequality increases roughly as much as
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income inequality in the U.S. My results provide a potential explanation for the co-movement:
people do not respond to the income growth at the top of a distribution in a large geographic

area.

8. Conclusion

With rising income concentration at the top, expenditure pressure can trickle down if everyone
below the top compares upwards. Therefore, rising income inequality can increase the household
debt-to-income ratio and the risk of a financial crisis. However, is there evidence that top
expenditure can trickle down if the geographic area of the distribution is as big as a census
division? The answer is no. In this paper, | show that there is no evidence suggesting that people
compare upwards in a census division and no evidence that everyone compares themselves with
a macro Joneses. There is only evidence that the people in the middle 20% of a division-level
expenditure distribution compare themselves with their macro Joneses, and they look at the
group of people between the 20th and 40th percentiles. There is no evidence for the expenditure
cascade hypothesis at the level of census divisions. Progressive income tax or consumption tax
at the geographic level that is equal to or higher than census divisions may not be relevant to the
negative externality of high-end consumption because the problem only exists at a lower
geographic level. Theoretical economists may not need to model the preference of upward
comparison with the macro Joneses. A model with three classes of agents may be sufficient to
study the effects of income inequality: the poor who do not compare themselves with any
representative agent, the middle who compare themselves with the representative agent of the

middle, and the rich who do not compare themselves with any representative agent. Economists
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may need to explore other demand-side stories that can link income inequality and household
financial distress, or even the supply-side story in Kumhof, Ranciere, and Winant (2015).
Economists may also need to explore reasons other than income inequality for the rise of
household debt-to-income ratio, such as housing price, low interest rates, and financial

deregulation and innovation as reviewed by Stockhammer (2015).

37



9. Appendix
9.1 More Summary Statistics

Figure Al shows the quarterly time series of the four cutoff points at the first interview in
the sample period. The cutoff points are the 20th, 40th, 60th, and 80th percentiles of the national
expenditure distribution. Each observation is weighted by the CEX weight since those percentiles
are national statistics. | use the STATA command COLLAPSE produces these percentiles. Only the
expenditure at the first interview is presented. This figure shows a considerable amount of
qguarterly fluctuation in expenditure quintiles, which can be caused by the seasonality of
consumer behavior or systematic resampling errors. Overall, expenditure in the sample period is
strongly affected by business cycles. The four cutoffs grow from 2001 to 2008, then decline until
2013, when they start recovering. Overall, the expenditure of the bottom 80% of national
distribution does not grow in the sample period.

Figure A2 shows the same time series in each division. The cutoff points are from the
division-quarter expenditure distribution. The method is the same as in Figure 1. The same
pattern as the national data can be found in census divisions.

Figure A3 shows the histogram of the expenditure growth of all the individual households
in each group. The histogram of group 1 is skewed to the right. The histograms of groups 2, 3,

and 4 are symmetric. The histogram of group 5 is skewed to the left.
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9.2 Cross-sectional Ranking Mechanics

In this section, | will illustrate the proposition that the neighborhood of a quantile is highly
correlated with the quantile, show the correlation between the household income and
household expenditure ranks, show the correlation in the group-level incomes between
expenditure groups, and explore the effects of cross-sectional ranking mechanics on estimation.

Figure A4 is an illustration of the cross-sectional correlation caused by ranking. In the left
panel, | plot five continuously non-decreasing functions in the domain [0, 100]. As we can see, if
the 49t percentile of function 1 is greater than the 49% percentile of function 2, the 50t
percentile of function 1 is likely to be greater than the 50t percentile of function 2. In the right
panel, | plot the five pairs of values, i.e., the 49t percentiles and the 50" percentile of the five
functions. As we can see, the two percentiles are correlated across those functions.

In Figure A5, | plot households’ logarithm of expenditure against their expenditure
percentile ranks p; for two samples. Sample 1 is the households that did their fourth interviews
in the first quarter of 2014. Sample 2 is the households that did their fourth interviews in the
second quarter of 2002. The two samples have similar sample means, which are 10.67977 for
sample 1 and 10.6794 for sample 2. The percentile ranks are calculated with the household
weights at the first interviews. The left panel shows a line connecting all the data points while
the right panel shows the discrete data points only for those whose percentiles ranks are
between 25 and 35. As we can see, there are several intervals in which each percentile in sample
1 is greater than the same percentile in sample 2, and there are several other intervals in which

each percentile in sample 1 is less than the same percentile in sample 2. In other words, if a
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percentile rank in sample 1 (or 2) has a greater value than the same percentile rank in sample 2
(or 1), we can find a neighborhood around that percentile rank in which each percentile rank has
a greater value in sample 1 (or 2) than the same percentile rank in sample 2 (or 1).

Figure A6 shows the correlation matrix for the reference expenditure between groups.
The variables are, In(¢j,) for r € {1,2,3,4,5}, the levels of the logarithm of the reference
expenditure in the five groups in a division-quarter cell dts at the first interviews. The subscripts
r,d, t, and s still represent the number of the reference groups, the division, and the year of the
first interview, and the quarter of the first interview, respectively. The reference variable and the
groups are defined in the same manner as in the baseline estimations. The matrix shows the
between-group correlation. By construction, the matrix is symmetric, and the correlation
coefficients on the diagonal are 1. Note that the correlation coefficients decline as their cells
move away from the diagonal, which indicates that adjacent groups have the strongest
correlation, and the correlation becomes weaker as two groups become further apart.

In Figure A7, | plot households’ logarithm of expenditure and logarithm of income against
their expenditure percentile ranks p; only for the same sample 1. The expenditure is equal to the
household’s current quarterly expenditure multiplied by four. The income is the household’s
current annual income. The figure shows that both the logarithm of household expenditure and
the logarithm of household income are positively correlated with household expenditure
percentile ranks. The correlation between household income and expenditure ranks suggests
that the reference expenditure’s between-group correlation can be transmitted to reference
income.

Figure A8 shows the correlation matrix for the reference income between groups. The
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variables are In(y},,) for r € {1,2,3,4,5}, the levels of the logarithm of the reference income in
the five groups in a division-quarter cell dts at the first interview. The correlation coefficient in
each cell is smaller than that in the correlation matrix of reference expenditure, which indicates
that the reference income’s between-group correlation is weaker than that of reference
expenditure. However, the matrix shows the same pattern as the reference expenditure: the
correlation coefficients decline as their cells move away from the diagonal. Next, | will show that
this pattern will re-emerge once we change the dependent variable and the reference income
from their first differences to their levels in the OLS baseline and thus, the cross-sectional ranking
mechanics will be enabled.

To isolate the effects of this change in the reference income and the dependent
variable alone, | construct a new specification as a control. This control specification does not
have any first difference but for the dependent variable and the reference income, and

everything else is the same as the OLS baseline.

Aln(ciths) = Lo+ Z Br AIn(¥is ) + ByHHControls;ges + ByUaes + Ve +Ns + 0q + Yar

r¥q
q
+ Eidts
Then | run these experiment regressions to examine the effects of cross-sectional ranking

mechanics.

In(ciaes) = Bo + Z Br n(Fgis ) + BuHHControlsiges + Bylaes + Ve + 15 + 8a + Yar

r¥q

q
+ Eidts

The superscripts g and w denotes the sample of a regression: observations from group
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q and interview w. Observations are ranked according to the expenditure and weights at the
interview w. The subscripts t and s still denote the year and quarter of the first interview. As
in the control specification, the time fixed effects are for the time of the first interview, and
the CEX weights that are used to weight the regression are also from the first interview. Figure
A9 presents the results from the control specification. In Figure A9, | cannot detect any pattern
that is like the between-group correlation matrix of reference income but the fact that the two
significant cells have the largest coefficients. Figures A10 and A1l present the results of the
specification for the first and the fourth interviews, respectively. In both figures, | can see a
pattern like the correlation matrix. The estimated coefficients adjacent to the diagonal are the
largest in each column. In each column, the coefficients in the rest cells decline as the cells

move away from the one that contains the largest coefficient.

9.3 Serial Re-ranking Mechanics
9.3.1 The Mechanics
In this section, | will illustrate the mechanics, present the mobility of household expenditure in
my data, and explore the effects of the mechanics on estimation. In the first sub-section, | will
show how mobility and re-ranking the same set of households in different periods cause the
serial correlation between different places of the distribution.

Suppose there are ten people {Alan, Bob, Caroline, David, Evan, Frank, Gina, Helen, lan,
Jim} in my sample on Day 1, and their expenditure is {$10, $20, ..., $100}, respectively. Table A1
illustrates this original situation. On Day 2, some people may change their expenditure. If the

absolute change is less than or equal to 10, there will not be any re-ranking across the
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expenditure distribution. In other words, everyone’s rank will remain the same. Moreover, there
will be no re-ranking in the following two cases, either. Alan, who is ranked the lowest on Day 1,
will stay at the lowest rank no matter how much his expenditure decreases on Day 2. Jim, who is
ranked the highest on Day 1, will stay at this position no matter how much his expenditure
increases on Day 2. Other than those three cases above, there will be re-ranking. Next, | will
describe several scenarios of re-ranking.

Scenario 1 — Upward Pass. Day 2, only Gina’s expenditure increases to $105, and there is
no change in any other person’s expenditure. As shown in Table A2, Gina’s expenditure goes up
to decile 10 from decile 7. Jim’s expenditure goes down to decile 9 from decile 10. At the same
time, the expenditure of decile 9 increases by $10, the expenditure share of decile 9 increases to
0.1709 from 0.1636, and the D9/D1 ratio increases to 10 from 9. lan’s expenditure goes down to
decile 8 from decile 9. At the same time, the expenditure of decile 8 increases by $10, the
expenditure share of decile 8 increases to 0.1538 from 0.1454, and the D8/D1 ratio increases to
9 from 8. Also, Helen’s expenditure goes down to decile 7 from decile 8. In conclusion, go up the
expenditure, the expenditure share, and the ratio of their expenditure to the expenditure of the
bottom position of all the passed positions between Gina’s new and old positions.

Scenario 2 — One-way Accumulating. Day 2, Gina’s expenditure increases to $105, Frank’s
expenditure increases to $110, and there is no change in any other person’s expenditure. This
scenario is illustrated in Table A3. Let us think of this as two single upward passes: Gina moves
first, and Frank moves second. The effects of Gina’s move haven been illustrated in Scenario 1:
Gina moves to the top, and decile 10 increases by $5. At the same time, Jim, lan, and Helen move

downwards by one decile, and decile 9, 8 and 7 increase by $10. Now, Frank’s move has the

43



similar effects: as he moves to the top and increase decile 10 by $5, Gina, Jim, lan, and Helen will
move downwards by one decile, and decile 9, 8, 7 and 6 will increase by $5, $10, $10 and $10,
respectively. In total, the passed decile between Gina’s old and new positions, i.e., decile 8,
increases twice, which leads to its expenditure share increase to 0.1574 from 0.1454, and the
D8/D1 ratio increase to 10 from 8.

Scenario 3 — Two-Way Canceling. Day 2, Gina’s expenditure increases to $105, Jim’s
expenditure decreases to $65, and there is no change in any other person’s expenditure. As
shown in Table A4, Gina’s expenditure goes up to decile 10 from decile 7, and Jim’s expenditure
goes down to decile 7 from decile 10. The expenditure of Helen and lan stays in their original
decile, i.e., decile 8 and 9, respectively. Stay the same the expenditure, expenditure share, and
the ratio of their expenditure to the expenditure of the bottom position of those two passed
deciles.

Those three scenarios illustrate some general propositions: 1) A single one-way pass in
any direction, either upward or downward, can cause a change in expenditure of the passed
position(s) between the starting and the destination positions in the same direction as the change
in the expenditure of the passing agent. 2) multiple one-way passes over any passed position(s)
by the passing agents can cause changes in the expenditure of the passed position(s) multiple
times in the same direction as the expenditure of the passing agents. 3) the changes in the passed
position(s) caused by some one-way passes over it (them) can be offset by the same number of
reverse one-way passes over it (them). 4) if the two-way passes over the passed position(s)
cannot offset each other and n net one-way upward (or downward) passes are left, the impact

on the passed positions will be the same as the n one-way upward (or downward) passes.
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This example of 10 people representing 10 deciles can help us understand the effects of
passes on groups in a large sample. They parallel because a pass only changes the marginal
agents, the agents right on the lower and the upper bounds, of a passed group. Let us divide a
large sample of households into ten groups according to their expenditure. An upward pass over
group 5 will shift the marginal agent at the lower bound of group 6 to group 5, shift the marginal
agent at the lower bound of group 5 to group 4, and all the agents in between those two marginal
agents stay in group 5. The change in group 5 will be the difference between the inward marginal
agent and the outward marginal agent. Similarly, one-way accumulating also happens because
another upward pass over group 5 will shift the new marginal agents downwards, and two-way
canceling also happens because a downward pass over group 5 will shift those marginal agents
back to their original positions.

With that equivalency in mind, we can use those simple scenarios to think about how
passes over two entire groups in a large sample cause a correlation between the groups. As
shown in Scenario 3, only if the number of upward passes is precisely equal to the number of
downward passes, the two-way canceling can happen. If they are not equal, the situation is
equivalent to the case of one-way accumulating from the net (either upward or downward)
passes. In a large sample, the expected number of upward passes over a passed group is equal
to the expected number of downward passes over the group over a long period. For example, in
Figure 10A, from 1996-2017 the proportion of transitions from group 1 to 3 is 0.03249, and the
probability of the reserve transition from group 3 to 1 is 0.0334. However, they are unlikely to
cancel each other every time we re-rank the households. These re-ranking mechanics cause the

serial correlation between groups. If the net passes over the two passed groups are upward in
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one period, both groups will increase; if the net passes over the two passed groups are downward
in another period, both groups will decrease. Overall, mobility and re-ranking over two passed
groups can cause a serial correlation between the two. The same mechanics can happen to
guantiles.

The correlation between adjacent groups in a large sample caused by moves crossing the
boundary requires some additional (but reasonable) assumptions. Suppose we have a sample of
50 people. Day 1, the expenditure of {Alan, Bob, Caroline, David, Evan, Frank, Gina, Helen, lan,
Jim} makes the highest two groups. Their expenditure levels are {$410, $420, ..., S500},
respectively. This original situation is illustrated in Table A6.

Scenario 4 — Upward Cross. Day 2, only Caroline’s expenditure increases to $485 from
$430, and there is no change to any other’s expenditure. As shown in Table A6, with Caroline
moving across the boundary upwards, group 9 and group 10 are affected in two ways
simultaneously: 1) they are affected by Caroline’s expenditure, and 2) they are affected by the
marginal agent. On the one hand, group 9 losses Caroline’s old expenditure and decreases by
$430, and group 10 gains Caroline’s new expenditure and increases by $485. On the other hand,
the marginal agent, Frank, moves down to group 9 from group 10. As Caroline switches from rank
43 to rank 48, everyone who used to be ranked between 44 and 48 now goes down by one rank.
Among those agents, Helen (48 to 47) and Gina (47 to 46) remain in group 10, not contributing
to the change in group 10. Evan (45 to 44) and David (44 to 43) remain in group 9, not having any
effect on the change in group 9. Only Frank, who used to be ranked at 46, which is right on the
lower bound of group 10, now is ranked at 45, which is right on the upper bound of group 9. It

means that he goes down to group 9 from group 10. As a result, group 10 decreases by $460, and
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group 9 increases by $460. With the two effects combined, group 10 increase by $485 minus
$460, which is $25, and group 9 increases by $460 minus $430, which is $30. At the same time,
the expenditure share of the top 10% increases to 18.93% from 18.82%, and the D9/D1 ratio
increases to 14.53 from 14.33.

The effects of a cross are not only brought about by the marginal agents, but also the
crossers’ starting positions and destination positions. If all the changes are brought about by the
marginal agents, it is guaranteed that two-way canceling happens, the multiple two-way
movements can be reduced to the n net one-way movement, and between-group correlation
exists. However, if the changes are also brought by the crossers’ starting positions and
destination positions, we need additional assumptions to ensure two-way canceling can still
happen. The assumption is as follows: if both inward and outward crosses exist for a group, the
expected median of the destination positions of the inward crosses is equal to the expected
median of the starting positions of the outward crosses. With that assumption, we can expect to
find a set of upward crosses to cancel the same number of downward crosses, and net crosses
will cause a positive correlation between the two adjacent groups. This proposition can be
generalized to the case of crosses between two non-adjacent groups, i.e., the groups next to the
passed groups. For example, the upward moves from groups 3 to 7 can be decomposed into the
upward passes over groups 4, 5, and 6, and the upward crosses between groups 3 and 7.

The correlation caused by re-ranking is determined by 1) the standard deviations of the
two groups that are caused by re-ranking gy and agy; and 2) the covariance between the two
groups that is caused by re-ranking cov” (X, Y). The re-ranking variance is affected by the width

of a group. As a group becomes narrower, the number of passes over it will become larger, and

47



the variance of the number of the net passes (positive if upward and negative if downward) will
become larger. The re-ranking covariance of two groups is affected by the distance between
them in terms of quantiles. As their quantile distance becomes larger, the number of moves,
including passes and crosses, involving the two simultaneously will become smaller, and the
number of net moves involving them becomes smaller. Only the second rule applies to quantiles
(as cut off points).

Resampling can cause the same problem as re-ranking. Each of the re-ranking scenarios
above can match a similar situation of resampling errors. An agent’s expenditure moving from
one group to another one is equivalent to missing the agent of the same original expenditure in
the old sample and including a new agent of the same new expenditure into the new sample.
Sometimes, systematic resampling errors can happen. Scenario 5 illustrates this problem.

Scenario 5 — Upward Shift. Day 2, Alan is missing from the sample, Kevin enters the
sample, and Kevin’s expenditure is $110. As shown in Table A8, the expenditure of everyone from

Bob to Jim goes down by one decile, and the expenditure of each group increases by $10.

In this section, | show that re-ranking within a distribution can cause the serial correlations

between different quantiles and intervals of the distribution.

9.3.2 Mobility
In this section, | will use the transition matrix to show the mobility of household expenditure
in my sample.

A move is defined as a change in the household’s group between the two interviews.
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In ascending order, | rank all the households that are in the same census division and that are
interviewed in the same period according to their expenditure in the last three months and
their CEX weights. | use the STATA common XTILE in the package EGENMORE to do the
ranking!’. Then, | divide them into five groups using the four quintile cutoff points. Each
household is ranked twice, so they may be in different groups at different interviews.
Transition probabilities from group x to group y are the share of households who move
to group y in the fourth interview from group x in the first interview during the whole sample
period. They are short-term averages instead of long-term one-time transition probabilities,
such as intergenerational transition probabilities or the transition probabilities over ten years.
Let us use wi;, to denote the weight of household i, such that it is located in division d, it is
interviewed for the first time at t, and it is in quintile x at the first interview. Let us use Wi’g;
to denote the weight of household i, such that it is located in division d, it is interviewed for
the first time at t, it is in quintile x at the first interview, but it is in quintile y at the fourth
interview. Let us use w* to denote the total weight of households that are in quintile x at the
first interview no matter where they are located and when they are interviewed for the first
time.w* =Y0_, YT, Y __ wj,. Letus use w™” to denote the total weight of households
that are in quintile x at the first interview and are in quintile y at the fourth interview no
matter where they are located and when they are interviewed. w*¥ = Y2_ »T_ > . WL.?;.

Let us use m*Y to denote the short-term average transition probability from quintile x to

quintile y. Itis defined as

17 This command cannot linearly interpolate quantiles if weights are used at the same time. Instead, quantiles are
the average of the nearest two data points. With this inaccuracy, minor changes in the true quantile within the range
of its nearest two data points will not change the quantile that is generated by this command.
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Figure A11 shows the transition probabilities across groups from the first interview to
the fourth interview. Each column represents one of the five groups at the first interview. Each
row represents one of the five groups at the fourth interview. All the numbers in the same
column add up to 1. Moving downward along a column means moving up along the
distribution ladder and vice versa. The cells on the diagonal represent the situation in which a
household does not move out of its original group. As we can see, the probabilities along the
diagonal increase from group 3 in both upward and downward directions, which means people
in the middle of this distribution are more likely to change their positions. Poor people are
less likely to move because the transition probabilities on the diagonal increase faster in the
lower half of the expenditure distribution than the upper half. Besides, the transition
probabilities decrease exponentially off the diagonal, which indicates that it is more unlikely
for a household to move further in a distribution. Overall, we can see that change in ranks
within the distribution is significant.

Figure A13 presents the transition matrix without the purchase of vehicles. The
expenditure on the purchase of vehicles is the purchase price if the vehicle is not financed or
the down payment if the vehicle is financed. The expenditure without vehicle purchases is
slightly more stable than the total expenditure and shows the same overall pattern as of the
total expenditure. Figure Al4 presents the transition matrix without any expense on durable

goods. The total expenditure on durable goods includes the following outlay on all the durable
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goods: purchase price (except housing) if not financed; down payments (except housing),
principal payment, interest payment, and other financial charges if financed; and rental, tax,
repair, maintenance, and insurance payments. This expenditure on non-durable goods and
services is less stable than total expenditure, presumably because a large portion of the
expenditure on durable goods is made of constant streams of payments. Overall, the
expenditure on non-durable goods and services has the same pattern as the total expenditure.

Figure A15 and Figure A16 compare the transition probabilities before and after the
Great Recession. Figure A15 is of the pre-recession sample, which only includes the households
that completed the fourth interview in or prior to the third quarter of 2007. Figure A16 is of
the post-recession period. Only the households that started the first interview in or after the
third quarter of 2009 are included. As we can see, the probabilities on the diagonal in Figure
A16 are greater than those in Figure A15, which means that fewer people move across the
local expenditure groups after the Great Recession than before the Great Recession. Overall,
the transaction probabilities in these two sub-periods have the same pattern as the whole

sample period.

9.3.3 Effects on Estimation
In this section, | will show that the effects of ranking are persistent, and mobility and ranking
the same household in a different period strengthens the pattern found in the between-group
correlation matrix and the transition matrix.

In Figure A17, | plot the log of expenditure of the same set of households at the two

interviews, respectively, against their ranks at their first interviews. The sample is restricted to
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the households that entered the survey in the first quarter of 2014. Household ranks are defined
only using their expenditure and weights at their first interviews. The logarithm of expenditure
from the two interviews is plotted separately. We can see the expenditure from the fourth
interview follows the same “trend” as the expenditure at the first interview. In other words,
expenditure quantiles are correlated between interviews. The effects of ranking households in
one period are persistent.

This persistence can be shown in estimation as well. Let us take Figure A11 as a control,
in which the sample only includes observations from the fourth interviews, and the households
are ranked according to the expenditure at the fourth interview. The experiment specification
here is the same as the control in every other way, but households are ranked according to their
expenditure at the first interviews. Figure A18 presents the results. Compared to Table Al1, the
significant band in Table A18 becomes narrower. Most estimated coefficients become smaller.
Besides, the R-squared of all the dependent groups but groups 1 and 5 becomes smaller.
However, the largest cell in a column is still adjacent to the diagonal. The estimated coefficients
still decline as their cell moves away from the area near the diagonal.

The comparison of Figures A19 and A20 shows the effects of ranking households again in
a different period. The two figures share the same specification, but observations are ranked
according to different measures. In Figure A19, observations are ranked according to the
expenditure and weights at the first interview. In Figure A20, observations are ranked according

to the expenditure and weights at the current interview.
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All the observations with the same group index g are pooled into one regression
regardless of the location, time, or the number of the interview. The subscripts t and s still
denote the year and quarter of the first interview, respectively. Household controls,
unemployment rates, and time fixed effects are still of the first interviews. Regressions are still
weighted by the weights from the first interviews. The only difference of the experiment
specification from the control specification is that household groups are defined again at their
fourth interviews. In doing so, | repeat the procedure in section 4.2 for the observations in the
fourth interviews using the household expenditure and weights from the fourth interviews.
Reference income J};,, at the fourth interview is constructed in the same method as in section

4.3 but with the newly defined group boundaries and weights from the fourth interview.
Note that these associations between individual expenditure and reference income are
different from but related to transition probabilities. The transition probabilities only
incorporate one-way crosses from expenditure group x to expenditure group y. The OLS
association is also affected by 1) the reverse crosses from group y to group x, 2) the passes
over group x and group y, 3) the correlation between household income and household

expenditure, and 4) other factors that are controlled for.

The results are presented in Figures A19 and A20. | will use (r,q) to denote a cell in the
h

r" row and the " column. Compared to the coefficients in Figure A19, coefficients in most

cells of Figure A20 are larger. The largest cell of the table moves from (2,1), which not adjacent

53



to the central cell, to (3,2), which is adjacent to the central cell. The cells adjacent to the
diagonal still have the largest coefficients in their column. The coefficients in the rest cells
decline as the cells move away from the one that contains the largest coefficient. The overall
pattern is more like the one shown in the between-group correlation matrices and transition
matrices. Besides, the R-squared in all regressions become greater than those in Figure A19.
Comparison of Figures A19 and A20 does not show which type of ranking mechanics
makes the difference. Ranking households a second time enables the serial and the cross-
sectional mechanics at the same time. It is easy to see that re-ranking mechanics are enabled
simply because households are ranked twice. The cross-sectional ranking mechanics are also
fully enabled because the cross-sectional correlation between groups in the fourth interview
is recovered. The comparison of Figure A20 with Figures A10 and A11 may show the effects of
re-ranking mechanics because the samples in those two figures are from single interviews,
which is immune to the contemporary effects of re-ranking mechanics. However, Figures A10
and A1l do not show a considerable difference from Figure A20, either. Presumably, because
households are only ranked twice in my data, there is not enough serial variation that is caused

by the re-ranking mechanics for each panel of households.

9.4 Univariate Estimation

If the reference income is correlated between groups and only one group is the true macro
Joneses, then the effects from the true macro Joneses can be transmitted to all the other
correlated groups. Multivariate regressions are free from this transitivity and can only show the

effects of the true macro Joneses. To explore the possibility that group-level income can be
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transitive, | run regressions with a different, single reference one at a time. There are 25
dependent-reference pairs in total. Each dependent-reference pair has a separate regression.
The regressions in which the dependent group is the same as the reference group are dropped. |
will investigate whether the reference income of other groups can affect income of the
dependent group by dropping household income from the multivariate estimation in the next
section. In this section, | present the results of univariate estimation of the regressions in which
the reference group is different from the dependent group. Tables A9 and A10 present the results
of the OLS and IV estimation, respectively.

Results of univariate OLS regressions show no signs of transitivity. Only one cell is
significant, and it is the same cell as in the OLS baseline: reference group 2 for dependent group
3. The estimated coefficient is 0.06764 and it is significant at 1%. Results of univariate IV
estimation do not show signs of transitivity, either. The significant cell is the same as before:
reference group 2 for dependent group 3. The estimated coefficient is 0.6396 and is significant
at 1%. The fact that there is no difference between the univariate estimation and multivariate
estimation means that there is no correlation between the multiple independent variables. In
particular, the similarity here means there is no between-group correlation in the growth of
reference income and no between-group correlation in reference expenditure induced by the
growth in reference income across the reference groups apart from the dependent group once

those household controls in the dependent group are controlled for.

9.5 Household Income Growth

In this section, | investigate whether the reference income in another group can affect the
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household income in a dependent group by dropping the household income growth in the
multivariate baseline.

Table 11 presents the results of the multivariate OLS regressions. Reference group 2
remains significantly positive for dependent group 3 at the significance level of 1%. The estimated
coefficient here, 0.0699, is similar to that in the OLS baseline, 0.06698. An additional cell becomes
significantly positive: reference group 2 for dependent group 4. Here, the estimated coefficient
is 0.03615 with a standard error of 0.02157. In the OLS baseline, the estimated coefficient is
0.02951 with a standard error of 0.02098. Given that the coefficient on household income growth
for expenditure growth is positive, the increase in the coefficient indicates a positive partial
correlation between the income growth of households in group 4 and the growth in the reference
income of group 2 net of the effects of other regressors.

Table 12 presents the results of the multivariate IV regressions. Reference group 2
remains significantly positive for the dependent group 3 at the significance level of 5%. The
estimated coefficient here, 0.522, is similar to that in the IV baseline, 0.5317. An additional cell
becomes significantly positive: reference group 5 for dependent group 3. Here, the estimated
coefficient is 0.6421 with a standard error of 0.3854. In the IV baseline, the estimated coefficient
is 0.4527 with a standard error of 0.3763. Given that the coefficient on household income growth
for expenditure growth is positive, the increase in the coefficient indicates a positive partial
correlation between the income growth of households in group 3 and the growth in the reference
income of group 5 net of the effects of other regressors.

The correlation does not guarantee causation. Even if it does, the correlation does not

show the direction of the causality. It could be the case in which the top’s income trickles down
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or the case in which the poor’s income is bottomed-up.

9.6 Fixed Effects
The reference variables do not vary across households among the household in the same division-
qguarter cell. The fixed effects may have a strong correlation with the reference variables so that
there may be multicollinearity between them may bias the estimation. In this section, | explore
whether there is multicollinearity between the reference variables and the fixed effects by
dropping fixed effects.

The results of the IV estimation are quantitively robust when fixed effects are dropped.
In Table A12, A13, Al14, and A15, | drop the division fixed effects, the year fixed effects, the
quarter fixed effects, and all the fixed effects, respectively. Zero additional cells become
significant when division fixed effects or quarter fixed effects are dropped. Two new cells become
significant when year fixed effects are dropped: reference group 4 for dependent groups 2 and
5. One new cell becomes significant when all the fixed effects are dropped: reference group 4 for
dependent group 2. These cells are significant only at 10%, which does not indicate a problem of
multicollinearity. My main results do not change. The significant cell in the IV baseline remains
significant at least at 5% level no matter which fixed effect is dropped, and the estimated
coefficients in those cells are very similar to the IV baseline. The new coefficients on reference

group 2 range from 0.4309 to 0.5759, which contains the coefficient in the IV baseline, 0.5317.

9.7 The CEX Weights

The weight of an observation that CEX publishes represents the number of the same “type” of
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households that is repeated in the country. Not only can | not get the weights for census divisions,
but also expenditure and income is not used to define household types. To complement the
baseline estimation, | also run the same regression without using the CEX weights.

These estimations confirm that there is no evidence that top expenditure can trickle
down, that everyone is “keeping up with the macro Joneses,” or that a household’s Joneses are
the people who consume more than themselves. Here, | explicitly assign a weight equal to one
to all the households. All the other procedures of ranking and splitting are the same as the
baseline. The observations are not weighted in the regressions, and the standard errors are not
clustered at any level. The results of both OLS and IV are presented. Tables A16 and A17 present
the results of OLS and IV, respectively. In both tables, one more cell becomes significant: the
reference group 4 for dependent group 5. The coefficients are significantly positive at 10%. The
results still do not suggest that people look upwards to keep up. Table A17 presents the results

of IV. Two more cells become significant compared to the baseline results in Table 3.

9.8 High Transportation Expenditure Share
In the baseline, |, following Bertrand and Morse (2016), drop the household whose quarterly
expenditure on transportation is greater than 50% of the total expenditure in order to mitigate
the problem of measurement error.

In this section, | raise the threshold to 80% and check whether the results change.
Expenditure groups are re-defined within this new sample. The IV results are presented in Table
A18. Reference group 2 remains significant for dependent group 3. The estimated coefficient,

0.5339, is similar to the one in the IV baseline, 0.5317. However, the significance level here
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increases to 5% from 1% in the baseline. Besides, one more cell becomes significant: reference
group 1 for dependent group 2. The estimated coefficient is 0.5017, with a significance level of
5%. The change in the significance of this cell due to the inclusion of the households of high
transportation expenditure share indicates that there is emulation in vehicle consumption and
this expenditure may make up a large share of the total expenditure for the households in
groups 1 and 2. In other words, if the average household in group 1 uses more than 50% of its
total expenditure on transportation, then the households in group 2 will response in the same
way. Regarding total expenditure, if, including the households that use from 50% to 80% of
their total expenditure on transportation, the growth in the average expenditure of group 1
increases by 1 percentage point because of the growth in their income, a household in group 2

will increase the growth in its expenditure by 0.5017 percentage points.

9.9 Top-coding

In the CEX, FINCBTAX itself is not top-coded, but some of its components are. If an observation’s
value for this sub-variable is greater than a threshold, the observation’s value will be replaced by
the mean of the original value for this sub-variable of all the observations in the current year.

In this section, | drop the households whose income is top-coded at either the first or the
fourth interviews from the regressions and check whether the results change. Note that
households’ expenditure groups in the baseline are preserved since the expenditure is not top-
coded and | drop the household whose income is top-coded after ranking. The results of IV
estimation are presented in Table A19. The number of observations decreases by 2,730 in total,

which is 18.7% of the original number of observations. Most of the decrease occurs in group 5.
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The number of observations in group 5 decreases by 1,926, which is 71% of the total decrease.
However, group 5 remains insignificant for all the other groups. Moreover, reference group 2 for
dependent group 3 remains the only significant coefficient, even though the level of the
coefficient slightly decreases to 0.4619 from 0.5317, and the significance level decreases to 5%

from 1%, compared to the baseline IV. Overall, top-coding does not affect my results.

9.10 Residential Investment

The CEX does not include the purchase price or downpayment of housing into a household’s total
expenditure. However, Households are more likely to compare their houses to others’. Besides,
the 2008 financial crisis was triggered by the collapse of the housing market and the sub-prime
mortgage crisis.

In Table A20, | add residential investment into the total expenditure. Residential
investment is defined as the purchasing price of the house if the purchase is not finance and the
downpayment if the purchase is financed. | also adjust the way to drop outliers. | keep all the
households that purchase a vehicle or a house only in one of the two interviews and drop the top
1% and the bottom 1% in the distribution of expenditure growth of the rest households.
Households are grouped according to this new measure of total expenditure.

The results of the IV estimation from Table A20 shows that no reference groups are
significant for any dependent group. Presumably, it is because income growth is not a good

predictor for the purchase decision on vehicles or houses.
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Table 1 Summary Statistics at the First Interview

Mean Sd Min Max

Expenditure $57,723 $43,147 $2,028 $1,183,670
Income $73,767 $73,476 $1.06 $1,351,964
Age 50.94 16.78 15 94
College A2 32 0 1
Homeowner .70 .45 0 1
Number of children .65 1.07 0 12
Number of adults 1.91 .85 0 11
Male .50 .50 0 1
White .83 .38 0 1
Observations 73,045

Note: Data source is the CEX, 1996-2017. The sample is restricted to the households that participated in both the
first and the fourth interviews. The information is from the first interviews. Expenditure and income measures are
reported in the real term (2017=100). Each household is weighted by the household head weight at the first
interview provided in the CEX Surveys.
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Table 2 Multivariate OLS Regressions

A ln(clgdts)
Reference
Group Dependent Group
Aln (3,) Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 .02527 -.002337 -.009307 -.01006
s.e. (.01954) (.01857) (.01833) (.02008)
Group 2 -.00542 .06698*** .02951 .01759
s.e. (.0243) (.02128) (.02098) (.02311)
Group 3 -.004071 -.007854 -.01614 -.007835
s.e. (.02488) (.02304) (.02139) (.02345)
Group 4 .005153 .01119 .01144 .03211
s.e. (.02779) (.02567) (.02421) (.02614)
Group 5 .01555 -.02172 .02116 .0203
s.e. (.02566) (.02382) (.02242) (.02206)
Division, year
and quarter FEs Yes Yes Yes Yes Yes
Division specific
year FEs Yes Yes Yes Yes Yes
Household
controls Yes Yes Yes Yes Yes
Unemployment
rate Yes Yes Yes Yes Yes
R-Squared .08121 .1307 .1544 .1598 .09765
Observations 14485 14628 14627 14680 14625

Note: Data source is the CEX, 1996 to 2017. The sample in a column is the households from a dependent group. The dependent
groups are defined by the four expenditure quintiles in a division-quarter cell using the information from the first interviews.
Quintiles are linearly interpolated, and boundary-crossing households are split into two sub-observations. Income and
expenditure measures are in real terms (2017=100). The dependent variable is the change in the logarithm of the total
expenditure of an observation from the first interview to the fourth interview. The independent variables of interest are the
changes in the logarithm of the reference income j,, of the four reference groups in the observation’ s division-quarter cell
from the first interview to the fourth interview. The reference income 7}, is the average income ¥}, in most cases, but the
observation’s or sub-observation’s income is excluded if it appears in the reference group. Household controls include the age
and the age squared of the reference person of the household, indicator variables for the sex and the education level of the
reference person of the household, indicator variables for the number of children and the number of adults in the household,
and the logarithm of household income. Changes in household controls are also controlled for. The division-level quarterly
unemployment rates and their changes are controlled for. Each household is weighted by the household head weight at their
first interviews provided in the CEX Surveys. All regressions are estimated using OLS. Standard errors are not clustered at any
level. Significant at **5%, ***1%.
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Table 3 Multivariate IV Regressions

A ln(clgdts)
Reference
Group Dependent Group
Aln(&,s) Group 1 Group 2 Group 3 Group 4 Group 5
Group 1 .2192 .03428 -.01841 -.06369
s.e. (.2189) (.209) (.2019) (.2057)
F 101.6 109.8 111.4 110
Group 2 -.08653 531 7*** .2085 .08762
s.e. (.2374) (.2062) (.199) (.2171)
F 108.3 106.5 113.7 112.7
Group 3 -.02458 -.05017 -.03737 -.01244
s.e. (.1548) (.154) (.1335) (.1465)
F 276.9 235.6 283 280.8
Group 4 -.01637 .1995 .02968 .2999
s.e. (.2712) (.2495) (.239) (.2391)
F 103.9 99.73 105.9 107.1
Group 5 .253 -.3309 4527 .3758
s.e. (.4252) (.3874) (.3763) (.3565)
F 33.31 35.3 38.58 36.15
Division, year
and quarter FEs Yes Yes Yes Yes Yes
Division specific
year FEs Yes Yes Yes Yes Yes
Household
controls Yes Yes Yes Yes Yes
Unemployment
rate Yes Yes Yes Yes Yes
R-Squared .07614 .1194 129 .149 .0935
Observations 14485 14628 14627 14680 14625

Note: Data source is the CEX, 1996 to 2017. The sample in a column is the households from a dependent group. The dependent groups are defined
by the four expenditure quintiles in a division-quarter cell using the information from the first interviews. Quintiles are linearly interpolated, and
boundary-crossing households are split into two sub-observations. Income and expenditure measures are in real terms (2017=100). The
dependent variable is the change in the logarithm of total expenditure for an observation from the first interview to the fourth interview. The
independent variables of interest are the changes in the logarithm of the reference expenditure