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Abstract

We investigate the e¤ect of relative concerns with respect to income on the quantity and

quality of sleep using a long panel dataset on the sleep behavior of people in Germany. We

�nd that relative income has a substantial negative e¤ect on number of hours of sleep on

weekdays and overall satisfaction with sleep, i.e., sleep quality, whereas absolute income

has no particular e¤ect on sleep behavior. The �ndings are robust to several speci�cation

checks, including measures of relative concerns, reference group, income inequality, and

local price di¤erences. The paper also investigates the importance of the potential channels

including working hours, time-use activities, and physical and mental health to explain

how relative concerns relate to sleep behavior. The results reveal that while all of these

channels partially contribute to the e¤ect, it appears to be mainly driven by physical

and mental health and overall and �nancial well-being/stress. We also use a subjective

well-being valuation approach to calculate the monetary value of sleep lost due to income

comparisons. The total cost is as high as about 2.6 billion euro/year (1.8% of the overall

monetary value of sleep and 1.3% of total health expenditures) among the working-age

population in Germany.
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1 Introduction

People derive utility not only from their absolute level of income and consumption, but also

from their income and consumption levels relative to those of other people. In other words,

people have relative (or positional or status) concerns (e.g., Frank, 1985). This issue has been

discussed by many scholars including Veblen (1899/2005) and Duesenberry (1949), but notably

also by scholars with di¤erent political opinions including Karl Marx, Adam Smith, and John

Stuart Mill. There is by now a large and growing empirical literature supporting the notion

that relative concerns signi�cantly in�uence people�s utility (Clark et al., 2008; Alpizar et al.,

2005).1 Concerns for relative income and consumption generate negative externalities and there

is an also emerging literature in economics including how to use income taxation to reduce these

e¤ects (e.g., Aronsson et al., 2016), economic growth (e.g., Easterlin, 1995), labor supply (e.g.,

Neumark and Postlewaite, 1998), and migration (e.g., Akay et al., 2017). Also, the public

health and epidemiological literature argues that lower relative income has a negative e¤ect in

particular on the physical and mental health of individuals because it increases the individual�s

psychosocial stress (e.g., Wilkinson, 1997; Sapolsky, 2004; Miller and Paxson, 2006; Jones and

Wildman, 2008; Gravelle and Sutton, 2009). This type of stress is also thought to in�uence

people�s sleep behavior negatively (e.g., Linton, 2004; Kim and Dimsdale, 2007; Basta et al.,

2007; Vgontzaz et al., 2008). To the best of our knowledge �rst time in the literature this paper

investigates whether the relative concerns in�uences sleep behavior, i.e., quantity and quality

of sleep, and the mechanisms that may explain this relationship.

Sleep is an integral part of daily life and it is recommended that adults sleep 7�9 hours per night

(e.g., Hirshkowitz et al., 2015). Even though the exact mechanisms as to why we need to sleep

are largely unknown, the importance of sleep, both in terms of duration and quality, on several

biological, psychological, and socio-economic outcomes is well documented. For example, poor

sleep is an important correlate of both immune system strength (e.g., Hall et al., 1998) and

weight gain and obesity (e.g., Vgontzaz et al., 2008; Patel and Hu, 2008), and is also associated

with risk-taking behavior, cognitive development, and academic performance (e.g., Moore et al.,

2011). Moreover, poor sleep creates large and non-negligible economic costs to the individual

and society. For example, in the U.S., the total (direct and indirect) annual cost of insomnia

1The literature on relative concerns generally uses either subjective well-being datasets or stated preference

methods to identify the direct utility e¤ect of positional concerns (e.g., Clark et al., 2008; Alpizar et al., 2005).

This literature suggests that the relative concerns negatively in�uence the subjective well-being especially in

developed countries (Clark et al., 2008). Yet the results are more mixed for transition and poor countries

with either insigni�cant or positive relative income e¤ect (e.g., Akay and Martinsson, 2011). In line with the

subjective well-being approach, based on survey experimental methods the stated preference method suggests

that people are positional with respect to not only income but also other goods such as a consumption value of

a car or vacation days (e.g., Alpizar et al., 2005; Carlsson et al., 2007).
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has been estimated to range between 92.5 and 107.5 billion USD (Stoller, 1994).

There is a biological need for a certain number of hours of sleep per night, and this number varies

from person to person. Sleep is also largely a choice variable that is in�uenced by variables

a¤ecting the allocation of time.2 It is therefore not surprising that the determinants of sleep

have gained attention in recent years. Today, sleep has been linked to several other important

individual variables including marital status, education, working hours and unemployment,

and macroeconomic indices (e.g., Biddle and Hammermesh, 1990; Hale, 2005; Szalontai, 2006,

Haley and Miller, 2014; Brochu et al., 2012; Antillon et al., 2014; Gruber et al., 2017). One

important question is how people�s income level is related to their sleep behavior. The recent

literature that focuses mainly on people�s own income and sleep �nds somewhat mixed results.

Studies, mainly from psychology, report either a weak positive association between own income

and the duration and quality of sleep (e.g., Hale, 2005; Adams, 2006; Lauderdale et al., 2006;

Friedman et al., 2007; Grandner et al., 2009). The present paper adds to this literature by

analyzing the relationship between income (absolute and relative) and people�s sleep behavior.

Concerns involving the income level of relevant others might in�uence sleep through several

mechanisms. For example, individuals who try to catch up with others might calibrate their

sleeping duration by changing their working hours or time-use (leisure or household production)

activities, depending on their opportunity cost of sleep. That is, people might sacri�ce their

sleep by working more or increase their household production activities to improve their income

position. Also, a lower income status might generate psychosocial stress in several domains of

life, e.g., personal �nances, which may negatively a¤ect a person�s physical and mental health

and well-being and in turn his or her quantity and quality of sleep.

Our empirical analysis uses a six-year panel dataset collected in Germany (German Socio-

Economic Panel �GSOEP)3, which contains information on people�s average number of hours

of sleep, on both weekdays and weekends, and sleep satisfaction, which we use as a proxy for

sleep quality. Our empirical strategy to identify relative concerns is based on the approach

used in most papers on subjective well-being that investigate relative concerns (e.g., Clark and

Oswald, 1995; Clark et al., 2008; Senik, 2004; Ferrer-i-Carbonell, 2005; Akay et al., 2011).

In this approach, relative concerns are proxied by relative income which is calculated as the

average (or median) income of people with whom individuals compare their income, i.e., their

reference group (e.g., Senik and Clark, 2010; Akay et al., 2014). Borrowing from this literature,

2Research identi�es important cyclical patterns in sleep inherited in the biological systems, e.g., the circadian

rhythm. Duration of sleep and when people go to bed might be related to these exogenous clocks. The cyclical

patterns a¤ect not only biological systems but also socio-psychological behavior and individual outcomes. Yet

people can calibrate their duration of sleep depending on the circumstances. Shift-work is a good example of

this (see, e.g., Roenneberg et al., 2007).
3For further information about the data, see www.diw.de.

2



in our econometric speci�cations, we regress sleep duration and quality on absolute and relative

income conditional on observed socio-demographic and economic characteristics, which include

measures of health status, daily number of working hours, and daily non-paid time-use hours.

The panel aspect of the data also allows us to control for the unobserved individual character-

istics that are correlated with both relative and absolute income, i.e., individual �xed-e¤ects,

which can alleviate the bias due to the omitted variables problem.

The paper presents highly robust results on the relationship between absolute income, relative

income, and sleep behavior. The �xed-e¤ect model speci�cations suggest that the e¤ect of

absolute income on sleep, in terms of both quantity and quality, is very small and statistically

insigni�cant in all model speci�cations. Relative income, however, has a very strong and

negative relationship with sleep quantity and quality. We �nd a large and highly signi�cant

negative relationship between relative income and number of hours of sleep on weekdays and

overall quality of sleep. Our results suggest that there is no statistically signi�cant association

between relative income and number of hours of sleep on weekends. Overall, our results are

robust to several checks with respect to estimators, measures of absolute and relative income,

alternative de�nitions of reference groups, local income inequality, and local price di¤erences.

Further, one of the novelties of this paper is that we report an extensive investigation of the

potential mechanisms that may mediate or confound the negative relationship between relative

income and sleep. We analyze three interrelated channels that relate to working hours, time-use

patterns, and physical and mental health/stress. We �nd that each channel partially contributes

to our �ndings in expected directions. In particular, the income comparisons largely a¤ect

people with short working hours and high time use in household production. The negative

relative income e¤ect is mostly explained by the physical and mental-health/stress levels of

the individuals. We calculate the monetary value of sleep lost due to relative concerns using

subjective well-being valuation method (van Praag and Baarsma, 2005; Powdthavee and van

Den Berg, 2011). We �nd that the total price/cost is as high as about 2.6 billion euro/year

among the working-age population in Germany. The relative value of the cost is about 1.8% of

the overall monetary value of sleep and 1.3% of total health expenditures of Germany in year

2013.

The remaining part of the paper is organized as follows: Section 2 presents the dataset, the

sample selection criteria, measures of sleep and relative income, and the statistics of key mea-

sures. Section 3 presents the econometric speci�cations, where we discuss important econo-

metric problems that may bias our results. Section 4 presents the baseline results, sensitivity

and robustness checks, and observed heterogeneity. Section 5 presents the mechanisms through

which relative income might in�uence sleep quantity and quality. Section 6 presents results

from the subjective well-being valuation of sleep lost due to relative concerns. Finally, Section

7 summarizes the main �ndings and discusses the economic implications.
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2 Data

2.1 Sample Selection

Our empirical analysis uses data from the German Socio-Economic Panel (GSOEP), which

is a large and nationally representative longitudinal panel dataset that is based on annual

household interviews that started in 1984.4 Around 25; 000 individuals in 12; 000 households

are surveyed in each wave. An advantage of the GSOEP is that it is very rich with regard to

socio-demographic and economic characteristics, individual and household characteristics, as

well as measures to relate the individuals with the characteristics of the local regions where

they reside. It also has low attrition, which is a crucial aspect for our identi�cation strategy

(Knies and Spiess, 2007). The main advantage of GSOEP for the purpose of the present study

is that the six waves from 2008 to 2013 contain information on sleep behavior. Therefore, our

analysis is restricted to these waves. We focus on the native German working-age population

aged 20 � 65 to eliminate age- and migration-related confounders. After deleting the missing
values, our �nal estimation sample consists of 76; 046 individual-year observations.

2.2 Measures of Sleeping Behavior

We use two key measures related to sleep behavior. The �rst is number of hours (i.e., the

quantity) of sleep. This information is provided for both workdays, i.e., weekdays, and weekends

and is obtained with the question: �On average on a normal day during the workweek, how

many hours do you sleep? How many hours a day on a normal weekend?�The second measure

is sleep satisfaction, and this information is obtained with the question: �How satis�ed are you

with your sleep?�, which comes with an 11-point response scale (0 = �completely dissatis�ed�

and 10 = �completely satis�ed�). We consider this measure a proxy for sleep quality based

on the idea that the sleep-satisfaction question measures the (experienced) utility or well-

being derived from sleep (see, e.g., Kahneman and Sugden, 2005).5 Our sleep measures might

include measurement error problems which lead to bias in estimators. First, the quality and

quantity of people�s sleep may vary across the year and thus the measures may not re�ect actual

averages. Second, the measures might be a¤ected by the temporal circumstances surrounding

the interview day (e.g., whether the interview is conducted on a long and light summer day

or on a short and dark winter day). To deal with these measurement problems, our model

4The panel aspect of GSOEP dataset is created using PanelWhiz software (http://www.panelwhiz.eu/). Please

see Haisken-DeNew and Hahn (2010) for further information.
5There has been a long discussion in the subjective well-being literature on whether the measure of overall

life-satisfaction or domain satisfaction, e.g., sleep or leisure satisfaction, are su¢ cient measures of people�s well-

being (e.g., Kahneman and Sugden, 2005; Layard et al., 2008; Krueger and Schkade, 2008). Today there is a

consensus that these simple questions can indeed capture levels of well-being (e.g., Krueger and Schkade, 2008).
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speci�cations allow for individual �xed-e¤ects and also several variables to capture temporal

circumstances including indicators for the weekday and month in which the sleep information

is obtained.

Statistics. Table 1 presents some descriptive statistics on the sleep behavior. The average

German sleeps about 6:94 hours per night (std. 1:03) on weekdays and 8 hours (std. 1:29)

per night on weekends (Column I). The mean satisfaction with sleep is 6:83 (std. 2:24). We

now calculate average number of working hours and time use on weekdays and on weekends.

The former consists of the total hours spent on the primary and other jobs and the latter

refers to number of hours spent on a set of very heterogeneous set of household activities, i.e.,

errands, housework, childcare, care and support for persons in need of care, education or further

training, repairs etc., and hobbies. The average number of hours spent on work and time use

on weekdays is about 6:9 hours each, which is similar to the average number of hours of sleep.

The average number of hours spent on work and time use activities on a weekend day is about

1:4 (std. 2:47) and 7:6 (std. 4:1), respectively.

Table 1 also presents descriptive statistics by employment status to give an initial idea of the

sleeping patterns among working and non-working individuals, respectively (Columns II�III).

These two groups are expected to display di¤erent time-use patterns, which might a¤ect their

sleep behavior. As expected, employed individuals sleep shorter hours (p� value =< 0:001) on
weekdays and longer hours on weekends (p� value =< 0:001). There is also a large di¤erence

in sleep satisfaction between employed and non-employed individuals (6:89 � 6:23 = 0:65,

p�value =< 0:001). That is, non-employed people sleep more hours on weekdays, yet they are
less satis�ed with their sleep. Also, they sleep fewer hours on the traditional leisure days, i.e.,

weekends, implying that they might experience sleep disturbances related to their employment

status. The mean age in our sample is about 44 and we have slightly more females than males

(53% versus 47%). Fifty-six percent of the individuals are married and they have an average of

about 12 years of education, which are �gures highly in line with the papers in the literature

using similar datasets and sample selection (see, e.g., Ferrer-i-Carbonell, 2005).

2.3 Absolute and Relative Income

Measuring Income. One of the key variables in this study is the measure of income. There

are several alternatives that can serve our purpose. Our baseline income de�nition is based on

household income. Yet, we are going to estimate models based on other measures of income as

well, including individual labor income. Household income is the sum of all incomes from all

sources that enter the household after taxes and social security transfers, i.e., post-government

income. We use household size in order to calculate the e¤ective income per individual within

the household. That is, we divide the household income by the number of family members using

5



Table 1: Descriptive Statistics
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the weights suggested by the OECD equivalence scale.6 Columns IV�VI of Table 1 present the

raw relationship between absolute per capita household income and sleep behavior. To get an

initial idea on the relationship between income and sleep behavior, we split the sample into

three equal-sized categories of absolute income: low-, middle-, and high-income households.

Absolute income is only moderately and positively correlated with longer sleep hours, especially

on weekends. The unconditional relationship, however, suggests that high-income individuals

are more satis�ed with their sleep.

Reference Groups and Measuring Relative Income. To identify the relative income

level of an individual, we need to identify the group of people with which individuals compare

their income level, i.e., their reference group. The literature uses two approaches to identify

reference groups. The �rst is to directly ask people about the group with which they com-

pare their income (Clark and Senik, 2010; Akay et al., 2014). The second approach is to

assume some ad-hoc criteria to de�ne reference groups, which we do in this paper following

in particular the subjective well-being literature (e.g., Clark and Oswald, 1996; McBride 2001,

Ferrer-i-Carbonell, 2005; Luttmer, 2005). According to our baseline reference group de�nition,

individuals compare their per capita (equalized) household income with the average equalized

household income of all people who live in the same region (former West or East Germany),

who are in the same age group (younger than 25, 25�34, 35�44, 45�65, and 66 or older), who
are similarly educated (fewer than 12 years of education and 12 or more years of education),

and who are of the same gender (male or female) in each year from 2008 to 2013. The baseline

de�nition generates 240 reference groups with an average of 482 (std. 250) individuals-year

observations per group. Adding more criteria to the de�nition decreases the number of obser-

vations per reference group, which can substantially a¤ect the precision of the estimates for

each reference group�s average income, i.e., reference income point. We also experiment with

the reference group de�nition by subtracting and adding alternative characteristics, e.g., gen-

der, education, and health status, and comparison orbits, e.g., neighborhoods. Furthermore,

we are going to present results obtained from a less ambitious de�nition of a reference group,

which excludes years of education, while we investigate the e¤ects on �ner subgroups (see, e.g.,

Ferrer-i-Carbonell, 2005). We then use federal states (16 regions), NUTS2 (32 regions), and

ROR (Raumordnungsregionen [ROR], 96 regions)7 to obtain �ner regional units as comparison

orbits to check the robustness of the results with respect to reference group de�nition.

6Per capita income is calculated by dividing the household income by the number of members in the household

using the standard OECD weights as follows: Per capita income = Household income / (1 + 0:7(#adults) +

0:5(#children)). We have also experimented with the modi�ed scale, which uses weights of 0:5 for each adult

and 0:3 for each child in the household.
7The ROR-level dataset is a part of INKAR (Indikatoren und Karten zur Raum- und Stadtentwicklung). The

dataset includes local level economic indicators. Please see www.inkar.de for further information.
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Figure 1: Hours of Sleep and Sleep Satisfaction by Absolute and Relative Income

Note: Authors�own calculations from GSOEP. Sleep satisfaction and average hours of sleep on weekdays and

weekends are shown by absolute and relative income quantiles. Quantiles are calculated at 15 di¤erent points in

income distributions. The relative income is calculated using baseline reference group de�nition. The straight

lines are the linear regression lines.
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Table 1, Columns VII�IX, presents descriptive statistics of several other characteristics by the

di¤erent levels of relative income. The statistics suggest important relationships: a higher

relative income implies shorter hours of sleep and lower sleep satisfaction for both weekdays

and weekends. To further develop our initial understanding of how absolute and relative income

levels are associated with sleep behavior, we present the unconditional relationships in Figure

1. The horizontal axes present the 15 quantiles of the absolute and baseline relative income

distributions and the vertical axes present the average hours of sleep on weekdays and weekends

(top two graphs) and sleep satisfaction (bottom graph). While there is a positive association

between absolute income and hours of sleep on weekends, there is no clear association on

weekdays. The duration of sleep on weekdays and weekends decreases substantially as relative

income increases. The bottom graph shows the relationships for sleep satisfaction. A similar

pattern emerges, i.e., the quality of sleep increases for the higher values of absolute income,

while people become less and less satis�ed with their sleep as their income position decreases.

3 Econometric Speci�cations

The main objective of the present paper is to investigate the relationship between income

(absolute and relative) and sleep measured by hours of sleep and sleep satisfaction, respectively.

The average number of sleeping hours is a continuous self-reported variable, whereas sleep

satisfaction is reported on an 11-point ordinal scale. In our baseline model speci�cation, we

specify a generic linear panel data model for sleep, which is the same for both number of hours

of sleep and sleep satisfaction, as follows:

Sit = �abs ln(Y
abs
it ) + �rel ln(Y

rel
rt ) +X

0� + �it; (1)

�it = sk + � t + �i + "it: (2)

In equation (1), the dependent variable Sit is either hours of sleep or sleep satisfaction, and i

indicates the individual and t the year. Y abs
it is the absolute level of income measured using

per capita household income (see Footnote 5). Y rel
irt is relative income and is calculated as

Y rel
irt =

1
Nr�1

PNr�1
m=1 Y

r
mt, which is the average income of the people in individual i�s reference

group r. Nr is the number of people and Y r is the per capita household income of the people

in the reference group. We use the logs for both per capita absolute and relative income

to allow some �exibility in the hours of sleep and sleep satisfaction equations. The two key

parameters that we estimate are �abs and �rel. In particular, we are interested in the sign, size,

and signi�cance of the parameter �rel, which measures how the income of others, i.e., relative

income, a¤ects sleep. To identify the relative income e¤ect on sleep behavior, we control for

several characteristics of individuals, X, including marital status, years of education, subjective

health status, household size and age composition of kids at home, labor force status, wages
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and average daily working hours, average daily time use (other than job and training), and the

so-called Big-5 personality traits, which are commonly labeled as extraversion, agreeableness,

conscientiousness, neuroticism, and openness to experience, which can correlate with, e.g.,

lifestyle (e.g., McCrae et al., 1999; Gruber at al., 2017) (see the table in Appendix A for the

full set of controls), and � is a corresponding vector of parameters.

The composite error term �it includes several components as shown in equation (2): sk denotes

the regional dummies de�ned using the 16 federal states (Länder) of Germany to capture

regional unobserved di¤erences and � t denotes the time dummies for all periods of observations

which aim to capture overall changes in German society including in economic and political

conditions. �i denotes the unobserved individual e¤ects which are assumed to be correlated with

observed characteristics, in particular absolute and relative income. In addition, it is crucial to

allow for the unobserved individual e¤ects in order to deal with the omitted variables that may

explain sleep behavior, e.g., lifestyles, unobserved health conditions or genetic predisposition.

To allow for this correlation, we estimate linear individual �xed-e¤ects models for both sleep

duration and sleep satisfaction.8 To tackle the omitted variables bias further, the baseline model

speci�cation controls for the Big-5 personality traits. We also check how sensitive the results

are to the model speci�cation. For example, we also present estimates from a quasi-�xed-e¤ects

model (henceforth QFE) among our main results below. QFE model is based on an alternative

auxiliary function of the unobserved individual e¤ects to capture the correlated e¤ects (à la

Mundlak-Chamberlain approach). The auxiliary distribution allows for the within-means of

time variant variables such as health status, household size, education, working hours, and

time use.

4 Results

We �rst present estimates from a baseline model where we investigate the relationship between

income (absolute and relative) and hours of sleep and sleep satisfaction, respectively. We present

several robustness analyses with respect to estimators, measures of absolute and relative in-

come, alternative de�nitions of reference groups, local income inequality, local price di¤erences,

and observed heterogeneity. Then we extensively analyze and discuss the potential channels

explaining how relative income relates sleep behavior. Finally, we investigate the price/cost of

sleep lost due to relative concerns using the subjective well-being valuation method.

8Recent studies suggest that the di¤erence between linear model and ordered probit speci�cations is very

small especially when the number of the ordinal categories is larger (Ferrier-i-Carbonell and Frijters, 2004).

Using linear panel data estimators also has several advantages. Most importantly it is very easy to allow for the

individual �xed-e¤ects in a linear setting. Nevertheless, we present sensitivity analysis by estimating alternative

model speci�cations.
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4.1 Main Results

Baseline Estimates. Table 2 presents the baseline estimation results in the �rst column. The

model controls for the full set of control variables (see Appendix A). To be concise, in the rest of

the paper we present only the key variables of interests, i.e., absolute and relative income. In the

baseline model speci�cation, absolute income is measured as per capita (equalized) household

income and relative income is a person�s income relative to the average income of people in the

baseline reference group. The baseline model speci�cation allows for the individual �xed-e¤ects

(FE) in which the unobserved individual e¤ect is assumed to be correlated with the observed

characteristics. The upper part of Column I presents the results for hours of sleep on weekdays.

As can be seen, there is no signi�cant relationship between absolute income and hours of sleep;

the parameter estimate is 0:020 (s.e. 0:014). The relative income e¤ect is large in magnitude

(�0:150, s.e. 0:071), negative, and statistically signi�cant at the 5% level. The second part of

Column I gives the results for hours of sleep on weekends. There is a similar pattern as for

weekdays, but both parameter estimates are statistically insigni�cant at conventional levels.

The absolute income e¤ect is positive and marginally signi�cant with a size of 0:027 (s.e. 0:017,

p� value = 0:101). The parameter estimate of the relative income e¤ect on hours of sleep on

weekends is less than half the size of that of the corresponding e¤ect on weekdays (�0:068 vs.
�0:150). Finally, the last part of Column I presents the baseline results for sleep satisfaction,
i.e., sleep quality. The results are similar to those for hours of sleep on weekdays. There

is no signi�cant relationship between absolute income and sleep satisfaction, but the relative

income e¤ect is large in magnitude, negative, and signi�cant at conventional levels. Thus, the

results from the baseline model speci�cations suggest that there are important relationships

between income and sleep behavior. Absolute income does not signi�cantly relate to sleep,

while relative income is statistically signi�cant and a¤ects both hours of sleep on weekdays and

sleep satisfaction negatively.

Control Variables. We present the full estimation results of our baseline �xed-e¤ects model

speci�cations in Appendix A. The parameter estimates of social-demographic and -economic

characteristics are in line with expectations. For example, health status and hours of sleep are

positively related, while number of dependent kids aged 0�1 and 2�4 relates negatively with

hours of sleep. Years of education is positively and signi�cantly related to sleep on weekdays

and as well as sleep satisfaction. Individuals who are currently employed sleep shorter hours and

are less satis�ed with their sleep, but the parameter estimates are not statistically signi�cant.

Compared with other people, individuals who are currently in school/(vocational) training

sleep less on weekdays and more on weekends and are less satis�ed with their sleep. Two

important variables in this study are average daily working hours and time-use hours for non-

paid household activities. People who work longer hours sleep less on weekdays and are less
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Table 2: Baseline and Initial Sensitivity

12



satis�ed with their sleep. Yet, they sleep longer on weekends. Time-use is negatively related

with sleeping hours only on weekends and a higher time-use also relates negatively with sleep

satisfaction. The log of individual labor income and distance to work (measured in km) are not

related to hours of sleep and sleep satisfaction. We also �nd important relationships between

personality traits (measured with the Big-5 personality inventory) and sleep behavior.9 For

instance, a higher conscientiousness value, e.g., hardworking and meticulous people, relates to

less sleep on both weekdays and weekends. People who are emotionally unstable (neuroticism)

also sleep less, but only on weekends. In the remaining part of the paper, we investigate the

relationship between income (absolute and relative) and sleep behavior in more detail.

4.2 Is the E¤ect Stable?

Estimators. We �rst check the sensitivity of the results using alternative estimators. Our

baseline speci�cation is a linear individual �xed-e¤ects model. This model speci�cation is our

favorite choice as it eliminates omitted variables that may confound the absolute and relative

income e¤ects on hours of sleep and sleep satisfaction. Column II of Table 2 presents the results

from an alternative model speci�cation, QFE, which is based on Chamberlain�s correlated-

e¤ect model. This model speci�cation uses an auxiliary model speci�cation for the unobserved

individual e¤ects based on within-means of time-variant variables to capture the correlation

between unobserved e¤ects and observed characteristics. The time-variant variables that we use

in the speci�cation are health status, education, age, individual labor income, household size,

daily working and time-use hours. We also include the Big-5 personality traits into this model

speci�cation to add an additional potential proxy for the unobserved individual characteristics

to deal extensively with the issue of omitted variables. As can be seen in Column II of Table 2,

the results are similar to those for the baseline �xed-e¤ects model in Column I. The QFE model

suggests a highly signi�cant absolute income on hours of sleep on weekdays and weekends. The

relative income e¤ect is also statistically signi�cant, not only on hours of sleep on weekdays

but also on weekends and on sleep satisfaction. We compare the baseline �xed-e¤ect and QFE

using the Hausman test. The results strongly favor the �xed-e¤ects speci�cation.10

9The personality traits are measured in only three waves. We assume that a person�s personality is stable in

the short term (see Cob-Clark and Schurir, 2012). We assigned the measure in the 2005 wave for the 2008 and

2009 waves. The measure of personality in 2009 is assigned for the 2010, 2011, and 2012 waves. The measure of

personality in 2013 is used for the 2013 wave. Thus, we are able to estimate the individual �xed-e¤ects model

without losing a large portion of the data. Yet we also have experimented using alternative groupings, and the

results are highly comparable.
10We also estimate several alternative speci�cations including a linear model with ordinary least squares, an

ordered probit model, the �Blow and Cluster��xed-e¤ects ordered probit model (Baetschmann et al., 2015)

� in the case of sleep satisfaction � and a random-e¤ects model. The results are highly comparable across

speci�cations and available from the authors upon request.

13



Reference Groups and Income. The de�nition of the reference group is a key issue when

identifying the parameters of the absolute and relative income on sleep behavior. We are going

to conduct an extensive sensitivity analysis with respect to reference group de�nitions di¤ering

in comparison orbits and socio-demographic criteria. The reference group in the baseline model

is de�ned as all people in the same region (former West or East Germany), of similar age

(younger than 25, 25 � 34, 35 � 44, 45 � 65, and 66 or older), with similar educational level
(less than 12 years of education and 12 or more years of education), and of the same gender

(male or female) in each year from 2008 to 2013. We now modify the baseline reference group

de�nition by adding and subtracting some other characteristics that have been used when

de�ning reference groups in the subjective well-being literature (e.g., McBride, 2001; Ferrer-i-

Carbonell, 2005). In Table 2, Columns III-VI, we present the results when using four alternative

reference groups (RG1�RG4). RG1 excludes education from the de�nition to test how an

arbitrary criterion in�uences the result. This reference group de�nition allows us to estimate

the reference income of each individual with higher precision as the number of reference groups

is 120 (20 for each year), each with an average of 877 (std. 845) individuals-year observations.

The results are presented in Column III. The de�nition produces similar yet a larger parameter

estimate for relative income. We �nd statistically signi�cant absolute and relative income

e¤ects on hours of sleep on weekdays and a statistically signi�cant relative income e¤ect on

sleep satisfaction.

In RG2�RG4, we introduce alternative regional orbits. First, we narrow down the large regional

classi�cation used in the baseline (former West and East Germany) to the 16 federal states of

Germany and use �ve age categories. This produces 480 (80 for each year) reference groups. The

results are consistent with those for the baseline model, especially in the case of hours of sleep

on weekdays. Next, we use the NUTS 2 regional classi�cation, which includes 32 regional units

in Germany, together with the �ve age categories. In this case, the number of reference groups is

960 (160 for each year). The results are highly comparable. The �nal reference group de�nition

is based on even narrower regional units. Our dataset includes information on the �96 regional

policy regions (ROR)�where the individuals reside. Using the spatial information on the local

economic characteristics from 2008 to 2013, we match the actual local GDP per capita obtained

by the o¢ cial income registers as the relative income of each individual. The total number of

reference groups is 576 (96 for each year). The results (Column VI) are highly consistent yet

statistically imprecise. Our experiments suggest that socio-economic characteristics, e.g., age

and gender, in the de�nition of reference groups are crucial to be able to determine a meaningful

reference group. The number of robustness checks of reference groups is limited since they

normally involve adding more criteria for the reference group, which results in a decreasing

number of individuals in each reference group and a¤ects the precision of the reference income

estimates. We also tested (not reported here) some additional de�nitions of reference groups
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(such as adding more criteria to the ROR-level information) and, by and large, the results

remained the same. In each case, the relative income e¤ect is negative for hours of sleep on

weekdays and for sleep satisfaction, with varying levels of statistical signi�cance.

In Table 2 Column VII, we present results aiming to check the sensitivity of results with respect

comparison income point. We replace the average income of the reference group with the median

income of reference group as it is robust especially when the size of a reference group is small.

The results in Column VII and I are highly similar. The relative income e¤ect on hours of

sleep on weekdays and on sleep satisfaction is negative and statistically signi�cant. Among

the unreported results, we also calculated the median comparison income for reference groups

RG1�RG3, and the results turned out to be highly comparable.

Alternative Income Measures. Our baseline income de�nition is the (post governmental)

household income which is equivalized using standard OECD scale. The reason we prefer this

income measure is that it better re�ects an individual�s overall income situation as it accounts

for the e¤ective level of income they have access to. We also calculated the modi�ed OECD-

equivalent household income (with the weights of 1 assigned to the household head, 0:5 assigned

to each additional adult member, and 0:3 assigned to each child). The results are practically

the same as those for the baseline model (Table 2, Column I). Therefore, the results are not

reported here. To test the sensitivity of the results to the income de�nition, Column I of Table 3

presents the results when we use household income without equalization. Here, we calculate an

individual�s relative income using the mean household income in the baseline reference groups.

The signs of the parameter estimates of absolute and relative income on hours of sleep and sleep

satisfaction are the same as in the baseline case. The relative income e¤ects on sleep satisfaction

and on hours of sleep on weekdays are still statistically signi�cant, but the magnitude of the

e¤ect is smaller (baseline �0:150 vs. �0:105). Next, we use the absolute and relative �labor
income�of each individual. In our analysis, we use all individuals irrespective of employment

status. The results based on labor income are given in Column II of Table 3. The results based

on individual labor income are highly consistent with those for the baseline case. However, the

magnitude of the e¤ects of absolute and relative labor income on sleep behavior are lower. The

relative income e¤ect is highly statistically signi�cant for hours of sleep on both weekdays and

weekends.

Income Ranks. We also replaced the measure of relative income with the income position

of individuals within the income distribution of reference groups. We �rst sort the household

income of the members of the baseline reference group to calculate each individual�s income

�rank�within his or her reference group. We express the ranks between 0 and 1 by dividing

the number of individuals within each reference groups. The rank measure is expected to be
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positively correlated with the sleep measures. Con�rming our expectations, the rank measure

of relative concerns produces positive and statistically signi�cant parameter estimates on the

hours of sleep on weekdays signi�cant at the 5% level (Column III, Table 3). This result means

that a higher income rank in the reference group implies a longer hours of sleep on weekdays.

The income rank is positive on the sleep during weekends and on the sleep satisfaction, yet in

contrast with the previously reported results, they are not statistically signi�cant.

We now conduct alternative checks by combining relative income and income ranks in the same

analysis. First, we allow for the relative income measure (mean income level in the reference

group) to be in the same regression with the income rank of the individual. This regression

investigates both the level and rank e¤ect of people�s income position on sleep behavior. The

results suggest that the e¤ect of relative income is still negative and the magnitude of the

estimate is similar. Yet it is only marginally signi�cant, while the e¤ect of income rank is

positive and statistically signi�cant (Column IV, Table 3). Second, we identify the people who

are in the bottom 25% of the income distribution in their reference group to form a dummy

variable for the worst o¤. These people sleep less due to their low-income position (Column V,

Table 3). We also add relative income level in the same regression. In this speci�cation, both

the parameter estimates of relative income and the indicator for the low-income position are

negative and statistically signi�cant at conventional levels (Column VI, Table 3).

Income Inequality within Reference Groups. Next, we investigate the inequality within

the reference groups. To be able to tease out this potential confounding e¤ect of income

inequality on the relationship between relative income and sleep behavior, we calculate reference

group-speci�c Gini coe¢ cients for each year and add these coe¢ cients as an additional control

variable in our baseline �xed-e¤ects model. We �nd that there is a distinct e¤ect of relative

income on quantity of sleep on weekdays. Moreover, allowing for income inequality leads to a

larger relative income e¤ect on hours of sleep and on sleep satisfaction (Column VII, Table 3).

Basically, the parameter estimates of relative income on sleep behavior are robust with respect

to inequality within the reference groups. We also note that, conditional on relative income

and other characteristics, there is an additional �income inequality e¤ect�on sleep behavior.

The inequality within the reference group is positively related to sleep, which is statistically

signi�cant only for sleep on weekdays.11

11The positive relationship between income inequality and sleep behavior is partially inline with the results

reported in the subjective well-being literature. While several studies report a negative relationship between

income inequality and utility, i.e., inequality aversion (Alesina et al., 2004), there is a signi�cant number

of studies reporting results either insigni�cant or positive inequality e¤ect on utilities (see Senik, 2005, and

Graham and Felton, 2005, for comprehensive reviews). Borrowing from this literature, the interpretation that

we favor for the positive e¤ect of the income inequality found in our analysis follows the �tunnel e¤ect� of

Hirschman and Rothschild (1973). Conditional on absolute and relative income position, the income inequality
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Local Price Di¤erences. One other potential confounding factor on our results is that

the relative income e¤ect might be biased if people face large regional price di¤erences. Our

identi�cation strategy assumes that the prices that individuals face are the same when they

compare their income with that of the reference group. To tease out the confounding e¤ect

of local price di¤erences, we control the baseline model for the 16 federal state-level (L�ander)

consumer price index (CPI) observed between 2008 and 2013.12 Local CPI is calculated using

2010 prices as the reference year. We control our baseline �xed-e¤ects for the time-varying CPI

conditional on the full set of variables, income inequality, and federal state-level dummies. The

results remain highly stable. The relative income e¤ect is only slightly reduced, yet it is still

statistically signi�cant at the 5% level (Column VIII, Table 3).

Further Checks. The reporting of sleep might be a¤ected by when and under what condi-

tions the information is collected. For example, there is seasonal variation in light levels, which

might in�uence people�s quantity of sleep (Friborg et al., 2012). The interviews utilized for

the present study are conducted throughout the year (except November and December). To

capture these variations, we control for the month of interview dummies. The results reported

in Table 3, Column IX suggest basically no di¤erence from the baseline model. Among the

unreported results, an additional check was conducted by adding the day of the week on which

the sleep duration and sleep satisfaction were reported. The baseline results remain una¤ected.

As a �nal check, we investigated whether sleep satisfaction, i.e., sleep quality, is one of the im-

portant omitted variables a¤ecting sleep duration while correlating with absolute and relative

income. To test this, we controlled for sleep satisfaction in the regressions for hours of sleep

on weekdays and weekends using ten dummy variables for each ordinal category. The absolute

and relative income e¤ects stayed the same (Column X, Table 3).

4.3 Observed Heterogeneity

The baseline results suggest that, on average, there is a robust negative e¤ect of relative income

on sleep behavior. The e¤ect of absolute income on sleep behavior is not strong. It is possible

that the relationship between absolute and relative income on sleep behavior might di¤er for

di¤erent subgroups. We therefore investigate the heterogeneity absolute and relative income

e¤ects for some interesting subgroups. To do so, we �rst de�ne a dummy D, which indicates a

binary group, e.g., gender. We then interact D with absolute and relative income to calculate

the absolute and relative income e¤ects for D = 1 and D = 0. Table 4 presents the heteroge-

neous absolute and relative income e¤ects on hours of sleep on weekdays and weekends and on

serves as a signal for the higher opportunities (see, e.g., Clark, 2003).
12The dataset is obtained from the webpage, https://www.destatis.de/DE/Startseite.html. Data are not avail-

able for Hamburg and Schleswig-Holstein.
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sleep satisfaction.

The e¤ect of absolute income on sleep behavior does not di¤er between younger and older

people (D = 1 if age < 50). The e¤ect of relative income on quantity of sleep on weekdays and

weekends is larger among younger people, and the e¤ect of relative income on sleep satisfaction

is larger among older people. The di¤erences are statistically signi�cant. One potential expla-

nation of the stronger relative income e¤ect on the hours of sleep for younger people is that

they might react to their income position by chancing their working and time use hours more

than older people. The �nding that relative income e¤ect interferes with older people�s quality

of sleep is also highly in line with the �nding of Akay and Martinson (2012) that relative income

has a particularly strong e¤ect on the utility of older people. We next investigate gender di¤er-

ences (D = 1 if female). The e¤ects of absolute and relative income are more prominent among

males for both quantity and quality of sleep (Layard et al., 2008). Turning to the in�uence

of marital status, we �nd that the absolute and relative income e¤ects on hours of sleep and

sleep satisfaction are larger for married individuals. One important factor that might inter-

fere with people�s sleep is whether they have dependent kids. Our baseline regression results

(Appendix A) suggest that number of kids aged 0� 1 and 2� 4 at home negatively relates to
hours of sleep and sleep quality. We now de�ne the binary dummy as years (D = 1 if there is

at least one dependent kid at home). One interesting result is that people with a dependent

kid experience a negative e¤ect of both absolute and relative income, but the di¤erences are

signi�cant only for the case of absolute income and hours of sleep on weekdays and weekends.

Lastly, we identify individuals with 12 or more years of education (D = 1 if 12 or more years of

education), which corresponds to university level education. People in this group sleep longer

and experience higher sleep satisfaction as their absolute income increases. Individuals with

less than 12 years of education display a stronger e¤ect of relative income on sleep behavior,

yet the only di¤erence that is statistically signi�cant is in hours of sleep on weekdays.

5 Discussion

Our analysis suggests a robust negative relationship between relative income and sleep satis-

faction and hours of sleep on weekdays, respectively. Moreover, there is a positive relationship

between absolute income and hours of sleep in most speci�cations, yet it is never statistically

signi�cant. In this section, we turn our attention to possible mechanisms behind these results.

We mainly focus on the allocation of time between work, time use, and sleep given the con-

straints people face. We investigate how the choices made regarding the allocation of time to

work and leisure mediate the relationships between relative income and sleep. We then focus

on the constraints in terms of physical and mental health/stress people face when allocating

their time. That is, we focus on three mutually interrelated mechanisms: 1) working hours, 2)
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time use, and 3) physical and mental health/stress. To investigate these channels, we will use

interaction models where we also split the data into some smaller groups to investigate alterna-

tive hypotheses. To obtain precise reference income estimates, we use the reference group that

excludes the education criterion; see RG1 in Table 2, Column III (same region, similar age, and

same gender). Since we have established that the absolute income e¤ect on sleep behavior is

weak, we focus only on the relative income e¤ect in the remainder of the paper.

5.1 Working Hours

Most individuals allocate a signi�cant share of their time resources to paid work. People who

work longer hours are expected to sleep less on weekdays and/or sacri�ce leisure time, e.g., spend

less time eating out, playing sports, or doing hobbies. They might also sleep more than other

people on weekends, for example because they need to catch up on their sleep. Two important

issues emerge. First, our baseline regressions and robustness checks suggest that the relative

income e¤ect on sleep behavior is not a¤ected by controlling for average daily working hours.

Second, the baseline regression results suggest that working hours are negatively (positively)

related to hours of sleep on weekdays (weekends) as reported in Appendix A, which is in line

with expectations.

We investigate how di¤erences in time allocated to paid work a¤ect the relationship between

relative income and sleep behavior by separating people into quartiles of working hours. Then

we interact these quartile dummies with relative and absolute income. Figure 2.A reports the

parameter estimates and con�dence intervals of relative income e¤ects. As expected, quantity

of sleep on weekdays is less a¤ected by relative income among hard-working people, i.e., those

in the third and fourth quartiles, than among those who work less. We interpret this result as

follows: People with longer working hours earn more and catch up with or exceed the income

level of their reference group.13 The di¤erences in relation to the values for the �rst and second

quartiles are large and highly statistically signi�cant. There is no strong in�uence of working

hours on the relationship between relative income and hours of sleep on weekends. The results in

terms of the sleep satisfaction of those who work the most hours, i.e., the fourth quartile, suggest

a negative but statistically insigni�cant e¤ect of relative income on sleep quality implying that

the relative income disturbs the sleep quality of people who are working lesser hours.

13In another model speci�cation, we investigate how relative income is related to working hours using a linear

�xed-e¤ects model. In this model speci�cation, the working hours is the dependent variable and the model

includes the full set of control variables as well as absolute income, relative income (see Appendix A), and

also allows for the unobserved individuals e¤ects. The relative income (based on the baseline reference group

speci�cation) enters into regression positive and highly statistically signi�cant implying that a higher relative

income is associated with longer working hours. This result is consistent with previous studies (see, e.g.,

Neumark and Postlewaite, 1998). Full estimation results can be provided upon request.
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To investigate how working hours mediate sleep behavior, we investigate the group of people

with alternative preferences for working hours. We now focus on reported overtime and weekend

working hours. We generate a dummy indicating those working more than and equal to 3th

quartile of the distribution of overtime hours and present the results from the interaction model

in Figure 2.B. Similar to people who work long hours, those who work long overtime hours

display a smaller relative income e¤ect on quantity of sleep on weekdays. Yet the di¤erence is

not statistically di¤erent. Next, we investigate the e¤ect of working hours on weekends (sum

of working hours on Saturdays and Sundays). Figure 2.C shows the relative income e¤ects on

sleep behavior among those working a lot (more and equal to 3th quartile) and less (less than

3th quartile). The results are strikingly consistent with the previous �ndings. People who work

long hours on weekends do not exhibit a signi�cant negative e¤ect of relative income on their

hours of sleep on weekdays or weekends. Yet the people who are working long hours during

weekend experience a larger relative income e¤ect with a statistically signi�cant di¤erence.

Opportunity Cost of Sleep. A higher number of working hours, long overtime work, and

long working hours during weekend are related to a smaller reduction in sleep duration and

sleep satisfaction. However, the relationship between relative income and sleep might not only

be mediated by the quantity of working hours but also by productivity, which we measure by

hourly wages. When a person�s productivity is higher, the opportunity cost of sleeping an extra

hour is higher, which might motivate people to sacri�ce sleep in order to work more. That is,

the negative relative income e¤ect on sleep behavior might be explained by the high opportunity

cost of sleep. To test this, we estimate our interaction models using quartiles of hourly wages.

To calculate the hourly wages, we divide yearly net individual labor earnings by annual working

hours. We exclude individuals with zero working hours and end up with a remaining sample

size of 60; 073 individual-year observations, and then generate four quartiles of the hourly-wage

distribution to obtain the interactions of relative income with wages on sleep behavior. The

results are presented at the bottom of Figure 2.D. As can be seen, the relationship between

hourly income and sleep behavior varies hardly at all across the productivity quartiles.

5.1.1 Time Use

The results so far suggest that hard-working people experience less interference with their sleep

due to their relative income � irrespective of productivity. That is, the reduction in sleep

duration related to relative income among people who work less, implying that they have more

time to sleep, should be explained by other activities. We now turn our attention to how

time use during leisure mediates the relationship between relative income and sleep behavior.

Two important points should be noted: First, the activities carried out during a person�s

leisure time might be highly heterogeneous, making it impossible to capture the full range of
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Figure 2: Working Hours and Productivity

Notes: The models are estimated using the �xed e¤ects speci�cation with the full set of controls (see Appendix

A) including personality characteristics, region, and time dummies. The horizontal axes show the magnitude of

the parameter estimate on hours of sleep on weekdays and weekends, as well as sleep satisfaction, respectively.

On the vertical axis, RI is the relative income de�ned using the baseline reference group. Figures above the

con�dence intervals (95%) indicate the magnitude of the parameter estimates. The vertical lines go through

zero.

24



activities. Second, there might be measurement errors in the reporting of the exact number of

hours spent on each activity. Yet, our dataset is rich as it contains information on hours spent

on a wide range of activities. We focus mainly on the time use activities relating to household

production. The information is obtained using the following question: �What is a typical day

like for you? How many hours do you spend on the following activities on a typical weekday,

Saturday, and Sunday?�The activities listed were 1) job, apprenticeship, and second job, 2)

errands, 3) housework, 4) childcare, 5) care and support of persons in need of special care, 6)

education or further (vocational) training, 7) home-related repairs, car repairs, and gardening,

and 8) hobbies and leisure activities.14

The hours are reported in separate measures for weekdays, Saturdays, and Sundays. We start

by calculating each individual�s total time use on a typical weekday and weekend by adding

the reported hours spent on each activity. We exclude the activities relating to jobs and

apprenticeships as they are already included in our measure of working hours. We sum the

hours reported for the activities numbered from 2 to 8. To deal with measurement errors, we

eliminated inconsistent answers to generate one solid measure for the degree of time use for

each individual. Figure 3.A shows the interaction of relative income with the four quartiles

of the time-use distribution on weekdays. The relative income e¤ect on quantity of sleep on

weekdays seems to be higher among people who spend more time on time-use activities. Yet

the di¤erences are not statistically signi�cant across the time-use quartiles. Number of hours

spent on time-use activities on weekdays (Figure 3.A) does not relate to sleep satisfaction and

hours of sleep on weekends. We also use our interaction model to investigate relative income

e¤ect by time use on a typical weekend. The data contain detailed information for Saturdays

and Sundays. We add the number of hours spent on each time-use activity on Saturday and

Sunday to obtain an average hours of time-use measure for a weekend day. The results remain

largely uncharged and are presented in Figure 3.B. The relative income e¤ect is also partially

mediated by hours spent on time-use activities on weekends, especially when it comes to the

e¤ect on hours of sleep on weekdays.

We will now conduct the analysis by looking at high vs. low working hours to explore how

the interaction between working hours and time use mediate the relationship between relative

income and sleep. The strategy is as follows: We split the data by low and high working hours

using the median and use interactions with time-use quartiles. Figure 3.C and 3.D shows the

14There are several other activities relating to leisure and the time use reported in the data. Yet they are

observed only in selected years. These activities are more heterogeneous with measurement error and are

complicated to classify into categories. They include going out to eat or drink, playing cards and board games,

participating in local politics, attending church or other religious events, watching television, reading �ction

and non�ction, engaging in artistic and musical activities, participating in sports, and going to the movies or

concerts.
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Figure 3: Time Use by Working Hours

Notes: The models are estimated using the �xed e¤ects speci�cation with the full set of controls (see Appendix

A) including personality characteristics, region, and time dummies. The horizontal axes show the magnitude of

the parameter estimate on hours of sleep on weekdays and weekends, as well as sleep satisfaction, respectively.

On the vertical axis, RI is the relative income de�ned using the baseline reference group. Figures above the

con�dence intervals (95%) indicate the magnitude of the parameter estimates. The vertical lines go through

zero.

26



results for high and low working hours interacted with the quartiles of time use on a typical

weekday. Striking patterns emerge: First, the e¤ect of relative income on sleep prevails mainly

among people who work fewer hours (less than median) and spend many time-use hours on

household production. Second, individuals who work long hours are una¤ected by relative

income, irrespective of the magnitude of their time use.

5.2 Physical and Mental Health

Physical Health. The negative relationship between relative income and sleep behavior is

not fully explained by people�s time allocation between work and household activities. The

e¤ect prevails mainly among people with fewer working hours and high time use for household

production. To explore the relative income e¤ect further, we are going to investigate the

individual physical and mental health constraints and stress. Our focus is mainly on the physical

and mental health/stress among people who work a lot and those who work less and people

who spend little and a lot of time on non-work activities. To investigate how health status

mediates the relative income e¤ect on sleep behavior, we use subjective and objective measures

of health. The �rst is the subjective health-status measure, which is obtained with the question

�How would you describe your current health?�on a �ve-point scale that runs from �very good�

to �bad.�We reverse the scale and merge the health categories �bad�and �poor�into one due

to low sample size in these categories (2; 072 and 9; 093 individual-year observations reported

bad and poor health, respectively). The interactions of relative income with the four levels

of subjective health status are given in Figure 4.A and 5.A.15 In the case of hours of sleep on

weekdays and on sleep satisfaction, the negative e¤ect of relative income is lower among people

who report better health than among those who report bad/poor health (Figure 4.A and 5.A).16

One important observation is that the relationship is concave implying that hours of sleep and

sleep satisfaction of people who report very good health are also signi�cantly a¤ected by their

relative income. One potential explanations for the concave relationship is that individuals

with excellent physical health might have higher capacity and ambitions about their relative

income position, e.g., they work harder and stress more, resulting to a higher relative income

e¤ect on their hours of sleep and sleep satisfaction.17

15The results for the hours of sleep on weekends are given in Appendix B.
16It may also be the case that people with excellent and bad/poor health have di¤erent reference groups compared

with the others. As an additional analysis, we introduce subjective health status into the reference group

de�nition. The results are very similar.
17The dataset includes several other measures of health. We also investigated the relationship between relative

income and sleep by: 1) health satisfaction, and 2) SF-12 composite physical health-status indicators; 3) number

of doctor visits. The results remain largely unchanged. People with better health display a smaller e¤ect of

relative income on the duration and quality of sleep. Also, the pattern is concave and di¤erences are only

partially statistically signi�cant across the quartiles of the health status distributions, as in the case of subjective

health status.
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We use a series of health status proxies that are more objective in nature and relate directly to

sleep. The �rst one is obesity, which is very often used as an objective indicator of health status

and is associated with sleep problems (e.g., Haster et al., 2004).18 To identify obesity, we use

body mass index (BMI), which is considered to be a su¢ cient measure of health status. Our

sample contains weight and height information only for 38; 666 individual-year observations.

Using BMI = 30 to identify the upper limit for healthy people, Figures 4.B (for hours of sleep

on weekdays) and 5.B1 (for sleep satisfaction) show that obese people are a¤ected more by their

relative income when it comes to number of hours of sleep on weekdays and sleep satisfaction,

respectively.19

Second, we investigate the e¤ect of having sleep disorders (e.g., Vgontzaz et al., 2008). Presence

of sleep disorders might lead to overestimations of the relative income e¤ect on sleep behavior.

To tease out the e¤ect of these disorders we use the following question: �Has a doctor ever

diagnosed you with one or more of the following illnesses? Sleep disorders. . . ,� generating a

binary response (= 1 if diagnosed). The sleep disorders data is reported for only two waves

(2011 and 2013) reducing the sample size to 25; 983 (2; 091 individual-year observations are

identi�ed as having sleep disorders). Nevertheless, conditional on subjective health status,

BMI, and the full set of control variables, our �xed-e¤ects interaction model still generates a

highly consistent result (Figures 4.B2 and 5.B2). Indeed, people with sleep disorders experience

a stronger relative income e¤ect. Yet the di¤erences are not statistically signi�cant.

We now turn our attention to working hours and time-use activities to deeply investigate how

physical health mediates the relative income e¤ect on sleep. In Columns II�V of Figures 4 and

5, we present results by low and high working hours and low and high time use split by median

working hours (daily average of all hours worked) and (daily average of) time-use activities. Our

analysis reveals that the relationship between relative income and sleep is mediated by health

mainly in the high work and low time-use groups and partially in the high time-use group.

There seems to be no explanatory power of physical health on hours of sleep on weekdays and

sleep satisfaction among people with a below-median number of working hours. Yet, we also

note that the objective health measures, i.e., obesity and sleep disorders, show a similar pattern

compared to the overall sample (Column I of Figure 4 and 5). Overall, physical health only

partially explains the relative income e¤ect on sleep behavior, especially among people who

work less than median (Figure 4.A and 5.A., Columns II�V).

18Among the unreported results, we also �nd that BMI is negatively and signi�cantly related with both the

duration and quality of sleep.
19We also look at high blood pressure, which has been linked to several health-related behaviors, such as food

intake, drinking, and stress. We �nd that individuals with high blood pressure are more a¤ected by relative

income when it comes to number of hours of sleep on weekdays, but the di¤erence is not statistically signi�cant.
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Mental Health and Stress. The e¤ect of relative income may also vary with factors such

as mental health, happiness, and stress. To investigate how mental health mediates the rela-

tionship between relative income and sleep, we use a mental health measure based on the SF12

questionnaire (Composite Mental Health Scale).20 The measure is available only for the 2008,

2010, and 2012 waves. Restricting the sample to only these waves reduces the sample size to

38; 153 individual-year observations. We identify four quartiles of the mental health distribu-

tion and interact these quartiles with each individual�s relative income. The results reported in

Figure 4.C1 and 5.C1 suggest that the e¤ects of mental health are in line with our �ndings for

physical health, especially with regard to hours of sleep on weekdays (Figure 4.C1). That is,

people with better mental health experience less relative income e¤ect on their hours of sleep.

We also note that this pattern is observed in all four groups depicted in Figure 4. An important

observation is that there is a tendency of a concave relationship between relative income and

sleep by the quartiles of mental health scale �as with the physically very healthy individuals.

We also note that mental health does not play an important role on the relationship between

relative income and sleep satisfaction (Figure 5.C1).

Our second measure is overall life satisfaction, which is a very frequently used proxy for the well-

being of individuals.21 The measure is based on the life-satisfaction question �How satis�ed are

you with your life, all things considered?�, and the answers are obtained on an 11-point scale

ranging from 0 (�completely dissatis�ed�) to 10 (�completely satis�ed�). It is highly correlated

with mental health (the correlation is 0:4 with our mental health measure based on SF12),

stress levels, and more objective measures of health such as blood pressure and cortisol levels

(Krueger and Schkade, 2008; Oswald and Wu, 2010). In order to investigate the in�uence of

well-being or stress on the relationship between relative income and sleep, we construct four

quartiles of the life-satisfaction distribution and study whether the e¤ect of relative income

di¤ers across the quartiles. The results are presented in Figures 4.C2 and 5.C2 and reveal

important patterns: higher well-being is correlated with a weaker e¤ect of relative concerns

on both on hours of sleep on weekdays and sleep satisfaction. Strikingly, the subjective well-

being explains the negative e¤ect of relative income on hours of sleep and sleep satisfaction also

among the people who work lower hours (Figure 4.C2 and 5.C2, Column II).

20The SF-12 is a short form survey with 12 questions selected from the SF-36 long form health survey. The

general scale includes two components for physical and mental functioning. The measures are based on indices

that combine the information of each question. The scale ranges from 0 to 100, where the highest score indicates

better mental health. The mean mental health in our sample is 49.8 (std. 9.8) with a minimum and maximum

of 0.6 and 79.4, respectively.
21There is also a developing literature using subjective well-being as a proxy for utility to identify the direct

utility e¤ects of relative concerns (Ferrer-i-Carbonell, 2005; Akay et al., 2017). The literature suggests that

substantial utility is lost due to income comparisons especially in developed countries. See Clark at al. (2008)

for a comprehensive review of the literature.
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Our �nal result is obtained by investigating the in�uence of �nancial well-being on the rela-

tionship between relative income and sleep. It has been shown that �nancial di¢ culties may

induce higher stress levels, which in turn may a¤ect a person�s sleep negatively (e.g., Lallukka

at al., 2012). Our measure of �nancial satisfaction is obtained with the question �How satis�ed

are you at present with the following areas of your life? How satis�ed are you with...Personal

income�and the answers are obtained on a scale from 0 (�completely dissatis�ed�), and 10

(�completely satis�ed�) as in the case of overall life satisfaction. Our regressions control for

the actual �nancial situation of the individual (absolute labor income and household income),

which allows us to isolate the well-being/stress dimension of the measure as a mediator of

the relationship between relative income and sleep (Figures 4.C3 and 5.C3). The results are

highly in line with those for overall well-being. The relationship between relative income and

sleep is lower and tends to be statistically insigni�cant among those who report higher �nan-

cial satisfaction, i.e., lesser �nancial stress. The pattern particularly holds for the groups with

low working hours and high time use. It appears that higher overall stress levels and greater

�nancial constraints largely explain the relative income e¤ect on hours of sleep on weekdays

and sleep satisfaction.

6 Cost of Sleep Lost due to Relative Income

We calculate the monetary value of the sleep lost due to relative income. To do this, we rely on

the subjective well-being (life satisfaction or happiness) valuation approach.22 The approach

is based on the idea that subjective well-being is a valid proxy for overall (experienced) utility

(e.g., Kahneman and Sugden, 2005). We estimate subjective well-being equations, which is

conditioned on the full set of individual socio-demographic characteristics, sleep satisfaction,

daily working hours and time use, and also unobserved individual e¤ects. Using the estimated

subjective well-being equation, we calculate the marginal rate of substitution between hours

of sleep and income. That is, we calculate the amount of income that should be added to the

per capita income of individuals corresponding to a minute of less sleep to keep the subjective

well-being level constant. To calculate the price or cost of sleep lost due to relative income, we

then use the parameter estimates of our baseline �xed-e¤ects model speci�cation (equation (1)

for hours of sleep on weekdays and weekends. We then calculate the daily or yearly value of

sleep loss due to relative income using the predicted value of sleep per minute.

22This approach has recently been applied to value several intangible goods including airport noises (van Praag

and Baarsma, 2005), air pollution and climate (Rehdanz and Maddison, 2005; Welch, 2006; Luechinger, 2009),

cost of terror in a country (Fray et al., 2007; Frey et al., 2009), and health (Powdthavee and Van Den Berg,

2011), among many others.
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To calculate the price we estimate the following well-being equation

SWB�
it = ' ln(Yit) +  wd ln(Sh

wd
it ) +  we ln(Sh

we
it ) +  ss ln(S

ss
it ) +X

0� + �it; (3)

�it = sk + � t + �i + "it: (4)

In equation (3), the latent dependent variable SWB�
it is the subjective well-being measured on

the 11-point ordinal scale. Yit the level of income measured using per capita household income.

Shwdit is number of hours of sleep on weekdays, wd, Sh
we
it is number of hours of sleep on weekends,

we, and Sssit is sleep satisfaction controlled for using ten dummies for each ordinal category. We

use the logs for both per capita income and hours of sleep to allow some �exibility in the well-

being equation. The key parameters to be estimated are ',  wd, and  we. We control for the

same set of individual characteristics, X, as in our baseline model speci�cations (see Appendix

A), including relative income (based on the baseline reference group de�nition), daily working

hours, daily time use (other than job and training), and the Big-5 personality measures, and

� is a vector of parameters to be estimated. The composite error term �it it equation (4) is

highly similar to the baseline model. sk is the regional dummies de�ned using the 16 federal

states of Germany to capture regional unobserved di¤erences, and � t is the time dummies.

�i is the unobserved individual e¤ects that are assumed to be correlated with sleep behavior.

In well-being equations, these characteristics may include personality traits (which we already

control for) and genetic predisposition, among others. The models are estimated with linear

�xed-e¤ects models (see Footnote 7).

Having estimated the model parameters of the subjective well-being equation in (3) and (4),

we can calculate the marginal rate of substitution (MRS) between hours of sleep and per capita

income

MRSwd;y(Sh
wd; Y ) = �

@SWB
@Shwd

@SWB
@Y

= � wd
'

Y

Shwd
; (5)

MRSwe;y(Sh
we; Y ) = �

@SWB
@Shwe

@SWB
@Y

= � we
'

Y

Shwe
: (6)

Equations (5) and (6) can be evaluated at any combination of per capita income and hours of

sleep on weekdays and weekends. To calculate the standard errors, we use the delta method.

Table 5 summarizes our cost calculations and also reports the �gures required for the price/cost

calculations.

First, we estimate the well-being equation.23 To be able to calculate the MRS we need the

parameter estimates of hours of sleep and income measures on SWB, and average values of hours

of sleep and income. Average hours of sleep on weekdays and weekends for the whole sample is

23The estimation results of SWB regressions are highly in line with the literature (please see Dolan et al., 2008).

They are available upon request.
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6:940 and 7:998, respectively, and average per capita (equalized) yearly income is 21; 411 euro

(Table 5, Columns I, II, and III). We report the parameter estimates of the log hours of sleep on

weekends and weekdays, and per capita income on SWB in Columns IV, V, and VI of Table 5.

Sleep measures and per capita income are positive and highly statistically signi�cant on SWB,

conditional on the observed and unobserved characteristics including personality and sleep

satisfaction. We then plug these values into equations (5) and (6) and use the delta method to

calculate the standard errors of price estimates (Column VII and VIII). The value/price of one

minute of sleep for the whole sample is 0:017 euro (1:02 euro per hour) for both weekdays and

weekends, and these �gures are highly statistically signi�cant. We investigate the heterogeneity

of price among several groups. The price varies across all groups included in the table, with

the highest values recorded for people with few working hours and those with few hours spent

on time-use.

Cost of Sleep Lost Due to Relative Concerns. To calculate the cost of lost sleep, we

use the parameter estimates of our baseline �xed-e¤ects estimates (Table 2). A one percent

increase in relative income implies 9:16 minutes (Table 5, Column IX) less sleep on an average

weekday (60 � 0:150 = 9:16) and 4:09 minutes (Table 5, Column X) less sleep on an average
weekend day (60� 0:068 = 4:09). Using the price of sleep per minute, we can simply calculate
the price of the sleep lost due to relative income for an average weekday or weekend day as

0:017 � 9:16 = 0:155 euro/weekday and 0:017 � 4:09 = 0:071 euro/weekend day (Columns XI
and XII). A similar calculation suggests that the price of sleep lost due to relative concerns is

larger in the low working hours (0:222 euro/weekday and 0:095 euro/weekend day) and high

time use (0:303 euro/weekday and 0:188 euro/weekend day) groups.

Next, we use the working-age population, i.e., 15� 65 years old individuals, to extrapolate the
yearly overall cost of sleep lost due to relative income in Germany. OECD statistics for 2013

suggest that there are about 53; 844; 000 (65:56% of 82:13 million) working-age individuals

in Germany.24 We assume that there are about 260 weekdays and 105 weekend days in a

year. The weighted total yearly cost of sleep lost due to relative income is estimated to equal

2:177 + 0:388 = 2:565 billion euro (bold �gures Column XII and XIII, Table 5). As a �nal

step, to show the relative magnitude of this cost, we calculate the total yearly price of sleep in

Germany. The results are presented in Column VII and VIII (bold �gures). The total yearly

price of sleep in the working-age population is 98:98+46:35 = 145:33 billion euro. The relative

size of sleep lost due to relative concerns is 2:57=145:33 = %1:77 of the total yearly value of sleep

in Germany. Finally, we calculate the cost of sleep lost due to income comparisons relative to

the total health expenditures of Germany in 2013. The per capita health expenditures amount

to 4837:27 USD (constant international dollars with 2011 prices). Using the average exchange

24Please see https://data.oecd.org/pop/population.htm#indicator-chart.
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rate in 2013, 1 USD= 0:783 EUR, we calculate the total health expenditures for the working

age population as 4837:27�0:783�53; 844; 000 = 203:94 billion euro. The cost of sleep lost due
to relative concerns is 2:565=203:94 = 1:26% of the total health expenditures of the working-age

population of Germany in 2013.25

7 Conclusions

This paper investigates how people�s absolute and relative income is related to their sleep be-

havior in terms of hours of sleep on weekdays and weekends and sleep satisfaction. Our dataset

includes a six-year panel of information on sleep behavior collected in Germany. The panel

data models, which control for a large set of potential determinants of sleep and unobserved

individual e¤ects in a �xed-e¤ects speci�cation, suggests that there are important relationships

between absolute and relative income and both number of hours of sleep per night and sleep

satisfaction. One robust result is that the hours of sleep on weekdays is strongly negatively

a¤ected by relative income, measured as a person�s income in relation to the average income

of his or her reference group, i.e., the group with which he or she potentially compares him- or

herself with. Hours of sleep on weekends is only partially explained by relative income. The

quality of sleep, measured using sleep satisfaction, is also in�uenced largely and negatively by

relative income. Our results do not suggest any large and statistically signi�cant in�uence of

own income on sleep behavior, conditional on relative income and several other observed and

unobserved individual characteristics. The results are highly robust with respect to estima-

tors, alternative measures of relative income, e.g., income ranks, speci�cation of unobserved

individual e¤ects, income inequality, and local price di¤erences.

We also investigate the potential mechanisms mediating the relationship between income and

sleep. We focus mainly on working hours, time-use behavior, and physical and mental health/stress.

Working hours and time use can only partially explain the e¤ect of relative income on sleep.

The e¤ect of relative income is particularly strong among people who work less than the median

number of hours and people who spend more time on non-work-related activities in the popula-

tion. Health measures and health related behavior, including physical and mental health/well-

being/stress, appear to be important in explaining our results. We �nd that the negative

impact of relative income on sleep is largely explained by well-being/stress and in particular

overall subjective well-being and �nancial well-being. For the �rst time in the literature, we

calculate the monetary value (price/cost) of sleep lost due to relative concerns. The cost is

as high as about 2.56 billion euro/year in the working-age population. This �gure constitutes

25The health expenditures and exchange rate �gures are obtained from the World Bank

(http://data.worldbank.org).
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1.8% of the overall monetary value of sleep and 1.3% of the total health expenditures among

the working-age population of Germany in 2013.

The results reported in this paper have important policy implications and show that negative

externalities from relative concerns call for policy interventions in addition to income taxation

aiming at reducing the external e¤ects. The additional negative e¤ect of relative concerns

on sleep duration and quality, which in turn might in�uence several important outcomes for

the individual�s well-being especially among people with fewer working hours and more hours

spent on household production. Public health policies aiming at restricting hours of work and

promoting and subsidizing leisure activities should focus especially on physical- and mental-

health/stress outcomes of individuals to reduce the e¤ect of externalities from relative concerns

on sleep behavior.

This study has also important limitations that should be addressed in future studies. One is that

the non-experimental nature of our data generates several concerns on the causal interpretation

of our results. To deal with the omitted variable bias, we have allowed for the individual �xed

e¤ects and used proxy variables such as personality traits, which might correlate with omitted

variables. Yet we cannot rule out potential reverse causality between hours of sleep, sleep-

satisfaction and income. Another related limitation is that our model is not able to allocate

the potential simultaneity between choices of sleep, work, and time-use hours given the relative

income of individuals. In our model, we assume that working hours and time-use activities are

�xed in the short run. Future studies should investigate how the reduction in hours of sleep

due to relative income is simultaneously determined by increases in working hours and time

use, and also by individual physical and mental health investments to cope with the negative

externality of others�income.
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