CHILDREN’S SLEEP AND HUMAN CAPITAL PRODUCTION
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Abstract—This paper uses exogenous variation in sleep induced by sun-
set time to present the first human capital estimates of (i) the effects of
child sleep from the developing world and (ii) the long-run effects of child
sleep in any context. Later sunset reduces children’s sleep: when the sun
sets later, children go to bed later but fail to compensate by waking up later.
Sleep-deprived children study less and increase nap time and indoor leisure
activities. Short-run sleep loss decreases children’s test scores. Chronic
sleep deficits translate into fewer years of education and lower primary
and middle school completion rates among school-age children.

I. Introduction

S sleep an important input in the education production

function? A large literature in sleep medicine argues that
sleep affects attention, memory, and cognition. Yet we know
extremely little about the effects of child sleep on educa-
tion outcomes, especially in low-income countries. This pa-
per uses data from India and exogenous variation in sleep
induced by sunset time to present the first human capital es-
timates of (i) the effects of child sleep from the develop-
ing world and (ii) the long-run effects of child sleep in any
context.

In the first part of the paper, I use a unique time use data
set, the 1998-1999 Indian Time Use Survey (ITUS), to ex-
plore the effect of later sunset on children’s sleep and other
time uses. ITUS provides 24-hour time use data, collected
with less than a 24-hour recall lapse, allowing me to assign
sunset time at the district-interview-date level. My baseline
econometric specification exploits seasonal variation in daily
sunset time controlling for fixed district-specific characteris-
tics (e.g., district school governance) via district fixed ef-
fects and common seasonal confounders (e.g., national fes-
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tivals) via week-of-the-year fixed effects. The identification
assumption is that no district-specific seasonal characteris-
tics (e.g., local weather or provincial school/agricultural cal-
endars) exist that covary with both children’s time use and
sunset time. I use three approaches to examine the validity
of this assumption: I (i) control for seasonal observables at
the district level (e.g., daily average temperature), (ii) flex-
ibly control for district-specific seasonal confounders via
district-by-season fixed effects, and (iii) use time-of-day ac-
tivity data to examine alternative explanations.

I show an hour delay in sunset time reduces children’s
sleep by roughly 30 minutes. I find that when the sun sets
later, children go to bed later, likely because of the rela-
tionship between sunset time and onset of sleep as empha-
sized by the existing medical literature. However, children
fail to compensate by waking up later. Sleep-deprived chil-
dren decrease time spent on homework or studying, while
the effect on formal or informal work is small and impre-
cisely estimated. These results are consistent with a model
in which sleep is more study-productivity enhancing than
labor-productivity enhancing. Instead, sleep-deprived chil-
dren increase time spent on compensatory daytime naps and
indoor leisure activities.

In the second half of the paper, I examine the effects of
sunset-induced sleep deficits on learning outcomes in both
the short and long run. Using an individual-level panel from
Andhra Pradesh, India, the Young Lives Survey (YLS), I
provide evidence for the deleterious effects of short-term
sunset-induced sleep deficits on children’s test scores. My
baseline specification leverages cross-sectional variation in
daily sunset time at the district-test-date level after control-
ling for common seasonal confounders via week-of-the-year
fixed effects; that is, I compare test scores between children
from eastern and western districts who were administered
the math test in the same week. I show a 10-minute de-
lay in sunset time reduces math scores by roughly 0.1 stan-
dard deviations (SD). Because the same child is adminis-
tered math tests on different dates across survey rounds, as
a test of robustness, I also control for fixed child-specific
characteristics via lagged test scores and child fixed ef-
fects. The child fixed-effects specification leverages within-
child variation in daily sunset time, controlling for time-
invariant confounders (e.g., socioeconomic status, parental
education) in addition to common seasonal confounders (via
week-of-the-year fixed effects), comparing test scores from
two (or three) test dates across survey rounds for the same
child.

Using nationally representative data from the 2015 In-
dia Demographic and Health Survey (DHS), I estimate the
long-run effects of child sleep on learning outcomes. I exam-
ine how children’s education outcomes covary with annual

© 2022 The President and Fellows of Harvard College and the Massachusetts Institute of Technology

https://doi.org/10.1162/rest_a_01201



984

average sunset time from east to west within a district.! T
find a 10-minute delay in annual average sunset time reduces
children’s years of education by 0.14 years. School-age chil-
dren who experience later sunsets are less likely to complete
primary and middle school.

A. Related Literature and Contributions

Adult sleep.  During the past several decades a substantial
amount of medical research has been conducted to under-
stand the effects of adult sleep on cognitive performance in
rich countries (see e.g., Killgore, 2010; Lim & Dinges, 2010,
for an exhaustive review of the literature). Experiments in
sleep laboratories that assess the impact of short-term sleep
loss on attention, memory, and cognition among adults find
very large effects (Van Dongen & Dinges, 2005; Banks &
Dinges, 2007).

Within the economics literature, a growing number of
recent studies, almost exclusively from high- and upper-
middle-income countries, leverage exogenous variation in
sleep induced by (i) sunset time, (ii) circadian impacts of
time-zone boundaries, or (iii) daylight savings time (DST)
transitions, to document sizable deleterious effects of sleep
loss on adult wages (Gibson & Shrader, 2018), cognitive
skills and depression symptoms of workers aged 45 years
and older (Giuntella et al., 2017), voting behavior (Hol-
bein et al., 2019), adult health outcomes (Giuntella & Maz-
zonna, 2019; Jin & Ziebarth, 2020), and automobile acci-
dents (Smith, 2016).

However, counter to results from rich countries, the first
and only experimental evidence from the lower-income
world indicates increase in adult sleep has no detectable
effects on cognition or productivity in India, plausibly be-
cause of poor sleep quality in this setting—as proxied by low
efficiency and frequent awakenings (Bessone et al., 2021).
These results caution against extrapolating sleep-science
findings across diverse contexts.

Child sleep. In contrast to a plethora of studies on adults,
relatively few studies in sleep medicine have investigated the
impact of sleep on children’s performance. Moreover, results
from medical studies on children are more mixed relative
to studies on adults (see, e.g., Dewald et al., 2010; Kopasz
et al., 2010; Minges & Redeker, 2016; de Bruin et al., 2017;
Short et al., 2018, for an exhaustive review of the literature).
Last, this literature has been criticized for relying on correla-
tional designs and lacking realistic experimental settings that
are generalizable to real-world settings (e.g., fail to mimic
a school week) and use school-relevant outcome measures
(Matricciani et al., 2012, 2013; Beebe, 2016).

Two recent studies have attempted to address these criti-
cisms by conducting experiments under laboratory protocols

'A 10-minute difference in annual average sunset time between two lo-
cations indicates that on average the sun sets 10 minutes later every day in
one location compared to the other location.
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that are more generalizable to real-world settings (Lo et al.,
2016; Beebe et al., 2017). Both papers find that sleep depri-
vation impairs children’s cognition. Furthermore, Lo et al.
(2016) shows near-linearly worsening attention and working
memory after each cumulative night of restricted sleep. This
effect shows no sign of leveling off across a full week, even
though subjective sleepiness and mood level off (but do not
reverse) after a few days. This disconnect between subjective
experience and objective deficits could lead to a progressive
underestimation of impairment.

Still, none of these studies are from the low-income coun-
tries, and none examine the long-run effects of cumulative
sleep loss. Indeed, this paper provides the first evidence on
the effects of (i) child sleep on learning outcomes from a
lower-income context and (ii) cumulative sleep loss on chil-
dren’s long-run education outcomes in any context.

Within the economics literature, several recent studies, ex-
clusively from rich countries, have examined effects of child
sleep on test scores using variation provided by school start
times (Carrell et al., 2011; Hinrichs, 2011; Edwards, 2012;
Heissel & Norris, 2018) and daylight savings time transi-
tions (Gaski & Sagarin, 2011; Herber et al., 2017). These
studies find mixed evidence of the effects of child sleep
on short-run education outcomes. Furthermore, these studies
rarely observe child sleep or examine children’s reallocation
of time in response to changes in sleep duration. Indeed, this
paper is also the first to shed light on behavioral responses
that compensate and exacerbate the effect of sleep on human
capital production.

II. Background

A. Children’s Sleep in India

Almost 40% of school-age children in the ITUS sam-
ple get less than 9 hours of daily sleep, the minimum rec-
ommended sleep duration.”? Numerous reasons may explain

2Unfortunately, medical experts do not agree on how much sleep chil-
dren need (see, e.g., Matricciani et al. (2013) for a systematic review):
the National Heart, Lung and Blood Institute (NHLBI) and the Harvard
Medical School recommend 10 hours and 9 hours of sleep for children
between five eighteen years of age, respectively. Recently, a NSF assem-
bled multidisciplinary expert panel recommended that children between
six and twelve years of age sleep 9 to 11 hours and children between thir-
teen and eighteen years of age sleep 8 to 10 hours (Hirshkowitz et al.,
2015). The American Academy of Sleep Medicine issued a similar rec-
ommendation (Paruthi et al., 2016). Unsurprisingly, given the lack of con-
sensus, the evidence base underlying sleep recommendations have been
universally questioned by sleep scientists (Matricciani et al., 2012, 2013).
The expert sleep recommendation for children is derived from epidemio-
logical studies, and these studies are potentially confounded by economic
variables (e.g., socioeconomic status). Such omitted variables, combined
with a positive, linear effect of sleep on health, would lead to the nonlin-
ear relationship between sleep and health observed in the literature. For
instance, medical experts recommend 7 hours of sleep for adults; how-
ever, the experimental sleep medicine literature on adults has found linear
effects of sleep between 4 hours and 8 hours (Van Dongen et al., 2003),
consistent with a positive marginal effect at the 7-hour recommendation.
Unfortunately, no such study exists for children. However, like for adults,
Lo et al. (2016) find that cognitive performance among children was near-
linearly related to cumulative duration of sleep deficit over time.
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why most school-age children in India do not get more
sleep. Living conditions in lower-income countries are as-
sociated with noise, heat, mosquitoes, overcrowding, and
overall uncomfortable physical conditions that may inhibit
sleep. For instance, 900 million Indians, or nearly 75% of
India’s households, with an average family size of five, live
in two rooms or less (Census, 2011). In fact, a recent sur-
vey of more than 1,000 children between eight and thirteen
years of age in India finds on average 4.5 (2.6) individu-
als sleep in a single room in rural (urban) areas; moreover,
nearly three-fourths of children in the survey shared their
bed (Gupta et al., 2016). Finally, these uncomfortable sleep
environments may also translate into low quality of child
sleep and influence the cognitive returns to child sleep quan-
tity in low-income countries.

B.  Sunset Time and Child Sleep

The relevance of sunset time for sleep stems from the bio-
logical relationship between sleep patterns and daylight. Hu-
man circadian rhythm is synchronized with the rising and
setting of the sun through a process known as entrainment.
As the sun sets and the sky grows darker, the human brain
releases melatonin, a hormone that facilitates sleep (Roen-
neberg & Merrow, 2007; Roenneberg, 2013). In a vacuum,
later sunset time might cause children to go to bed later and
also rise later, leaving sleep duration unchanged. Yet morn-
ing coordination constraints—due to start times for school
or work—may dictate wake-up times that do not covary
with sunset time (Hamermesh et al., 2008), especially in
overcrowded environments, where bed and room sharing is
common. Multiple recent studies have documented the re-
lationship between sunset time and sleep for adults (Giun-
tella et al., 2017; Gibson & Shrader, 2018; Giuntella & Maz-
zonna, 2019). However, this paper is the first to investigate
this relationship for children in any context.

In this paper, I take advantage of both seasonal variation
in daily sunset time at the district level as well as geographic
variation in annual average sunset time at the village level.
Figure B1 shows variation in daily sunset time for four In-
dian districts: the amplitude of the wave is determined by
the latitude of the location, and the vertical translations are
due to longitude or east-west variation in sunset time across
India. Figure B2 shows variation in annual average sunset
time for four Indian villages: India covers a vast east-west
range—spanning roughly 30° longitude—but follows a stan-
dard time zone across her territorial boundaries, correspond-
ing with a two-hour difference in annual average sunset time.

C. Child Sleep, Reallocation of Other Time Uses,
and Education Production

Children’s reallocation of other time uses in response
to sleep loss may have multiplicative or compensatory ef-
fects on education production. Children who get less sleep
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will have more time to study, but experiencing sleep loss
could make studying less effective. In low-income coun-
tries where child labor is common, any complementarities
between sleep and study effort will depend on the relative
decreases in study versus labor productivity with respect to
sleep deprivation (appendix A). How sleep loss affects study
time may have significant consequences for children’s learn-
ing outcomes in the short and long run. For instance, Stine-
brickner and Stinebrickner (2008) estimate an elasticity of
academic performance with respect to study time of approx-
imately 0.4.

Furthermore, sleep-deprived children may engage in com-
pensatory daytime naps. For instance, evidence from labo-
ratory experiments suggests that sleep restriction decreases
daytime sleep latency and increases subjective sleepiness
in U.S. children (Carskadon et al., 1981a,b; Fallone et al.,
2001). How might naps mitigate the effects of sunset-
induced sleep deficits on children’s learning outcomes in the
short and long run? Naps may increase concentration in the
short run under conditions of sleep deprivation. For instance,
Bessone et al. (2021) show that afternoon naps improve cog-
nition and productivity among low-income adults in India.
However, naps may not salvage more complex functions
of the brain, including learning, memory, emotional stabil-
ity, complex reasoning, or decision making (Walker, 2017).3
Furthermore, daytime naps take place after school hours; al-
though postlearning sleep (daytime naps) may help consoli-
date memories, prelearning sleep (night sleep) is crucial for
the encoding of new memories (Yoo et al., 2007; Van Der
Werf et al., 2009; Walker, 2010; Antonenko et al., 2013).*
Therefore, any benefits of naps on cognition may not fully
mitigate the negative effect of sleep deprivation on learning
in school.

III. Data

I use multiple data sets to examine (i) the first stage rela-
tionship between sunset time and child sleep and associated
reallocation of time that may have multiplicative or com-
pensatory effects on education production, (ii) the effect of
sunset time on children’s short-run learning outcomes, and
(iii) the effect of sunset time on children’s long-run educa-
tion outcomes. The data most relevant for my analysis are
described in this section. Table B1 provides a summary of
all data used in the paper.

3We sleep in 90-minute cycles that contain both REM (rapid eye move-
ment) and non-REM sleep. Within each cycle one finds five stages of sleep,
with each stage lasting anywhere between 5 and 15 minutes. The first half
of the night is dominated by non-REM sleep (stages 1-4): light non-REM
(stage 2) sleep is important for memory refreshment, whereas deep non-
REM (stages 3 and 4) sleep is important for memory consolidation. The
second half of the night is dominated by REM (stage 5) sleep, which is
important for problem solving and creativity.

4As mentioned in section IA, in contrast to a plethora of studies on adults,
relatively few studies in sleep medicine have investigated the impact of any
type of sleep on children’s performance. Therefore, although the average
incidence and duration of naps is similar across both adults and children in
India, it is possible that naps affect children differently than adults.
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A. India Time Use Survey (ITUS)

ITUS is the first time use survey of its size and coverage
among developing countries. More than 18,000 households
were surveyed in 52 districts across six states between July
1998 and June 1999 (figure B3). States were selected to give
geographical representation to each region of the country.
Within each state, households were randomly selected based
on a sampling procedure designed to ensure a representative
sample at the state level. The survey was spread over one
year to account for seasonal variation in activity patterns.

Time use data were collected for all household members
over five years of age. Thus, ITUS collects time use data for
children, which is rare among such surveys. For instance, the
American Time Use Survey collects data only for individu-
als over fourteen years of age. For each household, time use
data were collected for three types of days: normal (usually
weekdays), weekly variant (usually Sundays), and abnormal
(festivals or holidays). Initially, an investigator collected in-
formation for these three types of days within the week from
different members of the selected households. Then the in-
vestigator revisited households accordingly and interviewed
individuals about their time allocation decisions for those
particular days. For instance, if the normal date for an indi-
vidual was a Monday, the investigator visited the individual
on Tuesday of the same week to collect time use data for that
prior Monday; that is, interviews were conducted such that
time use data could be collected with less than a 24-hour re-
call lapse. Finally, although time use data were collected for
all household members over five years of age via individual
interviews, if younger children were unable to tell how they
allocated their time, the investigators took the help of parents
to help children recall the time use details.> Using the inter-
view date and district identifiers, I determine sunset time for
each individual for whom time use data was collected.

To examine the effects of later sunset on children’s time
use, I restrict the sample to school-age children (i.e., chil-
dren less than seventeen years of age). Here 55% of chil-
dren in the sample are male, and 70% reside in rural areas
(table B3). The primary activity for eight out of ten chil-
dren is schooling; therefore, the primary activity of roughly
20% of school-age children is some form of child labor. On
average, six out of seven days in a week are normal days,
whereas only one day is a weekly variant, suggesting six-day
work/study weeks. Correspondingly, time use data for only
4% of the normal day sample were collected for a Sunday,
whereas time use data for 66% of the weekly variant sample

3See http://mospi.nic.in/sites/default/files/publication_reports/Report%
200f%?20the%20Time%20Use%20Survey-Final.pdf for a detailed over-
view of the sampling strategy and data collection methods.

Figure B4(a) presents seasonal variation in daily sunset time for all 365
days of the year across ITUS districts, and figure B4(b) shows seasonal
variation in daily sunset time for dates for which time use data were col-
lected across ITUS districts. There is no reason to believe dates of time
use data are correlated with sunset time. Nevertheless, I examine this as-
sumption explicitly, and I fail to find evidence for such a relationship (table
B2).
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were collected on a Sunday. I will restrict my analysis to the
normal day sample. I will refer to the normal day sample as
the “weekday” sample and the weekly variant sample as the
“weekend” sample.

In the survey, daily activities were classified in 152 activ-
ities across nine broad categories: (1) primary production,
(2) secondary production, (3) trade, business, and services,
(4) household maintenance, management, and shopping for
own households, (5) care for children, sick, and elderly,
(6) community services and help to other households, (7)
learning, (8) social and cultural activities, mass media,
etc., and (9) personal care and self-maintenance. I further
grouped these categories into seven brackets: sleep, nap,
study, school, indoor leisure, outdoor leisure, and work.
“Work” includes categories 1 to 6.” “Indoor leisure” includes
all items from categories 8 and 9 that were performed inside
the house except sleep, and “outdoor leisure” includes all
items from categories 8 and 9 that were performed outside
the house except sleep.® Category 9 includes “sleep and re-
lated activities” or all sleep during the course of a 24-hour
period. I include nighttime sleep or any sleep that starts and
ends between 6 p.m. and 12 p.m. in the variable “sleep.” 1
include daytime sleep or any sleep that starts and ends be-
tween 12 p.m. and 6 p.m. in the variable “nap.” “Study” in-
cludes time spent on homework, tuition, and course review,
whereas ‘“school” includes time spent in an educational in-
stitution such as a school or university.

On weekdays, school-age children spent on average 9
hours/day on sleep, 0.3 hours/day on naps, 4 hours/day on in-
door leisure activities, 2.25 hours/day on outdoor leisure ac-
tivities, and roughly 3.75 hours/day in school (figure B5).”1°
School-age children spend more than 2 hours/day on average
on work and 1.5 hours/day on educational activities outside
of school. On weekends, children don’t have school, so they
allocate more time to leisure activities. School-age children
tend to go to bed after 7 p.m. and wake up by 7 a.m. on
weekdays (figure B6).!! They also tend to self-study (e.g.,
homework) early in the morning, before school, and then
after school, later in the afternoon (figure B8). School-age
children nap between 1 p.m. and 4 p.m. Time allocation to
recreational activities is spread throughout the day. Work

"Both market work and home production are included in “work” for con-
venience because female child laborers tend to work at home whereas male
child laborers typically perform outdoor tasks.

8The ITUS collects information on whether any activity was performed
inside the house or outside the house.

9School-age children whose primary activity is attending an educational
institution spent roughly 5 hours/day in school on weekdays. The corre-
sponding number is roughly 0 hours/day for children whose primary activ-
ity is not attending an educational institution.

108elf-reported time use data may be prone to measurement error. For
example, self-reported sleep tends to overestimate objective measures of
sleep duration (Lauderdale et al., 2008). However, it is unlikely that any
measurement error is systematically correlated with the sunset time.

'10n average, bedtimes and wake-up times are similar across weekdays
and weekends (figure B7). It is not surprising that in overcrowded sleeping
environments, school-age children, on average, are unable to wake up later
on weekends.
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schedules are similar to school schedules but not as inten-
sive, on average.

B.  Young Lives Survey (YLS)

The Young Lives Survey (YLS) is a study of childhood
poverty coordinated by the University of Oxford.'> The
study has collected data on two cohorts of children across
seven districts in the state of Andhra Pradesh, in India: 1,008
children born between January 1994 and June 1995, and
2,011 children born between January 2001 and June 2002.
YLS districts are highlighted in figure B9. Data were col-
lected from children and their families via household vis-
its in 2002, 2006, 2009, and in 2013. Children were admin-
istered low-stakes household-based math tests across these
survey rounds. Figure B10 presents raw variation in daily
sunset time at the district-test-date level. Unlike schools-
based data, YLS tests children both in and out of school.
The tests were related to the formal school curriculum in
Andhra Pradesh. Different tests were administered to chil-
dren across rounds to ensure that they were appropriate for
the children’s age and current stage of education. The math
tests used in Young Lives contain are very comprehensive
(contain 30 questions) and capture variation across the abil-
ity spectrum, which is a considerable strength of the data.

C. 2015 India Demographic and Health Surveys (DHS)

The DHS are nationally representative demographic sur-
veys collected for USAID in collaboration with governments
of the countries where the surveys are fielded. These data
represent the widely accepted gold standard for demographic
and health data in the developing world. The DHS col-
lects basic education data for every member in the sample
household. In addition, DHS data also contain a variety of
household-level survey data related to assets and household
physical infrastructure. Importantly, DHS data include ge-
olocation information allowing me to generate annual aver-
age sunset time at the primary sampling unit (PSU) level.
PSUs correspond to a village in rural areas and city blocks
in urban areas. Because my core time use data are from In-
dia, I primarily draw on the 2015 India DHS. I restrict the
sample to household members between six and sixteen years
of age. The average school-age child has roughly 4.5 years
of schooling; 48% have completed primary school, and 21%
completed middle school.!? Figure B11 presents the location
of PSUs across India, and figure B12 shows the distribution
of annual average sunset time across these PSUs.

2Young Lives is funded by U.K. aid from the Department for Interna-
tional Development (DFID). The views expressed here are those of the
author. They are not necessarily those of Young Lives, the University
of Oxford, DFID, or other funders. For more information of YLS, see
www.younglives.org.uk.

3In India, the levels of the education system are as follows: primary
school ranges from grade 1 to grade 5 and middle school ranges from grade
6 to grade 8.
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IV. Effect of Later Sunset on Children’s Sleep
and Other Time Uses

In this section, I examine how later sunset affects chil-
dren’s sleep and other time uses. I argue that later sunset
reduces children’s sleep because of the link between sunset
time and onset of sleep as emphasized by the existing med-
ical literature. I further argue that children’s reallocation of
other time uses is because of sunset-induced sleep loss. I fail
to find evidence for alternative explanations for my results,
but I cannot rule them out completely.

A.  Empirical Model

To identify the average effect of an hour delay in sunset
time (B), time allocated to sleep, nap, study, indoor leisure,
outdoor leisure, or work (V;zswr), by child i, in district d, dur-
ing season s, in week of year w, on date of interview z, is
regressed on sunset time observed in district d, during sea-
son s, in week of year w, on date of interview ¢ (Sunset g, ):

ey

I control for fixed district-specific characteristics (e.g., dis-
trict school governance) via district fixed effects (p,) and
common seasonal confounders (e.g., national festivals) via
week-of-the-year fixed effects (j1,,). Therefore, the parame-
ter of interest (§) that relates sunset time to children’s time
use is identified from district-specific seasonal variation in
daily sunset time. I cluster standard errors at the district-
week level because variation in daily sunset time is at the
district-date level and to allow for autocorrelation in time al-
location within a week.

The identification assumption underlying this research de-
sign is that no district-specific seasonal characteristics ex-
ist that covary with both district-specific seasonal variation
in children’s time use and daily sunset time. This assump-
tion may be violated for a few reasons such as weather
or provincial school/agricultural calendars. I use three ap-
proaches to examine the validity of this assumption. First,
I control for seasonal observables at the district level (e.g.,
temperature, precipitation).!* Second, I flexibly control for
district-specific seasonal confounders via district-by-season
fixed effects.!> Third, I use time-of-day activity data to ex-
amine alternative explanations; that is, I examine the effect
of later sunset on children’s time use by hour of day (h):

Yidswr = Bsunsetdswt + Ww + Wd + €igswr-

2

Yidswth = Bsunsetdswt + Ww + Was + €igswen-

I estimate my most robust specification, including both
district-by-season (jL4) and week-of-year (j1,,) fixed effects.

14T use the ERA-Interim daily temperature and precipitation data on a
1 x 1 degree latitude-longitude grid. These data are matched with ITUS at
the district-interview-date level.

The Indian Meteorological Department (IMD) designates four cli-
matological seasons for the country: Winter (December—March), Sum-
mer (April-June), Monsoon (July—September), and Autumn (October—
November).
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TABLE 1.—EFFECT OF LATER SUNSET ON CHILDREN’S SLEEP AND OTHER TIME USES (HOURS)
ey (@) 3) “ () (6 @) (®)
Wake-up Indoor Outdoor

Bedtime time Sleep Nap leisure leisure Study Work
Panel A
Sunset time (hours) 0.36™* —0.13 —0.47 0.27** 1167 0.23 —0.67* 0.10

(0.10) (0.08) (0.14) (0.11) (0.31) (0.24) (0.24) (0.33)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Weather controls No No No No No No No No
District-by-season FE No No No No No No No No
R? 0.178 0.250 0.091 0.246 0.231 0.132 0.169 0.070
Panel B
Sunset time (hours) 0.45%** —0.04 —0.48%* 0.24** 1.39%** 0.36 —0.70%* 0.12

(0.12) (0.09) 0.17) (0.12) (0.34) (0.28) (0.26) (0.38)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Weather controls Yes Yes Yes Yes Yes Yes Yes Yes
District-by-season FE No No No No No No No No
R? 0.179 0.252 0.091 0.247 0.232 0.132 0.169 0.071
Panel C
Sunset time (hours) 0.58%** —0.13 —0.62** 0.34** 0.85* —0.09 —0.76 —0.13

(0.21) (0.16) (0.29) (0.15) (0.50) (0.40) (0.50) (0.63)
District FE No No No No No No No No
Week-of-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Weather controls No No No No No No No No
District-by-season FE Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.223 0.301 0.140 0.336 0.287 0.179 0.221 0.106
Mean 21.33 6.43 9.07 0.36 4.70 2.54 1.50 2.05
Observations 13,863 13,911 13,964 13,964 13,964 13,964 13,964 13,964

This table presents the effect of an hour delay in daily sunset time on bedtime, wake-up time, sleep, nap, study, indoor leisure, outdoor leisure, and work for children between six and sixteen years of age on
weekdays. Panel A includes district and week-of-year fixed effects. Panel B includes district and week-of-year fixed effects and weather controls. Panel C includes district-by-season and week-of-year fixed effects.
I generate bedtimes using ITUS for all children who started sleep between 6 p.m. and 12 a.m. such that they slept continuously for at least two hours. Wake-up times are generated for all children who ended sleep
between 4 a.m. and 10 a.m. such that they were continuously awake for at least two hours. This means that I am unable to generate bedtimes (wake-up times) for 101 (53) school-age children out of the 13,964 in the

entire sample. Standard errors are in parentheses, clustered at the district-week level. Significance at 10%, 5%, and 1% are indicated by

I present a stylistic interpretation of the results most consis-
tent with the data. I categorize the 24-hour time use data into
two days, Day T and Day T+1, and examine the effects of
an hour delay in sunset time on Day T on children’s time use
on Day T as well as on children’s time use on Day T+1.

Balance on (time-invariant) observables. 1 can use district-
specific seasonal variation in daily sunset time for two rea-
sons. First, the ITUS includes individuals from a cross sec-
tion of households across 52 latitudinally dispersed districts.
Second, in each district, the survey was spread over one
year, and 24-hour time use data were collected with a 24-
hour recall lapse, to account for seasonal variation in ac-
tivity patterns. However, the ITUS were not designed to
be representative at the district-interview-date level. There-
fore, I demonstrate balance by examining the relationship
between sunset time at the district-interview-date level and
time-invariant socioeconomic indicators at the individual or
household level: for example, I evaluate if poorer households
were interviewed on dates when the sun set later. I fail to find
evidence for a statistically significant relationship between
sunset time at the district-interview-date level and any time-
invariant individual- or household-level attributes (table C1).

*, %% and ***, respectively. Source: ITUS.

B. Results

Sleep. Table 1 examines how later sunset affects chil-
dren’s bedtime, wake-up time, and sleep. I find later sunset
delays bedtimes: one hour delay in sunset delays bedtime
by an estimated 0.36 hours (column 1, panel A). However,
children fail to compensate by waking up later (column 2,
panel A). Consistent with the results on children’s bedtime
and wake-up time, I find a one-hour delay in sunset reduces
sleep by 0.47 hours or roughly 30 minutes (column 3, panel
A).1%17 These results are robust to controlling for precip-
itation and temperature at the district-interview-date level
(columns 1-3, panel B).'®

16T table C2, I cluster standard errors at the district level to allow er-
rors to be temporally correlated across weeks within a district; the point
estimates remain precisely estimated.

7Figure C1 investigates the distribution of sleep among children with
early and late sunset times. Early sunsets shift the whole distribution right-
ward, increasing sleep for most quantiles.

181n column 2, panel A, the coefficient for wake-up, albeit statistically in-
significant, is negative, accounting for 28% of the effect on sleep. However,
the coefficient becomes significantly smaller in magnitude once I control
for daily average temperature. This suggests that a negative coefficient on
wake-up time is likely associated with warmer temperatures in the morning
when the sun rises (sets) earlier (later).
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These results are also robust to the inclusion of district-
by-season fixed effects. Albeit noisier, since I absorb all
across season district-specific variation in daily sunset time,
the magnitudes remain relatively unaffected (columns 1-3,
panel C).'? In the baseline specification, after absorbing dis-
trict and week-of-year fixed effects, up to thirty minutes of
variation exist in daily sunset time (figure C.2, panel a); in
the specification that controls for both district-by-season and
week-of-year fixed effects, up to fifteen minutes of variation
exist in daily sunset time (figure C.2, panel b).

Next, [ use time-of-day activity data to estimate the effect
of later sunset on children’s sleep by hour of day (figure 1,
panel a). I find an hour delay in sunset time on Day T has a
statistically significant decrease in children’s sleep between
7 p.m. and 9 p.m. on Day T: when the sun sets later, chil-
dren go to bed later. Since the average daily sunset time ob-
served in the ITUS sample is 6:20 p.m., the timing of these
effects is precisely what sleep and medical studies on human
circadian rhythm would predict. Importantly, later sunset on
Day T does not affect morning sleep (wake-up time) on Day
T+1: children are unable to compensate for later bedtimes
by waking up later.

Other time uses.

Nap. Evidence from laboratory experiments suggests that
sleep restriction decreases daytime sleep latency and in-
creases subjective daytime sleepiness among children in the
United States (Carskadon et al., 1981b,a; Fallone et al.,
2001). In table 1, column 4, I examine the effect of later sun-
set on children’s naps. In line with evidence from laboratory
experiments, and therefore reinforcing my first-stage result
that later sunset decreases children’s sleep, I find an hour
delay in sunset time increases nap duration by roughly 15
minutes.

I also estimate the effect of later sunset on children’s naps
by hour of day (figure 1, panel b). The increase in nap dura-
tion is concentrated between 2 p.m. and 4 p.m. on Day T41.

Indoor leisure. In table 1, column 5, I examine the effect
of later sunset on children’s time allocation to indoor leisure.
I find an hour delay in sunset time increases time allocated
to indoor leisure by roughly 65 minutes as per the baseline
specification, and by roughly 55 minutes as per the specifica-
tion that includes both district-by-season and week-of-year
fixed effects.?”

Figure 1, panel ¢ shows an hour delay in sunset time on
Day T increases time spent on indoor leisure between 7 p.m.
and 9 p.m. on Day T, coinciding exactly with the decrease
in sleep. This result may be consistent with the explanation

9T table C3, I estimate the effects of later sunset on non-linear met-
rics of sleep duration. As per my most robust specification, I find that an
hour delay in sunset decreases the likelihood of getting 9 hours of sleep by
31 percentage points and the likelihood of getting 8 hours of sleep by 11
percentage points.

20The increase in indoor leisure is driven by an increase in time allo-
cated to talking and relaxing, and not by an increase in media consumption
(table C4).
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that children are unable to sleep when the sun sets later, so
they allocate time to indoor leisure activities to sustain their
wakefulness. On Day T+1, sleep-deprived children increase
time allocated to indoor, and presumably sedentary, leisure
activities, and as I discuss below, they decrease time allo-
cated to study time.

Study and work. In Table 1, column 7, I examine the ef-
fect of later sunset on children’s study time.?! I find later
sunset reduces self-investment in study effort. An hour de-
lay in sunset reduces study time by roughly 45 minutes.??
Indeed, sleep complements study effort and substitutes in-
door leisure. The effect on work time is very small and
imprecisely estimated (table 1, column 8). This pattern of
results is consistent with a model where sleep is more study-
productivity enhancing than labor-productivity enhancing
(appendix A).

Figure 1, panel d, examines how children reallocate study
time in response to later sunset. I find children exposed to
later sunset on Day T decrease study time in the morning
before school and in the afternoon after school on Day T+1.
I fail to find any within-day reallocation in work time in re-
sponse to later sunset (figure 1, panel f).

Outdoor leisure. In table 1, column 6, I examine the ef-
fect of later sunset on children’s time allocation to outdoor
leisure. I fail to find evidence for any change in the aggre-
gate time allocated to outdoor leisure. The point estimates
are small and imprecisely estimated.

Figure 1, panel e, examines within-day reallocation of
outdoor leisure in response to later sunset. I find children
substitute indoor and outdoor leisure when the sun sets later:
early afternoon (12 p.m. to 3 p.m.), sleep-deprived (tired)
children increase time allocated to naps and indoor leisure,
and decrease time allocated to outdoor leisure.

Late afternoon and early evening (5 p.m. to 7 p.m.) chil-
dren increase time allocated to outdoor leisure and decrease
time allocated to indoor leisure. Sunset times on Day T and
Day T+1 are almost perfectly correlated. Therefore, the sub-
stitution between indoor and outdoor leisure between 5 p.m.
and 7 p.m. on Day T+1 is likely an independent response
to delay in onset of darkness on Day T+1, unrelated to
children’s reallocation of time in response to sunset-induced
sleep loss on Day T.

C. Alternative Explanations

My results so far are most consistent with the follow-
ing explanation: when the sun sets later, children go to bed
later, because of the aforementioned medical relationship

21T also estimate the effect of later sunset on school attendance in the
short run (table C5). The point estimate is small and imprecisely estimated.

22 Albeit noisier, because I absorb all across season district-specific varia-
tion in daily sunset time, the size of the point estimate for study time is rel-
atively unaffected by the inclusion of both district-by-season and week-of-
year fixed effects. Also, the time-of-day point estimates—where I isolate
the precise hours during the day when children decrease study time—are
statistically significant when I estimate the district-by-season fixed-effects
specification.
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FIGURE 1.—EFFECT OF LATER SUNSET ON CHILDREN’S SLEEP AND OTHER TIME USES BY HOUR OF DAY
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This figure presents the effect of an hour delay in daily sunset time on time allocated to sleep, nap, indoor leisure, study, outdoor leisure, and work by time of day for children between six and sixteen years of age on
weekdays. I plot coefficients from 24 separate regressions—one for each hour in the day—to generate the thick black line in each panel. The shaded gray area represents the 95% confidence interval associated with
the coefficients of interest. Each panel indicates the average daily sunset time observed in the ITUS data: 6:20 p.m. To encourage a stylized interpretation of these estimates, I categorize each coefficient (of the 24) as
belonging to one of two days: T or T+1. Coefficients from 7 p.m. to 12 a.m. are categorized as Day T, and coefficients from 12 a.m. to 7 p.m. are categorized as Day T+1. All regressions include district-by-season
and week-of-year fixed effects. Standard errors are in parentheses, clustered at the district-week level. Source: ITUS.
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between sunset time and the onset of sleep, and instead
spend time on indoor leisure to sustain their wakefulness.
Sleep-deprived children decrease study time, consistent with
a model sleep is more study-productivity enhancing than
labor-productivity enhancing. They instead engage in day-
time naps and indoor leisure activities.

In appendix C, I fail to find evidence that alternative ex-
planations such as other solar cues like daylight duration,
temperature at any given clock time, or parental time use
are responsible for the above-mentioned pattern of results.
However, because few of these alternative explanations are
tied to the same variation in sunset time that is being used
to identify the effect of later sunset on children’s sleep and
other time uses, it is impossible to rule them out completely.

V. Effect of Later Sunset on Children’s
Learning Outcomes

In this section, I estimate the effects of later sunset on chil-
dren’s learning outcomes in the short and long run. I interpret
these estimates through the lens of the effects of later sunset
on children’s sleep and consequent reallocation of other time
uses.

A.  Effect of Later Sunset on Children’s Learning
Outcomes in the Short Run

I use an individual-level panel from Andhra Pradesh,
India, the 2002-2014 Young Lives Survey (YLS), to evalu-
ate short-run effects of later sunset on children’s test scores.

Empirical model. My baseline specification leverages
cross-sectional variation in daily sunset time at the district-
test-date level. I estimate the following econometric model,

Yidwt = Bsunsetdwt + W + €igwr, (3)

where ;4. 1s standardized math test score for child i, in dis-
trict d, during week of year w, on date of test 7. Sunset
is sunset time observed in district d, during week of year
w, on date of test . The parameter of interest (B) that re-
lates sunset time to children’s test scores is identified from
cross-sectional variation in daily sunset time at the district-
test-date level after controlling for common seasonal con-
founders via week-of-the-year fixed effects (jL,,); it captures
the effects of short-term sunset-induced child sleep loss net
of the compensatory effects of increase in nap time and mul-
tiplicative effects of decrease in study time.?* I cluster stan-
dard errors at the child level to allow for within-child auto-
correlation in the errors.

23The short-run estimate is potentially partially cumulative—to the ex-
tent effects accumulate between rounds—rather than just the effect of the
sleep loss on the night before the test because sunset time associated with
date of test 7 is highly correlated with sunset time associated with days
prior to ¢ (up to a few weeks).
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TABLE 2.—EFFECT OF LATER SUNSET ON CHILDREN’S MATH SCORES
(STANDARD DEVIATIONS)

) ) (3) “4)

Daily sunset time —0.07*** —0.11%* —0.09%** —0.10*

(10 minutes) (0.01) (0.01) 0.01) (0.05)
Lagged math scores 0.64**

(SD) (0.01)
Week-of-year FE No Yes Yes Yes
Child FE No No No Yes
Observations 7,511 7,511 4,589 7,415
R? 0.023 0.044 0.439 0.770

This table presents the effect of a 10-minute delay in daily sunset time on math scores for school-age
children. Column 2 includes week-of-year fixed effects. Column 3 includes week-of-year fixed effects
and controls for lagged test scores. Column 4 includes child and week-of-year fixed effects. I dropped
96 singleton observations in column 4. Standard errors clustered at the child level are in parentheses.
Significance at 10%, 5%, and 1% are indicated by *, **, and ***, respectively.

Source: YLS.

The identification assumption underlying this research de-
sign in that children from eastern versus western districts,
who were administered the math test in the same week, are
otherwise identical. Because the same child is tested on dif-
ferent days of the year across survey rounds, to test the valid-
ity of this assumption, I also control for fixed child-specific
characteristics (e.g., socioeconomic status, parental educa-
tion) via lagged test scores and child fixed effects. The child
fixed-effects specification leverages within-child variation in
daily sunset time after controlling for common seasonal con-
founders, comparing test scores from two (or three) test dates
across survey rounds for the same child.

Results. 1 find a 10-minute delay in sunset time reduces
children’s math scores by 0.1 standard deviation (SD) (table
2, column 2). It is reassuring that controlling for lagged test
scores (table 2, column 3) and child fixed effects (table 2,
column 4) explains meaningful variation in math scores but
does not affect the point estimate.>* The short-run effect is
also robust to controlling for weather on the day of the test
(table F2). Last, as a falsification test, I show math scores are
not affected by sunset time associated with test date for the
previous survey round and sunset time associated with the
test date for the subsequent survey round (table F3).

Identifying variation. In the specification with no controls
I have up to 90 minutes of variation in daily sunset time (up
to 45 minutes of variation in sleep) (figure F.1). In the base-
line specification, with week-of-year fixed effects, I have
up to 30 minutes of cross-sectional variation in daily sun-
set time (up to 15 minutes of variation in sleep) between
eastern and western districts in the same week. In the child
fixed-effects specification, I have up to 10 minutes of vari-
ation in daily sunset time (up to 5 minutes of variation in
sleep); it pertains to differences in daily sunset time asso-
ciated with two (or three) test dates across survey rounds

2*Table F1 presents p-values associated with standard errors clustered at
the district level to allow for within-district autocorrelation in the errors.
Because the sample is spread across only seven districts (clusters), and
because the clusters vary “wildly” in size, I present p-values associated
with wild cluster bootstrap standard errors at the district level following
Colin et al. (2008). The point estimate remains precisely estimated.
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for the same child after absorbing seasonal variation in daily
sunset time common across locations. Importantly, the mag-
nitude of the effect on math scores is quantitatively simi-
lar across specifications; it ranges from 0.07 standard devi-
ations (SD) under the specification with no controls to 0.10
SD under the most robust specification with week-of-year
and child fixed effects. Nonetheless, I present impacts per 10
minutes of sunset time (5 minutes of sleep) to accurately re-
flect the identifying variation available under the child fixed
effects specification.

Effect size. The positive marginal effect on math scores,
associated with modest increase in sleep duration at a 9-
hour base for children, is consistent with findings in both the
sleep medicine and economics literature. For instance, the
longest laboratory-controlled sleep medicine study on the
relationship between sleep and adult cognitive performance
has found linear effects of sleep between 4 and 8 hours (Van
Dongen et al., 2003), consistent with a positive marginal ef-
fect at the 8-hour base for adults. Unfortunately, no such
study exists for children. However, like for adults, Lo et al.
(2016) find that cognitive performance among children was
near-linearly related to cumulative duration of sleep deficit
over time.

Furthermore, the magnitude of my short-run estimates is
consistent with estimates from experimental medical stud-
ies with sleep changes closest to my study. Both Landrigan
et al. (2004) and Lockley et al. (2004) increase sleep by 50
minutes per night for 21 nights; they estimate an elasticity of
task performance with respect to sleep duration of 4.5 and 4,
respectively. Expressed as an elasticity with respect to sleep
duration, my short-run test-score estimate is 4. Within the
economics literature, Gibson and Shrader (2018) find that a
3-minute decrease in adult sleep in the United States, from
an average base of 8.3 hours, increases earnings by 0.5% in
the short run. However, because sunset time changes daily,
but earnings change much more slowly, they calculate that
their short-run estimates are between 0% and 25% of the
true coefficient, reflecting a high and uncertain degree of
attenuation.?

The magnitude of the short-run estimate is much larger
than the effect of later school start time on test scores. If
I scale my estimates up, I find a 50-minute delay in sun-
set time reduces math scores by roughly 0.5 SD, which is
larger than the effect of later school start times on test scores.
For instance, Carrell et al. (2011) find that a start time of
7.50 a.m. increases test scores for a course taught in the first
period class by 0.15 SD, and for subsequent classes by 0.1
SD, relative to a 7 a.m. start time. However, it is not straight-
forward to compare the short-run impact of sunset-induced
sleep deficits on test scores to existing evidence on the ef-
fect of later school start time on test scores. For instance,
(a) the reduced form effect of later school start time on sleep

2If one were to account for said attenuation, expressed as an elasticity
with respect to sleep duration, the lower bound of their short-run earnings
estimate is 3.
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incorporates the negative effect of rearranging school sched-
ules as children learn more in the morning than later in the
school day (Pope, 2016). (b) The school-start-time literature
does not observe children’s sleep, which would have facil-
itated an informed comparison of elasticities of test scores
with respect to sleep duration. (c¢) Furthermore, this literature
does not observe how children reallocate time in response to
sleep loss. For instance, my short-run estimate incorporates
the compensatory effect of increase in nap time and the mul-
tiplicative effect of decrease in study time. (d) Last, no prior
estimates exist of the effects of school start times on chil-
dren’s test scores from a developing country; Bessone et al.
(2021) caution against extrapolating sleep-science findings
across diverse contexts.

B.  Effect of Later Sunset on Children’s Learning
Outcomes in the Long Run

I use the geocoded the 2015 India DHS to investigate the
effects of later sunset on children’s learning outcomes in the
long run.

Empirical model. 1 estimate the following econometric
model:

Yiavd = Bsunsetvd + Wa + Ko + €iavds (4)

where y,q 1s the outcome of interest for child i of age a
in PSU v in district d; outcomes of interest include years of
schooling, primary school completion, middle school com-
pletion, and attendance in the current school year. Primary
(middle) school completion is a binary variable that takes the
value “1” if child i has completed primary (middle) school,
“0” otherwise. Similarly, attendance is a binary variable that
takes the value “1” if child 7 child “attended school at some
time” during the current school year, “0” otherwise. Sunset,y
is annual average sunset time observed in PSU v in district
d. ng are district fixed effects, and |, are age fixed effects;
district fixed effects control for time-invariant omitted vari-
ables at the district level. I include age fixed effects to con-
trol for differences in grade progression between children
of different age groups. Simply put, I compare educational
outcomes between children of the same age across eastern
and western locations within a district. Overall, the long-
run estimate (B) captures the accumulative effects of chronic
sunset-induced sleep deficits net of the compensatory ef-
fects of increase in nap time and multiplicative effects of
decrease in study time.? I cluster standard errors at the PSU
level because variation in annual average sunset time is at
the PSU level and not at the household level (Abadie et al.,
2017).

26Since parents, teachers, and peers are exposed to the same sunset-
induced sleep deficits as children, f may also incorporate equilibrium ef-
fects due to peer effects, effects on parents, and changes in teacher perfor-
mance. As I briefly discuss in section VC, I fail to find evidence that these
equilibrium effects exert a meaningful influence on children’s learning out-
comes, but I cannot rule them out completely.
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TABLE 3.—EFFECT OF LATER SUNSET ON YEARS OF SCHOOLING, EDUCATIONAL ATTAINMENT, AND SCHOOL ATTENDANCE

() ) (3) )
Years of schooling Primary (0/1) Middle (0/1) Attendance (0/1)
Panel A
Annual average sunset time (10 minutes) —0.047** —0.01%* —0.00*** —0.02%*
(0.01) (0.00) (0.00) (0.00)
Age FE Yes Yes Yes Yes
State FE Yes Yes Yes Yes
Geographic controls No No No No
Socioeconomic controls No No No No
District FE No No No No
R? 0.719 0.636 0.555 0.065
Panel B
Annual average sunset time (10 minutes) —0.08*** —0.01%* —0.017* —0.03**
(0.01) (0.00) (0.00) (0.00)
Age FE Yes Yes Yes Yes
State FE Yes Yes Yes Yes
Geographic controls Yes Yes Yes Yes
Socioeconomic controls Yes Yes Yes Yes
District FE No No No No
R? 0.727 0.640 0.560 0.091
Panel C
Annual average sunset time (10 minutes) —0.14%* —0.02%* —0.01** —0.02**
(0.05) (0.01) (0.01) (0.01)
Age FE Yes Yes Yes Yes
State FE No No No No
Geographic controls No No No No
Socioeconomic controls No No No No
District FE Yes Yes Yes Yes
R? 0.732 0.643 0.561 0.093
Panel D
Annual average sunset time (10 minutes) —0.16™* —0.02%** —0.01%** —0.02**
(0.05) (0.01) (0.01) (0.01)
Age FE Yes Yes Yes Yes
State FE No No No No
Geographic controls Yes Yes Yes Yes
Socioeconomic controls Yes Yes Yes Yes
District FE Yes Yes Yes Yes
R? 0.738 0.646 0.565 0.112
Mean 4.44 0.48 0.21 0.90
Observations 638,682 638,682 638,682 638,682

This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, likelihood of completing primary (0/1) and middle school (0/1), and school attendance (0/1) for children
between six and sixteen years of age. Panel A includes age and state fixed effects. Panel B includes age and state fixed effects, and geographic and socioeconomic controls: latitude, altitude, urban status (0/1) and
wealth index (1-5). Panel C includes age and district fixed effects. Panel D includes age and district fixed effects, and geographic and socioeconomic controls: latitude, altitude, urban status (0/1) and wealth index
(1-5). Standard errors are in parentheses, clustered at the PSU level. Significance at 10%, 5%, and 1% are indicated by *, **, and ***, respectively. Source: 2015 India DHS.

The identification assumption underlying this research de-
sign is that no omitted variables at the PSU level exist that
covary with both annual average sunset time and children’s
educational outcomes within a district. This may be a rea-
sonable assumption since my short-run estimate identified
from cross-sectional variation in daily sunset time is insensi-
tive to controlling for fixed child-specific characteristics via
lagged test scores and child fixed effects. Furthermore, my
results are insensitive to a battery of robustness checks.

Results. 1 find a 10-minute delay in annual average sun-
set time reduces schooling by about 0.14 years (table 3,
panel C, column 1). This result translates into lower ed-
ucational attainment at primary and middle school level
(table 3, panel C, columns 2 and 3); that is, a 10-minute de-

lay in annual average sunset time decreases primary school
completion by over 2 percentage points, and middle school
completion by 1 percentage point. Last, a 10-minute delay in
annual average sunset time decreases school attendance by
roughly 2% (table 3, panel C, column 4).

These point estimates are relatively insensitive to the in-
clusion of observables like elevation, latitude, and socio-
economic status (table 3, panel D). Table F4 shows attain-
ment results are robust to restricting estimation for each tier
of education—primary and middle—to the corresponding
age-appropriate sample. In table F5, I cluster standard errors
at the district level to allow errors to be spatially correlated
across PSUs within a district: except for the estimate of the
effect of annual average sunset on school attendance, all my
point estimates remain precisely estimated.
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Robustness checks.

Sampling and age. If younger children—who mechan-
ically have fewer years of schooling—are sampled in lo-
cations with later annual average sunset, my estimates for
years of schooling and educational attainment may be bi-
ased. However, I test and fail to find evidence for such an
hypothesis (table F6).

Identifying variation, effect size, and spuriousness. The
magnitude of the long-run estimates is consistent with re-
sults from the study with sleep changes closest to my paper.
My long-run estimates are identified by exploiting up to 10
minutes of variation in annual average sunset time (up to 5
minutes of variation in sleep) across the east-west gradient
within a district (figure F2). Expressed as an elasticity with
respect to sleep duration, my long-run education estimate is
2.8. Gibson and Shrader (2018) find that a roughly 8-minute
decrease in adult sleep per night in the United States, from
an average base of 8.3 hours, decreases long-run earnings by
5%. Expressed as an elasticity with respect to sleep duration,
their long-run earnings estimate is 2.6.

Next, I estimate the effect of a 10-minute delay in annual
average sunset time on children’s learning outcomes in the
long run under a less robust, state fixed-effects specification,
where I use cross-sectional variation in annual average sun-
set time within a state. Here I exploit up to 45 minutes of
variation in annual average sunset time (up to 25 minutes of
variation in sleep). I find the point estimates are negative and
precisely estimated (table 3, panel A).?’

I also show the DHS results are not driven by a few wide
districts: in tables F7 and F8, I show my point estimates are
largely unaffected when I drop or restrict the sample to wider
districts in India, respectively.

Furthermore, I replicate these findings using a nationally
representative rural sample of Indian households, the 2006
Rural Economic and Demographic Survey (REDS), that also
allows me to control for a richer set of socioeconomic indi-
cators (appendix G). I find quantitatively similar results.

Last, in appendix H, I exploit a sharp, one-hour disconti-
nuity in average annual sunset time across locations on either
side of the time zone boundary on Kalimantan, Indonesia.
Using a spatial regression discontinuity framework, I once
again find quantitatively similar results if I scale my India
estimates per 60 minutes of annual average sunset time. Fur-
thermore, the slope of the linear fit on either side of the time
zone boundary reemphasizes the negative relationship be-
tween annual average sunset time and children’s education
outcomes. Last, because Kalimantan, Indonesia, followed
the same time zone until 1988, I use older cohorts or in-
dividuals who completed their education before 1988 as a
placebo sample. I fail to find evidence for a statistically sig-

2THowever, these coefficients are smaller, likely due to downward bias
induced from omitted variables within state: point estimates become larger
once geographic and socioeconomic controls are introduced (table 3, panel
B). These omitted variables are unlikely to be present within district
since my within-district estimates are insensitive to geographic and socio-
economic controls.
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nificant discontinuity in years of schooling at the time zone
border for individuals who completed their education before
1988.

Residential sorting. Residential sorting could bias my es-
timates if wealthier households migrate to locations with ear-
lier annual average sunset time. However, internal migration
is very low in India, both in absolute terms as well as rela-
tive to other countries of comparable size and level or eco-
nomic development (Munshi & Rosenzweig, 2016). In addi-
tion, I fail to find evidence for out-migration (in-migration)
in locations that observe later (earlier) sunsets (appendix
G). The coefficients are opposite-signed and statistically
insignificant.

Longitude. Although annual average sunset time is or-
thogonal to latitude, it is perfectly correlated with longitude;
therefore, if economic activity is also correlated with lon-
gitude, my estimates will be biased. However, I fail to find
evidence that my estimates are driven by longitude: as dis-
cussed above, I find quantitatively similar effects on chil-
dren’s long-run learning outcomes when I exploit a sharp
one-hour discontinuity in annual average sunset time at
the time zone border in Kalimantan, Indonesia, that breaks
the link between annual average sunset time and longitude
(appendix H).

C. Alternative Explanations

Since parents, teachers, and peers are exposed to the same
sunset-induced sleep deficits as children, it is possible that
the effects of later sunset on children’s learning outcomes
in the short or long run are partially driven by equilibrium
effects associated with parents’, teachers’, or peers’ sleep
deficits. Therefore, in appendix F, I examine the influence
of peer effects, effects on parents, and changes in teacher
performance for children’s learning outcomes. I fail to find
evidence that effects on parents exert a meaningful influence
on children’s learning outcomes in the short or long run.
I also fail to find evidence that peer effects or changes in
teacher performance explain the effects on children’s learn-
ing outcomes in the short run. However, if the influence of
changes in teacher performance or peer effects on children’s
education outcomes manifest only in the long run, it is possi-
ble that my long-run estimates incorporate these equilibrium
effects.

VI. Conclusion

In this paper I use data from India and exogenous variation
in sleep induced by sunset time to present the first human
capital estimates of (i) the effects of child sleep from the
developing world and (ii) the long-run effects of child sleep
in any context.

I find an hour delay in sunset time reduces children’s
sleep by 30 minutes: when the sun sets later, children go
to bed later; however, children fail to compensate by wak-
ing up later. Sleep-deprived children decrease time spent on
homework or studying, whereas the effect on formal and
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informal work is small and statistically indistinguishable
from zero. This pattern of results is consistent with a model
where sleep enhances study productivity more than it does
labor productivity. Sleep-deprived children increase time al-
located to compensatory naps and sedentary indoor leisure.
Sleep loss has significant negative effects on children’s ed-
ucational outcomes. In the short run, a 10-minute delay in
sunset time reduces math scores by 0.1 SD. In the long run, a
10-minute delay in annual average sunset time reduces chil-
dren’s years of education by 0.14 years: school-age children
are less likely to complete primary and middle school, and
less likely to be currently enrolled in school.
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Online Appendices

A A Model of Children’s Time Use

To formally examine how children reallocate their time in response to sleep loss, 1 extend the productive
sleep model from Gibson and Shrader (2018) — an extension of the time use model of Gronau (1977) — to
children. The child’s problem is to maximize a utility function w(z, L) where = are consumables, and L is
leisure time. w is weakly increasing in each argument and is quasi-concave. I assume that parents induce
children’s investment in schooling through parental transfers (Becker, 1974). Thus, the child’s consumables
depend on earnings through own labor, xp, earned by working for parents, and reward, r, set by parents for
educational achievement.

Work time is denoted as N, thus the child can gain output, o = NW(S), where W (), is wage received from
parents, and is a function of children’s sleep, S. Price is normalized to 1. Similarly, the child can also gain
goods, xy = rh(H,S), where reward, r, can be thought of as a parent’s present discounted value of the returns
to child’s achievement in the current period, and h(H, S) is the education production function, with inputs H,
denoting time spent on schooling, including self investment in study effort. Thus, total consumables are given
by x = xp +xy. I assume that the parent has full information and can fully commit to this contract. I model
sleep as productivity-enhancing, more sleep will, ceteris paribus, increase labor productivity (mg—és) > () and

educational achievement (% > 0). However, the total effect of sleep on earnings and achievement, and
hence parental transfers, also depends on how children reallocate work (%—g), study time (%—I;), and leisure
time (g—é) in response to sleep loss.

Putting all time uses together, the total time constraint is T'= L+ H + N + 5. Substituting the time budget
into the goods budget, the combined budget constraint is

xg=rh(l'=L—-S—N,S) (1)
and the optimization problem is
max (2)
L,N,S

W(NW(S) + 2, L) + M(rh(T = L — S — N, S) — 21) + AN + A3S

Consider a child who is a student, but also works at home or in the market. Also, assume sleep is positive, so
N > 0,5 >0, and Ay = A3 = 0, by complementary slackness. Further, b} > 0, b, > 0, hY; < 0, and hj, < 0.
First order conditions can be written as

uy
v rhy (3)
W(S) = rh (4)
NW'(S) + rhy = rh} (5)



Taking the total derivative of Equation (4), I get

d_H _ W/(S) B Th/1/2(H*’S*) (6)
dS Ry (H*, S*)

Thus, 4% > 0if W'(S) < rhl,(H*,5*). Sleep will induce study effort if marginal increase in study productivity
with respect to sleep is larger than the marginal increase in wages (labor productivity) with respect to sleep.
However, if the opposite condition holds, W'(S) > rh/,(H*,S*), then increase in sleep will reduce self-

. . dH
investment in study effort 95 < 0.
Taking the total derivative of Equation (5),

AN [rh{y(H*,8*) — rhy (H*, S*)| 95 + rhfy(H*, S*) — rhy,(H*, S*) = NW"(S) (7)
s W(S)

Assume W”(S) < 0, and sleep is productive: hj (H*,S*) > 0 and W'(S) > 0, if ¥4 < 0, then 2% > 0.!

Therefore, sleep and work effort will be complements if sleep and study effort are substitutes and vice-a-

Versa.2

To summarize, the model predicts sleep increases study effort but decreases work effort, if sleep is more
achievement-enhancing than work-productivity enhancing. On the other hand, if sleep is more work-productivity
enhancing than achievement-enhancing, then sleep will increase work time, instead decreasing study time.

IMedical studies often find a nonlinear relationship between sleep and health that suggests W (S) < 0 (Cappuccio et al., 2010). Van Dongen

et al. (2003) find that cognition declines linearly with sleep deprivation.

2An increase in duration of sleep induces an increase in ‘wages’, so income and substitution effects make the sign of the net effect on leisure time

ambiguous.



B Data Description

Figure B.1: Seasonal Variation in Daily Sunset Time in Four Indian Districts
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Notes: Panel (a) presents four districts. Panel (b) presents seasonal variation in daily sunset time at the district-date level for those districts.
The east (dot) and west (shortdash) districts are on (roughly) the same latitude. However, because all of India is on a single time zone, the
sun sets roughly 45 minutes later in the west (shortdash) district compared to the east (dot) district every day of the year. The north (dash)
and south (solid) districts are on (roughly) the same longitude. However, the north (dash) district is farther away from the equator than the
south (solid) district. Therefore, there is greater seasonal variation in daily sunset time in the north (dash) district compared to the south (solid) district.

Figure B.2: Geographic Variation in Annual Average Sunset Time in Four Indian Villages/City Blocks
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four villages/city blocks. Because all of India is on a single time zone, there exists roughly a two-hour difference in annual average sunset time between
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Figure B.3: Districts in the India Time Use Survey (ITUS)

[ 1TUS Districts
No Data

o | o |

N N
<o | <o |
O Qv
] o
@) @]
5 5
o o]
T T
§C0 i ‘Nroo i
Q ]
E E
F F
T ko
(%] [}
S~ | S~ |
n— n

w0 | © |

A T T T T A T T T T

Feb 1 May 1 Aug 1 Nov 1 Feb 1 May 1 Aug 1 Nov 1
Day of Year Day of Year
(a) Daily sunset time in ITUS districts (b) Daily sunset time for sampled dates in ITUS districts

Notes: This figure presents distribution of daily sunset time in ITUS districts. Panel (a) presents daily sunset time for every day in a year for all
districts in ITUS. Panel (b) presents daily sunset time for dates for which time use data was collected in ITUS districts.



Figure B.5: Summary Statistics: Children’s Time Use
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Notes: This figure presents the average time allocated by children between 6 and 16 years of age to sleep, naps, study, school, indoor leisure, outdoor
leisure, and work on weekdays and weekends. Source: ITUS.

Figure B.6: Summary Statistics: Children’s Sleep Patterns
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weekday. Source: ITUS.



Figure B.7: Summary Statistics: Children’s Bedtimes and Wake-up Times
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Notes: This figure presents the average bedtimes and wake-up times for children between 6 and 16 years of age on weekdays and weekends. Source:
ITUS.

Figure B.8: Summary Statistics: Children’s Time Use Patterns
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Notes: This figure presents the average time spent on naps, study, school, indoor leisure, outdoor leisure, and work by children between 6 and 16
years of age for each hour of the 24-hour day cycle on a weekday. Source: ITUS.



Figure B.9: Districts in the Young Lives Survey (YLS)

Districts in Andhra Pradesh
I YLS Districts
Il o Data

Figure B.10: Distribution of Day-of-Test Sunset Time in YLS Districts
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Notes: This figure presents distribution daily sunset time for dates on which children were tested in math in YLS districts across survey rounds.



Figure B.11:
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Table B.1: Summary of Data Sources

Dataset

Country and Year

Variation
in Sunset Time

Outcomes Description

India Time Use Survey (ITUS)

India (1998-99)

Daily sunset time

Sleep, study
work, leisure

Section 3

China Health and
Nutrition Survey (CHNS)

China (2004-2009)

Annual average
sunset time

Sleep, study
leisure

Appendix D

Young Lives Survey (YLS)

India (2002-2014)

Daily sunset time

Math test
scores

Section 3

Demographic and
Health Survey (DHS)

India (2015)

Annual average
sunset time

Years of schooling, Section 3
primary complete,
middle complete,

school attendance

Demographic and
Health Survey (DHS)

Indonesia (2003)

Annual average
sunset time

Years of schooling,
primary complete,
middle complete,
school attendance

Appendix H

Rural Economic and
Demographic Survey (REDS)

India (2006)

Annual average
sunset time

Years of schooling,
primary complete,
middle complete,
enrollment status

Appendix G

Table B.2: Effect of Later Sunset on Interview Date

(1)
Survey Date (0/1)

(2)
Survey Date (0/1)

8/ SE 8/ SE
Sunset Time (Hours) -0.002 -0.004
(0.003) (0.005)
Mean 0.12 0.24
Observations 37960 18980
R? 0.000 0.000

Notes: This table presents the relationship between daily sunset time and interview dates. Column 1 includes all months in years 1998 and 1999,

however, because ITUS was mainly conducted between July 1998 and June 1999, Column 2 only includes July 1998 - June 1999. Homoskedastic
standard errors presented in parentheses. Source: ITUS.



Table B.3: Summary Statistics: ITUS Sample Description by Type of Day

Entire Sample (Age 6-16) Normal Day Sample Weekly Variant Sample
Age 11.19 11.33 10.97
(2.95) (2.97) (2.89)
Years of Education 4.38 4.27 4.57
(3.42) (3.46) (3.35)
Sex (0/1) 0.55 0.54 0.56
(0.50) (0.50) (0.50)
Rural (0/1) 0.69 0.70 0.68
(0.46) (0.46) (0.47)
Homestead (0/1) 0.65 0.65 0.64
(0.48) (0.48) (0.48)
Land Owned (0/1) 0.46 0.47 0.45
(0.50) (0.50) (0.50)
Land Possessed (0/1) 0.46 0.46 0.45
(0.50) (0.50) (0.50)
Monthly HH Exp (INR) 2731.22 2700.74 2780.62
(1634.11) (1624.54) (1648.40)
Temporary House (0/1) 0.38 0.38 0.37
(0.48) (0.49) (0.48)
Semi-Temporary House (0/1) 0.23 0.23 0.22
(0.42) (0.42) (0.42)
Permanent House (0/1) 0.39 0.38 0.41
(0.49) (0.49) (0.49)
Primary Activity: Not a Student (0/1) 0.19 0.25 0.09
(0.39) (0.43) (0.29)
Normal Days/Week 6.10 6.25 5.84
(0.60) (0.63) (0.44)
Weekly Variant Days/Week 0.88 0.72 1.13
(0.57) (0.60) (0.40)
Abnormal Days/Week 0.03 0.03 0.03
(0.17) (0.17) (0.18)
Household Size 5.52 5.54 5.48
(1.98) (1.96) (2.00)
Hinduism (0/1) 0.88 0.88 0.88
(0.33) (0.33) (0.33)
Sunday (0/1) 0.28 0.04 0.66
(0.45) (0.19) (0.47)
Observations 22579 13964 8615

Notes: This table presents summary statistics on both individual and household characteristics for children between 6 and 16 years of age on weekdays
and weekends. Standard deviations in parentheses. Source: ITUS.
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C Children’s Time Use

Figure C.1: Sleep Distributions, By Early and Late Sunset Time
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Notes: “Early” denotes sunsets at or below the 10th percentile, while “late” denotes sunsets at or above the 90th percentile.

Figure C.2: Effect of Later Sunset on Children’s Sleep
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ITUS.
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Table C.1: Balance Table: Daily Sunset Time and Household- and Individual-Level Observables

Mean OLS estimate p-value on OLS estimate
Years of Education 4.27 0.01 0.98
Primary Activity: Not a Student (0/1) 0.25 0.02 0.67
Sex (0/1) 0.54 -0.00 0.91
Rural (0/1) 0.70 -0.00 1.00
Household Size 5.54 -0.07 0.70
Hinduism (0/1) 0.88 0.04 0.41
Age (Years) 11.33 -0.27 0.25
Homestead (0/1) 0.65 -0.08 0.17
Land Owned (0/1) 0.47 -0.05 0.47
Log Mnth HH Exp 7.74 0.01 0.94
Temporary House (0/1) 0.38 -0.06 0.24
Semi-Temporary House (0/1) 0.23 0.01 0.91
Permanent House (0/1) 0.38 0.05 0.39

Notes: This table presents the effect of an hour delay in daily sunset time on time-invariant individual- and household-level observables for children
between 6 and 16 years of age on weekdays. All regressions include district and week-of-year fixed effects. Standard errors are in parentheses, clustered
at the district-week level. N = 13,964. Source: ITUS.

Table C.2: Standard Errors Clustered at the District Level: Effect of Later Sunset on Children’s Time Use
(Hours)

(1) () 3) (4) (®) (6) (7) (8)

Bedtime Wake-up Time Sleep Nap Indoor Leisure Outdoor Leisure Study Work
B/ SE B/ SE B/SE B /SE B/ SE B / SE B/SE B /SE
Sunset Time (Hours) 0.36%** -0.13 -0.47H* 0.27* 1.16%* 0.23 -0.67%* 0.10
(0.10) (0.11) (0.17) (0.15) (0.47) (0.26) (0.33) (0.35)
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Mean 21.33 6.43 9.07 0.36 4.70 2.54 1.50 2.05
Observations 13863 13911 13964 13964 13964 13964 13964 13964
R? 0.178 0.250 0.091 0.246 0.231 0.132 0.169 0.070

Notes: This table presents the effect of an hour delay in daily sunset time on time allocated to sleep, study, leisure and work by children between
6 and 16 years of age on weekdays. All columns include district and week-of-year fixed effects. Standard errors are in parentheses, clustered at the
district level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.

Table C.3: Effect of Later Sunset on Non-Linear Metrics of Sleep Duration for School-Age Children

1) (2) (3) (4) (5) (6)
Sleep>9h Sleep>9h Sleep>9h Sleep>8h Sleep>8h Sleep>8h
8/ SE B/ SE B/ SE B/ SE B/ SE B/ SE
Sunset Time (Hours) -0.14%** -0.18%** -0.31%** -0.01 -0.02 -0.11%*
(0.05) (0.06) (0.10) (0.03) (0.03) (0.06)
District FE Yes Yes No Yes Yes No
Week-of-Year FE Yes Yes Yes Yes Yes Yes
Weather Controls No Yes No No Yes No
District-by-Season FE No No Yes No No Yes
Mean 0.63 0.63 0.63 0.89 0.89 0.89
Observations 13964 13964 13964 13964 13964 13964
R2 0.100 0.101 0.140 0.043 0.043 0.075

Notes: This table presents the effect of an hour delay in daily sunset time on non-linear metrics of sleep duration for children between 6 and 16 years
of age on weekdays. Columns 1 and 4 include district and week-of-year fixed effects. Columns 2 and 5 include district and week-of-year fixed effects
and weather controls. Columns 3 and 6 include district-by-season and week-of-year fixed effects. Standard errors are in parentheses, clustered at the
district-week level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.
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Table C.4: Effect of Later Sunset on Children’s Leisure Activities (Hours)

(1) (2) (3) (4) (5) (6) (7) (8)
Mass Media  Eating, Hygiene Talking, Relaxing  Other Sedentary = Running, Exercise = Travel for Leisure = Pastime  Other Active
B/ SE B/ SE 8/ SE B/ SE B/ SE 8/ SE B/SE  B/SE
Panel A
Sunset Time (Hours) 0.03 -0.12 1.12%** 0.03 0.10 0.04 0.32 0.01
(0.22) (0.10) (0.17) (0.07) (0.07) (0.04) (0.20) (0.05)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.157 0.237 0.160 0.057 0.100 0.175 0.154 0.063
Panel B
Sunset Time (Hours) 0.29 -0.07 1,174 0.02 0.03 0.00 0.57** -0.02
(0.23) (0.11) (0.20) (0.08) (0.09) (0.05) (0.24) (0.06)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Weather Controls Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.159 0.237 0.161 0.058 0.102 0.176 0.154 0.064
Panel C
Sunset Time (Hours) 0.14 -0.09 0.78%** 0.02 0.14 -0.04 0.51 -0.317%%*
(0.38) (0.20) (0.27) (0.16) (0.13) (0.07) (0.31) (0.08)
District-by-Season FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.214 0.283 0.223 0.100 0.157 0.297 0.219 0.128
Mean 1.06 2.40 1.07 0.19 0.21 0.12 1.46 0.08
Observations 13964 13964 22579 13964 13964 13964 13964 13964

Notes: This table presents the effect of an hour delay in daily sunset time on time allocated to daytime naps, mass media, eating, talking, pastime, other sedentary leisure, exercise, travel for
leisure, and other active leisure (in hours) for children between 6 and 16 years of age on weekdays. Panel A includes district and week-of-year fixed effects. Panel B includes district and
week-of-year fixed effects, and weather controls. Panel C includes district-by-season and week-of-year fixed effects. Standard errors are in parentheses, clustered at the district-week level.

Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.



Table C.5: Effect of Later Sunset on School Attendance (0/1)

(1) 2) (3)

School Attendance (0/1) School Attendance (0/1) School Attendance (0/1)

B/ SE B/ SE B/ SE
Sunset Time (Hours) 0.07 0.10 -0.01

(0.06) (0.07) (0.09)
District FE Yes Yes Yes
Week-of-Year FE Yes Yes Yes
Weather Controls No Yes No
District-by-Season FE No No Yes
Mean 0.75 0.75 0.75
Observations 10620 10620 10620
R? 0.071 0.072 0.100

Notes: This table presents the effect of an hour delay in daily sunset time on time allocated on school attendance (0/1) for children between 6 and 16
years of age on weekdays during the school year. School attendance is defined as 1 if a child spent non-zero time in school on the day for which time
use data was recorded, and 0 otherwise. Column 1 includes district and week-of-year fixed effects. Column 2 includes district and week-of-year fixed
effects and weather controls. Column 3 includes district-by-season and week-of-year fixed effects. Standard errors are in parentheses, clustered at the
district-week level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.

Alternative Explanations

Other solar cues, and not sunset time, drive changes in sleep? Sunrise time and daylight duration are
almost perfectly correlated with sunset time after absorbing district and week-of-year fixed effects. Seasonal
variation in daily sunset time is negatively correlated with seasonal variation in daily sunrise time (correlation
=-0.990), and positively correlated with daily daylight duration (correlation = 0.997). That is, the sun rises
early on days when the sun sets later, increasing total daylight duration. Therefore in purely statistical terms,
all results could be recast in terms of either of these other variables (Table C.6, Columns 1, 2, and 3). I focus
on sunset time rather than sunrise time or daylight duration because of the link between sunset time and
sleep as emphasized by the existing medical literature (Roenneberg, 2013). In fact, I show sunrise time and
daylight duration, like sunset time, influence bedtimes (Table C.6, Columns 4, 5, and 6), but do not affect
wake-up times (Table C.6, Columns 7, 8, and 9); this suggests onset of evening darkness, and not onset of
morning light, affects sleep, precisely as the medical literature would predict.

Lastly, because almost all locations in the world experience approximately the same average daylight duration
over the year, daylight duration is not an omitted variable in Appendix D, where I examine the effects of
later annual average sunset time on children’s time use in China, and find quantitatively similar results for
children’s sleep.

Is decrease in sleep driven by increase in naps? If children are more likely to nap on days when the
sun sets later due to factors unrelated to the effect of later sunset on sleep, the effects on children’s sleep may
be driven by daytime naps and not the other way around. To alleviate this concern, I show the effects of
later sunset on children’s sleep and other time uses are robust to dropping ‘nappers’ from the sample (Table

C.7).

Is later bedtime driven by increase in study time in the evening? Later sunset means more daylight
after school, which may make it easier for children to self-study in the evening, especially in lower income
countries where electricity access is intermittent. Therefore, children may delay onset of sleep to allocate more
time to studying in the evening after school, and not because of the aforementioned link between sunset time
and sleep. However, I fail to find evidence that later sunset on Day T increases time allocated to studying in
the evening on Day T (Figure 1, Panel (d)). The quantitatively small increase in study time at 8 pm is not
statistically significant.

Is later bedtime driven by increase in outdoor leisure in the evening? Later sunset means more
daylight in the evening. It may induce children to reallocate outdoor recreational activities from the afternoon
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to the evening. Therefore, the delay in onset of sleep may be due to substitution between outdoor leisure
and sleep and not because of the medical link between sunset time and sleep. However, I fail to find evidence
for such an explanation. I find when the sun sets later, children substitute sleep with indoor leisure, and not
outdoor leisure (Figure 1, Panel (e)).

I do find that children substitute indoor leisure with outdoor leisure between 5 pm to 7 pm. This substitution,
as mentioned above, is likely an independent response to delay in onset of darkness. However, outdoor leisure
may indirectly delay onset of sleep if children find it harder to fall asleep immediately after spending time
outside. To alleviate this concern, I show the effects of later sunset on children’s sleep and other time uses
are robust to dropping children who allocated any time to outdoor leisure between 5 pm and 7 pm (Table
C.8).

Are changes in sleep and other time uses driven by changes in temperature at any given clock
time? If the sun sets or rises at a different clock time, then the temperature at any given clock time may
also be different. Therefore, changes in children’s sleep and other time uses may be driven by changes in the
temperature at a given clock time and not later sunset time. Unfortunately, there does not exist data on hourly
temperature at the district level from India that would allow me to evaluate the influence of temperature at
any given clock time.

Instead, I perform an imperfect test to gauge whether changes in temperature at any given clock time are
driving my results. I use time-of-day activity data and flexibly estimate the effect of daily average temperature
on children’s sleep and other time uses by hour of day. That is, I examine how children spend their time
during the course of a day when the average daily temperature is >27C relative to a day when the daily
average temperature is <21C.

I fail to find any evidence for a relationship between daily average temperature on children’s time use by
hour of day. Children’s allocation of time throughout the day when the average daily temperature is >27C is
broadly similar to a day when the daily average temperature is <21C (Figure C.3). This result suggests that
it is unlikely that children reallocate time during the course of a day in response to temperature at any given
clock time.

Are changes in children’s sleep and other time uses driven by changes in parental time use?
Since parents are exposed to the same sunset-induced sleep deficits as children (Appendix E), it is possible
children reallocate time in response to changes in parental supervision — due to parents’ sleep loss — and
not children’s sleep loss. To rule out this concern, I examine how parents trade-off time in response to
sunset-induced sleep deficits; I fail to find evidence for any economically or statistically significant changes in
parental time with children. This suggests children’s time reallocations are not driven by changes in parental
supervision.

However, it is not just parents’ time directly with children that could impact children’s time use. For example,
if parents spend more or less time on work, household chores, or leisure due to sunset-induced sleep loss that
could also influence children’s time use. I find that like children, sleep-deprived adults increase time allocated
to naps. Furthermore, they increase time allocated to indoor leisure by roughly 20 minutes, although the point
estimate is not statistically significant per my most robust district-by-season fixed effects specification. Per the
same specification, the point estimates for work and home production are small and statistically insignificant.
Overall, although the patterns of results discussed above make it seem unlikely, I cannot completely rule
out that changes in parents’ time use in response to sunset-induced sleep loss do not influence the observed
changes in children’s time use.
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Figure C.3: Effect of Temperature on Children’s Time Use by Hour of Day
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the effect of daily average temperature > 27C (relative to < 21C) on time allocated to sleep, nap, indoor leisure,
work by time-of-day for children between 6 and 16 years of age on weekdays. I plot coeflicients from twenty-four

separate regressions — one for each hour in the day — to generate the thick black line in each panel. The shaded gray area represents the 95%
confidence interval associated with the coefficients of interest. Each panel indicates the average daily sunset time observed in the ITUS data: 6.20
pm. To encourage a stylized interpretation of these estimates, I categorize each coefficient (of the twenty-four) as belonging to one of two days:

T or T+1. Coefficients from

7 pm to 12 am are categorized as Day T, while coefficients from 12 am to 7 pm as categorized as Day T+1. All re-

gressions include district-by-season and week-of-year fixed effects. Standard errors are in parentheses, clustered at the district-week level. Source: ITUS.
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Table C.6: Sunset Time, Sunrise Time, Daylight Duration and Children’s Sleep (Hours)
(1) (2) 3)
Sleep Sleep Sleep
B/ SE B/ SE B/ SE
Sunset Time (Hours) -0.47%**
(0.14)
Sunrise Time (Hours) 0.43%**
(0.14)
Daylight Duration (Hours) -0.23%**
(0.07)
Mean 9.07 9.07 9.07
Observations 13964 13964 13964
R? 0.091 0.090 0.090
(4) (5) (6)
Bedtime Bedtime Bedtime
8/ SE 8/ SE 8/ SE
Sunset Time (Hours) 0.36%**
(0.10)
Sunrise Time (Hours) -0.35%**
(0.10)
Daylight Duration (Hours) 0.18%**
(0.05)
Mean 21.33 21.33 21.33
Observations 13863 13863 13863
R? 0.178 0.178 0.178
(7 (8) 9)
Wake-up Time Wake-up Time Wake-up Time
8/ SE 8/ SE 8/ SE
Sunset Time (Hours) -0.13
(0.08)
Sunrise Time (Hours) 0.11
(0.09)
Daylight Duration (Hours) -0.06
(0.04)
Mean 6.43 6.43 6.43
Observations 13911 13911 13911
R? 0.250 0.250 0.250
District FE Yes Yes Yes
Week-of-Year FE Yes Yes Yes

Notes: This table presents the effect of an hour delay in daily sunset time, sunrise time, and daylight duration on time allocated to sleep, bedtime, and
wake-up time (in hours) for children between 6 and 16 years of age on weekdays. All columns include district and week-of-year fixed effects. Standard
errors are in parentheses, clustered at the district-week level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.

Table C.7: Dropping ‘Nappers’: Effect of Later Sunset on Children’s Time Use (Hours)
(1) (2) (3) (4) (5) (6) (M

Bedtime ‘Wake-up Time Sleep Indoor Leisure Outdoor Leisure Study Work
8 /SE B/ SE 8/ SE B/ SE B/ SE B/ SE 8/ SE
Sunset Time (Hours) 0.37%%* -0.09 -0.39%%* 1.60%** 0.48** -0.97#** 0.23
(0.11) (0.09) (0.14) (0.31) (0.24) (0.28) (0.40)
District FE Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes
Mean 21.31 6.42 9.07 4.50 2.43 1.66 2.04
Observations 11283 11311 11350 11350 11350 11350 11350
R2 0.192 0.250 0.098 0.250 0.127 0.190 0.099

Notes: This table presents the effect of an hour delay in daily sunset time on bedtime, wakeup time, sleep, nap, study, indoor leisure, outdoor leisure,
and work for children between 6 and 16 years of age on weekdays. All columns include district and week-of-year fixed effects. The sample includes
children who did not allocate time to daytime naps. I generate bedtimes using I'TUS for all children who started sleep between 6 pm and 12 am such
that they slept continuously for at least two hours. While wake-up times are generated for all children who ended sleep between 4 am and 10 am such
that they were continuously awake for at least two hours. Standard errors are in parentheses, clustered at the district-week level. Significance at 1%,
5% and 10% are indicated by ***, ** and *, respectively. Source: ITUS.
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Table C.8: Dropping Children Spending Time on Outdoor Leisure Late Afternoon: Effect of Later Sunset on
Children’s Time Use (Hours)

(1) (2) (3) (4) (5) (6) (7) (8)
Bedtime Wake-up Time Sleep Nap Indoor Leisure Outdoor Leisure Study Work
B/ SE 8/ SE B/SE  B/SE B/ SE B/ SE B/SE  B/SE
Sunset Time (Hours) 0.43%*** -0.16 -0.59%** 0.26** 0.50 0.26 -0.97%** 0.51
(0.13) (0.10) (0.18) (0.12) (0.40) (0.21) (0.32) (0.47)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Mean 21.36 6.40 9.01 0.29 5.43 1.31 1.45 2.86
Observations 5951 5983 6018 6018 6018 6018 6018 6018
R? 0.202 0.253 0.098 0.170 0.197 0.092 0.174 0.132

Notes: This table presents the effect of an hour delay in daily sunset time on bedtime, wakeup time, sleep, nap, study, indoor leisure, outdoor leisure,
and work for children between 6 and 16 years of age on weekdays. All columns include district and week-of-year fixed effects. The sample includes
children who did not spend time on outdoor leisure between 5 pm and 7 pm. I generate bedtimes using ITUS for all children who started sleep
between 6 pm and 12 am such that they slept continuously for at least two hours. While wake-up times are generated for all children who ended

sleep between 4 am and 10 am such that they were continuously awake for at least two hours. Standard errors are in parentheses, clustered at the
district-week level. Significance at 1%, 5% and 10% are indicated by ***  ** and *, respectively. Source: ITUS.
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D China Health and Nutrition Survey (CHNS)

In the ITUS, I exploit seasonal variation in daily sunset time at the district level to identify the effects of
later sunset on children’s sleep, and the consequent effects of sunset-induced sleep deficits on other time uses.
Seasonal variation in daily sunset time is positively correlated with seasonal variation in daylight duration;
that is, the sun rises early on days when the sun sets later, increasing total daylight duration. However,
because almost all locations in the world experience approximately the same average daylight duration over
the year, daylight duration is not an omitted variable below, where I examine the effects of later annual
average sunset time on children’s time use in China.

Data

The CHNS is collected by the Carolina Population Center at the University of North Carolina at Chapel Hill
and the National Institute for Nutrition and Health (NINH). This survey includes roughly 7,200 households
with over 30,000 individuals in 15 provinces and municipal cities in China from 1989 to 2011. Figure D.1
presents the provinces in CHNS.? Although the CHNS sample is not representative of the Chinese population,
one-third of the Chinese population (approximately 450 million people in 1989) lives in these provinces. The
CHNS has released eight waves of data so far (1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009). I use the
2004-2009 rounds of the survey because the earlier rounds did not collect children’s time use data. Following
ITUS, I restricted analyses to school-age children (i.e., individuals over 5 but less than 17 years of age).
Importantly, unlike ITUS, CHNS includes information on children’s time allocation for a ‘typical’ or ‘usual’
day of the year, and not for a particular date. Children were asked about time allocated to sleep, other leisure
activities, and homework. Although measures for leisure and study are not comparable to ITUS, the direction
of the estimates would still be useful as corroborative evidence.*

Results

CHNS allows me to investigate the effect of annual average sunset time on children’s time allocation. In this
setting, I abstract away from seasonal variation in sunset time, instead exploiting cross-sectional variation in
annual average sunset time. I estimate the following econometric model:

Yidst = Bsunsetds + Mt + Hs + €idst (8>

Time allocated to sleep, leisure or homework (y), by child 4, in district (or county) d, in state (or province)
s, in year t, is regressed on annual average sunset time observed in district d in state s to estimate the
average effect of an hour’s increase in annual average sunset time (). p, are year fixed effects, and p, are
state fixed effects. I exploit within-state variation in annual average sunset time. Therefore, I control for
time invariant state-level unobservables that are correlated with children’s time allocation and annual average
sunset time.

An hour delay in annual average sunset time reduces sleep by 0.43 hours (Table D.1). This estimate is
remarkably similar to the effect of late sunset on sleep in India, where I exploit district-specific seasonal
variation in daily sunset time. Furthermore, in line with the ITUS results, I find positive effects on leisure
and negative effects on time spent on homework, although these estimates are noisier.

Because I exploit cross-sectional variation in annual average sunset time within a state, county-level attributes
that are correlated with annual average sunset time as well as children’s time use could potentially bias my
estimates. For instance, if compared to eastern districts (early sunset), western districts (late sunset) are

3A detailed description of the CHNS design can be found at www.cpc.unc.edu/projects/china.

4There exist substantial differences in the definition of leisure between ITUS and CHNS. Furthermore, as a measure of self-investment in study

effort, CHNS only provides homework time.
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warmer or poorer, then the coefficients might be upwardly biased. In Columns 2, 4, and 6, I control for
weather and other observables like income, urban status, household size and nutritional intake, that may
co-vary with children’s time allocation and annual average sunset time across the east-west gradient within a
province. My point estimates remain unaffected.

Figure D.1: Provinces in the China Health an Nutrition Survey (CHNS)
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Table D.1: China: Effect of Later Sunset on Children’s Time Use (Hours)

1) (2) (3) (4) (5) (6)

Sleep Sleep Study Study Leisure Leisure

B/ SE B/ SE B/ SE B/ SE 8/ SE B/ SE
Annual Average Sunset Time (Hours) -0.43** -0.44%* -0.36 -0.30 0.59 0.58

(0.21) (0.21) (0.26) (0.24) (0.56) (0.59)
Province FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Weather Controls No Yes No Yes No Yes
Socioeconomic Controls No Yes No Yes No Yes
Mean 9.03 9.04 1.25 1.26 3.18 3.19
Observations 5794 5471 5794 5471 5794 5471
R2 0.029 0.231 0.066 0.147 0.033 0.052

Notes: This table presents the effect of an hour delay in annual average sunset time on time allocated to sleep, leisure and homework by children
between 6 and 16 years of age. Standard errors are in parentheses, clustered at the county-year level. Columns 1, 3, and 5 include province and
year fixed effects. Columns 2, 4, and 6 include province and year fixed effects, household (household size, urban status, household expenditure)
and individual (age, daily nutritional intake) level controls, and weather controls. Standard errors are in parentheses, clustered at the district level.

Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: CHNS.
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E Adults’ Time Use

Later sunset may also affect adults’ sleep duration. In turn, depending on how adults reallocate their time in
response to sleep loss, sunset-induced sleep deficits may affect monetary and time investments in children’s
education. If labor markets are competitive, workers are paid their marginal revenue product, and sleep is
more work-productivity enhancing than home-productivity enhancing, sleep loss decrease labor productivity
for adults, disincentivizing work effort, but increase time allocated to home production. In this case, later
sunset may decrease household expenditure on children’s education but increase parental time investment in
children. On the other hand, if sleep is more home-productivity-enhancing than work-productivity-enhancing,
adults may decrease time allocated to home production in response to sleep loss, and increase time allocated
to formal work.

To test these hypotheses, I use ITUS to examine the effect of later sunset on adults’ time use (Table E.1).
Adults’ daily activities are grouped into nine brackets: sleep, nap, study, school, indoor leisure, outdoor
leisure, work, home production and time spent with children. Daily activities included in sleep, nap, study,
school, indoor leisure, and outdoor leisure remain unchanged. However, unlike children’s time use where
‘work’ includes both time spent by children in the labor force as well as time spent on household chores, 1
consider time spent by adults working on the farm or other types of formal or informal employment as ‘work’,
and time spent on home production as ‘household chores’. But ‘household chores’ does not include time spent
with children, which is evaluated separately in ‘time with kids’.

I find that an hour delay in sunset time reduces adults’ sleep by roughly 30 minutes; like children, sleep-
deprived adults increase time allocated to naps by 15 minutes. The statistically significant negative (positive)
effect of later sunset on time allocated to formal work (home production) is not robust to controlling for
district-by-season fixed effects. While I do not observe adults’ wages in the short-run, this result suggests
sleep deprived adults do not decrease work time, which may indicate that sleep quality matters more than
sleep quantity for adult productivity, consistent with Bessone et al. (2021).° T also fail to find evidence that
later sunset changes time allocated to home production, or more specifically, parents time with children.

5 Another explanation for why sleep-deprived adults do not reduce work time may be that unlike children’s wages in the short-run, adults’ wages

exhibit downward rigidities to short-term negative productivity shocks (Kaur, 2018).
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Table E.1: Effect of Later Sunset on Adults’ Time Use (Hours)

(1) ) 3) ) 5) (©6) R (8)
Sleep Nap Indoor Leisure Outdoor Leisure Study Work HH Chores Time with Kids
B/SE B /SE B/ SE 8/ SE B/SE B/SE  B/SE B/ SE
Panel A
Sunset Time (Hours) -0.50%** 0.26%** 0.62%** 0.02 -0.03 -0.56%** 0.21%* 0.08
(0.10) (0.08) (0.22) (0.11) (0.03) (0.21) (0.12) (0.05)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.078 0.138 0.061 0.072 0.012 0.026 0.018 0.022
Panel B
Sunset Time (Hours) -0.45%**  0.17** 0.77%** -0.01 -0.00 -0.74%** 0.23* 0.11*
(0.12) (0.08) (0.25) (0.13) (0.04) (0.25) (0.13) (0.06)
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Weather Controls Yes Yes Yes Yes Yes Yes Yes Yes
R? 0.079 0.140 0.061 0.072 0.013 0.026 0.018 0.023
Panel C
Sunset Time (Hours) -0.44%* 0.24* 0.37 -0.25 0.05 0.22 -0.18 -0.04
(0.19) (0.13) (0.48) (0.22) (0.08) (0.50) (0.25) (0.10)
District-by-Season FE Yes Yes Yes Yes Yes Yes Yes Yes
Week-of-Year FE Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.110 0.175 0.084 0.086 0.019 0.036 0.023 0.030
Mean 8.11 0.45 5.03 1.58 0.11 5.40 2.72 0.43
Observations 48804 48804 48804 48804 48804 48804 48804 48804

Notes: This table presents the effect of an hour delay in daily sunset time on sleep, nap, indoor leisure, outdoor leisure, study, work, household

chores, and time with kids, for individuals over the age 16 on weekdays.

Panel A includes district and week-of-year fixed effects.

Panel B

includes district and week-of-year fixed effects, and weather controls. Panel C includes district-by-season and week-of-year fixed effects. Standard

errors are in parentheses, clustered at the district-week level. Significance at 1%, 5% and 10% are indicated by

23

sokok kok
)

and *, respectively. Source: ITUS.



F Children’s Learning Outcomes

Figure F.1: Effects of Later Sunset on Children’s Math Scores in the Short Run
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Notes: This figure presents binned scatterplots for the relationship between day-of-the-test sunset time on the day of the test (24-hour clock) and
children’s math test scores in India. Panel (a) plots the raw relationship between day-of-the-test sunset time and math scores. Panel (b) plots residuals
for day-of-the-test sunset time and math scores after absorbing week-of-year fixed effects. Panel (c) plots residuals for day-of-the-test sunset time and
math scores after absorbing week-of-year and child fixed effects. Source: YLS.
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Figure F.2: Within-District Variation in Annual Average Sunset Time
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Notes: This figure presents within-district variation in annual average sunset time at the village/city block (PSU) level Source: DHS.

Table F.1: Wild Cluster Bootstrap Standard Errors at the District Level: Effect of Later Sunset on Children’s
Learning Outcomes in the Short Run

1) (2)
Math (SD) Math (SD)

8/ SE 8/ SE
Daily Sunset Time (10 Mins) -0.09%* -0.10%*

{0.03} {0.06}
L.Math 0.64***

{0.00}
Week-of-Year FE Yes Yes
Child FE No Yes
Observations 4589 7511
R? 0.439 0.778

Notes: This table presents the effect of a 10-minute delay in daily sunset time on math scores for school-age children. Column 1 includes week-of-year
fixed effects and controls for lagged test scores. Column 2 includes child and week-of-year fixed effects. P-values associated with wild cluster bootstrap
standard errors at the district level following Colin, Gelbach and Miller (2008) are in curly brackets. Significance at 1%, 5% and 10% are indicated by
ek ** and *, respectively. Source: YLS.

Table F.2: Effect of Later Sunset on Children’s Learning Outcomes (Math Scores in Standard Deviations) in
the Short Run

1) (2) (3) (4) (5) (6)
Math (SD) Math (SD) Math (SD) Math (SD) Math (SD) Math (SD)

B/ SE 8/ SE 8 / SE B/ SE B/ SE B/ SE
Daily Sunset Time (10 Mins) -0.07%** 0,177 -0.09%** -0.10* -0.09* -0.11%*

(0.01) (0.01) (0.01) (0.05) (0.05) (0.05)
L.Math 0.64%**

(0.01)

Week-of-Year FE No Yes Yes Yes Yes Yes
Child FE No No No Yes Yes Yes
Age FE No No No No Yes Yes
Weather Controls No No No No No Yes
Observations 7511 7511 4589 7415 7415 7415
R? 0.023 0.044 0.439 0.770 0.770 0.772

Notes: This table presents the effect of a 10-minute delay in daily sunset time on math scores for school-age children. Column 2 includes week-of-year
fixed effects. Column 3 includes week-of-year fixed effects and controls for lagged test scores. Column 4 includes child and week-of-year fixed effects.
Column 5 includes child, week-of-year, and age fixed effects. Column 6 includes child, week-of-year, and age fixed effects, and weather controls. 96
singleton observations were dropped in Columns 4, 5, and 6. Standard errors clustered at the child level are in parentheses. Significance at 1%, 5%
and 10% are indicated by ***, ** and *, respectively. Source: YLS.
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Table F.3: Falsification Test: Effects of Past and Future Day-of-Test Sunset Time on Current Survey Round
Math Test Scores in the Short Run

(1)

Math (SD)
5/ SE
Daily Sunset Time (10 Mins) -0.12%**
(0.02)
L.Daily Sunset Time (Hours) 0.02
(0.02)
F.Daily Sunset Time (Hours) -0.00
(0.01)
L.Math 0.64%**
(0.02)
Week-of-Year FE Yes
Observations 1834
R? 0.412

Notes: This table presents the effect of daily sunset time on the previous survey round test date and sunset time on the next survey round test date

on math scores in the current survey round for school-age children. The specification includes week-of-year fixed effects and controls for lagged math

scores. Standard errors are in parentheses, clustered at the child level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively.
Source: YLS.

Table F.4: Age-Appropriate Sample: Effect of Later Sunset on Years of Schooling and Educational Attainment
(1) (2) (3) (4)

Years of Schooling Primary (0/1) Years of Schooling Middle (0/1)

8/ SE B/ SE 8/ SE 8/ SE
Annual Average Sunset Time (10 Mins) -0.18%** -0.03%** -0.23%%* -0.02%*

(0.06) (0.01) (0.08) (0.01)
Age FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 5.72 0.66 6.94 0.46
Observations 461850 461850 294088 294088
R? 0.546 0.463 0.308 0.384

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling and likelihood of completing primary
and middle school for children between 6 and 16 years of age. Columns 1 and 2 include children over 8 years of age. Columns 3 and 4 include children
over 11 years of age. All columns include age and district fixed effects. Standard errors are in parentheses, clustered at the PSU level. Significance at
1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: 2015 India DHS.

Table F.5: Standard Errors Clustered at the District Level: Effect of Later Sunset on Years of Schooling,
Educational Attainment, and School Attendance Status

(1) (2) (3) (4)

Years of Schooling Primary (0/1) Middle (0/1) Attendance (0/1)
8/ SE 8 /SE 8/ SE 5/ SE
Annual Average Sunset Time (10 Mins) -0.14* -0.02** -0.01%* -0.02
(0.07) (0.01) (0.01) (0.01)
Age FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 4.44 0.48 0.21 0.90
Observations 638682 638682 638682 638682
R? 0.732 0.643 0.561 0.093

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, likelihood of completing primary and
middle school, and school attendance for children between 6 and 16 years of age. All columns include age and district fixed effects. Standard errors are
in parentheses, clustered at the district level. Significance at 1%, 5% and 10% are indicated by *** ** and *, respectively. Source: 2015 India DHS.
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Table F.6: Did Surveyors Sample Younger Children in Places with Later Annual Average Sunset Times?

(1)
Age of Household Members

B/ SE
Annual Average Sunset Time (10 Mins) 0.06

(0.05)
District FE Yes
Mean 10.99
Observations 638682
R? 0.004

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on age for children between 6 and 16 years of age. All
columns include district fixed effects. Standard errors are in parentheses, clustered at the PSU level. Significance at 1%, 5% and 10% are indicated by
Rk ** and *, respectively. Source: 2015 India DHS.

Table F.7: Dropping Wider Districts: Effect of Later Sunset on Years of Schooling, Educational Attainment,
and School Attendance

(1) (2 (3) (4)

Years of Schooling Primary (0/1) Middle (0/1) Attendance (0/1)
B/ SE B/ SE B/ SE 8/ SE
Annual Average Sunset Time (10 Mins) -0.13%* -0.02%%* -0.01 -0.02%*
(0.06) (0.01) (0.01) (0.01)
Age FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 4.42 0.48 0.21 0.90
Observations 568519 568519 568519 568519
R? 0.731 0.642 0.560 0.093

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, likelihood of completing primary and
middle school, and school attendance for children between 6 and 16 years of age. I drop wider districts or districts where the difference in annual
average sunset time between the easternmost and westernmost PSUs within a district is over the 90th percentile of the distribution presented in
Figure F.2. All columns include age and district fixed effects. Standard errors are in parentheses, clustered at the PSU level. Significance at 1%, 5%
and 10% are indicated by *** ** and *, respectively. Source: 2015 India DHS.

Table F.8: Only Wider Districts: Effect of Later Sunset on Years of Schooling, Educational Attainment, and
School Attendance

(1) (2) 3) (4)

Years of Schooling Primary (0/1) Middle (0/1) Attendance (0/1)
8/ SE 5 /SE 8/ SE 5/ SE
Annual Average Sunset Time (10 Mins) -0.16* -0.02 -0.02** -0.02
(0.09) (0.01) (0.01) (0.01)
Age FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 4.57 0.50 0.22 0.90
Observations 70163 70163 70163 70163
R? 0.735 0.658 0.573 0.093

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, likelihood of completing primary and
middle school, and school attendance for children between 6 and 16 years of age. I only include wider districts or districts where the difference in
annual average sunset time between the easternmost and westernmost PSUs within a district is over the 90th percentile of the distribution presented
in Figure F.2. All columns include age and district fixed effects. Standard errors are in parentheses, clustered at the PSU level. Significance at 1%,
5% and 10% are indicated by ***, ** and *, respectively. Source: 2015 India DHS.

Alternative Explanations

Parents’ sleep. If sleep is labor-productivity enhancing for adults, sleep deficits may decrease parental
wages, and in turn lower human capital investments (Jacoby and Skoufias, 1997).
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The short-run effects on children’s learning outcomes are unlikely to be driven by changes in parental wages.
Consistent with Bessone et al. (2021), I fail to find evidence that sunset-induced sleep deficits decrease work
productivity for adults (parents) in the short-run (Appendix E).

In the long run, I find a 10-minute delay in annual average sunset time reduces adult wage rate by 2%
(Appendix G). However, this result may either reflect lower labor productivity for adults in the long-run, or
worse schooling outcomes in childhood, or a larger supply of child laborers due to school dropouts. Indeed, I
find that my long-run estimates are robust to controlling for adult wages.

Next, I examine enrollment effects of sunset-induced sleep deficits on children who are younger (6 or 7 years
of age). Younger children are much less likely to have had the time to fall behind and drop out due to
accumulative sunset-induced sleep deficits. However, if parental (sleep) wages is the mechanism driving these
effects, I would expect enrollment effects to be as potent for both younger and older children. Indeed, I fail
to find evidence for any enrollment effects for children less than eight years of age. Moreover, precisely as
one would expect if accumulative child sleep deficits were the main mechanism of impact, I find enrollment
effects are an increasing function of child age.

Lastly, my the point estimates from Kalimantan, Indonesia — where adults (parents) were not affected by
chronic sunset induced-sleep deficits earlier in life — are quantitatively similar to the point estimates from
India — where adults were affected by chronic sunset induced-sleep deficits earlier in life as well as later in life
(Appendix H). This suggests parental investments or endowments are unlikely to be the main channel driving
these long-run estimates. If labor-productivity effects of chronic sleep loss for adults accumulate over time —
which is presumably one reason why they are not observed in the short run — and parental investments are
driving my long-run effects, one would expect estimates from India to be significantly larger than those from
Indonesia.

Teachers’ sleep. Sunset-induced sleep deficits may also lower teacher value-added and students’ learning
outcomes (Chetty, Friedman and Rockoff, 2014a,b).

However, I find short-run effects of sunset-induced sleep deficits on test scores are observable for both children
tested during the school year as well as children tested during the summer holidays (when school is not in
session) (Table F.9). The interaction term captures the effect of short-run sunset-induced sleep deficits on
test scores during the summer holidays; it is opposite-signed and statistically insignificant. This suggests the
short-run estimate is unlikely to be driven by any potential deleterious effects of sunset-induced sleep deficits
on teachers.

Unfortunately, I am unable to directly examine the importance of teacher productivity for my long-run esti-
mates. However, I fail to find evidence that chronic sunset-induced sleep deficits decrease teacher attendance
in the long run (Appendix G). The point estimate is noisy and opposite-signed.

Peers’ sleep. Peer effects may manifest in two ways. One, sleep deficits may lower peer performance in
school. Carrell, Fullerton and West (2009) estimate an elasticity of academic achievement with respect to
peer quality of roughly 0.9. However, as mentioned above, I find short-run effects of sunset-induced sleep
deficits on test scores are observable for both children tested during the school year as well as children tested
during the summer holidays (when school is not in session), which suggests the short-run estimate is unlikely
to be driven by any potential deleterious effects of sunset-induced sleep deficits on peers.®

Two, sleep may be more labor-productivity than study-productivity enhancing in the long run. I find annual
average sunset time is negatively associated with daily wage rate paid to child laborers (Appendix G). Lower
children’s wages may be associated with higher schooling rates, because of decreased opportunity cost of
staying in school (Rosenzweig and Evenson, 1997). Therefore, my long-run effects may be biased downwards.

61t is possible, however, that the influence of school peers’ sleep deficits on education outcomes only manifest in the long run.

28



However, it is also possible the negative relationship between annual average sunset time and child wages is
instead driven by a larger supply of child laborers due to school dropouts. In any case, I show my long-run
estimates remain unaffected when I control for child wages.

To examine this issue further, I use data from China that records children’s time use for a ‘typical’ day of the
year, and not for a particular date. It allows me to leverage cross-sectional variation in annual average sunset
time across districts within a state; that is, I examine the effects of chronic sunset-induced sleep deficits on
children’s time use in the long run. Although I do not observe work time, I find a economically large negative
effect on study time (Appendix D), consistent with a model where sleep is more study-productivity enhancing
than labor-productivity enhancing.

Table F.9: Effect of Later Sunset on Children’s Learning Outcomes (Math Scores in Standard Deviations) in
the Short Run for Tests Taken During the School Year vs. Summer Holidays

(1) (2) (3) (4) (5)

Math (SD) Math (SD) Math (SD) Math (SD) Math (SD)
8/ SE 8/ SE 8/ SE 8/ SE 8/ SE
Daily Sunset Time (10 Mins) -0.11%%* -0.20%** -0.10%** -0.10%** -0.10%*
(0.01) (0.06) (0.01) (0.01) (0.05)
Daily Sunset Time*Holidays -0.09 -0.02
(0.06) (0.06)
Week-of-Year FE Yes Yes Yes Yes Yes
Child FE No No No No Yes
Observations 7511 230 7281 7511 7415
R? 0.044 0.120 0.042 0.044 0.770

Notes: This table presents the effect of a 10-minute delay in daily sunset time on math scores for school-age children for tests taken during the
school year vs. tests taken during the summer holidays. All columns include week-of-year fixed effects. Column 2 captures the effect of later
sunset on math scores (sd) during the summer holidays. Column 3 captures the effect of later sunset on math scores (sd) during the school year.
In Columns 4 and 5, ‘Holidays’ is a dummy variable that takes the value ‘0’ if the test was taken during the school year, and ‘1’ if the test was
taken during the summer holidays. Column 5 includes child and week-of-year fixed effects. 96 singleton observations were dropped in Column 5.
Standard errors clustered at the child level are in parentheses. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: YLS.
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G Rural Economic and Demographic Survey (REDS)

In this section, I use a nationally representative survey of rural households in India, the 2006 Rural Economic
and Demographic Survey or REDS, to investigate the effects of sunset-induced sleep deficits on children’s
learning outcomes in the long run.

Data

I use village- and household-level surveys from the 2006 round of REDS, administered by the National Council
of Applied Economic Research (NCAER). It is a nationally representative survey of rural households in India
spanning over 200 villages across 100 districts in 17 major states. REDS villages are highlighted in Figure
G.1. The REDS data provide village identifiers. Therefore, I compute sunset times at the village level. Figure
G.2 presents raw variation in annual average sunset time at at the village level. Like ITUS and DHS, I restrict
the REDS sample to children between 6 and 16 years of age. Roughly 90% school-age children are enrolled in
school; 52% have completed primary school and 23% have completed middle school. The REDS data includes
records on in-migration and out-migration at the village level as well as detailed information on geography
(e.g., climate), village characteristics (e.g., access to roads), household characteristics (e.g., electrification
status), and individual characteristics (e.g., height). The REDS data also include record of the prevailing
village-level gender-specific daily wage rate for adults and the daily wage rate for child laborers. Lastly, the
REDS also includes information on teacher attendance at the school level.

Results

To identify the long-run effects of chronic sunset-induced sleep deficits, I exploit plausibly exogenous within-
district cross-sectional variation in annual average sunset time at the village level. I find that a 10-minute
delay in annual average sunset time reduces years of schooling by roughly 0.18 years, translating into decreases
in educational attainment at the primary and middle school level (Table G.1, Panel A). Furthermore, a 10-
minute delay in annual average sunset time lowers enrollment by a statistically significant 3 percentage points.
I also examine enrollment effects of sunset-induced sleep deficits by child age (Figure G.3). Younger children
(6 or 7 years of age) are much less likely to have had the time to fall behind and drop out due to accumulative
sunset-induced sleep deficits. Indeed, I fail to find evidence for any enrollment effects for children less than
eight years of age. Moreover, precisely as one would expect if accumulative child sleep deficits were the main
mechanism of impact, I find enrollment effects are an increasing function of child age.

If wealthier households sort themselves into villages with earlier annual average sunset, my baseline estimates
may be confounded by residential sorting. However, if sorting were occurring, one might expect villages that
observe later sunset to have low in-migration and more out-migration. I examine the relationship between later
sunset and episodes of in- and out-migration at the village level (Table G.2). I fail to find evidence that villages
that observe later sunset have more episodes of out-migration or fewer episodes of in-migration. The point
estimates are noisy and opposite-signed. Moreover, I fail to find evidence for a negative relationship between
sunset time and instances of non-residents migrating for work. I also control for village-level geographic
characteristics like elevation, latitude, temperature and rainfall (Table G.1, Panel B), as well as child level
biological characteristics like height, weight and sex (Table G.1, Panel C). Lastly, I control for access to water
and electricity at the household level as well as other village-level attributes such as availability of street
lighting or proportion of households with an indoor toilet (Table G.1, Panel D). My baseline estimates remain
relatively unaffected.”

These tests imply that any unobservable omitted variable that generates bias in my estimates must be orthog-
onal to these observables, but co-vary systematically with both annual average sunset time and educational

"In Table G.3 I adjust standard errors to reflect spatial dependence as modeled in Conley (1999), and implemented by Hsiang (2010). T allow

errors to be spatially auto-correlated within a distance of 500 km. The point estimates remain precisely estimated.
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outcomes across the east-west gradient within a district. Given the richness of the observables, the existence
of such unobservable omitted variables seems implausible.

Adult wages. Next, I evaluate the effect of cumulative sunset-induced sleep deficits on adults’ daily wage
rate in the long run. That is, I compare the prevailing wage rate among adult daily wage laborers who reside
in villages with different annual average sunset time within a district. I show a 10-minute delay in annual
average sunset reduces adult wage rate by INR 1.34. Although the point estimate both males and females is
negative, the effect on male wage rate is noisier (Table G.4). Overall, a 10-minute delay in annual average
sunset is associated with a small decrease of roughly INR 420 (INR 1.34 x 312 working days) or USD 6 in
annual earnings of a rural daily wage worker. This result may either reflect lower labor productivity for
adults in the long-run, worse schooling outcomes in childhood, or a larger supply of child laborers due to
school dropouts. Nonetheless, in Table G.5, I show that the estimates for children’s education outcomes are
robust to controlling for adult wages.

Teacher attendance. Sunset-induced sleep deficits may also lower teacher value-added and students’ learn-
ing outcomes (Chetty, Friedman and Rockoff, 2014a,b). Unfortunately, I cannot observe teacher value-added
in the data. However, in Table G.6 I show that chronic sunset-induced sleep deficits are not associated with
teacher attendance in the long run. The coefficient is statistically insignificant and opposite-signed.

Child wages. Lastly, I examine the effects of chronic sunset-induced sleep deficits on children’s daily wage
rate in the long run. Unlike in the short run, sleep may be more labor-productivity than study-productivity
enhancing in the long run. I find annual average sunset time is negatively associated with daily wage rate
paid to child laborers (Table G.7). Lower children’s wages may be associated with higher schooling rates,
because of decreased opportunity cost of staying in school (Rosenzweig and Evenson, 1997). Therefore, my
long-run effects may be biased downwards. However, it is also possible the negative relationship between
annual average sunset time and child wages is instead driven by a larger supply of child laborers due to school
dropouts. In any case, I show my long-run estimates remain unaffected when I control for child wages (Table
G.8).
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Figure G.1: Villages in Rural Economic and Demographic Survey (REDS)
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Figure G.2: Distribution of Annual Average Sunset Time at the Village Level in the 2006 REDS
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Figure G.3: Effect of Later Sunset on Enrollment Status by Child Age
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Notes: This figure presents the effect of a 10-minute delay in annual average sunset time on enrollment status (0/1) for children between 6 and 16
years of age by child age. All specifications include age and district fixed effects. Standard errors are clustered at the village level. Source: REDS.
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Table G.1: Effect of Later Sunset on Years of Schooling, Educational Attainment, and Enrollment

(1)

Years of Schooling

(2)
Primary (0/1)

(3)
Middle (0/1)

(4)
Enrolled (0/1)

B/ SE B/ SE B/ SE B/ SE
Panel A
Annual Average Sunset Time (10 Mins) -0.18 -0.02 -0.03** -0.03**
(0.12) (0.02) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Geographic Controls No No No No
Individual-Level Controls No No No No
Household-Level Controls No No No No
Village-Level Controls No No No No
Mean 4.79 0.52 0.23 0.91
Observations 10006 10006 10006 9192
R? 0.663 0.650 0.574 0.117
Panel B
Annual Average Sunset Time (10 Mins) -0.16 -0.02 -0.02%** -0.02%*
(0.13) (0.02) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Geographic Controls Yes Yes Yes Yes
Individual-Level Controls No No No No
Household-Level Controls No No No No
Village-Level Controls No No No No
Mean 4.79 0.52 0.23 0.91
Observations 10006 10006 10006 9192
R? 0.664 0.650 0.574 0.118
Panel C
Annual Average Sunset Time (10 Mins) -0.15 -0.02 -0.02* -0.02%*
(0.13) (0.02) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Geographic Controls Yes Yes Yes Yes
Individual-Level Controls Yes Yes Yes Yes
Household-Level Controls No No No No
Village-Level Controls No No No No
Mean 4.79 0.52 0.23 0.91
Observations 10006 10006 10006 9192
R? 0.666 0.651 0.575 0.122
Panel D
Annual Average Sunset Time (10 Mins) -0.19 -0.03 -0.03** -0.03*
(0.14) (0.02) (0.01) (0.02)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Geographic Controls Yes Yes Yes Yes
Individual-Level Controls Yes Yes Yes Yes
Household-Level Controls Yes Yes Yes Yes
Village-Level Controls Yes Yes Yes Yes
Mean 4.77 0.52 0.23 0.91
Observations 9172 9172 9172 8420
R? 0.665 0.650 0.570 0.130

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, educational attainment and enrollment
status for children between 6 and 16 years of age. Panel A includes age and district fixed effects. Panel B includes age and district fixed effects, as well
as geographic controls. Panel C includes age and district fixed effects, as well as geographic and individual level controls. Panel D includes age and
district fixed effects, as well as geographic controls, individual level controls, household level controls, and village level controls. Geographic controls
include latitude, elevation, and weather. Individual-level controls include height, weight, age, and gender. Household- and village-level controls include
access to road, access to well, access to public tap, access to public toilet, access to street light, proportion of brick houses, proportion of mud houses,
proportion of houses with running water, proportion of houses with electricity, proportion of houses with indoor toilet, proportion of houses with
telephone, proportion of houses with livestock, proportion of houses with bicycle, proportion of houses with mobile phone, proportion of houses with
motorcycle, and proportion of houses with car. Standard errors are in parentheses, clustered at the village level. Significance at 1%, 5% and 10% are
indicated by ***  ** and *, respectively. Source: REDS.
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Table G.2: Effect of Later Sunset on Migration

(1)
# Times In-Migration
In Past 50 Years

(2)
# Times Out-Migration
In Past 50 Years

(3)
In-Migration
for Work in Past 10 years (0/1)

B/ SE B/ SE B/ SE
Annual Average Sunset Time (10 Mins) 1.82 -0.83 0.01

(2.21) (0.59) (0.11)
District FE Yes Yes Yes
Mean 7.27 2.01 0.71
Observations 190 158 204
R? 0.813 0.912 0.709

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on episodes of in-migration and out-migration in the last 50
years as well as on the likelihood of in-migration for work in the last 10 years, both at the village level. All columns include district fixed effects.
Heteroskedasticity robust standard errors are in parentheses. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: REDS.

Table G.3: Conley Standard Errors: Effect of Later Sunset on Years of Schooling, Educational Attainment,

and Enrollment

(1) 2 (3) (4)
Years of Schooling Primary (0/1) Middle (0/1) Enrolled (0/1)
B/ SE 8/ SE 8/ SE 8/ SE
Annual Average Sunset Time (10 Mins) -0.18% -0.02* -0.03** -0.03%*
(0.09) (0.01) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Observations 10006 10006 10006 9192
R? 0.634 0.629 0.554 0.085

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling, educational attainment and enrollment
status for children between 6 and 16 years of age. All columns include age and district fixed effects. Standard errors are adjusted to reflect spatial
dependence as modeled in Conley (1999). Spatial autocorrelation is assumed to linearly decrease in distance up to a cutoff of 500 km. Significance at
1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: REDS.

Table G.4: Effect of Later Sunset on Adults’ Daily Wage Rate

(1) (2) (3)
Adult Wage (INR) Male Wage (INR) Female Wage (INR)
8/ SE B /SE 5/ SE
Annual Average Sunset Time (10 Mins) -1.34%* -0.65 -2.33%*
(0.61) (0.65) (0.97)
District FE Yes Yes Yes
Industry FE Yes Yes Yes
Place FE Yes Yes Yes
Geographic Controls Yes Yes Yes
Mean 63.97 67.49 49.66
Observations 6055 5952 2491
R? 0.592 0.612 0.550

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on adult’s daily wage rate by industry at the village level. All
regressions include district, industry and place (inside or outside the village) fixed effects, and geographic controls: latitude, rainfall, temperature and
elevation. Daily wage rates are winsorized at the 1% level. Standard errors are in parentheses, clustered at the village level. Significance at 1%, 5%
and 10% are indicated by ***  ** and *, respectively. Source: REDS.
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Table G.5: Controlling for Adult Wages: Effect of Later Sunset on Years of Schooling, Educational Attain-
ment, and Enrollment

(1) (2 (3) (4)
Years of Schooling Primary (0/1) Middle (0/1) Enrolled (0/1)
5/ SE 5/ SE 5/ SE 8/ SE
Annual Average Sunset Time (10 Mins) -0.14 -0.02 -0.02 -0.03%*
(0.14) (0.02) (0.01) (0.01)
Adult Wage (’0s INR) 0.04 -0.01 0.02 0.01
(0.12) (0.01) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 4.72 0.51 0.23 0.91
Observations 8414 8414 8414 7658
R? 0.641 0.635 0.553 0.120

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling for children between 6 and 16 years of
age. All columns include age and district fixed effects, and controls for adult wage rates. Standard errors are in parentheses, clustered at the village

level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: REDS.

Table G.6: Effect of Later Sunset on Teacher Attendance

(1)
Teacher Absent (Times in Year)

8/ SE
Annual Average Sunset Time (10 Mins) -2.19

(2.23)
District FE Yes
Mean 7.97
Observations 463
R 0.297

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on teacher attendance. The empirical specification controls
for district fixed effects. Standard errors are in parentheses, clustered at the village level. Significance at 1%, 5% and 10% are indicated by *** **

and *, respectively. Source: REDS.

Table G.7: Effect of Later Sunset on Children’s Daily Wage Rate

1) 2
Wage Casual Child (INR) Ag. Wage Child (INR)

8/ SE B/ SE
Annual Average Sunset Time (10 Mins) -2.95%* -2.80

(1.38) (2.33)
District FE Yes Yes
Industry FE Yes Yes
Place FE Yes Yes
Geographic Controls Yes Yes
Mean 34.41 39.55
Observations 1663 771
R? 0.570 0.741

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on children’s daily wage rate by industry at the village level.
All columns include district, industry, and place (inside or outside the village) fixed effects, and geographic controls: latitude, rainfall, temperature
and elevation. Daily wage rates are winsorized at the 1% level. Standard errors are in parentheses, clustered at the village level. Significance at 1%,

5% and 10% are indicated by ***, ** and *, respectively. Source: REDS.
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Table G.8: Controlling for Child Wages: Effect of Later Sunset on Years of Schooling, Educational Attainment,
and Enrollment

(1) (2) (3) (4)
Years of Schooling Primary (0/1) Middle (0/1) Enrolled (0/1)
B/ SE 8 /SE B/ SE B/ SE
Annual Average Sunset Time (10 Mins) -0.14 -0.02 -0.02 -0.03**
(0.14) (0.02) (0.01) (0.01)
Child Wage ('0s INR) -0.02 0.00 -0.01 -0.00
(0.07) (0.01) (0.01) (0.01)
Age Dummies Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Mean 4.72 0.51 0.23 0.91
Observations 8414 8414 8414 7658
R? 0.641 0.635 0.553 0.120

Notes: This table presents the effect of a 10-minute delay in annual average sunset time on years of schooling for children between 6 and 16 years of
age. All columns include age and district fixed effects, and controls for child wage rates. Standard errors are in parentheses, clustered at the village

level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively. Source: REDS.
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H 2003 Indonesia DHS: Regression Discontinuity Estimates

Data

I use the 2003 Indonesia DHS because it allows me to leverage a sharp, one-hour discontinuity in annual
average sunset time at the time zone border in Kalimantan, Indonesia: Kalimantan is the Indonesian portion
of the island of Borneo with two time zones: UTC+7 and UTC+8 (Figure H.1).® T restrict the sample to
household members between 6 and 16 years of age. In Indonesia, the levels of the education system are as
follows: primary school ranges from grade 1 to grade 6 and middle school ranges from grade 7 to grade 9. In
the 2003 Indonesian DHS, the average school-age child has completed roughly 4 years of schooling. 34% have
completed primary school and 10% have completed middle school.

Results

I use time zone boundaries in Kalimantan to employ plausibly exogenous variation in annual average sunset
time and examine the effects on schooling outcomes for children between 6 and 16 years of age. In PSUs
lying on the eastern (right) side of the time zone boundary, sunset time occurs an hour later than in nearby
PSUs on the western (left) side of the time zone boundary. The first stage is presented in Figure H.2: by
construction, I observe a clear discontinuity in annual average sunset time at the border. Thus, school-age
children on the later sunset side of the border are more likely to be sleep deprived and have worse educational
outcomes.

My identification strategy rests on the assumption that there are no discontinuities in observable or unobserv-
able variables potentially correlated with outcomes of children of the same age. In my baseline specification,
I also include age fixed effects to control for differences in grade progression between children of different age
groups. Indeed, I find that school-age children living in PSUs on the later sunset side are less likely to attend
school, have fewer years of schooling, and relatedly, are less likely to complete primary and middle school.
Figure H.3 presents these discontinuities graphically, while Table H.1 presents the formal results. Specifically,
school-age children living close to the time zone boundary but on the later sunset side have years of education
by 0.74 years fewer years of schooling. This point estimate is remarkably similar to the effects of annual
average sunset time on years of schooling for school-age children in India.

The time zone boundary perfectly overlaps with provincial administrative boundaries on Kalimantan, In-
donesia. That is, the regression discontinuity design examines differences in children’s education outcomes for
PSUs closest to the administrative border between West and Central Kalimantan (UTC+7) and South and
East Kalimantan (UTC+S8), respectively. If administrative boundaries are drawn to ensure that economically
developed locations fall on a certain side of the time zone boundary then my point estimates may be biased.
However, all four provinces followed the Central Indonesian Time or UTC+8 until 1987. West and Central
Kalimantan only switched to UTC+7 in 1988.° Importantly, to my knowledge, administrative boundaries
were not altered during or after this switch. In addition, this means that I can use older cohorts or individuals
who completed their education before 1988 (>40 year-olds), under UTC+S8 as a placebo sample. As one might
expect, I fail to find evidence for a statistically significant discontinuity in years of schooling at the time zone
border for individuals over 40 years of age (Figure H.4 and Table H.2).

8 Although Indonesia has multiple islands on different time zones, Kalimantan is the only contiguous Indonesian island with an internal time zone

border.
9West Kalimantan followed UTCH+7.5 between 1945 and 1963, with the exception of a brief period between 1948 and 1950 when the province

followed UTC+8. West Kalimantan switched to UTC+8 in 1964.
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Figure H.1: DHS Clusters in Indonesia and Time Zone Boundary on the Kalimantan Island
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Notes: This figure presents the sharp one-hour discontinuity in annual average sunset time for DHS PSUs on either side of the time zone border (as depicted in Figure H.1) on Kalimantan,
Indonesia, as well as the 95% confidence interval. Standard errors are clustered at the PSU level. Source: DHS.



Figure H.3: Indonesia Regression Discontinuity Estimates: Effects of Later Sunset on Years of Schooling,

Educational Attainment, and School Attendance
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Notes: This figure presents the effects of annual average sunset time on years of schooling, educational attainment and school attendance for children
between 6 and 16 years of age in Indonesia as well as the associated 95% confidence intervals. I leverage discontinuity in annual average sunset time
(Figure H.2) for DHS PSUs on either side of the time zone border (as depicted in Figure H.1) on Kalimantan, Indonesia. Standard errors are clustered

at the PSU level. All regressions include controls for age. Source: DHS.

Figure H.4: Placebo Test: Effects of Later Sunset on Years of Schooling for Individuals Over 40 Years of Age
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Notes: This figure presents the effects of annual average sunset time on years of schooling for adults over 40 years of age as well as the 95%
confidence interval. I leverage discontinuity in annual average sunset time (Figure H.2) for DHS PSUs on either side of the time zone border (as
depicted in Figure H.1) on Kalimantan, Indonesia. All regressions include controls for age. Standard errors are clustered at the PSU level. Source: DHS.



Table H.1: Indonesia Regression Discontinuity Estimates: Effects of Later Sunset on Years of Schooling,
Educational Attainment, and School Attendance

(1) (2) (3) (4)
Years of Schooling  Primary (0/1) Middle (0/1)  Attendance (0/1)

Conventional -0.740 -0.0406 -0.0690 -0.0561
Bias-corrected -0.719 -0.0324 -0.0689 -0.0527
Robust -0.719 -0.0324 -0.0689 -0.0527
Robust 95% CI [-1.186 -.251] [-.11 .045] [-.121 -.017] [-.183 .078]
Observations 3722 3722 3722 3722
Conventional p-value 0.000 0.251 0.003 0.321
Robust p-value 0.003 0.414 0.010 0.429
Order Loc. Poly. (p) 1.000 1.000 1.000 1.000
Order Bias (q) 2.000 2.000 2.000 2.000

Notes: This figure presents the effects of annual average sunset time on years of schooling, educational attainment and school attendance for children
between 6 and 16 years of age. All regressions include controls for age. The RD estimates are constructed using the epanechnikov kernel. The
bandwidth choice mserd is an upgraded version of both the IK and the CCT implementations of the MSE-optimal bandwidth selectors discussed in
Imbens and Kalyanaraman (2012) and Calonico, Cattaneo and Titiunik (2014), respectively. I use the code written by Calonico et al. (2017) for robust
bias-corrected inference. Standard errors are clustered at the PSU level. Significance at 1%, 5% and 10% are indicated by ***, ** and *, respectively.
Source: 2003 Indonesia DHS.

Table H.2: Placebo Test: Effects of Later Sunset on Years of Schooling for Individuals Over 40 Years of Age
(1)

Years of Schooling

Conventional -0.0111
Bias-corrected -0.0928
Robust -0.0928
Robust 95% CI [-1.857 1.672]
Observations 3266
Conventional p-value 0.989
Robust p-value 0.918
Order Loc. Poly. (p) 1.000
Order Bias (q) 2.000

Notes: This figure presents the effects of annual average sunset time on years of schooling for adults over 40 years of age. All regressions
include controls for age. The RD estimates are constructed using the epanechnikov kernel. The bandwidth choice mserd is an upgraded
version of both the IK and the CCT implementations of the MSE-optimal bandwidth selectors discussed in Imbens and Kalyanaraman (2012)
and Calonico, Cattaneo and Titiunik (2014), respectively. I use the code written by Calonico et al. (2017) for robust bias-corrected inference.
Standard errors are clustered at the PSU level. Significance at 1%, 5% and 10% are indicated by *** ** and *, respectively. Source: 2003 Indonesia DHS.
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