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Abstract

We study the determinants of season of birth for married women aged 20-45 in
the US, using birth certificate and Census data. We also elicit the willingness to pay
for season of birth through discrete choice experiments implemented on the Amazon
Mechanical Turk platform. We document that the probability of a spring first birth is
significantly related to mother’s age, education, race, ethnicity, smoking status during
pregnancy, receiving WIC food benefits during pregnancy, pre-pregnancy obesity and
the mother working in “education, training, and library” occupations, whereas among
unmarried women without a father acknowledged on their child’s birth certificate,
all our findings are muted. A summer first birth does not depend on socioeconomic
characteristics, although it is the most common birth season in the US. Among married
women aged 20-45, we estimate the average marginal willingness to pay (WTP) for a
spring birth to be 877 USD. This implies a willingness to trade-off 560 grams of birth
weight to achieve a spring birth. Finally, we estimate that an increase of 1,000 USD
in the predicted marginal WTP for a spring birth is associated with a 15 pp increase
in the probability of obtaining an actual spring birth.
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Deaton, João Santos Silva, Hannes Schwandt, three anonymous referees, seminar participants at Collegio Carlo Alberto,
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1 Introduction

While the relevance of season of birth has been acknowledged at least since Huntington’s

1938 book “Season of Birth: Its Relation to Human Abilities”, it was not until recently that

season of birth became prominent in biology, economics and social sciences more generally.

There is now a well-established literature illustrating a variety of aspects that are signifi-

cantly correlated with season of birth, including birth weight, education, earnings, height,

life expectancy, schizophrenia, etc. Although understanding the channels through which

season of birth affects these outcomes still represents a scientific challenge, in the US winter

months are associated with lower birth weight, education, and earnings, while spring and

summer are found to be “good” seasons (e.g., Buckles and Hungerman, 2013; Currie and

Schwandt, 2013).

Using birth certificate and Census data we provide new evidence on season of birth

patterns and correlates with demographic and socioeconomic characteristics among married

women, which are absent among unmarried women with no paternity acknowledgement on

their child’s birth certificate, or among those using assisted reproductive technology (ART)

procedures. We argue that these can be explained by season of birth being a choice variable

subject to economic and biological constraints, when women do plan fertility timing. The

plausibility of a demand for season of birth is also documented by the positive average

marginal willingness to pay for season of birth and spring in particular, which we estimate

using discrete choice experiments in the Amazon Mechanical Turk platform.

Plots of first birth prevalence and influenza activity by quarter presented in Figure 1a

are consistent with married women choosing a spring birth because their child will be born

the farthest from the influenza peak within a year, or summer because there are fewer germs

at birth and in the last stage of pregnancy. On the contrary, among unmarried mothers

with no paternity acknowledgement, fall (Quarter 4) births are more prevalent, while spring

(Quarter 2) births are less prevalent, in spite of facing the same influenza activity as married

mothers. Moreover, Figure 1b shows that working in particular occupations is correlated
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with a higher spring birth and lower fall birth prevalence. Thus, influenza and the winter

disease environment are not sufficient to fully explain the observed birth seasonality.

Using US Vital Statistics data on all first singleton births to married women aged 20-45,

we show that the prevalence of spring births is related to mother’s age in a humped-shaped

fashion, positively related to education and being white, and negatively related to being

Hispanic, smoking and receiving food benefits during pregnancy, conditional on gestation

week, state and year fixed effects. However, maternal socioeconomic characteristics do not

correlate with the probability of having a baby in summer, despite summer being the most

common birth season in the US. When focusing on the placebo group of unmarried mothers

with no paternity acknowledgement on their child’s birth certificate, our seasonal patterns

are muted, consistent with the idea that the children of unmarried women with no stable

partner or long-term relationship are less likely to be planned, and thus it is less likely

that their season of birth is chosen (Almond and Rossin-Slater, 2013; Rossin-Slater, 2017).

Indeed, in the US, unmarried women are reported to be more than twice as likely to have

unwanted pregnancies than married women (Finer and Zolna, 2016; Mosher et al., 2012).

We then examine the interaction of a first singleton child’s season of birth with his or

her mother’s occupation using data from the American Community Survey. Our findings

reveal that in professions allowing more flexibility in taking time off work and those that

have summer breaks (e.g., among teachers), married mothers are additionally more likely to

choose spring births but not summer births, and this holds conditional on age, education,

race, ethnicity and state and year fixed effects. This is consistent with the evidence in

Figure 1b.

Inspired by Buckles and Hungerman (2013), who recognize that a thorough investigation

of preferences for birth timing is an open and fertile challenge for future work, we devised

and ran a series of discrete choice experiments in the Amazon Mechanical Turk market

place in September 2016 and May 2018, to elicit the willingness to pay for season of birth
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in two different quarters of the year.1 We estimate the average marginal willingness to pay

for a spring birth to be 620 USD. We also find that the average marginal willingness to

pay (WTP) is larger (about 877 USD) among married mothers aged 20-45, our main group

of analysis in the birth certificate and Census data, whereas among respondents who do

not intend to have children the average marginal WTP is much smaller (about 455 USD)

and not statistically different from zero, which provides an interesting placebo. Exploring

heterogeneity by number of children, we find that our estimate is driven by married mothers

aged 20-45 with two or more children (1,100 USD).

Using a mixed logit to allow for preference heterogeneity among married mothers aged

20-45 in the M-Turk data, we estimate the marginal WTP for spring births for each married

mother aged 20-45. We then predict the estimated marginal WTP for spring births using

maternal characteristics in the same M-Turk data. Assuming transportability from M-Turk

to birth certificate data, we use the estimated coefficients on the maternal characteristics to

predict the marginal WTP for each married mother aged 20-45 in the latter data. We then

investigate the relationship between predicted marginal WTP and spring births in the birth

certificate data. We find that a 1,000 USD increase in the predicted marginal WTP for a

spring birth is associated with an increase in the actual probability of giving birth in spring

of about 15 pp. This finding suggests that average elicited M-Turk responses do correlate

with actual behavior.

Our estimated seasonality gaps, between −0.5 pp (Hispanic vs. non-Hispanic) and 0.9

pp (received food benefits during pregnancy) in the birth certificate data, and 5 pp by oc-

cupation in the Census data, are sizable. Buckles and Hungerman (2013) report a 1 pp

difference in teenage mothers and a 2 pp difference in unmarried or non-white mothers be-

tween January births and May births, and they interpret these gaps as “strikingly large”

compared to the estimated effects of welfare benefits on non-marital childbearing (Rosen-

zweig, 1999) or unemployment on fertility (Dehejia and Lleras-Muney, 2004). Our estimates

1We thank an anonymous referee for the suggestion to run an additional survey in a different season.

3



of the value of a spring birth, 877 USD or 560 grams of birth weight, are non-negligible,

which supports our contention that there is indeed a demand for season of birth.

As noted by Leamer (1978), in very large samples almost any hypothesis of the sort

β = 0 is rejected, and meaningful hypothesis testing requires the significance level to be a

decreasing function of sample size: Classical hypothesis testing at a fixed level of significance

increasingly distorts the interpretation of the data against a null hypothesis as the sample

size grows. By raising the critical values of test statistics with the sample size, the benefits

of increased precision are more equally allocated between reduction in Type I and Type

II errors (Deaton, 1997). Leamer’s suggestion is to adjust the critical value for t tests as

follows: Instead of using the standard tabulated values, the null hypothesis is rejected when

the absolute value of the calculated t exceeds the square root of the logarithm of the sample

size, that is, reject H0 : β = 0 if and only if |tact| >
√

log(N).2 This paper follows such

an approach for all confidence intervals, statistical significance thresholds and hypothesis

testing.

Recent work by Barreca et al. (2015) documents that short-term shifts in conception

weeks in response to very hot days result in birth rate declines 8-10 months later and

increases in summer births. However, their paper does not consider preferences for season

of birth or how maternal characteristics are related with birth seasonality or spring in

particular. Currie and Schwandt (2013) explain the first quarter of birth disadvantage

through the negative impact of the disease environment on birth weight and gestational

weeks in cold months (influenza at birth drives seasonality in gestational length), whereas

Buckles and Hungerman (2013) emphasize the role of maternal characteristics in shaping

the later socioeconomic disadvantage of winter-borns, showing that their mothers are less

educated, less likely to be married or white, and more likely to be teenagers. They also show

2The actual derivation in Leamer is formulated in terms of F tests. Leamer (1978, 114-115) shows that

the critical value for an F test is
[
N−K
P

] (
N

P
N − 1

)
where P is the number of restrictions and K is the

number of parameters. Moreover, this critical value can be approximated by log(N). In this paper we use
the exact rather than approximate values when conducting tests.
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that seasonality appears to be driven by wanted births—there is no seasonality in maternal

characteristics among unwanted births, as revealed by the data from the National Survey of

Family Growth. In France, Régnier-Loilier (2010) finds that “the primary school teachers’

April peak is almost entirely due to seasonal birth strategies”, although his data, the French

registry of live births, do not report mother’s occupation for 40% of the births, and primary

school teachers represent a small selected group of women working in the educational sector.

However, none of these studies considers selective preferences for spring versus summer

births by maternal characteristics, marital status, and occupation in particular, or estimates

the willingness to pay for season of birth.

There is also a literature on “exact” birth timing that analyzes the joint decision of

parents and physicians to alter the delivery of an already existing pregnancy in response to

non-medical incentives. Birth timing does not happen systematically before school-eligibility

cutoff dates (Dickert-Conlin and Elder, 2010), while Dickert-Conlin and Chandra (1999) and

LaLumia et al. (2015) report that parents may move expected January births backwards

to December to gain tax benefits. Schulkind and Shapiro (2014) also explore the infant

health effects and mechanisms of these tax shifts. Fewer births are documented on holidays

and weekends (Gould et al., 2003), medical professional meeting dates (Gans et al., 2007),

and less auspicious dates (Almond et al., 2015). This body of evidence clearly shows that

parents may be willing and able to manipulate birth timing, but this represents a choice

made well after conception occurs. Our analysis departs from this literature, since we study

a choice made before conception occurs.

In what remains of this paper, section 2 describes the data sources. Section 3 presents

the analysis of the correlates of season of birth using birth certificate and census data.

Section 4 provides the analysis of willingness to pay for season of birth. Section 5 concludes

the paper.
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2 Data Sources

Birth Certificate Data. Data on all births occurring each year in the US are collected

from birth certificate records, and are publicly released as the National Vital Statistics Sys-

tem (NVSS). All registered births in all states and the District of Columbia are reported

from 1984 onwards. In total, more than 99% of births occurring in the country are registered

(Martin et al., 2015). Birth certificates have gone through two important revisions in the

variables reported: one in 1989 and the other in 2003. Prior to 2003, all states had adopted

the 1989 revision of the birth certificate. From 2003 onwards, states began adopting the

2003 revision, however the year of adoption varied by state. The 2003 revision added addi-

tional questions and changed the coding of various questions, such as smoking and maternal

education. When changing questions, particularly in the case of maternal education, the

correspondence in reported levels in the 1989 and 2003 revisions is not one to one. Our

analysis period starts with the 2005 file rather than the 2003 file because it is only from

2005 onwards that maternal education is reported for all respondents.3

The birth certificate data record important information on births and their mothers.

For the mother, this includes age, race, ethnicity, marital status, education, smoking status

during pregnancy, and, since 2009, ART use, whether the mother received WIC (Women,

Infants & Children) food benefits during pregnancy, height, and pre-pregnancy weight.4

For the newborn, in addition to place and time of birth and paternity acknowledgement,

measures include birth parity, singleton or multiple births status, gestational length (in

weeks), birth weight, and one- and five-minute APGAR scores.

3In 2003, maternal education is not reported for states which have adopted the updated birth certificate
(“Where data for the 1989 and 2003 certificate revisions are not comparable (e.g., educational attainment
of the mother), data for Pennsylvania and Washington are excluded from the national totals for 2003.”,
Center of Disease Control (2003, p. 10)). In 2004, a small number of observations do not have maternal
education reported (“For the two states which revised in 2004, but after January 1, data which are not
comparable across revisions are excluded from all tabulations...”, Center of Disease Control (2004, p. 5)).

4The question on WIC benefits is: “Did you receive WIC food for yourself because you were pregnant
with this child?”. We use height and pre-pregnancy weight to construct pre-pregnancy body mass index
(BMI) and the standard BMI categories: Underweight (BMI < 18.5), Normal Weight (18.5 ≤ BMI < 25),
Overweight (25 ≤ BMI < 30) and Obese (BMI ≥ 30). We restrict our sample to mothers with a BMI
between 16 and 40.
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Our main estimation sample consists of the years 2005-2013, and we retain all singleton

first-births to married mothers aged 20-45 who are issued an updated birth certificate with

available education, smoking status and gestational length: 4,184,932 first births, 4,182,531

of which have gestation length recorded, that is, for whom conception month is known.

Season of birth is defined as the expected (intended) season of birth, which we compute

combining information on the month of birth and gestational length. In practice, and

following Currie and Schwandt (2013), month of conception is calculated by subtracting the

rounded number of gestation months (gestation in weeks × 7/30.5) from month of birth.5

Hence, we focus on the planning of season of birth, i.e., the decision to conceive.6

We then focus on the placebo group of unmarried women with no paternity acknowl-

edgement of their child, based on the logic that women in this group are less likely to plan

fertility and specifically conceptions, thus not choosing season of birth. We consider un-

married mothers aged 20-45 with no paternity acknowledgement of their child (first births:

479,575, 478,924 with available information on gestational length).

Census Data. In order to investigate the role of mother’s occupation, unavailable in

the US birth certificate data, in explaining season of birth, we supplement our previous

analysis with the American Community Survey (ACS) conducted by the United States

Census Bureau on a representative 1% of the US population every year (Ruggles et al., 2015).

Quarter of birth is continuously available in the ACS since 2005. Along with demographic

5Gestation weeks are converted to months by multiplying the weeks by the number of days in a week
(7) and then dividing by the average number of days in a month (30.5). That is:

gestation in months = gestation in weeks× days/week

days/month
.

One could also make this calculation using:

gestation in months = gestation in weeks× month/year

weeks/year

In either case, the result is very similar. For example, in the range of gestation weeks from 35 to 40 weeks,
the number of months is identical up to at least the first decimal point. We use the day method simply
following Currie and Schwandt (2013).

6Using actual or expected season of birth is immaterial for our findings.
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and socioeconomic characteristics of women, we observe their labor market outcomes and

specifically occupation, which is coded using the standard Census occupation codes and

defined as the individual’s primary occupation for those who had worked within the previous

five years.

We use data from 2005 to 2014 and focus on married women aged 20-45 who are either

the head of the household or spouse of the head of the household, and have a first singleton

child who is at most one year old. Given that Census data do not provide gestational length,

season of birth is defined as the actual quarter of birth, not the expected one. We retain only

women who had worked within the previous five years in non-military occupations where

each occupation must have at least 500 women over the entire range of survey years.7

Amazon Mechanical Turk Data. We collect data on preferences for season of birth,

alongside respondents’ demographic and socioeconomic characteristics, devising and running

a series of discrete choice experiments to elicit the willingness to pay for season of birth. All

this information was obtained through two surveys administered on the Amazon Mechanical

Turk platform, which is an online labor market with hundreds of thousands of “workers”.

Mechanical Turk “workers” are increasingly relied upon in cutting-edge economic research

(Berinsky et al., 2012; Kuziemko et al., 2015; Francis-Tan and Mialon, 2015).

We published a “HIT” (Human Intelligence Task) request for 2,000 “workers” to com-

plete a short survey, about 6-minutes long, and paid $1.10 (which corresponds to a pay

rate of about $10 per hour), on a Monday in September 2016. We devised the following

requirements to ensure the validity of our data. We restricted eligibility to those with ap-

proval rates above 95% and with more than 100 tasks already completed, while including an

attention-check question and asking for the education level at the beginning and end of the

survey to check for consistency. We also dropped those who finished the survey in less than

2 minutes and those who had an IP address which suggested that they were based outside

7We exclude women who are in the military, in a farm household, or currently in school. The very small
number of observations of households containing two women have been excluded.
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of the US (5.05% of respondents were dropped with all these checks, mainly because their

geographic IP was outside of the US, 3.7%). In addition, the survey was designed in such

a way that respondents need to answer each and every question to be able to move to the

following screen and thus to complete the survey. Respondents were clearly instructed that

payment was contingent on submitting a numerical code visible only at completion. All

“workers” need to have a US social security number to be able to register in the Mechani-

cal Turk platform as “workers” since 2009. However, we took the additional precaution of

launching the survey at 9.00 am East Coast time, to increase the likelihood that respondents

were actually residing in the US rather than in Asia, for instance, since all our analysis is

based on US data. By 2.13 pm, 2,000 respondents had completed our task.

We then ran the same exercise in a different season of the year, on a Monday in May

2018, preventing former respondents to participate in this new survey. We had run a pilot

a few months before our first survey, and we prevented the same participants to take our

surveys (2016 and 2018) to avoid priming effects.

3 Season of Birth Correlates

Main sample: Married mothers. Table A1 in the online appendix displays summary

statistics for married mothers aged 20-45 (panel a) and their first singleton births born

between 2005 and 2013 (panel b). The average mother’s age in our group is 28.6, 5%

are black, 83% are white, 16% are Hispanic, 63% have at least some college and 3.5%

report having smoked during pregnancy. In addition, for births occurring after 2009, we

have information on whether those were conceived through the use of assisted reproductive

technology (1%), whether the mother received food benefits during pregnancy (20%), and

her pre-pregnancy body mass index (the average mother being nearly overweight, 24.75).

The average baby has a gestational length of 39 weeks and 8.5% are born prematurely (< 37

weeks). The season with the highest prevalence is summer (Quarter 3: 0.27), followed by
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spring (Quarter 2: 0.25), fall (Quarter 4: 0.25) and winter (Quarter 1: 0.23).

In Figure 2a we can see that “younger” (28-31) mothers are more likely to have their first

birth in summer and spring than “older” (40-45) mothers, while the former are less likely to

give birth in winter and fall than the latter (p-values on tests for the equality of means in each

quarter by age group are < 0.001 in each case).8 If “younger” and “older” mothers have the

same preferences for season of birth, this pattern is suggestive of the biological constraints

that “older” mothers face. Of course, this biological pattern may be reinforced by different

preferences, i.e., if “older” mothers are less concerned about the season of birth and more

about getting pregnant than “younger” mothers. If women undergoing ART procedures to

achieve their first birth cannot and do not choose season of birth, we should not expect to

find such a discrepancy between “younger” (28-31) and “older” (40-45) mothers with births

achieved through the use of ART procedures. This is exactly what we find in Figure 2b: the

season of birth prevalence is unrelated to their age (the majority of women undergoing ART

are older than 35). The bold (28-31) and dashed (40-45) lines cross several times (p-values

on tests for the equality of means in each quarter by age group are 0.53, 0.94, 0.22, and 0.46

for quarters 1-4 respectively).9 This evidence indicates that when women can and want to

choose season of birth, observed seasonality patterns are different.

We now investigate the relationship between the proportions of first births in spring

(Quarter 2) and summer (Quarter 3) and mother’s characteristics. In Figure 3 we find a

weak negative relationship between the prevalence of summer first births and mother’s age;

there seems to be a humped-shaped relationship between the prevalence of spring first births

and mother’s age: This non-monotonicity is consistent with selection and biological effects,

a point that we will discuss further below.

In Table 1 we investigate the determinants of the probability of having a first birth in

8The absolute values of the actual t statistics are 4.69 for Q1, 5.27 for Q2, 6.19 for Q3 and 7.00 for Q4.
The Leamer critical value is 3.76.

9The drop in conceptions in December is in line with the seasonality of treatment availability in ART
clinics, which in many cases do not offer complex fertility treatments such as IVF (in vitro fertilization) or
embryo transfers in December due to Christmas closure and the daily attention and last minute changes
that these treatments require.
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spring (Quarter 2). In column (1) we regress a dummy variable of spring (=1 if first birth

in spring, =0 otherwise) against mother’s age and its square, and confirm the quadratic

relationship described in Figure 3. In column (2) we can see that the relationship is robust

to controlling for year and state fixed effects. Column (3) includes education (=1 if the

mother has at least some college, =0 otherwise), smoking during pregnancy (=1 if the

mother smoked during pregnancy, =0 otherwise), black (=1 if the mother is black, =0

otherwise), white (=1 if the mother is white, =0 otherwise), Hispanic (=1 if the mother is

Hispanic, =0 otherwise), and gestation week fixed effects. The non-monotonic relationship

is still present. We also observe that women with at least some college and white women

are 0.8 and 0.9 percentage points more likely to have their first birth in spring than their

respective counterparts; women who smoked during pregnancy and Hispanic women are,

respectively, 1 and 0.8 percentage points less likely to have their first birth in spring than

their respective counterparts.

Restricting our analysis to the births that occurred between 2009 and 2013, column

(4), does not affect our results. Finally, in column (5), we include information that is

only available from 2009 onwards, namely, whether the mother received food benefits in

pregnancy, mother’s pre-pregnancy body mass index, and whether the birth was achieved

through ART. The magnitudes on the coefficients of the variables included in previous

columns are quite similar, albeit slightly smaller. In addition, we find that women who

received food benefits in pregnancy are 0.9 pp less likely to have their first birth in spring

than their counterparts, and those who were obese in the pre-pregnancy period were 0.3 pp

less likely to have their first birth in spring. Controlling for state-specific linear trends and

unemployment rate at season of conception is immaterial for our findings (see Table A2 in

the online appendix).10

In Table 2 we conduct exactly the same analysis but for summer (Quarter 3), so that

the dependent variable now equals 1 if the birth happens in summer, and 0 otherwise.

10Table A3 in the online appendix estimates a logit rather than a linear regression: results are virtually
the same.
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Interestingly, with the exception of ethnicity, race and ART usage indicators, none of the

factors under consideration are statistically significant.11 The ART usage finding is driven

by the drop in December conceptions documented in Figure 2b: Once we exclude these

conceptions, neither ethnicity nor ART usage matter (see Table A5 in the online appendix).12

Black and white mothers exhibit a positive significant correlation with summer births; Asian

and native-Americans (our omitted group) may feel the festive season of Thanksgiving and

Christmas differently, or respond differently to winter.

The findings in Table 1 seem to confirm that the humped-shaped relationship between

the prevalence of spring first births and mother’s age is due to selection and biological

effects. On one hand, “older” mothers tend to be positively selected (in terms of socioeco-

nomic characteristics)13, so that they are more likely to target spring; on the other hand,

“older” mothers are more likely to be biologically constrained. Interestingly, the spring

birth maximizing age —the optimal age for having a spring baby, the turning point of the

mother’s age quadratic— changes from about 30 in columns (1) and (2) to about 25 in

column (5), where socioeconomic selection into pregnancy is accounted for, in addition to

year and state fixed effects. Once this is taken into account, we observe that the spring

birth maximizing age for the first child decreases: Younger women are less biologically

constrained, and hence, this age decreases.

Moreover, a clear asymmetry arises between the findings in Tables 1 and 2: Observable

maternal factors, other than race and ethnicity, cannot explain the probability that a first

birth occurs in summer, but do partially explain the probability that a first birth occurs in

11Table A4 in the online appendix estimates a logit rather than a linear regression: results are virtually
the same.

12Dropping the age squared term results in a statistically significant coefficient for age, but with a very
small magnitude −0.0003 (see column (6)), consistent with the weak negative relationship described in
Figure 3. Once again, controlling for state-specific linear trends and unemployment rate at season of
conception does not change our findings (see Table A6 in the online appendix).

13For example, the correlation coefficient between having at least some college education and maternal
age is 0.27 and remains large and positive even when focusing on older ages when educational attainment
is complete, and that between smoking and maternal age is −0.09 (older mothers are less likely to smoke)
in our main sample of married first-time mothers aged 20-45. Both relationships are statistically significant
using Leamer’s criterion.
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spring. This suggests that while first births in spring cannot be taken as being “as good

as” randomly assigned, consistent with being the result of parental choices, the occurrence

of summer births is unrelated to observable maternal characteristics, conditional on race

and ethnicity. Conceptions in the holiday season of Thanksgiving and Christmas seem to

be popular regardless of maternal socioeconomic characteristics.

Placebo sample: Unmarried mothers with no paternity acknowledgement of

their child. If season of birth were a choice variable, then we would expect it to be driven

by the group of mothers who are likely to plan fertility, have wanted pregnancies, and time

their births. Unmarried women in the US are reported to be more than twice as likely

to have unwanted pregnancies than married women (Finer and Zolna, 2016; Mosher et al.,

2012). In particular, unmarried mothers with no paternity acknowledgement of their child

–who lack a stable relationship with the person with whom they conceive their child– should

not exhibit any birth seasonality correlations with maternal characteristics if these patterns

are driven by a demand for season of birth.14

Table A7 in the online appendix shows that births to this type of mothers tend to be

concentrated in the second part of the year, first summer (0.27) and then fall (0.26).15 This

pattern is very different than the one observed among married mothers (Table A1). We

do not find any differences in birth prevalence between “younger” and “older” women as

instead we found among married women (Figure A2), suggesting that among this group

of women season of birth is not a choice variable. Figure A3 plots the fraction of births

in spring and summer by mother’s age. There is neither a humped-shaped relationship

14Considerable discussion of paternity establishment procedures in the US is provided in Rossin-Slater
(2017), and a description of paternity acknowledgement in microdata is available in Almond and Rossin-
Slater (2013). We note that the period under study in our data is entirely after the rollout of the in-hospital
voluntary paternity establishment (IHVPE) reforms described in Rossin-Slater (2017).

15We explore the possibility that selective survival among those live births occurring to unmarried women
depends on the month of conception. In particular, unmarried women with no paternity acknowledgement
of their child have less resources to cushion the negative effects of cold weather on their health and that
of their babies in the womb. A differential selective survival pattern by marital status can be observed
in Figure A1 in the online appendix, where we plot the evolution of fetal deaths by month of occurrence.
While the number of fetal deaths is more or less constant over the year among married mothers, this is
lower in the second half of the year among unmarried women with no paternity acknowledgement.
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between spring prevalence and mother’s age nor a negative relationship between summer

prevalence and mother’s age. If unmarried women with no paternity acknowledgment of

their child are not choosing season of birth, the distribution of births by quarters will be

the same for “younger” and “older” women, even if older women are less likely to conceive.

Tables A8 and A9 show that none of the factors under analysis explains season of birth.

If anything, both being born in spring or summer is “as good as” randomly assigned among

unmarried women with no paternity acknowledgement of their child, and summer births are

the most popular, suggesting a mechanical holiday effect for all women. This is consistent

with season of birth not being chosen by this group of women, which is the group less likely

to plan pregnancies and pregnancy timing.

Finally, the analysis of second births reveals stronger patterns among married women

20-45 and the same absence of patterns among unmarried women without paternity ac-

knowledgement, supporting our contention that there is a demand for season of birth when

births are planned.16

These findings have observable implications in the population of mothers who give birth

at different seasons of the year. Spring is the season in which unmarried women with no

paternity acknowledgment of their child make up the lowest proportion of all births, while

married women make up the largest proportion of births among all births. There is thus a

relative shortfall of unmarried mothers with no paternity acknowledgement of their child in

the population of spring births compared to what would be expected if births were evenly

spaced throughout the year, and a relative glut in all other seasons. Married mothers,

on the other hand, have a relative glut among spring and summer, and a shortfall among

winter and fall. In Table A13, we consider how birth patterns differ to what would be

observed if the full population followed the seasonality patterns of unmarried women with

no paternity acknowledgment. These calculations suggests that planning has considerable

bite, for example, on average in each year we consider, we observe 6,300 additional births

16Figures A4 and A5, and Tables A10, A11 and A12 in the online appendix replicate our analysis for
second births among married women aged 20-45.
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in spring to married first-time mothers (or 56,700 more spring births occurring in this

group over the period 2005-2013). As we can see, the projections show that the main

difference between our sample of married women and the sample of unmarried women with

no paternity acknowledgement is a much higher prevalence of spring (Q2) births and a much

lower prevalence of fall (Q4) births. Much less movement is observed in terms of winter

(Q1) and summer (Q3) birth prevalence shifts, confirming that summer is the most popular

season, while winter is not, regardless of the type of mother.17

Census sample. If season of birth is a choice variable, it may be related to mother’s

occupation, if only because certain jobs allow more flexibility in taking time off work in

certain seasons or have summer breaks; this is particularly relevant in the US, given the

very limited maternity leave provisions available.

In Table 3 we investigate the importance of occupation in explaining the probability of

having a first birth in spring (Quarter 2), column (1), and summer (Quarter 3), column (2),

including the 2-digit occupational dummy variables from the Census classification.18 Our

findings reveal that women in “education, training and library” occupations are 5 pp more

likely to have their first birth in spring than women in “arts, design, entertainment, sports

and media” (the omitted base category) occupations. We do not find any other statistically

significant relationship between mother’s occupation and season of birth. Moreover, and

consistent with our findings from Table 2, mother’s occupation does not play any role in

explaining summer first births: None of the occupational coefficients is either individually

significant or jointly significant (F = 1.239 < 1.587).19 It seems that women in “education,

training and library” occupations are much more likely to time their births in the spring

17We note that these projections are based on using unmarried mothers with no paternity acknowledgment
as a counterfactual group. While this group may contain individuals who do plan birth, it seems likely that
this proportion is relatively small, and this counterfactual allows us to largely isolate seasonality due to the
demand for season of birth, rather than other cyclical patterns.

18Table A14 in the online appendix contains the descriptive statistics for the ACS sample. All occupation
codes refer to IPUMS occ2010 codes, which are available at: https://usa.ipums.org/usa/volii/acs_

occtooccsoc.shtml.
19Table A15 in the online appendix estimates a logit rather than a linear regression: results are virtually

the same.
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to have maternity leave before the beginning of their summer break, thus maximizing their

time home with the baby as well as the time the baby spends developing and growing

before her first winter comes. Table A16 shows that occupation cannot explain the season

of birth patterns of unmarried women. In addition Table A17 shows that our finding that

women in “education, training and library” occupations are 5 pp more likely to have their

first birth in spring holds conditional on husband’s occupation too, but the latter is not

relevant in explaining birth seasonality: None of the husband’s occupational coefficients

is either individually significant or jointly significant (F = 0.979 < 1.517). Given the

strong positive correlation between “teachers” and spring births among married women,

this evidence suggests that season of birth is a choice variable.

All in all, our estimated seasonality gaps are sizable, even more so given that our seasonal-

ity gaps are obtained within a more homogeneous group of mothers (married, non-teenage)

than Buckles and Hungerman (2013). In addition, these seasonality gaps may represent

lower bounds of the actual relationship of mothers’ characteristics and birth seasonality, if

we take into account that women on average take several (about 6) months to get pregnant

after they stop contracepting. Indeed, birth seasonality has been found to be consistent

with the seasonality at which women stop contracepting (Rodgers and Udry, 1988) but not

with marriage seasonality timing (Lam et al., 1994), which excludes honeymoon effects.

4 Willingness to Pay for Season of Birth

Measuring Willingness to Pay for Season of Birth. If there is a demand for season

of birth, there must be a willingness to pay (WTP) for it, that is, a maximum amount

of money an individual would be prepared to pay for having a baby born in a particular

season. We estimate the WTP for season of birth using a discrete choice experiment (DCE)

approach, which is a variant of conjoint analysis (CA). This method attempts to explain

and predict consumers’ behavior on the basis of their preferences for the attributes of a
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good (Lancaster, 1966). CA methods are particularly useful for quantifying preferences for

non-market goods, and have been applied successfully to measure preferences for a diverse

range of health applications (Bridges et al., 2011). We can think of season of birth as one of

the attributes associated with a birth, so that the DCE approach offers a natural procedure

to measure the value of season of birth.

Before starting a DCE, the attributes characterizing the alternatives/scenarios need to

be defined. In the case of a birth, we use the following attributes: Season of birth, out of

pocket expenses, gender, and birth weight or day of birth (randomly allocated to two groups

of respondents). In the case of season of birth and gender, the levels are straightforward,

namely [winter, spring, summer, fall] for the former, and [girl, boy] for the latter. The chosen

values for out of pocket expenses (in USD) and birth weight were [250, 750, 1000, 2000,

3000, 4000, 5000, 6000, 7500, 10000] and [5lbs 8oz, 5lbs 13oz, 6lbs 3oz, 6lbs 8oz, 6lbs 13oz,

7lbs 3oz, 7lbs 8oz, 7lbs 13oz, 8lbs 3oz, 8lbs 8oz, 8lbs 13oz], respectively. Finally, for day of

birth, we defined the values as [weekday, weekend]. As noted by Ryan and Farrar (2000),

the levels must be plausible and actionable, then encouraging the respondents to take the

exercise seriously. Following Bridges et al. (2011), in defining the values for birth weight

and out of pocket expenses, we avoid the use of extreme values that may cause a grounding

effect, and to avoid the use of heuristics by the respondents, we reduce the complexity of

the task by providing a limited number of attributes over which choices must be made.

We use a main-effects design, which is orthogonal (all attribute levels vary independently)

and balanced (each level of an attribute occurs the same number of times). In particular,

the attributes are combined to form various (hypothetical) birth scenarios, all about a

hospital birth of the first child with no complications.20 By noting that the birth has

20Specifically, we instruct respondents:

Imagine you and your partner are planning to have a baby or, if you have children already,
think back to the time before the birth of your first child. You will have hopes and fears for
how the birth will go.

On the next screens we will show you pairs of possible birth scenarios, all about hospital births
with no complications. The birth scenarios will differ in some respects/features.

Please indicate on each screen which of the two scenarios you would prefer to happen for your
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no complications, we avoid associating a higher cost with complications. Every birth is

therefore characterized by a vector of four parameter values, each randomly assigned to

each scenario, and the order of the four characteristics is randomized across respondents.

Respondents are asked sequentially whether they prefer Scenario 1 or Scenario 2, facing

two birth scenarios in each round and playing for seven rounds, so that a DCE amounts to

tracing out an indifference curve in the attribute space.21 The screen shot of a round with

a choice between two scenarios is presented in the online appendix as Figure A6.

Estimating Willingness to Pay for Season of Birth. We present the theory behind

the estimation of average marginal WTP using a discrete choice experiment in the online

appendix borrowing from Zweifel et al. (2009, p. 60). Table A18 displays the descrip-

tive statistics on the characteristics reported by our 3,661 valid Amazon Mechanical Turk

respondents: these are black, white, Asian/Pacific Islander or Native American/American

Indian, have an IP address located inside of the US at the time of the survey, did not fail a

consistency check in survey questions, and completed the survey in more than two minutes.

53% of respondents are women; on average respondents are 36.7 years old; 8% of them

are black; 84% are white; 6% are Hispanic; 47% are married; 89% of them have at least

some college; 74% are employed; their average family income is about 60,000 USD; 11%

work in “education, library, and training” occupations; 50% of them are parents; and, on

average, they report having one child. According to Figure A7, the geographical coverage

of our Amazon Mechanical Turk survey, map (a), broadly reflects the distribution of the US

population recorded by the Census Bureau, map (b). Table A19 provides a comparison of

our sample characteristics in M-Turk vs. NVSS and ACS.22

child’s birth (or if you already have children, which scenario you would have preferred to have
happened for the birth of your first child).

21The assumptions embedded in the behavioral model underlying these choices are (i) the existence of
a representative consumer (which can be relaxed using a mixed-logit), and (ii) the functional form of the
utility function – typically linear (this can be relaxed to allow for a quadratic functional form, though is
still restrictive).

22In our main specification we always use the unweighted MTurk sample, however as an alternative we
follow Francis-Tan and Mialon (2015) in re-weighting the sample so that results are representative of the
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In Table 4 we report the findings from our discrete choice experiments.23 Each column

reports the average marginal effects corresponding to a logit regression where the dependent

variable is to choose (or not) a given birth scenario based on the randomly assigned attributes

of the birth. In column (1) we present the results for the full sample: Respondents are about

4 pp more likely to choose a birth scenario for their first birth if that scenario happens in

spring. Moreover, for each additional 1,000 USD of out-of-pocket expenses they are 7 pp

less likely to choose a birth scenario. The finding on the cost-variable is consistent with

our a priori expectation: The larger the costs of the birth scenario, the less likely is that

such a birth scenario is chosen. Our estimate of the WTP for their first birth occurring in

spring, which can be obtained as the negative of the ratio of the (average) marginal effect

of spring divided by the (average) marginal effect on out-of-pocket expenses (multiplied by

1,000), is about 620 USD, which is statistically significant even based on the demanding

Leamer criterion. Allowing for preference heterogeneity by means of a mixed logit (Table

A21 in the online appendix) does not affect our estimated average WTP for a spring birth

(between 89% and 100% of our respondents positively value a spring birth).

In columns (2)-(4) we focus on married mothers aged 20-45. We find that among this

group (column 2) the average WTP is larger (877 USD). In columns (3) and (4), we inves-

tigate heterogeneity along number of children, and uncover that the average WTP is driven

by married mothers aged 20-45 with two or more children (1,100 USD). In the final column,

we focus on the group of individuals whom we define intended childless (they do not have

children and are not planning to have children). The average WTP for this group is much

smaller (455 USD) and not statistically different from zero.24 Quite remarkably though, the

US population. Weighted results are reported in Table A20 in the online appendix.
23Respondents face 2 scenarios in each round, and play for 7 rounds, which corresponds to 51,254

participant-scenario-round observations. The full sample regression is run adding indicators for missing
birth weight (BW ) and day of birth (DoB), since half of the respondents were randomly shown birth
weight and the other half were shown day of birth as one of the attributes. In the end, we use BW = BW
if available and BW = 0 if missing, and DoB = DoB if available and DoB = 0 if missing. In each case
BW and DoB enter the regression categorically, and as such assigning a value of 0 is an arbitrary decision
which has no impact on other estimated coefficients.

24The average WTP among those with one child is statistically different from that of those with two
or more children at the 10% significance level, while the average WTP among those with one child is
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effect of out-of-pocket expenses is essentially the same across all groups.

Is 877 USD a sizable magnitude? To answer this question we have calculated the value of

a birth by adding the valuation of each characteristic in our regression. As all our valuations

are relative (e.g., willingness to pay for spring compared with winter), all of these valuations

must be taken as with respect to a baseline category, which in our case is a male, born in

winter, during the week, and with the minimum birth weight in the range provided (i.e.,

5lbs 8oz, or 2,500g). We made all these computations for the set of values in our discrete

choice experiments, obtaining that the largest relative estimate is that of the willingness to

pay for a girl, born in spring, during the weekend, and with a birth weight of 7lbs, 8oz:

3,354.644 USD. In terms of birth weight, our estimates reveal that the value of a spring

birth is equivalent to 560 grams, quite a sizable magnitude.

Does WTP for a spring birth explain actual spring births? To answer this question

we first estimate the marginal WTP for spring births using a mixed logit for each married

mother aged 20-45 (based on the results from Table A21). We then predict the estimated

marginal WTP for spring births using maternal characteristics: age, age squared, an in-

dicator for having a college education (or above), and race and ethnicity indicators in the

M-Turk data. Assuming transportability from M-Turk to birth certificate data, we use

the estimated coefficients on maternal characteristics to predict the marginal WTP for each

married mother aged 20-45 in the birth certificate data. We then investigate the relationship

between predicted marginal WTP and spring births in the birth certificate data, controlling

or not for child characteristics (gender, day of birth and birth weight). We find that a

1,000 USD increase in the predicted marginal WTP for a spring birth is associated with an

increase in the actual probability of giving birth in spring by about 60 percent, or 15 pp

(see Table A22 for details). This finding provides suggestive evidence that experimentally

elicited behaviors using M-Turk samples do reflect actual choice observed.

not statistically different from that of those intended childless. These results also hold when conditioning
on maternal education and income, suggesting that this is unlikely to be simply proxying for systematic
differences between these two groups.
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5 Conclusions

We study the determinants of season of birth for married women aged 20-45 in the US,

using birth certificate and Census data. We document that the probability of having a baby

in spring is significantly related to mother’s age, education, race, ethnicity, smoking status

during pregnancy, receiving WIC food benefits during pregnancy, pre-pregnancy obesity and

the mother working in “education, training, and library” occupations, whereas the proba-

bility of having a baby in summer is not related to any of these observable characteristics,

other than race and ethnicity. All our findings are muted among unmarried women with no

paternity acknowledgement of their child. We also elicit the willingness to pay for season

of birth through discrete choice experiments implemented on the Amazon Mechanical Turk

platform. Among married women aged 20-45, we estimate the average willingness to pay

(WTP) for a spring birth to be 877 USD or 560 grams of birth weight. The average WTP

seems to be driven by mothers aged 20-45 with two or more children.

Our analysis combining observational administrative data with experimental online sur-

vey data provides evidence that season of birth is a choice variable for those who plan

fertility, and does not mechanically follow biological constraints for all women. While ear-

lier work, particularly that of Buckles and Hungerman (2013), has documented that birth

timing depends on the choices made by parents, our analysis elicits for the first time a direct

measure of preferences in birth timing. This demand for season of birth dwarfs demand for

particular days within the week or the gender of the child, and responds to the information

available to parents. Moreover, the experimentally elicited demand for season of birth helps

to rationalize observed fertility behaviors in the US population.

Our study may help policy-makers to better assess and design policies targeting job

flexibility, parenthood and child health and development; this is particularly important in

the US, where maternity leave provisions are very limited. If prospective mothers generally

share a common preference for spring births, which is a reasonable assumption taking into

account that 100% of our married mothers aged 20-45 in M-Turk positively value a spring
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birth25, but only those working in occupations with favorable conditions, or whose partners

can economically support maternal leave, could fulfill these preferences, a generous maternal

leave policy would improve the ability that individuals have to optimally target births within

the year.26 It would allow those with less flexibility to shift their births to their desired

season, changing observed birth timing within the country across the year, and not least of

all, increasing child health at the population level (Currie and Schwandt, 2013).

Of course, the costs of a comprehensive paid family leave policy would be considerable.

A recent AEI-Brookings working group report estimates that offering 8 weeks leave with

a 70% wage replacement would cost 3.5–11.8 billion USD, with estimated average benefits

per recipient of $1,850–2,500 USD.27 It is interesting to note that while these average costs

exceed our estimated WTP for achieving desired season of birth in the paper, they are of a

similar order of magnitude. Given the mixed evidence on the case for paid family leave (see

Olivetti and Petrongolo (2017) for a review) it is important to note that achieving desired

birth timing may be an overlooked benefit of such a policy.

25This proportion is estimated based on mixed-logit coefficient estimates of both the mean and standard
deviation of the impact of spring birth on a preferred birth profile, assuming normality in preference het-

erogeneity. Specifically, this is calculated as 100× Φ

(
−β̂µspring
β̂σspring

)
, where Φ is the normal CDF, and β̂µspring

and β̂σspring are the estimated mean and standard deviation of the impact of spring birth on a given birth
choice. See Hole (2007) for additional details.

26With a maternity leave in the US, the number of families who would likely change birth timing to
their ‘optimal’ seasons is unlikely to be trivial. A back of the envelope calculation based upon the data
and results of this paper allows us to consider what proportion of families would shift births to quarter 2
if a paid family leave policy (PFLP) was in place. Specifically, consider that women working in education,
library and training occupations are 3.4% more likely to have a spring birth than other women (see Figure
1b), to take advantage of a long summer leave following their birth. We can then ask what would happen
if women in other occupations had a similar shift to optimal seasons following the introduction of a PFLP,
which allowed for a leave similar in nature to “teachers” summer break. From Table A14, 86.2% of women
work in non-education, library and training occupations, and from Figure 1(b), 3.4% of these would shift
their birth season if they behaved similarly to Education, Library and Training workers once family leave
was introduced. This very rough calculation suggests that as many of 2.9 percent of births may shift season
(0.862× 0.034 = 0.029).

27See the report by Gitis et al. (2018).
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peu visible en France,” Population, 65, 191–206.

25



Revelt, D. and K. Train (1998): “Mixed Logit With Repeated Choices: Households’

Choices Of Appliance Efficiency Level,” The Review of Economics and Statistics, 80,

647–657.

Rodgers, J. L. and J. Udry (1988): “The season-of-birth paradox,” Social Biology, 35,

171–185.

Rosenzweig, M. R. (1999): “Welfare, Marital Prospects, and Nonmarital Childbearing,”

Journal of Political Economy, 107, S3–S32.

Rossin-Slater, M. (2017): “Signing Up New Fathers: Do Paternity Establishment Ini-

tiatives Increase Marriage, Parental Investment,and Child Well-Being?” American Eco-

nomic Journal: Applied Economics, 9, 93–130.

Ruggles, S., K. Genadek, R. Goeken, J. Grover, and M. Sobek (2015): Integrated

Public Use Microdata Series: Version 6.0 [Machine-readable database], Minneapolis: Uni-

versity of Minnesota.

Ryan, M. and S. Farrar (2000): “Using conjoint analysis to elicit preferences for health

care,” British Medical Journal, 320, 1530–1533.

Schulkind, L. and T. M. Shapiro (2014): “What a difference a day makes: Quantifying

the effects of birth timing manipulation on infant health,” Journal of Health Economics,

33, 139–158.

Zweifel, P., F. Breyer, and M. Kifmann (2009): Health Economics, Springer.

26



Figures and Tables

Figure 1: Births by Quarter (Married Mothers 20–45), Influenza Activity and Occupation
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(a) Birth Quarter and Influenza Activity
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Notes to Figure 1: Both samples consist of all singleton first-born children in the US born to mothers aged 20–45 in respective data, and all
estimates refer to the raw proportion of births due (panel a) or occurring (panel b) in each quarter. The left-hand figure plots the proportion
of births as calculated from the universe of birth certificates from 2005-2013. Influenza activity refers to the percent of outpatient visits to
healthcare providers for influenza-like illness based on data reported to the CDC’s ILINet platform in the years 2009-2013 (first available from
2009). The right-hand plot displays actual birth quarter frequency from the American Community Survey, for all mothers who are either the
head of the surveyed household or the wife/partner of the head of the surveyed household, and both the mother and the husband/partner
work in an occupation with at least 500 workers in the full sample. Women are classified into two groups: those working in the “education,
training and library” occupation, and those working in any other occupation. For each group, the proportion of births in each quarter is
plotted, along with the 95% confidence interval of this estimate. These values are slightly shifted around each quarter on the plot for ease
of understanding. The 95% confidence interval is based on Leamer critical values. The horizontal dashed line indicates equal proportion of
births in each quarter.

Figure 2: First Birth Prevalence by Month, Age Group, and ART Usage (Married Mothers)
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Figure 3: Prevalence of Quarter 2 and Quarter 3 by Age (Married Mothers, 20–45)
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Table 3: Season of Birth Correlates in ACS (Married Mothers, 20–45)

(1) (2)
Quarter 2 Quarter 3

Mother’s Age 0.008 0.002
[0.003] [0.003]

Mother’s Age2 / 100 -0.013 -0.004
[0.005] [0.006]

Some College + 0.013 -0.011
[0.005] [0.005]

Black 0.015 0.007
[0.010] [0.010]

White 0.013 0.011
[0.006] [0.006]

Hispanic -0.008 -0.009
[0.007] [0.007]

Architecture and Engineering 0.010 0.002
[0.016] [0.018]

Building and Grounds Cleaning and Maintenance 0.028 -0.020
[0.019] [0.019]

Business Operations Specialists 0.026 0.003
[0.012] [0.012]

Community and Social Services 0.040 -0.016
[0.013] [0.013]

Computer and Mathematical 0.029 -0.004
[0.014] [0.014]

Education, Training, and Library 0.049‡ -0.014
[0.010] [0.010]

Financial Specialists 0.027 -0.004
[0.012] [0.012]

Food Preparation and Serving 0.029 0.001
[0.013] [0.013]

Healthcare Practitioners and Technical 0.018 0.007
[0.010] [0.010]

Healthcare Support 0.011 -0.013
[0.013] [0.013]

Legal 0.009 -0.001
[0.014] [0.014]

Life, Physical, and Social Science 0.018 -0.006
[0.015] [0.015]

Management 0.022 0.004
[0.010] [0.011]

Office and Administrative Support 0.021 -0.004
[0.010] [0.010]

Personal Care and Service 0.036 -0.009
[0.012] [0.012]

Production 0.014 -0.011
[0.015] [0.016]

Protective Service 0.055 -0.024
[0.024] [0.023]

Sales 0.012 -0.002
[0.010] [0.011]

Transportation and Material Moving 0.038 -0.038
[0.022] [0.020]

Observations 108,243 108,243
F-test of Mother’s Occupation Dummies 3.227 1.239
F-test of Age Variables 2.835 0.608

Sample consists of all singleton first-born children in the US born to married mothers aged 20-45 included

in 2005-2014 ACS data where the mother is either the head of the household or the spouse of the head

of the household and works in an occupation with at least 500 workers in the full sample. Birth quarter

is based on actual birth quarter. Occupation classification is provided by the 2 digit occupation codes

from the census. The omitted occupational category is Arts, Design, Entertainment, Sports, and Media,

as this occupation has Q2+Q3=0.500(0.500). F-tests for occupation report test-statistics for the joint

significance of the dummies and F-test of age variables refers to the test-statistic on the test that the

coefficients on mother’s age and age squared are jointly equal to zero. Critical values are 1.587 and

2.996 for occupational and age tests respectively. The Leamer critical value for the t-statistic is 3.403.

Heteroscedasticity robust standard errors are reported in parentheses. ‡ Significance based on the Leamer

criterion at 5%. 31



Table 4: Birth Characteristics and Willingness to Pay for Season of Birth

Full Sample Married Mothers 20-45 Intended Childless

(1) (2) (3) (4) (5)
All All 1 child ≥ 2 children 20-45

Spring 0.042‡ 0.062‡ 0.020 0.080‡ 0.032
[0.006] [0.013] [0.024] [0.015] [0.013]

Summer 0.020‡ 0.012 -0.005 0.018 0.010
[0.006] [0.013] [0.023] [0.015] [0.012]

Fall 0.029‡ 0.038 0.015 0.047 0.014
[0.006] [0.013] [0.025] [0.015] [0.012]

Cost (in 1000s) -0.068‡ -0.070‡ -0.063‡ -0.073‡ -0.070‡

[0.001] [0.001] [0.003] [0.001] [0.001]
Girl -0.006 0.011 -0.015 0.023 0.008

[0.005] [0.011] [0.023] [0.012] [0.011]
5lbs, 13oz 0.014 0.013 0.014 0.010 0.029

[0.014] [0.032] [0.071] [0.036] [0.030]
6lbs, 3oz 0.118‡ 0.131‡ 0.077 0.149‡ 0.121‡

[0.014] [0.031] [0.070] [0.035] [0.028]
6lbs, 8oz 0.144‡ 0.157‡ 0.084 0.186‡ 0.136‡

[0.014] [0.033] [0.059] [0.040] [0.029]
6lbs, 13oz 0.125‡ 0.163‡ 0.134 0.173‡ 0.115‡

[0.014] [0.033] [0.065] [0.038] [0.029]
7lbs, 3oz 0.181‡ 0.199‡ 0.158 0.210‡ 0.153‡

[0.015] [0.031] [0.061] [0.036] [0.031]
7lbs, 8oz 0.184‡ 0.166‡ 0.143 0.175‡ 0.161‡

[0.015] [0.034] [0.068] [0.039] [0.031]
7lbs, 13oz 0.151‡ 0.132‡ 0.070 0.154‡ 0.139‡

[0.014] [0.032] [0.068] [0.036] [0.029]
8lbs, 3oz 0.167‡ 0.233‡ 0.243‡ 0.225‡ 0.117‡

[0.015] [0.034] [0.073] [0.039] [0.031]
8lbs, 8oz 0.147‡ 0.180‡ 0.113 0.200‡ 0.147‡

[0.015] [0.033] [0.066] [0.039] [0.031]
8lbs, 13oz 0.146‡ 0.147‡ 0.062 0.173‡ 0.161‡

[0.014] [0.033] [0.070] [0.038] [0.030]
Weekend Day 0.007 0.011 0.015 0.010 0.016

[0.006] [0.012] [0.022] [0.015] [0.012]

WTP for Spring (USD) 620.1 877.4 320.8 1098.3 454.8
95% CI [337.1;903.0] [276.2;1478.5] [-910.2;1551.8] [412.4;1784.3] [-145.6;1055.3]
Observations 51,254 10,304 3,038 7,266 11,060
Number of Respondents 3,661 736 217 519 790

Each estimation sample consists of US-based respondents to a Mechanical Turk survey with waves completed in September 2016

and May 2018. Any subsets of this sample are listed in column headings. Average marginal effects from a logit regression are

displayed. All columns include option order fixed effects and round fixed effects, plus an indicator for the survey wave (2016 or

2018). The sample in each column is indicated in column headings. Standard errors are clustered by respondent. Willingness to

pay and its 95% confidence interval is estimated based on the ratio of costs to the probability of choosing a spring birth. The 95%

confidence interval is calculated using the delta method for the (non-linear) ratio, with confidence levels based on Leamer values.
‡ Significance based on Leamer criterion at 5%.
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ONLINE APPENDIX

For the paper:

The Demand for Season of Birth
Damian Clarke, Sonia Oreffice and Climent Quintana-Domeque

A Theory behind the estimation of average marginal WTP.

We present the theory behind the estimation of average marginal WTP using a discrete choice experiment borrowing
from Zweifel et al. (2009, p.60): Each alternative j is characterized by its price pj (out-of-pocket expenses) and a vector
of characteristics bj = (b1j , ..., bzj), while yi denotes the income of individual i. The indirect utility function can thus be
written as

Vij = v(pj , bj , yi, εij) (1)

where εij denotes an error term (random component) which stands for those determinants of choice not captured by pj ,
bj , yi and that cannot be observed by the econometrician/experimenter. The individual i will choose alternative/scenario
j over alternative/scenario l if and only if

Vij ≥ Vil ⇔ v(pj , bj , yi, εij) ≥ v(pl, bl, yi, εil) ∀j 6= l. (2)

We can then define the probability of individual i choosing j as

Pij = Prob[Vij ≥ Vil] = Prob[v(pj , bj , yi, εij) ≥ v(pl, bl, yi, εil)] ∀j 6= l. (3)

For continuous attributes,1 one can then calculate the marginal rate of substitution (MRS) between any two attributes
k and m as

MRSk,m =

∂v(pj ,bj ,yi,εij)
∂bkj

∂v(pj ,bj ,yi,εij)
∂bmj

. (4)

Specifically, the MRS between attributes bkj and price pj captures the amount of disposable income (i.e., the negative
of price) that a person is willing to pay in order to receive one more unit of the attribute k. This gives us precisely the
marginal WTP for attribute k,

WTPk = −
∂v(pj ,bj ,yi,εij)

∂bkj

∂v(pj ,bj ,yi,εij)
∂pj

. (5)

In order to estimate the WTP for attribute k, we need to use an econometric model for Pij . Assuming that (i) εij
and εil follow a logistic distribution and that (ii) v(·) is linear, this gives us the following logit model

Pij = Λ

(
β0 +

K∑
k=1

βkbkj + γpj + θr + θo

)
(6)

where Λ is the cdf of the logistic distribution, θr is a vector of round fixed effects and θo is a vector of question order
fixed effects. The model is estimated clustering standard errors at the respondent level. The marginal WTP for attribute
k is then

WTPk = −βk
γ
. (7)

Note that given a linear utility function, WTPs are constant. Results obtained by Bryan et al. (2000) , Ryan et al.
(1998), Telser and Zweifel (2002), and Zweifel et al. (2006) indicate that DCE may be a valid and reliable approach to
WTP measurement in the case of health.

1This expression can be easily adjusted to account for discrete attributes.

A1



References

Bryan, S., L. Gold, R. Sheldon, and M. Buxton (2000): “Preference measurement using conjoint methods: an
empirical investigation of reliability,” Health Economics, 9, 385–395.

Ryan, M., E. McIntosh, and P. Shackley (1998): “Methodological issues in the application of conjoint analysis in
health care,” Health Economics, 7, 373–378.

Telser, H. and P. Zweifel (2002): “Measuring willingness-to-pay for risk reduction: an application of conjoint
analysis,” Health Economics, 11, 129–139.

Zweifel, P., F. Breyer, and M. Kifmann (2009): Health Economics, Springer.

Zweifel, P., H. Telser, and S. Vaterlaus (2006): “Consumer Resistance Against Regulation: The Case of Health
Care,” Journal of Regulatory Economics, 29, 319–332.

A2



Appendix Figures and Tables

Table A1: Descriptive Statistics (Married Mothers, 20–45, First Births)

N Mean Std. Dev. Min. Max.

Panel A: Mother
Mother’s Age (Years) 4,182,531 28.616 4.90 20 45
Black 4,182,531 0.053 0.22 0 1
White 4,182,531 0.829 0.38 0 1
Other Race (Asian/Native American) 4,182,531 0.118 0.32 0 1
Hispanic 4,182,531 0.158 0.36 0 1
Some College + 4,182,531 0.626 0.48 0 1
Years of Education 4,182,531 14.880 2.32 4 17
Smoked in Pregnancy 4,182,531 0.035 0.18 0 1
Used ARTa 2,882,282 0.010 0.10 0 1
Received WIC food in Pregnancya 2,851,646 0.198 0.40 0 1
Pre-pregnancy BMIa 2,718,546 24.749 4.84 16 40
Pre-pregnancy Underweight (BMI < 18.5)a 2,718,546 0.041 0.20 0 1
Pre-pregnancy Normal Weight (18.5 ≤ BMI < 25)a 2,718,546 0.574 0.49 0 1
Pre-pregnancy Overweight (25 ≤ BMI < 30)a 2,718,546 0.236 0.42 0 1
Pre-pregnancy Obese (BMI ≥ 30)a 2,718,546 0.150 0.36 0 1
Panel B: Child
Quarter 1 Birth 4,182,531 0.235 0.42 0 1
Quarter 2 Birth 4,182,531 0.248 0.43 0 1
Quarter 3 Birth 4,182,531 0.265 0.44 0 1
Quarter 4 Birth 4,182,531 0.252 0.43 0 1
Gestation 4,182,531 38.963 2.25 17 47
Premature 4,182,531 0.085 0.28 0 1
Female 4,182,531 0.486 0.50 0 1

Notes: Sample consists of all singleton children contained in birth certificate data in the years 2005-2013 born to

married first-time mothers aged 20–45 for whom education and smoking during pregnancy are available. “Other

Race” refers to mothers who are Asian/Pacific Islander, or American Indian/Alaskan Natives. In regressions, this is

consistently used as the (omitted) base category. Quarters of birth are determined by the month in which the baby is

expected based on conception date. Quarter 1 refers to January to March, Quarter 2 refers to April to June, Quarter

3 refers to July to September, and Quarter 4 refers to October to December due dates. ART refers to the proportion

of women who undertook assisted reproductive technologies that resulted in these births. a Only available from year

2009 onwards.
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Table A7: Descriptive Statistics (Unmarried Mothers, no Paternity Acknowledgement 20–45)

N Mean Std. Dev. Min. Max.

Panel A: Mother
Mother’s Age (Years) 478,924 24.547 4.89 20 45
Black 478,924 0.327 0.47 0 1
White 478,924 0.627 0.48 0 1
Other Race (Asian/Native American) 478,924 0.046 0.21 0 1
Hispanic 478,924 0.234 0.42 0 1
Some College + 478,924 0.151 0.36 0 1
Years of Education 478,924 12.764 2.35 4 17
Smoked in Pregnancy 478,924 0.165 0.37 0 1
Used ARTa 477,171 0.003 0.06 0 1
Received WIC food in Pregnancya 470,755 0.719 0.45 0 1
Pre-pregnancy BMIa 430,179 25.816 5.48 16 40
Pre-pregnancy Underweight (BMI < 18.5)a 430,179 0.051 0.22 0 1
Pre-pregnancy Normal Weight (18.5 ≤ BMI < 25)a 430,179 0.468 0.50 0 1
Pre-pregnancy Overweight (25 ≤ BMI < 30)a 430,179 0.254 0.44 0 1
Pre-pregnancy Obese (BMI ≥ 30)a 430,179 0.227 0.42 0 1
Panel B: Child
Quarter 1 Birth 478,924 0.238 0.43 0 1
Quarter 2 Birth 478,924 0.233 0.42 0 1
Quarter 3 Birth 478,924 0.266 0.44 0 1
Quarter 4 Birth 478,924 0.263 0.44 0 1
Gestation 478,924 38.656 2.84 17 47
Premature 478,924 0.123 0.33 0 1
Female 478,924 0.491 0.50 0 1

Notes: Sample consists of all singleton children contained in birth certificate data in the years 2005-2013 born to

unmarried first-time mothers with no paternity acknowledgement aged 20–45 for whom education and smoking during

pregnancy are available. Quarters of birth are determined by the month in which the baby is expected based on

conception date. Quarter 1 refers to January to March, Quarter 2 refers to April to June, Quarter 3 refers to July

to September, and Quarter 4 refers to October to December due dates. ART refers to the proportion of women who

undertook assisted reproductive technologies that resulted in these births. a Only available from year 2009 onwards.
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Figure A1: Fetal Deaths as a Proportion of Births and Fetal Deaths by Month (Married Mothers, 20–45, First Conception)
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Notes to Figure A1: All births and fetal deaths are classified by month of occurrence. Fetal deaths are recorded if occurring at 20 weeks
or greater of gestation. In each case, the sample consists of births and fetal deaths occurring between 2005 and 2013 inclusive from birth
certificate data.

Figure A2: Birth Prevalence by Month and Age Group (Unmarried Mothers with no Paternity Acknowledgement)
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Notes to Figure A2: Refer to Figure 2. Only non-ART users are displayed. This figure replicates panel (a) of Figure 2 however is based on
all first births among unmarried mothers with no paternity acknowledgment on the birth certificate, contained in birth certificate data from
the period 2005-2013.
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Figure A3: Prevalence of Quarter 2 and Quarter 3 by Age (Unmarried Mothers with no Paternity Acknowledgement,
20–45)
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Notes to Figure A3: Refer to notes in Figure 3. The sample consists of all unmarried mothers aged 20–45 with no paternity acknowledgement
on the birth certificate of their child who give birth to their first singleton child between 2005 and 2013, and for whom education, smoking
during pregnancy, and gestational length of child’s birth are recorded.
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Figure A4: Second Birth Prevalence by Month, Age Group, and ART Usage (Married Mothers)
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Notes to Figure A4: Refer to Figure 2. This figure replicates Figure 2 however is based on all births among second-time singleton mothers,
contained in birth certificate data from the period 2005-2013.

Figure A5: Prevalence of Quarter 2 and Quarter 3 by Age for Second Births (Married Mothers, 20–45)
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Notes to Figure A5: This figure replicates Figure 3 for second births occurring between 2005 and 2013 contained in birth certificate data.
Refer to notes to Figure 3 for additional details.
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Table A10: Descriptive Statistics (Married Mothers, 20–45, Second Births)

N Mean Std. Dev. Min. Max.

Panel A: Mother
Mother’s Age (Years) 4,165,909 29.821 5.01 20 45
Black 4,165,909 0.060 0.24 0 1
White 4,165,909 0.841 0.37 0 1
Other Race (Asian/Native American) 4,165,909 0.099 0.30 0 1
Hispanic 4,165,909 0.201 0.40 0 1
Some College + 4,165,909 0.532 0.50 0 1
Years of Education 4,165,909 14.342 2.70 4 17
Smoked in Pregnancy 4,165,909 0.048 0.21 0 1
Used ARTa 2,840,012 0.004 0.06 0 1
Received WIC food in Pregnancya 2,806,584 0.267 0.44 0 1
Pre-pregnancy BMIa 2,658,004 25.337 5.01 16 40
Pre-pregnancy Underweight (BMI < 18.5)a 2,658,004 0.034 0.18 0 1
Pre-pregnancy Normal Weight (18.5 ≤ BMI < 25)a 2,658,004 0.524 0.50 0 1
Pre-pregnancy Overweight (25 ≤ BMI < 30)a 2,658,004 0.259 0.44 0 1
Pre-pregnancy Obese (BMI ≥ 30)a 2,658,004 0.182 0.39 0 1
Panel B: Child
Quarter 1 Birth 4,165,909 0.234 0.42 0 1
Quarter 2 Birth 4,165,909 0.256 0.44 0 1
Quarter 3 Birth 4,165,909 0.264 0.44 0 1
Quarter 4 Birth 4,165,909 0.246 0.43 0 1
Gestation 4,165,909 38.773 2.01 17 47
Premature 4,165,909 0.078 0.27 0 1
Female 4,165,909 0.487 0.50 0 1

Notes: Sample consists of all singleton children contained in birth certificate data in the years 2005-2013 born to

married second-time mothers aged 20–45 for whom education and smoking during pregnancy are available. Quarters of

birth are determined by the month in which the baby is expected based on conception date. Quarter 1 refers to January

to March, Quarter 2 refers to April to June, Quarter 3 refers to July to September, and Quarter 4 refers to October to

December due dates. ART refers to the proportion of women who undertook assisted reproductive technologies that

resulted in these births. a Only available from year 2009 onwards.
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Table A13: Season of Birth Patterns and Projected Shifts from “Planning”

Actual Number of Births Projected Births ∆ Births

Non-Planners Married Other Unmarried Married Other Unmarried Married Other Unmarried

Quarter 1 12,520 109,199 53,571 109,339 53,097 -140 474
Quarter 2 12,468 115,185 53,407 108,885 52,877 6,300 530
Quarter 3 14,124 123,186 60,233 123,347 59,900 -161 333
Quarter 4 14,102 117,155 58,470 123,155 59,807 -6,000 -1,337

Notes: The total number of average births per year and quarter are described for the years of 2005-2013 from birth certificate data. “Non-
Plannners” refer to unmarried individuals with no reported father on the birth certificate. Projected births refer to the number of births of
married and unmarried women with a reported father if these groups followed the same seasonality patterns as the “Non-planners”. Finally,
“∆ Births” refers to the difference between actual births, and this projected number of births.

Table A14: ACS Descriptive Statistics (Married Mothers, 20–45)

N Mean Std. Dev. Min. Max.

Mother’s Age 108,243 30.189 4.91 20 45
Black 108,243 0.037 0.19 0 1
White 108,243 0.875 0.33 0 1
Other Race (Asian/Native American) 108,243 0.087 0.28 0 1
Hispanic 108,243 0.068 0.25 0 1
Some College + 108,243 0.816 0.39 0 1
Years of education 108,243 14.283 1.71 0 16
Works in Education, Training and Library 108,243 0.138 0.34 0 1
Quarter 1 Birth 108,243 0.238 0.43 0 1
Quarter 2 Birth 108,243 0.253 0.43 0 1
Quarter 3 Birth 108,243 0.264 0.44 0 1
Quarter 4 Birth 108,243 0.244 0.43 0 1

Notes: Summary statistics for data from the American Community Survey (ACS) from 2005-2014 are for

married mothers aged 20–45 who are either head of the household or spouse of the head of the household,

and have a first singleton child who is at most one year old. We exclude women who are in the military, in a

farm household, or currently in school. We retain only women who had worked within the previous five years

where each occupation must have at least 500 women over the entire range of survey years. Birth quarter is

based on actual birth quarter.
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Table A15: Logit Estimates of Season of Birth Correlates in ACS (Married Mothers, 20–45)

(1) (2)
Quarter 2 Quarter 3

Mother’s Age 0.008 0.002
[0.004] [0.003]

Mother’s Age2 / 100 -0.013 -0.004
[0.006] [0.006]

Some College + 0.013 -0.011
[0.005] [0.005]

Black 0.015 0.007
[0.010] [0.010]

White 0.013 0.011
[0.006] [0.006]

Hispanic -0.008 -0.010
[0.007] [0.007]

Architecture and Engineering 0.011 0.002
[0.017] [0.018]

Building and Grounds Cleaning and Maintenance 0.029 -0.021
[0.020] [0.019]

Business Operations Specialists 0.027 0.002
[0.012] [0.012]

Community and Social Services 0.040 -0.016
[0.013] [0.014]

Computer and Mathematical 0.029 -0.004
[0.014] [0.014]

Education, Training, and Library 0.049‡ -0.014
[0.010] [0.010]

Financial Specialists 0.028 -0.004
[0.012] [0.012]

Food Preparation and Serving 0.030 0.001
[0.013] [0.013]

Healthcare Practitioners and Technical 0.019 0.007
[0.010] [0.010]

Healthcare Support 0.012 -0.013
[0.014] [0.013]

Legal 0.009 -0.001
[0.014] [0.014]

Life, Physical, and Social Science 0.019 -0.006
[0.015] [0.015]

Management 0.023 0.004
[0.011] [0.011]

Office and Administrative Support 0.022 -0.004
[0.010] [0.010]

Personal Care and Service 0.036 -0.009
[0.012] [0.012]

Production 0.015 -0.011
[0.016] [0.016]

Protective Service 0.054 -0.024
[0.023] [0.024]

Sales 0.012 -0.002
[0.011] [0.011]

Transportation and Material Moving 0.038 -0.040
[0.022] [0.021]

Observations 108,243 108,243
χ2 test of Mother’s Occupation Dummies 62.215 23.125
χ2 test of Age Variables 5.572 1.205

Refer to notes in Table 3. Results are replicated here using a Logit regression and reporting average

marginal effects. Birth quarter is based on actual birth quarter. χ2 tests for occupation report test

statistics for the joint significance of the dummies, and χ2 test statistics refer to the test that the

coefficients on mother’s age and age squared are jointly equal to zero. Critical values are 30.144 and

5.991 for occupational and age tests respectively. The Leamer critical value for the t-statistic is 3.403.

Heteroscedasticity robust standard errors are reported in parentheses. ‡ Significance based on the Leamer

criterion at 5%.
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Table A16: Season of Birth Correlates in ACS (Unmarried Mothers, 20–45)

(1) (2)
Quarter 2 Quarter 3

Mother’s Age -0.002 0.011
[0.006] [0.006]

Mother’s Age2 / 100 0.003 -0.018
[0.010] [0.011]

Some College + 0.003 0.000
[0.009] [0.009]

Black -0.005 0.034
[0.024] [0.024]

White -0.006 0.035
[0.023] [0.022]

Hispanic -0.002 0.003
[0.013] [0.014]

Architecture and Engineering -0.085 0.172
[0.061] [0.077]

Building and Grounds Cleaning and Maintenance -0.055 0.026
[0.043] [0.042]

Business Operations Specialists -0.008 0.007
[0.047] [0.046]

Community and Social Services -0.033 0.014
[0.049] [0.048]

Computer and Mathematical 0.021 -0.030
[0.059] [0.053]

Education, Training, and Library -0.030 0.014
[0.042] [0.040]

Financial Specialists -0.035 -0.025
[0.048] [0.046]

Food Preparation and Serving 0.001 -0.019
[0.040] [0.037]

Healthcare Practitioners and Technical -0.033 -0.005
[0.041] [0.039]

Healthcare Support -0.012 -0.002
[0.041] [0.039]

Legal 0.040 -0.050
[0.056] [0.048]

Life, Physical, and Social Science -0.029 0.064
[0.065] [0.070]

Management -0.063 -0.017
[0.041] [0.039]

Office and Administrative Support -0.029 0.001
[0.039] [0.036]

Personal Care and Service -0.030 0.026
[0.041] [0.040]

Production -0.045 -0.016
[0.042] [0.040]

Protective Service 0.001 -0.034
[0.053] [0.050]

Sales -0.026 0.007
[0.039] [0.037]

Transportation and Material Moving 0.012 -0.055
[0.046] [0.041]

Observations 18,167 18,167
F-test of Mother’s Occupation Dummies 1.273 1.434
F-test of Age Variables 0.113 1.447

Sample consists of all singleton first-born children in the US born to unmarried mothers aged 20-45

included in 2005-2014 ACS data where the mother is either the head of the household or the partner of

the head of the household and works in an occupation with at least 500 workers in the full sample. Birth

quarter is based on actual birth quarter. Occupation classification is provided by the 2 digit occupation

codes from the census. The omitted occupational category is Arts, Design, Entertainment, Sports, and

Media, as this occupation has Q2+Q3=0.500(0.500). F-tests for occupation report test-statistics for the

joint significance of the dummies and F-test of age variables refers to the test-statistic on the test that

the coefficients on mother’s age and age squared are jointly equal to zero. Critical values are 1.587 and

2.996 for occupational and age tests respectively. The Leamer critical value for the t-statistic is 3.125.

Heteroscedasticity robust standard errors are reported in parentheses. ‡ Significance based on the Leamer

criterion at 5%.
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Table A17: Season of Birth Correlates: Mother’s and Husband’s Occupation in ACS (Married Mother 20–45)

(1) (2)
Quarter 2 Quarter 3

Mother’s Age 0.007 0.003
[0.003] [0.004]

Mother’s Age2 / 100 -0.012 -0.005
[0.006] [0.006]

Some College + 0.010 -0.011
[0.005] [0.005]

Black 0.016 0.005
[0.011] [0.010]

White 0.013 0.011
[0.006] [0.006]

Hispanic -0.008 -0.010
[0.007] [0.007]

Mother’s Occupations

Architecture and Engineer 0.008 0.004
[0.016] [0.018]

Building and Grounds Cleaning and Maintenance 0.032 -0.019
[0.020] [0.019]

Business Operations Specialists 0.025 0.002
[0.012] [0.012]

Community and Social Services 0.040 -0.015
[0.013] [0.013]

Computer and Mathematical 0.027 -0.004
[0.014] [0.014]

Education, Training, and Library 0.049‡ -0.014
[0.010] [0.010]

Financial Specialists 0.027 -0.005
[0.012] [0.012]

Food Preparation and Serving 0.029 0.000
[0.013] [0.014]

Healthcare Practitioners and Technical 0.018 0.005
[0.010] [0.011]

Healthcare Support 0.013 -0.016
[0.013] [0.013]

Legal 0.010 -0.000
[0.014] [0.015]

Life, Physical, and Social Science 0.018 -0.004
[0.015] [0.015]

Management 0.021 0.005
[0.010] [0.011]

Office and Administrative Support 0.022 -0.005
[0.010] [0.010]

Personal Care and Service 0.037 -0.008
[0.012] [0.012]

Production 0.014 -0.012
[0.015] [0.016]

Protective Service 0.055 -0.027
[0.025] [0.023]

Sales 0.011 -0.002
[0.010] [0.011]

Continued on next page
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continued from previous page

Quarter 2 Quarter 3

Transportation and Material Moving 0.042 -0.043
[0.022] [0.020]

Husband’s Occupations

Architecture, Engineering 0.023 -0.014
[0.012] [0.012]

Building and Grounds Cleaning and Maintenance 0.011 -0.031
[0.015] [0.015]

Business Operations Specialists 0.024 -0.004
[0.014] [0.014]

Community and Social Services 0.023 -0.025
[0.017] [0.017]

Computer and Mathematical 0.016 -0.007
[0.012] [0.012]

Construction Trades 0.014 -0.007
[0.012] [0.012]

Education, Training, and Library 0.028 -0.009
[0.012] [0.013]

Farming, Fishing, and Forestry -0.014 0.010
[0.023] [0.028]

Financial Specialists 0.004 0.006
[0.013] [0.014]

Food Preparation and Serving 0.018 0.004
[0.016] [0.016]

Healthcare Practitioners and Technical 0.019 0.001
[0.013] [0.013]

Healthcare Support 0.005 -0.022
[0.028] [0.026]

Installation, Maintenance, and Repair Workers 0.007 0.000
[0.012] [0.013]

Legal 0.005 -0.012
[0.015] [0.015]

Life, Physical, and Social Science 0.007 -0.014
[0.016] [0.016]

Management 0.024 -0.019
[0.011] [0.011]

Military Specific 0.030 0.011
[0.019] [0.019]

Office and Administrative Support 0.015 0.003
[0.012] [0.013]

Personal Care and Service 0.000 -0.014
[0.022] [0.021]

Production 0.012 -0.005
[0.012] [0.012]

Protective Service 0.009 0.006
[0.013] [0.013]

Sales 0.013 -0.007
[0.011] [0.011]

Transportation and Material Moving 0.003 -0.003
[0.012] [0.013]

Observations 107,627 107,627
F-test of Mother’s Occupation Dummies 3.114 1.211
F-test of Husband’s Occupation Dummies 0.979 1.122

Continued on next page
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continued from previous page

Quarter 2 Quarter 3

F-test of Age Variables 2.258 0.542

Sample consists of all singleton first-born children in the US born to married mothers aged 20-45 included

in 2005-2014 ACS data where the mother is either the head of the household or the wife of the head of

the household and both the mother and the husband work in an occupation with at least 500 workers

in the full sample. Birth quarter is based on actual birth quarter. Occupation classification is provided

by the 2 digit occupation codes from the census. The omitted occupational category is Arts, Design,

Entertainment, Sports, and Media, as this occupation has Q2+Q3=0.500(0.500). F-tests for occupation

report test-statistics for the joint significance of the dummies (for mothers and husbands separately) and

F-test of age variables refers to the test-statistic on the test that the coefficients on mother’s age and

age squared are jointly equal to zero. Critical values are 1.517 and 2.996 for occupational and age tests

respectively. The Leamer critical value for the t-statistic is 3.402. Heteroscedasticity robust standard

errors are reported in parentheses. ‡ Significance based on the Leamer criterion at 5%.
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Figure A6: Example of One Round of the Discrete Choice Experiment

Notes to Figure A6: One discrete choice comparison is displayed. The full survey can be viewed for posterity at https://cessoxford.eu.

qualtrics.com/SE/?SID=SV_8Cc4YNPyfZOCbCl.
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Figure A7: Geographical Coverage (M-Turk and Census)

Proportion of Respondents

0.023 − 0.084

0.014 − 0.023

0.006 − 0.014

0.001 − 0.006

(a) Geographical Coverage of M-Turk Respondents

Proportion of Respondents (Census)

0.022 − 0.122

0.015 − 0.022

0.006 − 0.015

0.002 − 0.006

(b) Geographical Coverage from Census Bureau

Notes to Figure A7a: Dots represent the precise location of respondents to a Mechanical Turk survey completed in September 2016 and
May 2018 according to their IP address. Proportion of residents by state is based on reported residence of the survey respondent. Three
respondents from Alaska and Two respondents from Hawaii are omitted from this map. Of all respondents, 147 (3.67%) had IP addresses
which suggested that their internet connection was located outside of the USA at the time of the survey response. These non-US observations
are removed from the sample (refer to notes to Table A18 for details). The total number of respondents in the final sample is 3,661. Notes
to Figure A7b: Proportion of population by state is calculated from US Census Bureau 2015 estimates.

Table A18: Summary of M-Turk Variables

N Mean Std. Dev. Min Max

Female 3,661 0.53 0.50 0.00 1.00
Age 3,661 36.74 11.50 18.00 87.00
Black 3,661 0.08 0.28 0.00 1.00
White 3,661 0.84 0.36 0.00 1.00
Other Race (Asian/Native American) 3,661 0.07 0.26 0.00 1.00
Hispanic 3,661 0.06 0.23 0.00 1.00
Married 3,661 0.47 0.50 0.00 1.00
Some College + 3,661 0.89 0.32 0.00 1.00
Years of Education 3,661 14.71 1.76 8.00 17.00
Employed 3,661 0.74 0.44 0.00 1.00
Total Family Income (1000s) 3,661 59.90 39.40 5.00 175.00
Education, Training, and Library occupation 3,661 0.11 0.31 0.00 1.00
Parent 3,661 0.50 0.50 0.00 1.00
Number of Children 3,661 1.02 1.27 0.00 6.00
Hourly earnings on MTurk 3,661 4.41 2.83 1.50 11.50

Notes to Table A18: 2,000 individuals were interviewed on Monday September 19, 2016 and 2000 other individ-

uals were interviewed on Monday May 7, 2018. Of these 4,000 individuals, 147 were located outside of the USA

according to their geographic IP address, 47 respondents failed an attention check where the same question was

repeated at the beginning and end of the survey, and 37 respondents completed the survey in under 2 minutes

(these categories are not mutually exclusive). Any respondent meeting at least one of these criteria was removed

from the analysis. All respondents whose race is black, white, Asian/Pacific Islander or Native American/American

Indian is included in the estimation sample of 3,661 valid surveys.
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Table A19: MTurk Variables Compared to NVSS and ACS Values

MTurk Value National Comparison

Mean Std. Dev. Mean Std. Dev. Difference T-stat

Panel A: MTurk and NVSS Variables
Number of Children 1.902 (0.942) 2.101 (1.224) -0.199 -4.122
Age at First Birth 29.480 (3.910) 28.162 (5.951) 1.318 5.609
Female Child 0.461 (0.499) 0.488 (0.500) -0.027 -1.369
Some College + 0.924 (0.266) 0.592 (0.492) 0.332 17.109
Born January-March 0.259 (0.438) 0.238 (0.426) 0.021 1.225
Born April-June 0.259 (0.438) 0.244 (0.430) 0.015 0.838
Born July-September 0.274 (0.446) 0.265 (0.441) 0.009 0.543
Born October-December 0.209 (0.407) 0.253 (0.435) -0.044 -2.579
Black 0.065 (0.247) 0.161 (0.368) -0.096 -6.598
White 0.889 (0.314) 0.760 (0.427) 0.129 7.693
Other Race 0.045 (0.208) 0.079 (0.270) -0.034 -3.190
Hispanic 0.025 (0.156) 0.237 (0.426) -0.212 -12.655
Married 0.737 (0.441) 0.594 (0.491) 0.143 7.342
Panel B: MTurk and ACS Variables
Family Income (1000s) 59.920 (37.803) 79.482 (81.771) -19.562 -9.797
Age 27.842 (5.579) 34.526 (6.801) -6.684 -40.188
Some College + 0.898 (0.303) 0.716 (0.451) 0.182 16.453
Respondent Born January-March 0.217 (0.413) 0.243 (0.429) -0.026 -2.407
Respondent Born April-June 0.219 (0.414) 0.245 (0.430) -0.026 -2.471
Respondent Born July-September 0.284 (0.451) 0.264 (0.441) 0.02 1.882
Respondent Born October-December 0.279 (0.449) 0.248 (0.432) 0.031 2.925
Parent 0.618 (0.486) 0.639 (0.480) -0.021 -1.735
Employed 0.672 (0.469) 0.833 (0.373) -0.161 -17.589
Education, Training, Library Occ. 0.144 (0.351) 0.114 (0.317) 0.03 3.839
Black 0.083 (0.277) 0.113 (0.316) -0.03 -3.768
White 0.859 (0.348) 0.809 (0.393) 0.05 5.255
Other Race 0.057 (0.232) 0.079 (0.269) -0.022 -3.254
Hispanic 0.042 (0.201) 0.110 (0.312) -0.068 -8.827
Married 0.528 (0.499) 0.617 (0.486) -0.089 -7.467

Notes: Means and standard deviations are calculated from MTurk and NVSS or ACS data. NVSS data consists of the

full universe of births to all women aged 20–45 from 2013. ACS data consists of all women aged 20–45 who are head

or spouse/partner of the head of the household. MTurk data consists of US-based respondents to a survey with waves

completed in September 2016 and May 2018. Identical samples from our MTurk survey are used for comparison. When

comparing to NVSS, all parents are used who were aged between 20 and 45 at the time of birth, and when comparing to

ACS, all women aged 20–45 are used.
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Table A20: Birth Characteristics and WTP for Season of Birth (reweighted sample)

Full Sample Married Mothers 20-45 Intended Childless

(1) (2) (3) (4) (5)
All All 1 child ≥ 2 children 20-45

Spring 0.038‡ 0.060‡ 0.019 0.078‡ 0.028
[0.006] [0.013] [0.025] [0.015] [0.013]

Summer 0.015 0.002 -0.012 0.009 -0.002
[0.006] [0.013] [0.024] [0.016] [0.014]

Fall 0.023‡ 0.037 0.012 0.047 0.006
[0.006] [0.013] [0.026] [0.016] [0.014]

Cost (in 1000s) -0.067‡ -0.070‡ -0.063‡ -0.073‡ -0.069‡

[0.001] [0.001] [0.003] [0.001] [0.001]
Girl -0.006 0.011 -0.013 0.022 0.014

[0.005] [0.011] [0.024] [0.013] [0.012]
5lbs, 13oz 0.013 0.024 0.041 0.019 0.034

[0.015] [0.033] [0.075] [0.037] [0.032]
6lbs, 3oz 0.109‡ 0.133‡ 0.075 0.153‡ 0.108

[0.015] [0.032] [0.069] [0.035] [0.033]
6lbs, 8oz 0.140‡ 0.158‡ 0.119 0.175‡ 0.128‡

[0.015] [0.034] [0.063] [0.041] [0.035]
6lbs, 13oz 0.124‡ 0.164‡ 0.163 0.165‡ 0.117

[0.016] [0.034] [0.070] [0.039] [0.037]
7lbs, 3oz 0.177‡ 0.211‡ 0.165 0.226‡ 0.145‡

[0.017] [0.031] [0.064] [0.036] [0.042]
7lbs, 8oz 0.175‡ 0.178‡ 0.165 0.184‡ 0.149‡

[0.016] [0.034] [0.069] [0.039] [0.036]
7lbs, 13oz 0.148‡ 0.133‡ 0.092 0.148‡ 0.137‡

[0.015] [0.032] [0.069] [0.036] [0.032]
8lbs, 3oz 0.161‡ 0.233‡ 0.257‡ 0.221‡ 0.121‡

[0.017] [0.035] [0.071] [0.040] [0.034]
8lbs, 8oz 0.143‡ 0.186‡ 0.138 0.201‡ 0.141‡

[0.016] [0.035] [0.071] [0.040] [0.036]
8lbs, 13oz 0.142‡ 0.151‡ 0.080 0.173‡ 0.147‡

[0.016] [0.036] [0.075] [0.041] [0.041]
Weekend Day 0.004 0.006 0.014 0.003 0.016

[0.006] [0.013] [0.022] [0.015] [0.013]

WTP for Spring (USD) 567.3 854.3 303.0 1076.5 407.8
95% CI [270.4;864.3] [229.9;1478.6] [-1002.1;1608.0] [374.6;1778.5] [-228.3;1044.0]
Observations 51,254 10,304 3,038 7,266 11,060
Number of Respondents 3,661 736 217 519 790

Each estimation sample consists of US-based respondents to a Mechanical Turk survey with waves completed in September 2016 and

May 2018. Any subsets of this sample are listed in column headings. Average marginal effects from a logit regression are displayed.

All columns include option order fixed effects and round fixed effects, plus an indicator for the survey wave (2016 or 2018). The

sample in each column is indicated in column headings. Standard errors are clustered by respondent. Observations are re-weighted

based on Census Bureau state population cells. Each respondent is weighted such that the frequency of observations by state in

MTurk data is identical to that in Census Bureau data. In practice this is calculated as Pwt = (Pr(Census) s/Pr(MTurk) s)

for each state s. Willingness to pay and its 95% confidence interval is estimated based on the ratio of costs to the probability of

choosing a spring birth. The 95% confidence interval is calculated using the delta method for the (non-linear) ratio, with confidence

levels based on Leamer values. ‡ Significance based on Leamer criterion at 5%.
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Table A21: Allowing for Preference Heterogeneity with Mixed Logit

Full Sample Married Mothers, 20-45

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

Mean
Spring 0.423‡ 0.319‡ 0.554‡ 0.496‡

[0.043] [0.058] [0.106] [0.142]
Summer 0.214‡ 0.122 0.195 0.068

[0.042] [0.058] [0.109] [0.145]
Fall 0.305‡ 0.187 0.327 0.160

[0.043] [0.058] [0.114] [0.147]
Cost (in 1000s) -0.655‡ -0.555‡ -0.808‡ -0.645‡

[0.011] [0.013] [0.034] [0.037]
Girl -0.051 0.046 0.054 0.291

[0.046] [0.061] [0.122] [0.155]
Weekend Day 0.040 -0.045

[0.040] [0.098]
Birthweight (in grams) 0.001‡ 0.001‡

[0.000] [0.000]

Standard Deviation
Spring -0.135 -0.266 -0.158 -0.001

[0.153] [0.169] [0.259] [0.339]
Summer 0.066 -0.245 0.589 -0.558

[0.147] [0.208] [0.209] [0.301]
Fall -0.391 -0.223 0.849‡ -0.657

[0.132] [0.232] [0.196] [0.307]
Girl 2.055‡ 1.847‡ 2.499‡ 2.126‡

[0.066] [0.085] [0.183] [0.226]
Weekend Day 0.068 -0.021

[0.106] [0.274]
Birthweight (in grams) 0.002‡ -0.002‡

[0.000] [0.000]

WTP for Spring Birth 646.5 574.0 685.6 767.8
95% CI [520.2;772.8] [369.4;778.5] [433.6;937.7] [339.7;1195.9]
% Positively Impacted by Spring Birth 99.9 88.5 100.0 100.0
Observations 51,254 25,718 10,304 4,914
Number of Respondents 3,661 1,837 736 351
Categorical Birth Weight Control Y Y
Linear Birth Weight Control Y Y

Each estimation sample consists of US-based respondents to a Mechanical Turk survey with waves completed in September

2016 and May 2018. Any subsets of this sample are listed in column headings. Panel A displays mean coefficients from the

mixed logit, and panel B displays the estimated standard deviation of each coefficient. All coefficients with the exception of

Cost are allowed to vary randomly throughout the sample. The WTP is calculated as the ratio of the coefficient on spring birth

to that on costs, and confidence intervals are calculated by the delta method. The % of respondents who value a spring birth

positively based on individual coefficients is displayed at the foot of the table. In columns 1 and 3, birth weight is included

as a categorical indicator for each value observed and an indicator for not observing birth weight in the experiment. These

indicators are omitted for ease of presentation. In columns 2 and 4 a continuous birth weight measure is included, and in this

case the sample consists only of those who were randomised into the group which observed birth weight as a characteristic.

Standard errors are clustered by respondent. ‡ Significance based on Leamer criterion at 5%.
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Table A22: Predicted WTP and Likelihood of Spring Birth

Spring Birth Spring Birth
(1) (2)

WTP (1000 USD) 0.594‡ 0.578‡

[0.028] [0.028]

Mean WTP (NVSS data) $680.42 $680.42
Observations 4,182,531 4,171,831

Child Gender Y
Child’s Day of Birth Y
Child’s Birth Weight Y

The displayed coefficients and standard errors present the correlation between

each individual’s predicted WTP based on survey results and actual birth out-

comes in birth data. An OLS regression is run, where the dependent variable

takes the value of one if a spring birth is observed, and zero otherwise. This

two stage estimation procedure consists of first estimating WTP for each MTurk

respondent using a mixed logit and the data collected from surveys to US-based

respondents in September 2016 and May 2018, and then examining correlates of

WTP using observable measures in the MTurk sample. These correlates, which

are the mother’s age and age squared, a binary measure of having a college ed-

ucation or above, and race and ethnicity dummies, are then used to estimate

the WTP for individuals in actual birth data from the universe of NVSS birth

certificates issued to married women aged 20–45 between 2005 and 2013. This

predicted WTP is used as the independent variable in a regression of spring birth

on WTP. In column 1 this is estimated as a univariate regression, while in col-

umn 2 additional controls indicated in the footer of the table are included. The

average value of the predicted WTP in the NVSS estimation sample is displayed

at the base of the table. Standard errors are reported bootstrapping the NVSS

sample given that predicted WTP is an estimated quantity. ‡ Significance based

on Leamer criterion at 5%.
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