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Il est bien connu que les naissances sont soumises à un effet saisonnier, et que cet effet varie selon les
régions géographiques. Si cet effet saisonnier a été historiquement lié à des facteurs exogènes, on peut
aujourd’hui également l’expliquer par des motifs intentionnels. Si le mois de naissance d’un enfant est le
résultat, au moins dans une certaine mesure, d’un choix des parents, on peut par conséquent supposer que
ce choix est influencé par des facteurs qui influencent les coûts et les bénéfices – dont certaines politiques
gouvernementales – associés à ce choix. Dans cet article, nous explorons l’effet que l’allongement du congé
parental payé, mis en place en 2001, a eu sur la saisonnalité des naissances au Canada. Globalement, nos
résultats montrent clairement que le modèle de saisonnalité des naissances a changé après 2001, avec une
baisse des naissances au printemps et une augmentation à la fin de l’été et au début de l’automne. Nous
analysons les conséquences potentielles de cet effet non prévu de l’allongement du congé parental, entre
autres sur le plan de la santé et du développement des enfants ainsi que de leur degré de préparation à la
scolarisation et de leurs résultats scolaires, de même que sur l’utilisation du mois de naissance comme
variable instrumentale dans des analyses économétriques.

Mots clés : saisonnalité des naissances, déterminants politiques, assurance-emploi, congé parental, Canada

It is well known that there exists a strong seasonal pattern in births and that the pattern differs across
geographic regions. While historically this seasonal pattern has been linked to exogenous factors, modern
birth seasonality patterns can also be explained by purposive choice. If birth month of a child is at least
partially chosen by the parents then, by extension, it can also be expected that this can be influenced
by anything that changes the costs and benefits associated with that choice, including public policy. This
paper explores the effect that the 2001 extension of paid parental leave benefits had on birth seasonality in
Canada. Overall we find strong results that the pattern of birth seasonality in Canada changed after 2001,
with a notable fall in spring births and an increase in late summer and early fall births. We discuss
the potential effects of this unintended consequence, including those related to health and development,
educational preparedness and outcomes, and econometric modelling.

Keywords: birth seasonality, policy determinants, employment insurance, parental leave, Canada

Introduction
It is well known that there exists a strong seasonal pattern
in births and that the pattern differs across geographic
regions.1 This display of birth seasonality has been linked
to such exogenous factors as the photoperiod, climate,
holidays, nutrition, urbanization, and other socio-cultural
and environmental factors; however, no one single expla-
nation appears to be driving the observed pattern (Lam

and Miron 1994).2 More recently, researchers have been
documenting changes in the historical seasonal patterns
within countries since the advent of contraception, sug-
gesting that modern birth seasonality patterns can also be
explained by purposive choice (e.g., Bobak and Gjonca
2001; Cassels 2002; Haandrikman and van Wissen 2008;
Van De Kaa 1987; Werschler and Halli 1992). If birth
month of a child is at least partially purposefully chosen
by the parents then, by extension, it can also be expected
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that this can be influenced by anything that changes the
costs and benefits associated with that choice, including
public policy.

There is some evidence to suggest that the timing of
births can be influenced by public policy. Several studies
have examined whether the delivery date of children,
either delayed or expedited, is influenced by that tax
treatment of children. The seminal work by Dickert-
Conlin and Chandra (1999) considered the US child tax
benefit system that granted a whole year of tax relief to
an individual or family that had a child in that tax year,
even if the child was born on 31 December. The authors
found that such a system provided incentives for more
children to be born in the last week of December rather
than the first week of January; namely that a $50 in-
crease in benefits led to a 1.4 percentage point increase
in the probability of a December birth. Using a more
comprehensive data source, LaLumia, Sallee, and Turner
(2015), however, found a smaller magnitude: that a
$1,000 increase in benefits was necessary to incite the
same behavioural response as reported by Dickert-Conlin
and Chandra (1999). Kureishi and Wakabayashi (2008)
similarly found the Japanese tax deduction for depen-
dent children—which, similar to the US system grants a
year’s worth of tax relief to parents regardless of when
in the tax year a child was born—increased the probability
of a December birth.

Behavioural responses have also been found related
to the parental benefit system and the school start date
system. Gans and Leigh (2009) studied the effect of a
$3,000 Australian baby bonus that applied to children
born on or after 1 July 2004. The authors found a signif-
icant increase in the number of births that occurred on 1
July 2004. Neugart and Ohlsson (2013) found that an
increase in parental benefits that took effect on 1 January
2007 in Germany caused births to be shifted from
December 2006 to January 2007. Finally, Dickert-Conlin
and Elder (2010) examined whether school eligibility
cut-off dates shift births to just before the legislated
cut-off date, arguably as a way to reduce child-care
costs. They found no evidence that this occurs, a finding
that is unsurprising given the offsetting desire to push a
birth to just after the legislated cut-off date as a way to
ensure the child has a physical, mental, and maturity
advantage over his or her classmates.

All of these studies, however, focus on policy changes
that affect delivery dates within a small window rather
than birth seasonality per se. Whether there is the poten-
tial for policy to affect the timing of conception and,
hence, birth seasonality is an interesting question, with
many associated unintended consequences. It is this
issue, the relationship between public policy and overall
birth seasonality, that is the focus of this paper. Policy
influences on birth seasonality raise three issues for
economists and public policy-makers.

First, there have been numerous studies document-
ing the health and economic outcomes that are influenced
by one’s month of birth. The effects of birth timing are
most prominent in developing nations, where access to
clean water and nutrition is seasonal and the absence of
functional credit markets may prevent consumption
smoothing, but effects are also found in developed
countries. For example, there are several studies linking
season (or month) of birth to a variety of health out-
comes, such as schizophrenia (Dalén 1968), longevity
(Huntington 1938), sudden infant death syndrome (Leiss
and Suchindran 1993), Type I diabetes (Samuelsson,
Johansson, and Ludvigsson 1999), multiple sclerosis
(Templer et al. 1992), and epilepsy (Procopio, Marriott,
and Williams 1997). Correlations have been found be-
tween season of birth and intelligence, height, weight,
and self-reported health (Kihlbom and Johansson 2004)
as well as between and elementary school test scores
and the number of years of secondary school attendance
(Puhani and Weber 2008). If public policy can be shown
to significantly influence birth seasonality patterns, this
may lead to changes in the distribution of health and
development outcomes.

Second, there is an increasing focus on expanding
early education, including universal day care, full-day
kindergarten, and the addition of junior kindergarten to
the public school system on the assumption that these
policies increase school preparedness and long-term
success. However, a child’s ability to be ‘‘prepared’’ for
early education is directly related to his or her age:
even just a few months age difference in these early
years translates into significant skills differences. If birth
seasonality is changing such that more children are
younger upon entering the education system, the average
‘‘school readiness’’ level will be lower upon entry. This
may result in the curriculum being too advanced for
these children. In addition, to the extent that lower
readiness at entry carries through to future years, test
scores at higher grade levels may fall as these children
enter these grades and may lead to the erroneous con-
clusion that the expansion of the early education system
itself is to blame.

Third, since school-leaving laws require that indi-
viduals remain in school until they reach their 16th
birthday, month of birth is correlated with the probability
that an individual will finish high school. This correlation
is strong enough that month of birth is often used as
an instrument in econometric studies of the returns to
education (e.g., Angrist and Krueger 1991; Leigh and
Ryan 2008). This use of birth month as an instrumental
variable in econometric analyses is based on the assump-
tion that birth month is exogenous to personal character-
istics and family background.3 Buckles and Hungerman
(2013) show that this exogeneity assumption is faulty
because, at least in the United States, month of birth of
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a child differs significantly for married and unmarried
women, and by age category. Notably, in the United
States, children born in the winter months are more likely
to be born to unmarried and teenaged mothers than
those born in the spring and summer months. The
authors show that these demographic patterns in sea-
sonality account for a large portion of birth month
differences in educational attainment and wages. The
results of this study demonstrate the invalidity of birth
seasonality as an instrumental variable. If policy can be
shown to affect birth seasonality patterns, this argument
against using birth month as an instrumental variable is
further strengthened.

Building on the existing literature, we reconsider
the role that the parental benefit system plays in birth
timing by exploring the potential of an expansion in
parental leave benefits to affect the timing of conception,
rather than just the timing of delivery. In particular, we
investigate the effects that the 2001 extension of paid
parental leave benefits on birth seasonality in Canada.
Overall we find strong results that the pattern of birth
seasonality in Canada changed after the expansion of
the paid parental leave benefits, with a notable decline
in spring births and an increase in late summer and
early fall births. We provide two pieces of evidence to
suggest that the changing pattern is due to the extension
of paid parental leave: first, we show that birth sea-
sonality in the northern United States does not change
following 2001; and second, the changing pattern in
Canada is not found for unmarried, teen, or older mothers
in Canada, groups who are least likely to plan births.

The paper is organized as follows. In the next section,
we detail the Canadian maternity leave policy, focusing
on the 2001 changes. In the third section, we review
the historical patterns of birth seasonality in Canada,
showing the change in the pattern following 2001. A
comparison with aggregate data from the northern United
States confirms that the pattern shift occurred only in
Canada. In the fourth section, we use the microdata files
of the Canadian Vital Statistics Data to determine that
the pattern shift occurred for those groups of women
most likely to be affected by the policy. Moreover, using
multinomial logit regressions, we show that the chang-
ing pattern of seasonality continues to hold when demo-
graphic controls are included in the regression. The
paper concludes with a discussion of the results.

Canadian Maternity Leave Employment
Insurance Scheme
Arguably the most important policies related to births
are paid maternity and parental benefits. With respect
to maternity benefit, since 1971 qualified new mothers
in Canada have been entitled to 15 weeks of paid mater-
nity leave through the federally operated employment

insurance scheme (Marshall 2003, 5), a duration that
has remained unchanged since the policy’s inception.
However, the rate of benefit and the eligibility require-
ments has changed considerably since 1971. The rate of
benefit is set at a percentage of weekly earnings up to a
set maximum. The benefit rate was regularly dropped
throughout the 1971–1994 period, settling at 55 percent
where it has stayed since 1994 (Pulkingham and Van
Der Gaag 2004, 117). Initially, new mothers with at least
20 weeks of insurable work were eligible for maternity
benefits (Marshall 2003, 5). This changed to 700 hours
of insurable work in 1996 and effective 31 December
2000 the eligibility was dropped to 600 hours (Pulking-
ham and Van Der Gaag 2004, 117).

Paid parental benefits were introduced in Canada in
1990 when ten weeks in paid parental leave were added
to the maternity leave benefits. Paid parental leave ben-
efits have the same eligibility and rate of benefit as paid
maternity leave, but are more flexible in that parental
leave benefits can be used by either parent or split be-
tween them, provided that they meet the qualification
requirements (Marshall 2003, para. 1). The federal govern-
ment signalled it was going to extend the parental leave
benefit in the 12 October 1999 Speech from the Throne
(Canada 1999) and the expansion was officially announced
in Budget 2000 (Department of Finance 2000, 137–8) on
20 February 2000. At this time, paid parental leave was
significantly expanded for parents with a child born on
or after 31 December 2000, with the duration being more
than tripled from 10 weeks to 35 weeks. That is, effective
31 December 2000 the maximum paid combination of
paid maternity and parental leave available was increased
from approximately six months to about one year.

The only differences to the above maternity and
parental benefits occur in two situations. First, about 20
percent (Marshall 2010, 5–6) of eligible new mothers
receive an employer-paid income top-up to these federal
benefits. These income top ups average $300 a week and
last an average of 19 weeks (Marshall 2010, 6). Second,
on 1 January 2006 Quebec introduced its Quebec Parental
Insurance Plan (QPIP), which replaced the federal em-
ployment insurance plan for workers in Quebec. The
QPIP is very similar to the federal plan except that it
offers a higher benefit rate (up to 75 percent) and a five-
week non-transferrable paternity leave benefit (Marshall
2010, 5)

We have outlined several expansions of the maternity
and parental leave system in Canada; however, we do
not posit that most of these changes had any effect
on birth seasonality because these earlier policy changes
had little effect on the amount of leave taken.4 Although
it is beyond the scope of this paper to explain the chang-
ing preferences of parents, we believe it is reasonable to
assume that policies that result in longer parental leaves

Effects of the 2001 Extension of Paid Parental Leave Provisions on Birth Seasonality in Canada 67
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may alter the optimization decision for parents. Cassels
(2002) explores birth seasonality in Sweden 1900–1999
and finds a dramatic shift in birth seasonality in the
1990s, documenting a shift from spring births to summer
births. He posits that this shift was due to increased
leisure time that was indirectly caused by the expansion
of legislated vacation to five weeks in 1994 and the
recommendations that at least four of these five weeks
take place in the month of June, July, or August. Cassels
(2002, 108) argues that the change in birth seasonality
observed in Sweden following this vacation time change
is due to parents optimizing their time off following
the birth of a child by coinciding the birth with extended
vacation leaves. Cassels’ results suggest that expansions
that change the length of leave have the potential to
affect birth seasonality.

In contrast to the earlier policy changes, the federal
benefit expansion that occurred effective 31 December
2000 represented a significant increase in the amount of
paid time off new parents could take. Whether this
could have had an effect on the timing of births in Canada
potentially depends on how it affected the amount of
leave taken. Marshall (2003, 6) shows that following the
2001 parental leave changes, the return to work time
for new mothers increased from five to six months to
between nine and 12 months. Similarly, Baker and Milli-
gan (2008) demonstrate that the average increase in
the amount of time off work following a birth was 3.5
months (Baker and Milligan 2008), a finding reinforced
by Hanratty and Trzcinski (2009). This increase in the
amount of time off work due to the extended paid paren-
tal leave may, therefore, influence the timing of births in
Canada, assuming that a significant portion of parents,
notably mothers, take up these benefits. As noted by
Baker and Milligan (2008, 874) and Marshall (2010, 5)
most (80� 85 percent) mothers are employed before
giving birth and most of these mothers receive Employ-
ment Insurance (EI) maternity or parental leave bene-
fits.5 This means that 70–75 percent of new mothers
in Canada receive paid maternity and parental leave
benefits, which represents a significant portion of new
parents. Further, these authors document that both
trends—employment before birth and eligibility for EI
before birth—have been rising since the parental leave
expansion.

Patterns of Birth Seasonality in Canada

Historical Patterns
The historical seasonality of births in Canada has been
previously documented in a few studies. The seminal
paper in this field is Cowgill (1966), which included
Canada in a large international comparison of birth sea-
sonality. Cowgill notes a spring (April–June) peak of
births in Canada along with a small secondary peak

in September. This is contrasted with the seasonality
pattern in the United States, which displays a major
peak in September. However, as Canada is but one
of many countries included in Cowgill’s study, there is
little detail provided in support of this observation,
including the source for the birth data. Halli (1989), the
first study to focus exclusively on Canada, uses data
from the 1984 Canadian Fertility Survey (CFS) to sup-
port Cowgill’s findings, documenting a spring peak in
births in Canada. However, the CFS survey is based
on a small sample of women and relies on self-reported
information.

The Cowgill (1966) and Halli (1989) results are con-
firmed in two Canadian studies based on vital statistics
data. Werschler and Halli (1992) use birth data from
Canadian vital statistics for the period 1980–1989 (ex-
cluding the territories) and find further support for a
spring peak in Canada. They also document that there
is little regional variation in this seasonal pattern. In an
effort to explain this pattern, they compare the seasonal
patterns in Canada to that of the northern US states,
which share similar climate, temperature, photoperiod,
cultural, and socio-economic factors. The northern United
States shows a strong peak in August and September and
a trough in the spring months, leaving the authors to con-
clude that the shown seasonal differences cannot be the
results of oft-referred-to exogenous factors, but are un-
able to proffer any viable explanations for the difference.

The most comprehensive study of Canadian birth
seasonality was done by Trovato and Odynak (1993).
They compiled data on births from vital statistics data
for the years 1926–1989.6 They once again show that
since 1926, births in Canada have peaked in spring with
a secondary rise in September, that this pattern has
remained stable over this extended period, and that it is
similar across all provinces. Much like Werschler and
Halli (1992), they are unable to provide a convincing
explanation for this pattern and why it differs from the
pattern observed in the northern United States.

Current Patterns
To determine if this previously observed pattern in
Canadian birth seasonality, namely spring peaks in
births, can be confirmed and whether this pattern extends
beyond 1989, we obtain the total number of births by
month for the period 1981–2011.7 We first examine the
quarterly trend in observed births, shown in Table 1. In
this table, we are able to confirm the previously docu-
mented spring (April–June) peak for the period 1981–
2001, with minor variations.

Interestingly, there is a notable decline in births in
just the last two quarters in 2000, as shown by the bor-
dered numbers in the table. As noted previously, the
expansion of the paid parental benefits was announced
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in the 1999 Speech from the Throne, though no commit-
ment was made as to the timing of the expansion. The
date of this speech was October 1999. If we use the
median gestation period of 40 weeks, this accords with
July 2000, the beginning of the noted decline in births
in Canada. The actual commitment to this expansion
was not made until the following budget, which was
announced in February 2000. Again, if we use the
median gestation period of 40 weeks, this accords with
December 2000, the end of the noted temporary decline
in births. December 2000 is also notable because the
new expanded parental leave policy took effect on 31
December 2000. While this evidence is correlational, it

does suggest that women did indeed respond to the
pending parental leave changes by reducing conceptions
as they awaited the details of the benefit expansion.
What is also interesting is that we do not observe an
immediate spike in births in January 2001 to offset this
two-quarter decrease. In fact, 2001 looks very much like
the previous years, unsurprisingly suggesting it is much
easier to cease conceptions than it is to recommence
conceptions. We are not aware of any other study that
documents a possible change in conceptions due to public
policy announcements of this nature. Table 1 also shows
a notable change in birth seasonality starting in 2002.
This is the first year where the peak birth season shifts

Table 1: Quarterly Observed Births, Canada, 1981–2011

Year January–March April–June July–September October–December Total

1981 89,860 95,599 95,745 89,132 370,336

1982 90,867 96,136 96,022 89,857 372,882

1983 90,272 97,346 95,476 90,598 373,692

1984 91,429 97,033 98,012 90,577 377,051

1985 90,085 97,600 97,169 90,173 375,027

1986 89,478 97,805 96,224 88,924 372,431

1987 89,267 98,172 94,143 87,859 369,441

1988 90,036 97,481 97,753 90,473 375,743

1989 92,978 101,901 101,782 95,264 391,925

1990 98,369 106,868 104,427 95,005 404,669

1991 97,191 105,861 103,809 95,672 402,533

1992 98,480 105,146 101,832 93,185 398,643

1993 94,801 102,363 99,855 91,375 388,394

1994 93,553 101,376 99,235 90,950 385,114

1995 92,452 99,361 98,615 87,588 378,016

1996 90,013 96,237 94,640 85,310 366,200

1997 84,968 92,395 89,500 81,735 348,598

1998 83,424 90,464 88,881 79,649 342,418

1999 81,890 87,875 87,772 79,712 337,249

2000 82,627 86,801 83,173* 75,281* 327,882

2001 81,350 87,303 86,123 78,968 333,744

2002 79,345 83,719 86,618 79,120 328,802

2003 79,299 85,486 88,856 81,561 335,202

2004 81,583 85,762 87,992 81,735 337,072

2005 81,190 88,353 90,369 82,264 342,176

2006 83,594 89,855 94,248 86,920 354,617

2007 86,410 93,338 97,435 90,681 367,864

2008 90,170 95,409 100,441 91,866 377,886

2009 90,410 96,573 101,200 92,680 380,863

2010 90,371 95,122 98,763 92,957 377,213

2011 89,553 95,678 100,674 91,731 377,636

Note: Bold in the April–June column represents the period before the parental leave expansion, while bold in the July–September column

represents the period after the parental leave expansion.

* represents a noted temporary decline in birth: the birth period between the commitment to expand parental leave and the actually

commencement of the extension. The expansion of the paid parental benefits was announced in the 1999 Speech from the Throne, though no

commitment was made as to the timing of the expansion. The date of this speech was October 1999. Using the median gestation period of

40 weeks, this accords with July 2000, the beginning of a noted decline in births in Canada. The actual commitment to this expansion was

announced in February 2000. Using the median gestation period of 40 weeks, this accords with December 2000, the end of the noted

temporary decline in births.

Source: Statistics Canada, CANSIM Table 102–4502.
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noticeably from spring to the fall. In fact, this shift is
noted in every year from 2002 until the end of the vital
statistics births data series, suggesting a permanent
change in birth seasonality in Canada that occurred after
the parental leave expansion. This suggests that the
changes in birth seasonality in response to policy may
not immediately show up 40 weeks after the policy
change. Instead, it takes some adjustment time. In the
case of the parental leave expansion, there was a one-
year delay.

Of course, the data in Table 1 are unadjusted time
series data and any observed changes could be, in whole
or in part, due to trend, cyclical, and irregular com-
ponents of the series, rather than in seasonality itself.
To examine if the seasonal component of births changed,
we need to extract the seasonal component. To do this,
we first adjust the monthly data on births to equal
length of month (Cassels 2002, 102) and then calculate
ratio values using a centred 12-month moving mean
as is standard in the literature. If there is no seasonal
pattern then this adjustment gives a value of 100 for
each month, and if there is a seasonal pattern then the
resulting ratio values are interpreted as the percentage
deviation from the mean monthly number of births in a
year.

For the first step in visualizing the seasonal pattern
we further set the ratio values such that May equals 100
in every year as an initial way to confirm the spring
peak previously identified in the literature and in the
raw data and to easily visualize any changes to that
pattern over our time series. If we plot this series over

time, we should see that the May normalized series
peaks around May, though since the previous literature
reported a spring peak and not necessarily a May peak,
we expect some noise around these months. Further, if
the seasonal pattern changes during the time period,
particularly post-2000, it will be easy to see in the plotted
series. Figure 1 displays the May normalized seasonal
pattern of births for 1981–2011. The horizontal line is
set at 100. If May is the peak seasonal month then the
series will touch the line in that month and be lower in
every other month. If the peak is not in May, the peak
will appear above the 100 line. We also set a vertical
line in January 2001 to mark the EI parental leave expan-
sion. If the parental leave resulted in a shift in seasonality
than the pattern to the right of this line will differ from
the pattern to the left of this line.

Figure 1 confirms the historically reported Canadian
seasonal pattern of spring peaks in births throughout
the 1980s and 1990s. In most years, the peak actually
aligns with the month of May, with some years peaking
alternatively in April or June. We also see that in 2001
the pattern of birth seasonality matches that for the
1990s, but starting in 2002 we begin to see a shift in the
pattern of birth seasonality: namely, a shift from May
being the peak birth month to September being the
peak birth month, starting in 2002 and in every year
after that.

It could be argued that the results could be driven
by a change in birth seasonality in one of Canada’s most
populous provinces, namely Quebec. This is because
Quebec has a rich history of social programs designed
to support fertility (including universal day care) that
were implemented during our sample period. As a result,
it is worth considering if there are differences in this
pattern in Quebec as compared to the rest of Canada.
Figure 2 disaggregates the data for the province of
Quebec and the rest of Canada. Figure 2 clearly shows
that we see similar results for Quebec as we do the
rest of Canada. Quebec does, however, show slightly
more variability in the pre-2001 seasonality pattern, but
a similar pattern post-2000 as that in the rest of Canada.
As expected, following the introduction of the QPIP in
2006, we see an amplification of the changed seasonal
pattern, but not an overall change in the post-2001 sea-
sonal pattern.

Similar to Werschler and Halli (1992), we compare
the results in Figures 1 and 2 to comparable data from
the northern United States in an effort to isolate the
change observed in Canada to the policy change as
opposed to any shared exogenous shocks. Figure 3
shows the comparable data for the northern United
States.8 Figure 3 reinforces the fact that these states do
have a different seasonal pattern to that in Canada.
These states show a strong summer to early fall peak,

Figure 1: Seasonal Component of Births, 1981–2011, Canada

Note: Series shown is monthly birth data for Canada, seasonally

adjusted using a centred 12-month moving mean and normalized

( ¼ 100) to the month of May. In addition, circles are used to mark

the month of May.

Source: Statistics Canada, CANSIM Table 102–4502.
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and no change in that pattern is observed following
2000.

Of course, it is impossible to determine from Figures
1–3 if the observed seasonality change is statistically
significant. To determine if the observed change in birth
seasonality is statistically significant, we run the follow-
ing OLS regression, without intercept terms, on both the
pre-2001 period and the post-2000 period:

NBm ¼
X12

c¼1
�cMonthþ "t ð1Þ

where NBm represents the ratio values discussed earlier
(though not normalized to May) where deviations from
100 represent seasonality.Month includes monthly dummy

variables. If there was a significant change in birth
seasonality following the parental leave policy change,
then we would expect to see some of the monthly coeffi-
cients being statistically significantly different across the
regression models. Given the pattern change observed
in Figure 1, specifically we would expect to see lower
coefficients on the spring months and higher coefficients
on the fall months in the post-2000 regression for
Canada, and for there to be no difference pre- and post-
2001 for the northern United States.

The results from this regression are presented in
Figure 4,9 which plots the regression coefficients for
Canada and the United States both pre- and post-policy
change. The vertical lines on the monthly points repre-
sent the 95 percent CI. The top panel in Figure 4
presents the results for Canada and the bottom panel
for the northern United States. The results in the top
panel of Figure 4 clearly show a change in birth season-
ality in Canada following the parental leave policy
change in 2001. Prior to 2001, the peak birth month is
May and is nearly 6 percent above the mean. In addi-
tion, there is a clear secondary peak in April with births
4.6 percent above the mean and a tertiary peak June
with births 4 percent above the mean. This reconfirms
the previous literature documenting a spring peak in
births in Canada. Births decline every month following
the May peak, except for September, when there is an
uptick, though at 3.5 percent above the mean it is well
below all the spring months. Post-2001, the months of
March, April, and May all show statistically significant
declines following the policy change. June also falls, but

Figure 2: Seasonal Component of Births, 1981–2011, Quebec vs.

Canada

Note: Series shown is monthly birth data for Canada, seasonally

adjusted using a centred 12-month moving mean and normalized

(¼100) to the month of May. In addition, circles are used to mark

the month of May.

Source: Statistics Canada, CANSIM Table 102–4502.

Figure 3: Seasonal Component of Births, 1981–2011, Northern

United States

Note: Series shown is monthly birth data for the northern United

States, seasonally adjusted using a centred 12-month moving mean

and normalized (¼100) to the month of May. In addition, circles are

used to mark the month of May.

Source: US Vital Statistics data, Births.
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the change is not quite statistically significant. Post-2001
May is only 2.7 percent above the mean and April 1.2
percent above the mean. In addition, March declines
from 2.9 percent above the mean to just below the mean.
In lieu, the months of August through to November all
show statistically significant increases, with the peak
birth month now occurring in September. Post-2001,
births in September are nearly 6.5 percent above the
mean, which is higher than the pre-2001 May peak. In
total, the change means that spring (April–June) births
dropped from 14.5 percent above the mean to 7 percent,
and late summer–early fall births (August–October) rose
from 0.83 percent above the mean to over 10 percent.
These results reaffirm the trend shown in Table 1; that

fewer babies are now being born in the spring and more
are being born in the late summer and fall.

The bottom panel of Figure 4 shows the same results
for the northern United States. Not only does Figure
4 document a different seasonal pattern, where the
northern states have a clear July peak, but for the north-
ern United States, there are no statistically significant
changes in birth seasonality post-2000. This implies that
the changes observed in Canada post-2000 were unique
to that geographic region, giving credence to the sup-
position that the changes to the parental leave policy
affected the timing of births in Canada.

The evidence from the aggregate birth data, however,
is still weak. The change in birth seasonality patterns that
are being observed, while convincing, could be due to
changes in the seasonality patterns within demographic
groups or due to changing demographics. Controlling
for demographic information is important in this context
as it is well known that the demographic profile of new
mothers has changed over this period. Notably, not only
are there are more women over the age of 30 having
children, but more women over 30 giving birth are also
having their first child and this could be giving rise to
the changing seasonal pattern. The next section of this
paper considers the results from administrative birth
data that allow us to control for such demographic and
other changes.

Vital Statistics Detail Files
The Canadian Vital Statistics Birth detail files contain
information on every reported live birth in Canada. The
data are obtained from birth registrations in each report-
ing geographic region. For each live birth the following
information is available in the data files: date and place
of birth; child’s sex, birth weight, and gestational age;
parents’ age, marital status, and birthplace; mother’s
place of residence; whether the birth was a single or
multiple birth; and parity.10 We limit the data to all live
births from 1981 to 2008 to mothers who were over the
age of 12 at the time of the birth and were a resident of
one of the ten provinces.11

As in previous sections, we compare the Canadian
results to comparable data from the northern United
States in an effort to isolate the change observed in
Canada to the parental leave extension as opposed to
any shared exogenous shocks. The US Vital Statistics
Birth detail files contain information on every reported
live birth in each reporting geographic region in the US.
The data includes comparable demographic indicators
for the mother’s marital status12 and age, whether it is
the mother’s first birth, and whether the child is of low
birth weight. We limit the data to all live births from
198113 onwards to mothers who were over the age of
12 at the time of the birth and were a resident of one of

Figure 4: Actual Month of Birth. OLS Regression Coefficients,

Pre- and Post- January 1, 2001, Canada and the Northern United

States

Note: Figures present the plots of the OLS coefficients and

associated 95 percent CIs from the regression model presented in

Equation (1). The dependent variable is the actual, or observed,

birth month.

Source: Authors’ calculations.
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the 17 northern states. Unfortunately, effective 2005,
information on the mother’s state of residence is no
longer available in the detail files. As a result, we are
forced to limit the US data from 1981 to 2004. Because
only three years are available for the northern United
States post the EI policy change, the analysis and strength
of this data as a counterfactual is weakened.

With the aggregate data used in the previous section,
we know the actual birth month only. Another advan-
tage of using the detail files is that information on gesta-
tional age can be used to calculate expected birth month.
If parents purposefully chose a birth month, it is typi-
cally done at the time of conception based on a 40-week

gestational period. Of course, many expectant mothers
will not meet or will even exceed this gestational period
for a variety of reasons, leading to a difference between
actual birth month and expected birth month at time of
conception. To control for this variability, the work that
follows is based on the expected month of birth.

Aggregated Data
We first ran regressions similar to those from Equation
(1), except the dependent variable in this case is based
on the number of expected births per month rather than
the number of actual number births per month.14 Figure
5 shows the coefficients and CIs for the pre- and post-EI
regressions. The results are similar to those observed in
Figure 4. In Canada, before the EI expansion, the peak
occurred in the spring though using expected month of
birth the peak shifts to April, which is 7.1 percent above
the mean. After the EI expansion, there is a clear increase
in the proportion of expected births occurring in the late
summer and fall months, with offsetting reductions in
births occurring in the months of March–June. As with
actual month of birth, the seasonal peak has now shifted
to September, which is now 8.2 percent above the mean.
In total, using expected birth month, the change means
that spring (April–June) births dropped from 17.7 percent
above the mean to 10.9 percent and late summer–early
fall births (August–October) rose from 2.79 percent above
the mean to 9.54 percent. We again found no change
in the seasonal pattern in the northern United States
following 2001.15

While the evidence continues to suggest that the
change in the seasonal pattern in Canada is in response
to the parental leave policy change, the available data
does not let us test this hypothesis directly. We can,
however, provide more indirect evidence in support of
this hypothesis by considering the seasonal birth patterns
of specific demographic groups. It is unreasonable to
assume that the change in parental leave policy affected
the timing of birth decisions for every woman. Those
most likely to be affected by the policy change are those
who claim the parental leave benefits and those most
likely to be planning their deliveries. Unfortunately, we
do not have information related to qualification for
parental leave benefits, but we do have information on
marital status and age, which are indicators (albeit noisy
ones) of a planned birth.16 We focus on the characteristics
of mothers, rather than fathers, since fathers are much
less likely to claim benefits and because the age of fathers
is less relevant to the ability to plan conception than is
the age of mothers.17

Figure 6 shows the regression coefficients from Equa-
tion (1) for sub-samples of the data. The first row shows
the coefficients and CIs for the sub-samples of married
and unmarried women; the second and third rows show

Figure 5: Expected Month of Birth. OLS Regression Coefficients,

Pre- and Post- January 1, 2001, Canada and the Northern United

States

Note: Figures present the plots of the OLS coefficients and

associated 95 percent CIs from the regression model presented in

Equation 1. The dependent variable is the expected birth month,

based on a 40-week gestational period.

Source: Authors’ calculations.
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Figure 6: Expected Month of Birth. OLS Regression Coefficients, Pre- and Post-1 January 2001, Canada, by Sub-Sample.

Note: Figures present the plots of the OLS coefficients and associated 95 percent CIs from the regression model presented in Equation 1,

by various demographic sub-samples. The dependent variable is the expected birth month, based on a 40-week gestational period.

Source: Authors’ calculations.
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the coefficients and standard errors for married women
in specific age categories. The seasonal shift here is appar-
ent for both married and unmarried mothers, although
the fall in spring births is significant for married mothers
only. The unclear result may be due to the changing legal
definition of marriage across provinces and over time as
well as lack of clarity on the birth registration form. We
do clearly see that, among the group defined as married,
there is a clear shift in the seasonal pattern for those
aged 25� 34 only, the subset of women most likely to
be planning a pregnancy.18

Multinomial Logit Regressions on Seasonality
Patterns
With the aggregate data providing clear evidence of a
shift in birth seasonality in Canada following the expan-
sion of parental leave, it is worthwhile to use the in-
dividual birth-level data to determine if the change in
the seasonal pattern holds after controlling for demo-
graphic characteristics. In particular, since the definition
of marriage differs across time and province, our finding
that the seasonal pattern change is predominantly found
for married mothers is sullied by the changing definition
of marriage. Within year and province, however, whether
or not a mother is legally married provides information
as to the relative probability that the pregnancy is
planned. Given our assumption that parents can choose
the birth month of their child, we can model the proba-
bility of a birth occurring in each month using a multi-
nomial logit model as follows:

ProbðY ¼ jÞ ¼ eb 0jXi

1þ
P11

k¼1 e
b 0kXi

for j ¼ 1; 2; . . . 11

ProbðY ¼ 0Þ ¼ 1
1þ

P11
k¼1 e

b 0kXi

ð2Þ

where Xi includes demographic, policy, time, and geo-
graphic variables. The demographic variables include in-
dicators for the mother’s marital status and age, whether
it is the mother’s first birth, and whether the child is of
low birth weight.19 The policy variable is an indicator
that takes a value of one in the year 2001 and onwards
and represents the parental leave policy change. The
time and geographic variables include a cubic time
trend20 as well as controls for mother’s province of
residence.

The results from the multinomial logit model are
shown in Figures 7a–7c. These figures plot the relative
risk ratios obtained from Equation (2) where the refer-
ence group (the omitted category j) is May births. The
standard interpretation of the relative risk ratios is that
for a unit change in the predictor variable, the relative
risk ratio of a given outcome relative to the reference

group is expected to change by a factor of the respective
parameter estimate, given the variables in the model are
held constant. Because May is the omitted month, it is
given a value of one. A month that takes a value below
one means that the relative risk of birth in that month is
lower than in May, and a value above one means that
the relative risk of birth in that month is higher than
in May. We report only the coefficients on the policy
variable as these are the coefficients of interest. Given
the number of observations, the statistical significance
of the coefficients is of little consequence.21 Rather, we
are interested in whether the seasonal pattern shift
observed in the aggregated data remains after control-
ling for demographics and geography.

The first row in Figure 7a shows the results for
Canada and the United States when only time trend in-
dicators are included. A clear pattern shift is observed
for Canada, with the previous May peak being replaced
by a September peak for the years following 2000. In
fact, all months after June following the EI change show
an increase in their relative risk ratios compared to May.
The results here are consistent with the aggregated
results. Prior to the EI extension, the probability that a
birth occurs in September is 3 percent lower than the
probability that a birth occurs in May. Following the
EI extension, the probability of a September birth is 6.6
percent higher than the probability of a May birth. We
again find no pattern change in the US data.

The second row in Figure 7a shows the relative risk
ratios for the regression, including all control variables.
Interestingly, when controls are included in the re-
gression, the base seasonal pattern in Canada shows a
September peak both before and after the policy change.
The seasonal pattern change—the increase in the proba-
bility that the birth occurs in the fall—remains. Con-
trolling for demographic and geographic indicators, the
probability of a September birth pre-EI extension is
7.7 percent higher than the probability of a May birth.
Following the EI extension, the probability of a September
birth increases to 13 percent over the probability of a May;
again there is no change in the US seasonal pattern.

To illustrate that the policy may have had stronger
effects on certain demographic groups, the regression
is augmented to include interaction terms between the
policy variable and demographic variables. The result-
ing coefficients are presented as relative risk ratios in
Figures 7b and 7c. The graphs confirm that the pattern
shift in Canada is due primarily to married mothers,
and to mothers aged 25–34, as the pattern shift is ob-
served for these interactions only. Although the legal
definition of marriage changes through time and across
provinces, once these factors are included as controls,
the indicator for ‘‘married’’ provides information about
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the stability of the relationship and the likelihood that
the birth was planned.

Overall, the results provide clear evidence that there
was a change in the seasonal pattern of births in Canada
following the parental leave policy change in 2001. This
change in the seasonal pattern holds even when con-
trolling for changes in demographic composition and
exogenous factors. Although not a definitive test of
causality, we provide two pieces of evidence to suggest
that the policy may have induced the change in season-
ality: (a) the seasonality change did not occur in the
northern United States and (b) seasonality patterns did
not change significantly for those mothers least likely
to respond to the parental leave policy change in birth

planning—unmarried mothers and mothers under the
age of 25 or over the age of 35.

Although it is beyond the scope of this paper to
explain the causes of the overall seasonality pattern, it
is plausible that the extension of the EI benefits altered
couples’ preferences concerning the optimal season to
have a child. The peak shift from May to September
may be due to a preference for time off from paid em-
ployment during the summer months, compared with
other seasons. By providing parents with more flexibility
in determining the seasons that they are off work follow-
ing a birth, the longer leave available with the 2001 exten-
sion may thus reduce the preference for a May–June
birth relative to other months.22

Figure 7a: Multinomial Logit Regression Results: Relative Risk Ratios, Probability of Birth in Month, Relative to May.

Note: Figures present the plots of the relative risk ratios from the multinomial logit model presented in Equation (2). The first row shows

the results for when only time trend indicators are included as independent variables. The bottom row shows the results when all control

variables are included as independent variables. The coefficient on the constant term represents the relative risk ratios for the pre-EI regime.

To obtain the post-EI results, the coefficient on constant and the coefficient on the post-2000 indicator are multiplied together.

Source: Authors’ calculations.
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Discussion
The main conclusion of this paper—that the parental
leave extension of 2001 altered the seasonality pattern
of births in Canada—has several implications. Notably,
the results point to a change in birth seasonality, an
unexpected consequence of the parental leave policy
extension that may have several domino effects.

First, the change in birth seasonality itself may lead
to various health and development differences that may
be influenced by birth season. Foster and Roenneberg
(2008) provide a summary of findings linking health
outcomes and birth seasonality. The literature review
suggests that the negative health effects of birth season-

ality are concentrated on those born between March and
June. Although children born in the spring (in the north-
ern hemisphere), have higher birth weights, on average,
than those born later in the year (Currie and Schwandt
2013), they are also more likely to develop childhood
diabetes (Foster and Roenneberg 2008, R790), schizo-
phrenia (Torrey et al. 1997; Saha et al. 2006),23 and mul-
tiple sclerosis (Templer et al. 1992; Willer et al. 2005).
This may mean that there are positive health outcomes
along these dimensions related to the shift from spring
to late summer and early fall births.

Second, as the shift in the seasonal patterns following
the parental leave extension has resulted in more births

Figure 7b: Multinomial Logit Regression Results: Relative Risk Ratios, Probability of Birth in Month, relative to May.

Note: Figures present the plots of the relative risk ratios from the multinomial logit model presented in Equation (2), including all control

variables. The first row shows the results for married women. The bottom row shows the results for unmarried women. To obtain the

pre-EI regime demographic results, the relative risk ratios from the constant and the noted demographic variable must be multiplied

together. To obtain the post-EI results, the constant, the demographic variable, the post-2000 indicator, and the post-2000 demographic

variable must be multiplied together.

Source: Authors’ calculations.
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at the end of the calendar year, this may lead to changes
in educational preparedness and educational outcomes.
As many provinces are using calendar-year entry for
kindergarten,24 the change in birth seasonality results in
younger students in kindergarten. If younger students
are at a disadvantage academically, the changing dis-
tribution may have a negative effect on grade-level
achievement. Moreover, Bedard and Dhuey (2006) dem-
onstrate that the negative effects of entering school at a
relatively early age are long lasting, as those entering
school at a young age have lower test scores even in
high school. In the decade before the parental leave

extension, 51 percent of children were born in the first
half of the calendar year, while 49 percent were born
in the second half. These proportions have reversed
following the 2001 parental leave extension and a slim
majority of children are now born in the latter half of
the year.25 Although the effect is not large, small declines
in early year test scores and school readiness may be
expected.

However, both of these effects (medical and school
readiness) may be offset by the observation that the chang-
ing seasonality pattern comes primarily from married
women between the ages of 24 and 35. Prior to the

Figure 7c: Multinomial Logit Regression Results: Relative Risk Ratios, Probability of Birth in Month, relative to May.

Note: Figures present the plots of the relative risk ratios from the multinomial logit model presented in Equation (2,) including all control

variables. The first row shows the results for married women. The bottom row shows the results for unmarried women. To obtain the

pre-EI regime demographic results, the relative risk ratios from the constant and the noted demographic variable must be multiplied

together. To obtain the post-EI results, the constant, the demographic variable, the post-2000 indicator, and the post-2000 demographic

variable must be multiplied together.

Source: Authors’ calculations.
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parental leave extension, Canadian children born in
October–December were significantly less likely to be
born to a married woman compared to children born
in January.26 Following the parental leave extension,
children born late in the year are no less likely to be
born to a married woman compared with those born in
January. To the extent that marital status of mother may
affect school readiness and early year test scores, as well
as birth weight and cognitive abilities, the increasing
proportion of children born in the latter months of the
year may not reduce average achievement. Currie and
Schwandt (2013), however, argue that the strength of
seasonal effects on health are not diminished by mothers’
demographic characteristics. Further research on child
outcomes that allows for different seasonality patterns
by demographic characteristics is needed to better iso-
late the effects of seasonality on health and achievement.

Finally, our results argue strongly against using month
or season of birth as an instrumental variable. While
several other papers have shown that seasonal patterns
of birth are related to the marital status, age, and educa-
tion of the mother, the relationship between the socio-
economic status of mothers and seasonality are less
clear. Buckles and Hungerman (2013) argue that the
difference in the seasonal patterns by characteristics of
the mother is due to the different reaction of married
and unmarried women to temperature fluctuations for
sexual frequency. We argue that the differences may
also be the result of different reactions to policy.
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Notes
1 For example, later summer and early fall peaks have been

documented in the United States (Seiver 1985) and southern
Europe (Lam and Miron 1994; De Beer 1997), spring peaks
in northern Europe (De Beer 1997; Lam and Miron 1994)
and Canada (Trovato and Odynak 1993), and January peaks
in the Soviet Union (Anderson and Silver 1988).

2 See, for example, Trovato and Odynak (1993) for a detailed
discussion of these factors.

3 See Buckles and Hungerman (2013) for an extensive list of
examples of studies that have used birth month as an
instrumental variable.

4 Baker and Milligan (2008) show that the 1971 and 1990
changes in maternity and parental leave increased the pro-
portion claiming paid leave only, not the length of leave
taken. We equally posit that the 2006 QPIP introduction is

unlike to change birth seasonality in Quebec, because these
benefits are only modestly different from the federal expan-
sion that had already occurred on 31 December 2000; how-
ever, following Baker and Milligan (2008), this expansion
could intensify the seasonality effects of the parental leave
extension for Quebec.

5 As further noted by Marshall (2010, 5) those who were em-
ployed but who did not receive benefits were most likely to
be self-employed, did not have enough insurable hours, or
elected not to apply.

6 1926 represents the first year that complete and continuous
vital statistics data for all the provinces are available.

7 Data for 1991–2011 were obtained from Statistics Canada,
CANSIM Table 102–4502. Data prior to 1991 were obtained
from the Statistics Canada Vital Statistics publication,
which for the 1989–1992 period was called Health Reports
Supplement No. 14, Births.

8 US vital statistics birth data back to 1968 are publicly avail-
able for free download from http://www.cdc.gov/nchs/
data_access/Vitalstatsonline.htm. In the aggregate data on
births, state level data is available until 2013; however,
state information is censored in the individual level data
starting in 2005. We included states above the 42nd parallel:
Idaho, Illinois, Iowa, Maine, Massachusetts, Michigan,
Minnesota, Montana, Nebraska, New Hampshire, New
York, North Dakota, Oregon, South Dakota, Washington,
Wisconsin and Wyoming.

9 Full regression results are available on request.
10 The Canadian Vital Statistics detail files are not publicly

available. Instead access to this data was made available
through the Research Data Centres. Through a pilot project,
Statistics Canada granted access to the detail files for the
years 1974–2008 inclusive.

11 The territories are excluded to limit variations due to
climate within the sample.

12 Unfortunately, the legal definition of marriage differs across
the two jurisdictions and we are unable to create consistent
categories with the data available.

13 1981 is the first year that all northern US states report 100
percent of their births in the Vital Statistics Birth detail files.

14 As in the previous section, these data are aggregated to
monthly totals, adjusted for days in month and leap years,
and the seasonal component obtained using a centred 12-
month average.

15 As a robustness check, we ran the regression excluding the
years 2000 and 2001, and found that the previously noted
decline in conceptions following the policy announcement
did not drive the results. Additionally, omitting Quebec
from the analysis did not alter the resulting pattern. These
results are available on request.

16 Data from the United States show that the proportion of
pregnancies that are unintended has been stable across the
last two decades and range from 27 percent for married
women to 74 percent for unmarried women. Pregnancies
of teenaged women are most likely to be unintended (82
percent), compared with 36 percent for women aged 25–
39. There are also correlations between unintended preg-
nancies, education, and race, but these are less pronounced
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(see Henshaw 1998; Finer and Henshaw 2006; Finer and
Zolna 2011).

17 The proportion of fathers claiming parental leave did in-
crease dramatically after the extension of the EI parental
leave, rising from 3 percent in 2000 to 20 percent in 2006.
However, this increase is largely due to the higher claim
rates in Quebec following the introduction of parental
benefits that are reserved for fathers. The QPIP program
includes five weeks of non-transferable paternity leave,
effective January 2006. In 2006, the rate of new Quebec
fathers receiving this benefit was 56 percent while the
take-up rate for fathers in the rest of Canada was 11 percent
(Marshall 2008, 9).

18 The results on the US sample showed no significant season-
ality change for any marital status or age group sub-sample
(not shown).

19 This variable is equal to one when the child is less than
2,500 grams at birth. Under the assumption that low birth
weight is correlated with unintended pregnancies we in-
clude this indicator to better isolate planned seasonality
patterns.

20 Results are similar when a linear time trend is used.
21 The number of observations are 9,546,945 in the Canadian

data, and 25,192,755 in the US data.
22 Our comparison sample—births in the northern United

States—maintains a September peak throughout the time
period considered. Under our working hypothesis, we
might expect that new mothers in the United States who
are covered by the Family and Medical Leave Act (and there-
fore entitled to 12 weeks of unpaid maternity leave) may
prefer May–June births. However, due to workplace size
and employment history restrictions, less than half of
workers are entitled to the leave (Rossin-Slater, Ruhm, and
Waldfogel 2013). Moreover, Buckles and Hungerman
(2013) show that mothers who are married, white, and
with a high-school diploma are more likely to give birth in
May. To the extent that these women are also more likely
to qualify for the Family and Medical Leave Act or other
workplace maternity leave policies, their results are consis-
tent with our hypothesis.

23 This argument is based on Vitamin D exposure early in
life. The use of Vitamin D supplements is now strongly
encouraged for young children, so this finding may not be
continued.

24 Those with calendar-year entry requirements are Newfound-
land, New Brunswick, Ontario, Manitoba, Alberta, and
British Columbia.

25 This is calculated from the data in Table 1.
26 We replicated regressions similar to those in Buckles and

Hungerman (2013) for Canada—the probability that a birth
in month X is to a married woman, teenage mother, older
mother, etc. The results discussed are from probit regres-
sions on the probability that a child is born to a married
mother. Full regression results are available on request.
We find that the different seasonality patterns by character-
istics are much weaker in Canada than in the United States.
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